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Bovine brain infected witb the bovine spongifomt cnccpb8lo- 
p8thy (ES) 8gent was used to spike material processed in pilot 
sc8le frcsimila of 12 rendering processes which 8re used witb- 
in the Europe8n Union, 8nd three which are not. The IXW 
m8tcrirts for crperfmcnt8l rendering represented those used 
la pnctlce, rod consisted of l pproprt8te proportions of BSG 
infected brtio tissue, bovfae or porcine intestine, and bovine 
bone. Me81 sod bone me8l, 8nd t8llow were produced from 
tbe rendered tissues. guspctssto~~ of 811 tbe me8t 8nd boat 
meal s8mplts were 8amyed in inbred mice for BSS~ iofectivity, 
rod two of tbc t8llow frrctlons were tested slmil8rty. Four of 
tbc 15 processes produced mnt 8nd bone me81 with 
detect8ble ESC lofectivity. Ncitbcr of the trllow s8mpla b8d 
dctect8blc infecdvity. 

TBE suspicion that the epidemic of bovine spongifotm cncephalo- 
pathy @SE) in cattle in the Umted Kingdom might be dietary in 
origin (Dickinson and Taylor 1988. Morgan 1988) was sub- 
stantiated by epidemiological data which implicated meat and 
bone meal as the source of the infection (Wilesmith and others 
1988. 1991). It was established that meat and bone meal, which is 
manufactured by the rendering induatty from animal offal and car- 
- principally fiorn rurninantl. was a common protein supplc- 
rncnt in co mmercial cattle rations (until it was banned in Great 
Britain in 1988). It was also recognised that some rendering 
pmcedura had changed during 8 period when the UK sheep 
population had expanded, and the level of the sheep disease, 
scrapie, was considered to have &eased. The conclusion was 
th8t these factors had resulted collectively in the pmduction of 
meat and bone meal containing sufficient scrapie infectivity to 
establish the infection when it was fed to cattle. A key component 
was considered to be tbe large scale abandonment of solvent 
extraction procedurea by the rendering industry in Great Britain 
during the lete 1970s and early 1980s. These extraction procedures 
had typically been applied to greaves, which are the solid materials 
that remain after the primary cooking process, to increase the 
yield of tallow. 

Their exposure to the solvents, and to the heating processes 
used to remove the residual solvent. could have provided sufli- 
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cient additional inactivation of the sctapie agent to keep its level 
in meat and bone meal below the thrcshold at which it could infect 
cattle, but nothing was known about the inactivating potential of 
the solvents used or about the use of heat under these particular 
circumstances (Taylor 1989). The timescale of the cessatton of 
solvent extraction was significant with regard to the emergence of 
BSE  in 1985/86. because the disease occurs most commonly tn 
four- to five-year-old cattle, and the range of the incubation period 
can for practical purposes be taken as the distribution of the age of 
animals at the clinical onset of the disease (Wilamith and othen 
1992). 

The difficulty of inactivating the unconventional agents which 
cause ttansmissible degenetative encephalopathies such as xrapie 
is well recognised (Taylor 199la). A  number of studies of the 
thermal inactivation of scrapie and analogous agents such as the 
agent of Creuafeldt-Jakob disease have been conducted, but none 
mimicked the conditions used in rendering processes (Taylor 
1989). Although ES& was considered to represent the tmnsrn%stan 
of scrapie from sheep to cattle via meat and bone mea!, a: !;?xG 
initially. smxpla of tbe ESE agent from cattle in diffemv parts of 
Great Britain have produced identical patterns of incubation pert- 
ads in mice of different genotypes; this contrasts with the variety 
of patterns of incubation periods and distributions of brain laions 
which are produced when samples of scrapie agent from different 
sheep sources are injected into the same strains of mice (Bruce 
and others 1994). These observations suggest that BSE  is caused 
by only one strain of the agent. which may have an enhanced 
capacity to withstand the rigours of at least some rendering proce- 
dures. Strain differences in thermo&tbility are recognised for the 
sctapie agent (Dickinson and Taylor 1978, Kimberlin and others 
1983). It is also considered that a significant factor in the perpetu- 
ation and expansion of the BSE epidemic was tbe recycling of 
infection from BSE-infected bovine carcases before the feeding of 
ruminantderived protein was prohibited on July 18. 1988 
(Wilesmith and others 1991). As a resuJt, in planning the experi- 
ments to determine tbc inactivating effect of rendering processes 
on scmpie-like agents, the priority was lo use es&infected bovine 
brain as the spiking material. 

