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3. LEGAL AND TOXICOLOGICAL ASPECTS

To use the LP-system in raw milk as a temporary bacterial preservative, it is necessary to supplement the
thiocyanate level in the milk and to add a source of hydrogen peroxide. Although these additions are
minute, they interfere with the Code of Principles conceming milk and milk products developed by the FAO
and WHO, which states that the term milk means “exclusively the normal mammary secretion obtained
from one or more milkings without either addition thereto or extraction therefrom™. However, as such a
method could be of substantial practical use in certain situations it should be evaluated in an objective way
regarding its efficiency and any potential heaith hazards.

In Sweden, the National Food Administration has evaluated the maow,m:nw of the method and existing
toxicological data and has decided to allow the use of LP-activation in milk in situations when raw milk
cannot be propetly cooled (25).

To evaluate any toxic risks withthe utilization of the LP-system as atemporary milk preservative, the Sx_o_a\
of added hydrogen peroxide and thiocyanate as well as the oxidation products formed, have to be
evaluated.

A. Hydrogen peroxide

With the traditional way of using hydrogen peroxide as a milk preservative, i.e. additions of 300-800 ppm
of H,0,, the hydrogen peroxide persists for long periods in the milk. The milk has therefore to be treated
with omﬁm_mmm before processing to ensure that any residual hydrogen peroxide is destroyed. Atthese levels
of hydrogen peroxide the lactoperoxidase is destroyed. The antibacterial effect obtained inthis case is thus
not related tothe LP-system, itis only due to the antibacterial effect of hydrogen peroxide itself. This method
has been approved by the FAQ/WHO (1) and thus s not-considered to constitute any health hazards.

With the LP-method, the small amounts of. hydrogen peroxide added to milk are rapidly utilised in the
enzymatic oxidation of thiocyanate, whereby it is reducedto water. Inthis context, it should also be recalied
that milk itself contains several enzymes capable of producing hydrogen peroxide, viz. xanthine oxidase
and sulphydryl oxidase. It is therefore likely that low levels of hydrogen peroxide are produced in milk
althoughdetectable amounts are not normally found since they are continuously reduced by enzymes such
as catalase or lactoperoxidase. These facts indicate that the hydrogen peroxide used to activate the LP-
system in milk does not imply a health risk.

B. Thiocyanate

Thiocyanate ingested in very high concentrations has an acute toxic effect. The _-_us dose of orally
- administrated sodium thiocyanate in rats is reported to be 764 ma/kg (26). On the other hand, thiocyanate
is also considered to be a normal electrolyte in mammalian blood. Human plasma levels are 2-3 ppm in
non-smokers and 89-12 ppm in smokers (27}. The thiocyanate is largely of exogenous crigin, being derived
through the ingestion of various glucosinotates such as sinigrin, glucobrassicin and neoglucobrassicin,
which release thiocyanate upon hydrolysis. Common sources of these glucosinolates are plants belonging
to the cruciferous family, e.g. cauliflower, cabbage and kale. Another important source of thiocyanate is
the enzymatic detoxification of cyanide by the enzyme thiosulfate sulfur transferase (E.C. 2.8.1.1)
(rhodanase}. This enzyme is present in most mammalian tissues aithough the highest concentrations are
‘found in liver, kidney, adrenals, thyroid and pancreas {28). Cyanide intake in man is essentially due to
ingestion of cyanogenetic glucosides such as amygdalin and limarin, which are present in bitter aimonds,
linseed and cassava. In smokers, tobacco smoke is an important source of cyanide (28).

Thiocyanate is secreted by the mammary and salivary glands and by the gastric mucosa. The levels of
thiocyanate found in milk are fairly variable. Levels of 10to 15 ppmhave been reported (30, 31) but normally
the concentrations are inthe range between 2-7 ppm (32). Saliva is rich in thiocyanate, levels between mo-
300 ppm having been reported (33).

Althoughthiocyanate is a normal electrolyte inmany secretions, itis well-established that high serum/levels
result in disturbances in the thyroid function (hypothyroidism) (34). it has also been suggested that
thiocyanate in milk may be a factor causing goiter. Finnish investigations (35), on the other hand, have
demonstrated that doses between 200 to 400 mg were necessary to give a thyrostatic effect. More recent
studies of the pharmaco-kinetics of nitro-prusside, which is used in hypertension treatment, have clearly

demonstrated that serum levels mco<m 18-20 ppm of thiocyanate are necessary to cause impaired thyroid
function {36).
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These investigations indicate that the levels of thiocyanate utilised in LP-activated milk would not cause
any disturbances of thyroid function. However, to confirm this, g clinical experiment was carried out in
Sweden during 1982 in collaboration between the National Food Administration, the University of Uppsala
(Department of Medicine) and the Swedish University of Agricultural Sciences, Uppsala. The results of this
experiment have been submitted to the American Journal of Clinical Nutrition for publication (Dahlberg,
P.A. et al., Intake of thiccyanate by way of milk and its possible effect on the thyroid function). In this trial,
43 persons were given 0.4 I milk containing 20 ppm thiocyanate per day during 3 months. The increased
intake of thiocyanate was reflected in increased serum concentrations. The highest values were obtained
after 4 weeks (7.8 mg/l in non-smokers; 10.7 mg/l in smokers). Thereafter the concentrations decreased
and at the end of the experimental period were (7.0 mg/i and 8.9 mg/l in the non-smoking and smoking
group, respectively. No apparent effect was observed on the thyroid function, i.e. no significant changes
were found in the serum levels.of thyroxine-4, triiodothyronine and thyrothropic hormone (TSH). These
results are thus in agreement with other investigations and indicate that the levels of thiocyanate used in
LP-activated milk will not cause any disturbances in thyroid function.

