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Appendix 4: Does gelatine pose a BSE risk to consumers?

Stuart C MacDiarmid, Principal Adviser, Zoonoses and Animal Health, New Zealand
Food Safety Authority

BSE is a member of a family of diseases known as transmissible spongiform
encephalopathies (TSEs). These are generally considered to be caused by infection
with proteinaceous agents known as a “prions” .

In 1996, human cases of a new TSE known as variant Creutzfeldt-Jakob disease
(vCID) were reported in the United Kingdom and were soon shown to be caused
by human infection with the BSE agent. Because of this BSE risk to human health,
many precautionary measures were implemented around the world at that time.
Because of fears that the BSE prion might be present in foods prepared from bovine
tissues, including gelatine, precautionary measures to protect consumers were
implemented in New Zealand and overseas.

Howeyver, in the intervening years much has been learned about BSE and the risk to
human health, and in a number of countries some of the precautionary measures put
in place after 1996 are being reviewed.

Total world production of gelatine in 2003 was 278,300 tonnes.” Probably around
65% of this was produced from bovine materials.” Gelatine is made either from
hides or bones and although there are differences in the processes, both involve a
series of chemical steps which have some capacity to inactivate the BSE agent.”™ ™

Raw materials
Gelatine is produced either from skin or bones of catfle and pigs. BSE is not a
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disease of pigs, so gelatine produced from porcine raw materials has never been of
concern.

Hides are considered a safe source of raw material because BSE infectivity has not
been found in skin, even in advanced clinical cases.” More gelatine is produced
|globally from skins than from bone. BSE infectivity has been found in the bone
marrow in advanced disease in a single experimentally-infected animal”, but has not
been detected in bone marrow of infected cattle before they show clinical signs.

The global BSE epidemic is in decline, although occasional cases are still detected in
countries with a history of feeding cattle on meat and bone meal containing the BSE
agent, and occasional cases may also be expected, in future, in countries hitherto
considered BSE free.

The first step in processing the bones for gelatine manufacture is to grind them into
pieces. Hides and skins are also chopped into small pieces. Hides may arrive at the
gelatine plant in the form of ‘hide splits’ , a by-product of the tanning industry.
Hide splits are the lower part of the cutis or corium.” The upper part of the cutis is
used for leather production.

Gelatine is produced either from bone or from skin. The two raw materials are not
mixed.

Dilution

As with all infections, with BSE there is a minimum level of infectivity necessary to
transmit the infection. In the case of transmission to humans, there is also a species
barrier to be surmounted.

Should an animal infected with BSE pass ante-mortem inspection and contribute raw
materials to gelatine manufacture, its tissues would be diluted by those from a large
number of normal, uninfected animals. The average weight of raw material used
from one animal, depending on age, will be approximately 10-15 kg.” (In New
Zealand, where gelatine is manufactured from head skins, the average weight is 3
kg.*) The normal batch size used in the industrial production of gelatine varies from
around 20,000 to 100,000 kg. (In New Zealand, the normal batch size is 28,000 kg.)
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This means that the dilution factor of raw material from one animal into an industrial
batch is between 10** and 10°. So, regardless of any further treatment, in theory only
in advanced clinical disease would there be detectable infectivity in the final
product.”

In the country with the highest incidence of BSE, the UK, there were 338 cases of
the disease in 2004, That is, the annual BSE incidence rate is 68 per million cattle
over 24 months of age.” This is the highest rate in the world.

Using the data given above for average weight of raw material per animal and
average industrial batch size, it can be calculated that the average number of animals
contributing to a single batch is 4,800 (SD 1,880)." From these data and the annual
incidence of BSE in the United Kingdom in 2004, it can be calculated using the
software programme @Risk” that the mean number of BSE cases which could
contribute to a batch of gelatine, assuming that they were to escape detection, would
be 0.33 animals per batch (upper 95 percentile, 0.66 animals).

1 developed an @Risk simulation model to estimate the likely BSE contamination of
gelatine produced in the UK from bones including the vertebral column (vertebral
column is actually banned from all food uses in the UK and so is not, in reality,
used in gelatine production). If vertebral column of cattle were used in the
production of gelatine, BSE infectivity could be present in remnants of spinal cord
and associated dorsal root ganglia (DRG). It has been estimated that the weight of
DRG in a typical carcass is 30 g and the weight of spinal cord is 200g." The
simulation model assumed that something between 0 and 100% of the spinal cord
|might remain in vertebral column used in gelatine production, but that the most
likely quantity was 10%. The model further assumed that all the DRG material
would be included.

In an assessment of the risk to human health from inclusion of DRG in foods such
as ‘T bone’ steaks, Comer assumed that the best estimate of the oral infectivity for
humans of spinal cord and DRG derived from cases of BSE is 1 human oral IDs
/g,* with a confidence range of 0.0001 to 10.”
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Using the data outlined above, the @Risk model estimated that the mean BSE
contamination of raw material containing vertebral column of UK origin (an
extremely unrealistic scenario) would be 9.8 x 10”7 human oral IDs /Kg (upper 95%
3.03 x 107).

It can be expected, on the basis of experimental studies described below, that this
quantity of BSE infectivity is likely to be eliminated entirely by the processes used
to manufacture gelatine.