From surveys of rendering practices in the UK (Wilesmith and 
others 1991) and other European Union countries (European 
Renderers Association [EURA], persona) communication) it was 
apparent that although these involve a relattvely limited range of 
equtpment. the equipment is used in many different ways. In 
designing tbe ptlot-scale spiking experiments it was not practica- 
ble to test every method in precise detail; protocols were therefore 
designed to mimic  both the average and the minimal conditions 
for each generic process (Table I). Two additional hyperbaric pro- 
cedures (identified as R and S in Table 1) whtch do not mimic  
existing practices were also tested because they were considered 
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of Agriculture, Fisheries and Food (MAFF). the Agricultural 
and Food Research Council Institute for Animal Health and 
the Bs7mcndcTing Proaaaa Subgmup of the European 
Commission’s Scicatific Veterinary Committee. Comments 
from individual mndcring companies were also taken into 
consideration. 

Materials and methods 

Collection and prepamtion o/,the spiking material 

nhe brainS fkOm 861 attk with mpatcd BSE were 0bUimd 
bctwccn August and November 1990 from fwe MAFF veterinary 
investigation centru thmughout England. The brains were placed 
in individual polythene bags and stored at G?oOC. after portions 
of the brain sterns had been removed to permit subscqumt histo- 
logical examination for spongiform enccphalopathy. To ftilitate 
maceration during the prepantion of the brain pool, the brains 
wcrc rcmovcd tiwt cold storage and allowed to reach rpproxi- 
mately 4% To ensure the homogeneity of the pool, the brains 
collected From the fin veterinary investigation centru were 
unmapped and placed randomly in a prestcriliscd stainlm steel 
bin, and then processed through a mincer fitted with a 10 mm 
exttusion plate to produce six equal aliquota in steriliaed plastic 
dustbins. These aliqwts were mixed further by rcmincing, and 
wereagaincollectedaasixcqualIots.Fromthesc.approprirte 
amounts were wcighod into double polythenc bags for the individ- m  ual experiments (Tabk 2). Approximately IO g of ach aliquot 
was collected and pooled to provide a sample for measuring the 
titnz of infectivity by biousry in mice. All the aliquots were held 
at +2O’C until required. 

Selection and mixing of raw materials 

For each process the mixtures of raw materials (Table 2) were 
prepared on the day of the experiment. For most protocols the 
ratios of bnin:intestine:bone were 1:3:6 but to obtain a mpresen- 
tatrve end-product in protocols K and L the ratios were 154. The 
mixtures were processed through a mincer, using extrusion plates 
of appropriate sizes (Table I). To maximise the homogeneity of 
the mixtures, aliquots of the bone, intestine and brain were fed 
sequentially into the mincer in proportion to their inclusion level. 
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&xperimenrol rendering procedures 

During the cooking experiments, temperatures weft recorded 
citbcr with appmpriatcly positioned &ermocoupla (Pyrometer 
SmiccS; Stockport) c~nnated IO a DPR 3m chart recorder 
(Honeywell) or with a hand-held type 8476-081-010 B digital 
thermometer (Honeywell). The times and the terminal tempera- 
~IIIW attained in the difTerent protocols are summa&d in Table I _ 
Where relevant. moisture content is referred IO in the text: the 
chamber steam-prcssum are shown in Table 3. 

At the end of each experiment, unless described otherwise. the 
free-m tallow was collected in stainless steel containers, and 
samples were taken for cold storage and bioassay as appropriate; 
each stored sample (approximately 2 litres) consisted of a pool of 
five aliquota collcctai randomly from the fm-run tallow. Solid 
material was transfcmd to specially fabricated solid bottomed 
cylinders, the walls of which consisted of strips of wedgewire 
metal with 2 mm gaps (Prosper De Mulder). Using a hydraulic 
press (F?osper De Mulder). excess fat was expressed through the 
cylinder apcrturu. leaving a low-fat residue for pulverising. 

The PRyed material was pulverised in a hammer-mil l  (Christy 
Norris). to produce meat and bone meal with a maximum particle 
diameter of 2.2 mm which was mixed in a revolving drum-mixer. 
Samples for bioassay were collected in polythene bags; each sam- 
ple (approximately 2 kg) consisted of a pool of five aliquots col- 
laztcd randomly fran the bulk meal. From these. aliquots were 
plaad in sterile containers for a microbiological assay in a MAFF- 
author&d labomtory before they were bioassayed 

T?w size of the pilot scale equipment and the batches of mw 
material was such that a I:20 representation of full scale produc- 
tion was achieved for batch processing; for the other processes the 
scale was I: 100. 

Butch processing (prorocol S). - This protocol was designed to 
simulate average conditions used in full scale batch processing. 
The raw material was processed at atmospheric pressure in a 
cooker (Iwcl) which had a steam-jacket and a rotating central 
shaft with agitator paddles that was also steam-heated. At the start 
of the process the temperature of the raw material was 40°C and at 
the end of the process after IS0 minutes its tempera- was 
l2l’C; the temperatures at intermediate stages wm 112°C afla 
30 minutes, I 18°C after 60 minutes, I 19°C after !I0 minutes and 
I2 I ‘C after I20 minutes. 
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minimum (C and E) and average temperatures (D and F). The raw 
materials wert pmcesed at atmospheric pressure in a model 1 VA 
Rotadisc drier (Stord International). This had a steam-jacket and a 
rotating ccnbal shaft with agitator paddles that was also steam- 
heated. The paddles effected a unidirectional horizontal flow of 
the solid materials during cooking. The temperatures attained dur- 
ing the various cycla are shown in Table 4. 

Continuous processing with high fat content @rotocols G ond H). 
- These pm~ocols were designed to simulate the average and min- 
imal conditions for full-scale continuous rendmng at atmospheric 
pressure with added tallow (I: I) m-heated 10 IOO”C. The raw 
material was loaded into a cooka (Atlas) which was kmdly 
loaned by DAKA (L.oesning, Denmark). The basic design of the 
cooker was similar to that of the Rotadisc drier except that a slid- 
ing valve arrangement permitted a vacuum to be applied optional- 
~fiomapump.At~~ofthep~~thevmpcranveofche 
raw material was 82%; aflcr 30 minutes the temperature had 
reached 136°C. and an aliquot was removed to provide samples of 
meat and bone meal and tallow to repnzsent pru~ocol G. The run 
was continued for a total of 120 minutes after which the tempera- 
hut was 137°C; the tempcmturcs at intnmtdite stages were 
103°C after 15 minutes, 136OC after 60 minutm and 137°C aAn 
90 minutes. The meat and bone meal and tallow end-products rep 
resented protocol H. 

Conhnuow vocuam prcxcuing with high fit content (protocofs I 
and/). - In protoad I the raw material was loaded into the Athu 
cooker in wbicb the added tallow had been pre-hcatcd to 65°C. 
Vacuum was applied in two distinct stages to simulate the mini- 
mal conditions for the pmduction-scale mc&od. At the start of the 
process the temperature of the mw mat&al was 58OC. and It was 
72°C afler four minutes at O-8 bu, the pressure remained constant 
throughout the first stage which lasted nine minutes, after which 
the temperature was 7 I ‘C. Dne minute later. with the tcmpemture 
still at 7l’C. the vacuum was adjusted to O-38 bar for rhe duration 
of the second stage; this adjustment took five minutes during 
which the temperature incrrwd to I 18°C. The run was contmued 
to give a total time of 20 minutes at which point the temperature 
was 12O’C. 

In protocol J the ntw mateaial was loaded into the Atlas cooker 
in which the added tallow had ban pre-heated to 65°C. Vacuum 
was applied in two distinct stages to simulate the average condi- 
tions for the ppd uaiomcrle method. At the start of the process 
the tempcmture of the mw material was 59°C. Afbzr applying vac- 
uum at O-8 bar throughout the fint stage, the temperature was 
70°C afbzr IO and 20 minutes. Stage one was completed aAa 30 
minutes when the temperature had reached 75°C. A&r 31 min- 
utes, with the temperature still at 75°C. the vacuum was adjusted 
lo O-4 bar for the second stage and took six minutes 10 stabilise. by 
which time the temperature was E. 15°C. After 47 minutes the vac- 
uum had in cmased to 0.38 bar. when the tempemture was 122°C. 
and was mamtained until the end of the cycle at 57 minutes when 
the temperature was I2 1°C. 

Contrnuous wet rendering (protocols K ond L). - These protocols 
were designed lo simulate the average and minimal conditions for 
full-scale rendering by the low temperature wet method. The raw 
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a model 13A twin-screw press (Stord International); tallow - 
separated from the expressed tallow/water product, heated to 
125°C and allowed to cool naturally. The pnz-cakc was trans- 
ferred to the Atlas cooker for processing at atmospheric pressure. 
At the start of the process the temperature of the press-&e was 
84°C and its moisture content was 44 per cent- A&r 120 minutes 
the temperature was 101 “C. with 32 per cent moisture, and an 
aliquot was removed to provide sample K To produce sample L 
the process was allowed to continue for a further 120 minutes by 
which time the tcmpcrature had rcachcd I19’C, and the moisture 
content of the product was 3 per cent. The temperatures at inter- 
mediate stages were 98°C alla 30 minutes, 100°C (39 per cent 
moisture) after 60 minutes, 101°C after 90 minutcJ, 103OC after 
150 minutes, 108°C (16 per cent moisture) after I80 minutes and 
I 13OC after 2 IO minutes. 