Removal of hair

After skin has been chopped into small pieces, hair is removed by tumbling in drums
containing a mixture of sodium sulphide and lime."” This process not only removes
the hair, but would also be expected to remove any surface contamination with
tissues (such as brain) which might contain BSE agent. Hide splits, which are a
by-product of the tanning industry, do not have hair.

Boane degreasing

Bone itself is free from BSE infectivity, but infectivity has been detected in bone
marrow in a single advanced clinical case in an experimentally-infected animal.
Infectivity is, of course, present in high concentration in spinal cord and dorsal root
ganglia, both of which can be expected to contaminate vertebral column used to
produce the degreased chipped bone {(DCB) used in the manufacture of gelatine.

Before bone can be used to manufacture gelatine, fat must be removed. This is done
by crushing the bones to a particle size of less than 12 mm and then washing and
degreasing the resulting chips with hot water to remove residues of fat, marrow and
other soft tissues such as spinal cord and dorsal root ganglia.

(In Europe, where BSE is present, vertebral columns are classified as
(SRM) and are not used in gelatine production.)

‘specified
risk material’

Studies conducted on the ability of the degreasing process to remove nervous tissue
proteins from bones demonstrated that degreasing eliminated 98% to 99% of such
proteins.” It has been estimated that the degreasing process alone would reduce any

BSE contamination of bone by a factor of approximately 10
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Acid treatment

Before bone chips can be used to produce gelatine, the minerals calcium and
phosphorus must be removed. This is achieved by immersion of the DCB in
hydrochloric acid (approximately 4%, <pH 1.5) for a period of at least 2 days. This
intensive acid treatment changes the internal structure of the collagen protein, from
which gelatine is extracted, as well as the structure of the BSE prion protein. On the
basis of previous studies™, this acid treatment would be expected to reduce the titre
of any BSE infectivity which might be present. The demineralized bone is known as
ossein.

Alkaline treatment

The next step in the production of gelatine is to soak the materials (pieces of skin or
ossein) in a saturated lime solution, >ph 12.5, for a period of between 20 and 50
days™ (40 in New Zealand.*)

A treatment sometimes used with a raw material known as hidesplits ( split form of
skin) is to soak the material in 0.3n sodium hydroxide (caustic soda) for around 14
days. :

As with the acid treatment referred to above, this alkaline treatment changes the
internal structure of the collagen protein, as well as the structure of the BSE prion
protein. On the basis of studies conducted into the destruction of TSE ag_ents”, it has
long been expected that the time, temperature and concentration of these alkaline
treatments would significantly reduce the titres of any BSE infectivity present in the
raw materials,*

Further acid treatment ‘

Some gelatine is also produced from ossein (demineralized bone) by an acid
process, rather than by an alkaline one. In this acid process, the ossein is immersed
for 12-24 hours in dilute acid at pH2-3.5.

Extraction of gelatine
After the skin or ossein has been subjected to alkaline or acid freatment, gelatine is
extracted by a series of hot water steps. The gelatine extract is purified by filtration
through diatomaceous earth and cellulose filter plates, and this process removes
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suspended particles,**

The purified gelatine solution is concentrated by evaporation in partial vacuum and
the concentrated solution is sterilized by UHT treatment of at least 138° C for at
least four seconds.” It is likely that the filtration and sterilization processes also
remove some BSE infectivity, in the unlikely event that any should be present by
this stage of production.

Experimental studies

Relatively recently, the results of experimental studies have been published
confirming risk assessments made earlier. An accurately scaled down laboratory
process was developed to measure the effect of gelatine manufacturing processes on
BSE infectivity. The experiment used crushed bones and intact calf vertebral
columns. The crushed bone was smeared ( “spiked” ) with mouse brain infected
with the 310V strain of mouse-passaged BSE. The same brain was injected into the
spinal cord of the vertebral columns. The 301V strain of BSE was selected because
it has a high infectivity titre and is one of the most heat-resistant TSE strains.”

The BSE infectivity of the spiked starting material was 10** mouse intracerebral IDs
/Kg. Clearance factors of 10*° and 10*” IDs were demonstrated for the first stage of
the acid and alkaline processes (see above) respectively. The complete acid and
alkaline processes both reduced infectivity to undetectable levels, giving clearance
factors of >=10"" IDs for the acid process and >=10"° ID« for the alkaline.”

The level of infectivity used in the experiments reflect worst-case conditions. The
experiment did not take into account the very large effect of dilution of raw
materials referred to above. Even if a BSE-infected animal contributed a vertebral
column to an industrial batch of raw material, the concentration of BSE prion in the
batch would not be as great as achieved by the “spiking” described in the
experimental study.

Conclusions

In the years since the public health risk posed by BSE was first recognized, much
has been learned about the disease. It is now clear that humans are relatively difficult
to infect by mouth and that the BSE epidemic is largely under control
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internationally. This means that any batch of raw material used to produce gelatine is
highly unlikely to contain sufficient BSE to be able to infect humans consuming
products made from it. Further, recent experimental studies have confirmed what was
long suspected; namely, the described chemical processes used in the manufacture of
gelating are sufficient to inactivate any BSE infectivity which might have been
present in the raw material from which the gelatine is made, even under “worst case

»

conditions.

Gelatine produced by modern industrial processes can thus be considered to pose no
BSE risk to consumers, regardless of the source country from which it is derived.
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