Continuous wet rendering (profocol M). - The purpose of this 
procedure was to produce st&ng material for solvent rendering 
protocols. To minimise the loss of BSE infectivity, the tempem- 
tures were the lowest which could be used to produce a physically 
suitable endproduct The taw material was passed continuously 
through the Rotadisc drier. The bansit time was approximately 30 
minutes and the maximum temperature on exit was 8OoC. The 
material was then fed into the Stord twin-screw press. The tal- 
lowhwatcr fraction was discarded because it was unrrpmcntative 
of any normal production method, and the press-&e was tmns- 
ferred to the Atlas cooker for drying under vacuum at O-85 bar for 
240 minutes; the maximum temperature attained was 72’C. and 
the pmduct contained 2-S per cent moisture, 18.2 per cent fat, 44.6 
pa cent protein and 33.2 per cent ash. 

Pressure cooking @rotocols Q, R and S). - All of these proce- 
dures were conducted in the Iwel cooker in which the nw materi- 
als were heated initially lo 100°C. As steam was geneme air 
was displofed by venting for IO minutes. The venting valve was 
thenclosedandthechamberpmssurewaspermittedtoincreaseto 
the appropriate pressure. Holding tima were started when the 
required temperature was reached on the surface of the raw mate- 
rials. The exposuxe times included IO minutes to permit heat to 
penetrate into the particles. The prccess conditions for these pro- 
tocols are shown in Table 3. Steam was generated from the raw 
materials by applying heat from the steam jacket and beater sha& 
as is the pmctice in full-scale production in Germany. Because of 
the finite quantity of moisture present the maximum venting peri- 
od which could be used was 10 minutes. In one case (protocol S) 
this resulted in the trapping of some residual air, as is indicated by 
the discrtlwncy between the temperature and relative pressure in 
relationship to pure steam (Table 3). 

Proceduru for decontominotion and prevention of cross 
confominotion 

In the absence of data for the Bse agent at the time the experi- 
ments were conducted, the procedures for chemical decontamiua- 
tion were based upon what was known about the agents of other 
hansmissible degenemtive encephalopathies, particularly scrapie, 
which is the model for the group (Taylor 199 I b). 

When possible, fresh sodium hypochlorite solution yielding 
20,000 ppm available chlorine was preparcd each day from a 
stock 14 to IS per cent solution (Hay’s Chemicals). When the use 
of hypcchlonte was impractical, 2M sodium hydroxide was pn- 
pared daily from a stock 32 to 35 per cent solution (Hay’s 
Chemicals). 

The experiments were conducted at thm separate locations on 
a single site. The movement of materials between these locations 
was accompanied by the decontamination of containers. Personnel 
also changed their protective clothing except for Wellington boots 
which were scrubbed with hypochlorite. When there was a possi- 
bllity of spillage of infected material. floon and working surfaces 
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would bc dclivcmd wcrc cleaned and dccontaminattd; afb~ scrub- 
bing with dangcot these aperhutJ wcm sprayed mpatally with 
sodium hypochloritc so that they rcmaincd moist for an hour 
before thy were waa&d with water. The dccontaminatcd exit 
points were protectal Born contamination by shmuding them with 
disposable polythatc sheeting. In the cast of the Atlas cookcr the 
flow of CooLrd material was controlled by a ball-vaIve; bccausc 
thirvalvemighthrvebbcncorrodcdifitMbecnexposadrrpat- 
cdly IO strong sodium bypochloritc, this discharge line was docon- 
taminatcd, afta tcnrbbing it with dctcrgcnt, by allowing 2M sodi- 
um bydroxidc to tlow tidy thtough the line while rotating the 
ball-valve sevural timea ARcr closing the valve the line was filled 
with 2M sodium hydtoxidc and left ovanigh~ the sodium hydrox- 
ide was that r&ascd ancl the line was rinsed thoroughly with 
wata. 

To prevent corm&n from mpcatcd applications of sodium 
hypochlorite.thamctalbinsusaitocatchthccookcdsan@a 
waedmJnmmiMtalinitiauyandaftauchusagcbyfiuingthem 
with w sodium hydmxide The holding USDC was usuauy 
ovcrnightbutDevcrluathiultwohans,andwaafolhnvalby 
tbomughtiingwithwatcr.Fortbosrmreasotutbodisluscm- 
bled componmta of the press cyl- the hydraulic press, tha 
dnumnixaandthcmiUwacdecontaminnttdinthesameway 
Ida each usage. 

BactctihgicnI scrtming 

Ahougb scnlpuIous mcamra wcmadoptcdtopruvcntcrosa- 
contaminatim of the cxpaimalai sampia with ESE agent, it was 
twognisal that the stating mataids would bc contamiartcd with 
convcntiod q The mat and bone mal samples 
wau~bactcriologicallybyQL&ommriu,andthabtain 
mawatc and tallow samples wac -cd at t&s Ncuro- 
p0tbogmuis Unit 

Bhassay of bJE btfechiiy 

Wanling RIWFaDk-ro mice wan used for the bioaaaay 
bccausctlleylladbcutshowIttohanshortainctJbationpaiods 
wiultheBseagt!atthMothamouaegcnotypu(F~andothas 
1988); they wuu injected with 002 ml intracarcbrally and O-5 ml 
intrap&toncally. 

To assay its titm of infectivity, the pooled EEE brain macerate 
was bomogcniscd in sterile antibiotic solutioo containing 5OOO iu 
pmicillin and 5OOO pg streptomycin/ml (Northumbria Bi+ 
loj&aIs) in a Griffith tube to give a I&t w/v preparation. Thru 
Butha IO-fold dilutions (v/v) wcrc made in antibiotic solution to 
10-4. Each dilution m injcctcd into weanling RIB mice. 

D 

Each sample of meat and bone meal was homogcniscd in sterile 
distilled water to ~VC a 30 per cent (w/v) homogcnatc in a 
Vi&hear bomogenim (Virus); the bomogcniser probes wife 
decontaminated batwacn each usage by porous-load autoclaving 
at 136°C for 18 minute, followed by washing and rcstarilisation 
by autocjavink The homogcnata were ccntrifugcd at 500 g for 10 
minutu and ma supematcs wctc injected into groups of wcanling 
RIB mtcc. For the sampla assayed quantitatively, aliquots of the 
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(Table 5). The single exception was sample M which was diluted 
in antibiotic solution bccausc it was known to be contaminated 
with bactaia 

Bccausc tbc pmportion of BSE brain in the mixtums of raw 
matuials was IO per cent, the maximum titm which could have 
been present in the sampla of meat and bone meal was IO-fold 
less than in the EEE brain-pool. It was assumcd that tbc cooking 
methods would produce at least a IO-fold lost in infectivity. 
CoMdqumtly, when the infectivity of meat and bone meal was 
titrated, tba highest dilution tuted was a IOO-fold mom dilute than 
for the ESE brain pool titration The single exception was with tbc 
meat and bona meal produced in protocol M by delibcmtely cook- 
ing at a low tcmpctaturc to minim& the loss of infectivity, 
bccausc it was to be used as the starting matctial for other proto- 
cob, in this cast one additional IO-fold dilution was tcstui (Table 
5). 

The initial dilution of meat and bone meal in sterile distilled 
wata. 3110. was calculated on the basis that the product rcprcscnt- 
cd appmximatcly 30 per cent of the weight of the initial raw mate- 
ria& this makes it possible to cornpam directly the infectivity 
titra itI tk end tniitaials with thosc in the starting matarials. on 
the uannption that all the infectivity partitioned with the meat 
and bono meal &action. 

Bccausc meat and bone moat is considcrcd to have been the 
vehicle of EEE infaction only the tallow samples I and s. mprc- 
stating 00e low tanp~~ture and one hi8h tcmpaatum proccsa, 
wac teStal for infbctivity. These samples wcm injatai into mice 
kforo and aOcr they had been tiltcred through diatomaccous 
cart&aruscdincommacidpract.icc.neywmfiltacdlhrough 
a I3 mm bed of Kmitc loo0 (Diaccl) aided by vacuum. Before 
the tallow samples wcru injcctal 10 per cent w/v homogcnatcs 
wcm prepared in staile physiological saline by means of 
glasdtcflon tissue-gfindm. 

Alla thy bad beat injected, the mice WM observed and 
suuui for the dcvolopmcnt of clinical ncuxological discasa for up 
to 904 days, accordiig to a protocol developed for sctapie in mice 
(Dickinson and othm 1968). The brains from all the mice ware 
imtnaaion4ixul in 10 per cart form01 saline. Scctiona stained 
with hacmatoxylin and c&n wet0 propared from five coronal scc- 
tions cboam to represent the whole brain (Fmscr and Dickinson 
l%8), and cxaminai microscopically for the prcscnco of spongi- 
form cnckzphalopathy. 

Raults 

The brain pool macaate contained modaatc numbers 
of BaciIhu spcciea Streptococcus faecium var duram and 
Ha&a aI+. All the samples of meat and bone meal wm negative 
bactaiologically except that tiom protocol M which, as has been 
discussed, was an atypical and unmprescntative low tcmpcmturc 
procodum dcsigncd to provide BSE-infcctcd material for other 
protocols; this sample cont&ncd 20 colony-forming units of Clos- 
tridia/pcr gram. No bacteria were detcctcd in the tallow samples I 
and S. 

Table 6 shows that the infectivity titrc of the ESE-infecti brain- 
pool macerate was 1@.7tnso/g, calculated by the mcthod of 
Karbcr (193 1). &cause the concentration of this macerate added 
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weight of the solid material remaining after rendering was 30 per 
cent of that of the starting material. the maximum titre in the 
resulting meat and bone meal would have been lOt’%~W@3 g (or 
pa ml of 30 per cent suspension). For the pmtocob which pro- 
duced meat and bone meal and tallow (two tested) which failed to 
bansmit disease to mice, the survival data are shown in Table 7. 
Tzble8demonstratcsthatthemeatandbonemealpraductdby 
protocols C, & I and J was infected and that the titre of infectivity 
surviving protocol J was lOt%s&nl 30 per cent meat and bone 
mal~ion.Tbesunpiuofme?landbonc~fiomproto- 
cobC.EandIwerenottitrated. 

- These results establish that the pilot equipment had performed 
similarly to full-scale plant in rnicrobiologicai terms. 

At l~71D50$, the infectivity titrc of the pooi of ESE-infected 
bninwuless~mighthrvebccncx~fromtbc~tsof 
otba assays (Taylor and others 1994). This was due partly to the 
factthat15perccnt0fthecoastituent~wassubsegoently 
rbown to bc either negative or inconclusive for 8 BEE diagnosis; 
this proportion is similar to that recorded for the brains hwn alI 
E.SEsuspccUsubmittedduringtbes8meperiodandthr0ugh0utthe 
rut of 1990 (MAFF, unpublished data). A fwther contributory fnc- 
tar was that chc portions of btain stem removed for histological 
examination were much larger than wu subsquently shown to be 
ncctJsnry;itlBSE4ffCcttdb0viDebrain.themedullrhubcen 
shown to contain the highest level of the disease-specific form of 
PrP protein, designated PrF (Scott and o&as 1990). which is 
considered to be m with infectivity. bt the hamster scrapie 
mndci PrP% accumufata pmgrcmiveiy with the titrn of infectivity 
andrcacbaitsbigbcstconcentnti~atabouttbetimeofonsctof 
tbc clinical disease (ctub aal otha~ 1986). The precise relation- 
ship bctwcen the titrc of infectivity and the accumuluion of PrPk 
is however, unclear, because the tmtment of the host with 
atnphoteticin B can depress PrF production but not the titrc of 
infectivity (Xi and others 1992). Nevertheless, under notma 
c-a, quantitative diffuwccs in PrpSr levels are mgatded 

r 

stable indicators of diffemncu of titre. 
Given the titrc of the brain pool, and its IO per cent inclusion 

level in the raw materials, the bioassays were able to detect siight- 
ly less than a IOO-fold reduction in titre. It cannot, therefore, be 
concluded that the procedures which produced meat and bone 
meal in which no infectivity was detected were necessarily com- 

a 
ieteiy effective. Howev the procedures produced 
f&ted v material, an m the case of protocol 1. it had a titre of 

infectivity comparable to that of the untreated raw materials. As a 
result, the minimum condittons for rendcnng animal waste by 
these methods in the EU have been mvisui (European Commission 

’ 1994). The limits of extntpolatton From the ptlot scale to full scale 

~ ~~ 
C lY16 521 (23) 
E 10114 =(lT) 
JUtKlWd‘ I 9111 7115 440 520 (44 

(63 
1110 10115 417 (69) 
l/ml u13 531 (52) -lO’%wJ 

In continuous rendering systems it is difftcuit to know what the 
range of particle residence times is. because some particles can be 
acccietated through the system by ‘leap-hogging while others 
~dn be r&a&d through back-tracking’. As a preliminary to 
defining the minimum conditions for continuous rendering in the 
pilot-scale studies, manganese dioxide was used as a marker in 
flow-rate studies in some continuous rendering systems 
(Woodgate 1991). in the experiments involving natural fat contin- 
uous systems. the minimum exposure-time protocols C. E and K 
dii not achieve the same temperatures as the average-time proto- 
cols D, F and L (Table I). This was because, while water remains 
the heating medium at atmospheric pressure, the temperature 
remains at around IOO”C, but when suff’tcient water has evaporat- 
ed, fat becomes the heat-transfer medium, and the temperature 
rises towards the expected end-temperature. Because the mini- 
mum-time samples were taken before all the wafer had evaporat- 
4 the firul temperature would be expected to have been between 
IOOT and the maximum tcmpaaturt. In Contras& in the cxperi- 
merits involving added fat (protocols G. H, I and J), there was iit- 
UC difference betwan the t.emperatutcs achieved in the minimum- 
time pmtocols (G and I) and the avaage-time protocols (Ii and J). 
baousc fat was the heating medium. 

As discus4 eariia, protocol hi was an atypical low tempera- 
ture procedure (72°C for 240 minutes) devised to produce infected 
graves for solvent extraction studies; these studies have not been 
dcscribedbaausctbegreavapmducedbyprotocolMhadno 
d&ctable infectivity. This was surprising. given the known 
miiity of BEE and scrapie agents (Taylor 1992, Taylor 
and othcn 1994) but undalina the fact that these types of agent 
have not previously been tested under the conditions found during 
m&ring. The thermolability of the BSE agent in protocol hl 
may have ban due to the fact that much of the fat was removed 
horn the raw materials before they were processed. Otha labor- 
atoty studies on the inactivation potential of solvent extraction 
procedures are in progress. 

Each mouse was injected intraccrebra~ly and intraperitonealiy 
bccausc the nornudiy greater ct%+ncy of intmcerebal chalJen8e 
with mousepauagcd scrapie agent does not bold for bovine mate- 
rial inf& with 854 or sheep material infected with sctapie. 
when they ore injected into mice (Kimberlin 1993. Taylor and 
others 19%). The mean incubation petiods for bovine BSE agent 
in RIB mice have been shown to range from around 360 days for 
a bigb tibe inocuium to around 500 days at limiting dilutions (H. 
Fraser, personal communication). The shortest single incubation 
paiod wbicb has been ohsavcd with BSE in R.III mice during tis- 
sue transmission studies is 3 17 days (I-?. Fraser, personal commu- 
nication); any mice which died less than 300 days afta being 
injected in this study have therefore not been included in the 
results. The maximum single incubation periods which have been 
recorded have been around 600 days (Taylor and others 1994, 
H. Fraser, personal communication), and RIII mice used in tissue 
transmission studies are observed for up to 650 days after injec- 
tion. However, heating has been found to modify the dose- 
response curve of the scrapie agent, and results in extended incu- 
bation periods (Dickinson and Fraser 1969). The mice injected 
with heated BSE agent were therefore observed for up to 904 days 
after injection. The maximum single incubation period for u&eat- 



610 TINI Veterinary Record, December 9,199~ 

. 

;.,,m - .:~rphalopathy after being injected with the heated BSE 

,I~S’DS seven had incubation periods ranging from 624 to 703 days. 
‘rb~s IZSUI~ demonstrates that the dose-response ctttvc for the hcat- 
ad agent is delayed compared with the untreated agent. as has 
&a~ dcsaibul previously with the rodent-pasaagcd ME7 and 
263K sttains of the sctapie agent (Dickinson and Fraser 1969, 
Taylor and others 1994). 

The processu which led to the survival of BSE infcaivity in this 
study attempted to mimic the continuous rendering processes 
which were responsible for the production of increasing propor- 
tions of meat and bone meal during the early and mid 1970s. The 
timescale over which these changes in production methods 
occurred is not consistent with the onset of the effective exposLtrC 
of the cattle population to BSE in 1981182 (Wilesmith and others 
1988). 

However. the rapid decline in the use of solvent extraction as an 
adjunct to rcndcnng pmcesscs which occtmcd during the late 
1970s and early 1980s in Great Britain has been identified as con- 
sistent with the estimated onset of the exposure of cattle to sufft- 
cicnt sctapie-like agent to cause BSE which occurred in 1981182 
(Wilcstntth and others 1988). It is postulated that the solvent 
extraction processa may have reduced the infectivity of meat and 
bone meal either a~ a direct cffea of the solvents or because the 
solvents were stripped out of the dcfatted rendered material by the 
direct application of live steam. 

It therefore appear that the effective exposure of cattle to sufli- 
cicnt scrap&like agent to cause disease could have been the result 
of a two-stage process involving the cumulattvc effect of the two 
major changes in rendering ptacticcs which occurred during the 
1970s and cariy 1980s. 

These experiments have cxammcd the effect of rendering pro- 
cedures on the BSE agent, but renderers are also interest& to know 
how effective their processes are with the sczapie agent; field 
strains of sctapic which arc more thermostable than BSE may exist. 

Similar experiments, using sctapie-affected sheep brains, arc in 
P%== 
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Abstracts 

Welfare of sows in different 
housing conditions 

SIXTY-FIVE sows from a single source were allocated when they 
were about nine month of age. and in the seventh week of their first 
pmgmmcy. to thn~ types of accommodation. Twelve were placed in 
good quality unsttawcd stalls. three groups of tivc were put in stnwcd 
pats with individual feeding stalls. and 38 wcnz kept in a stnwcd yatd 
withMC~CSOWf~..TheylrcturnedtoIhewmccondi- 
tiom a&r periods in farmwing and scw~ce accommodation. In terms 
of a wide range of welfare indicators the stall-housed sow8 bad more 
problems than the grouphoused sows. and these problems had 
bcunnc wont by the fourth pregnancy. when the stall-housed sows 
spent 14 per ant of their time behaving stereotypically. and a further 
50 per cent on activities which were sometimes B such as 
‘drinking’ or rooting and chewing at the pen fittings. In conttast. the 
comparable figures for the group-housed sows were 3.7 and 8.1 per 
cutt, Rspeaivcly, and there was little ditTercnce between the sows 
in the two types of group accommodation. The stall-housed sows 
were also more aggressive and weighed less. Howeva. there were no 
differences between the groups in terms of physiological or immuno- 
logial tcs& or measures of reproductlvc output. 

BROOM. D. M.. MENDL M. T & UNELLA. A J (19%) Atwd &&ICC 

61,369 

Treatment of urinary tract 
infections in dogs 

ONE-HUNDRED-AND-FOUR dogs wnh clinical signs of a urinary 
ttact infection were selected by I5 practitioners for a comparative, 
randomiscd study of different antibiotic treatments. The clinical diag- 
nosis was confirmed by bactcriolog~cal tests on urine. Each dog then 
teceivcd eltha marbofloxacin (2 mg/kg orally once a day or 4 mglkg 
subcutaneously every four days) or amoxicillin-clavulanic acid 
tablets (12.5 m@‘kg twice a day) for IO or 28 days. depending on the 
clinical diagnosis. Each case was examined and analyses of urine 
were made at least three times. and possible srde effects were looked 
for carefully. Marbofloxacin and amoxtc~Hin-clavulantc acid both 
gave good bacteriological cure rates (96 and 85 per cent, respectively) 
and clinical cure rates (83 and 70 per cmt). There were fewer relapses 
among the dogs treated wtth marbofloxacm. A few mild side effects 
were recorded with both treatments. 

COTARD. J P. CRUET. P. PECIIEREAU. D. MOREAU. P. PAGES. J. p.. 
MOMAS. E. & DELEFORGE. J (1995) Joumol of Small Anrmal Pracrice 



. . Reoort of Fmdmas of Directed Inspx,@ns of Sheeo Rendering Fat ilities 

Executive Summary 

The Food and Drug Administration (FDA) carried out a survey of current 
practices in the United States (U. S.) for rendering or othemise disposing of, 
adult sheep carcasses and parts, specifically heads, brain and spinal cord. 
Limited inspections of rendering plants were conducted to: 1. assess 
compliance by U. S. renderers with the industry imposed voluntary ban on 
rendering adult sheep for cattle feed, 2. identify rendering plant practices 
concerning adult sheep, and 3. determine if rendered adult sheep protein by- 
products are sold or labeled for use as feed or feed components for cattle. 
Fifteen plants were identified and investigated that were estimated to process 
greater than 85% of the adult sheep rendered in the U. S.. 

The 15 plants rendering adult sheep carry out a variety of management 
schemes. Eleven render adult sheep with heads, 7 render sheep separately . 
from other species, and 4 render sheep that have died of causes other than 
slaughter. The rendering industry voluntary ban does not appear to be fully 
implemented since 6 of the 11 renderers processing adult sheep with heads are 
selling rendered protein by-products to cattle feed producers. 

Industry should be made aware of these shortcomings, and improvements 
should be monitored by FDA. The Center for Veterinary Medicine recommends 
that a regulation be prepared to restrict the use of rendered aduft sheep proteins 
in the feed of cattle. Publication of this proposal would be decided at a later 
date. 