C. Oxidation products of thiocyanate

The antibacterial effect of the LP-system is mediated by short-lived oxidation products of thiocyanate.
These intermediates are very unstable and those not reacting with bacteria decompose spontaneously or
in connection with pasteurization of the milk. When the milk reaches the consumer, none of the active
agents will thus be present in the milk. On the other hand, it has also to be considered whether there is
any potential risk if the milk is consumed shortly after an inactivation of the LP-system and residual levels
of the oxidation products of thiocyanate still are present and ingested via the milk. Any toxic risks of the
intermediate oxidation products present in freshly activated LP-activated milk have to be considered as
low. These oxidation products normally are present in human saliva (37). Recent studies in which certain
mammalian cell types, viz. Hela cells, fibroblasts and chinese hamster ovary cells, were exposed to the
complete LP-system {utilizing concentrations up fo 50 ppm of thiocyanate and an equivalent concentration
of hydrogen peroxide) also failed to reveal any adverse effects (J. Carlsson, personal communication).
Consumption of freshly LP-activated milk would therefore not present any additional risks apart fromthose
generally connected with consumption of unpasteurized milk,

4. EFFECTS ON THE PROCESSING PROPERTIES AND NUTRITIVE VALUE OF MILK
In contrast to the general oxidative effect of hydrogen peroxide, which is known to affect adversely the

processing properties of milk, the antibacterial effect of the LP-system is much more specific. The active

agents of the system react primarily with free SH-groups in proteins. Milk proteins, however, contain few
free SH-groups, implying that there is little risk of negative effects.

Sofarthe rennet coagulation and acid uaacoﬁ_o: of starter cultures in LP- moc<m$a vmﬂmc_‘_wma milk have
been investigated (2). Negative effects could not be found in this investigation. Regarding growth of starter
cultures in LP-activated milk it should, however, be pointed out that if the starter strains used produce
hydrogen peroxide, as do some strains of streptococci and lactobagilli, they may show an impaired growth
rate in LP-activated milk, as the hydrogen peroxide they produce completes the LP-system. Nevertheless,
this can easily be overcome by using starter strains that produce no or little hydrogen peroxide.
Although effects of the LP-activation on the vitamins in milk are not to be expected, this aspect has yet to
be investigated. ,

5. PRACTICAL USE OF THE LP-ACTIVATION UNDER FIELD CONDITIONS

Although the optimal way of applying the LP-activation has to be decided from case to case, the following
principles are recommended. The raw milk should not be treated by the individual farmers but at a
collecting centre or a similar place. The main reason for this is that if the activation is carried out on the
farm, the dosage of the activators will be complicated as widely variabie volumes of milk are to be treated.
Neither should it be overlooked that usage on the farms will be difficult to contro! and the risks of misuse
ihereby enhanced. If the treatment, onthe other hand, is carried out at a collecting centre, correct dosage
of the activating substances wil be easier as the milk is handled in churns of a certain volume, i.e. the
activators can be distributed to give the correct concentration for this volume. At a collecting centre it will
also be easier to supervise the correct use of the method. Another important factor that indicates that the
activation should take place at a collecting centre, is that most of the deterioration of the raw milk often
occurs during the transport from the coilecting centre 1o the dairy plant.
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The practical use of the LP-activation must also always be combined with proper control measurements
to ensure that the method is correctly used and that the basic hygiene is not neglected. The correct dosage
of the activators can be controlled by analysing the thiocyanate concentration of the delivered milk. This
can be achieved by a simpie colorimetric test. If the thiocyanate level is found 1o be substantially higher

“than 15 ppm, overdosage is likely to have occurred. If the ordinary basic hygienic precautions are
neglected, it will automatically be revealed irthe usual quality control carried out on the delivered milk. The
LP-activation causes only an inhibition of most of the raw milk flora. Consequently, if the milk had high
bacterial numbers at the time of LP-activation, high bacterial numbers will also be present at am__<mQ to
the dairy U_ma and will be reflected in a dye reduction test or plate count.

6. CONCLUDING REMARKS

The use of the LP-system as a temporary preservative for raw milk represents a new approach to the old
problem of finding a suitable temporary preservative for milk when adequate cooling is not available.

The basic biochemical mechanism of this antibacterial system, which not only has been investigated in
connection with milk but also by oral bacteriologists (the system is also present in saliva) is by now fairly
well documented.

Field experiments carried out in Kehya and Sri Lanka have clearly demonstrated that a substantial

improvement of the hygienic quality of raw milk can be achieved by using the method. To activate the

system it is necessary to supplement milk with about 10 ppm of thiocyanate followed by an addition of 8.
to 9 ppm hydrogen peroxide. Any toxicological risks of these additions have to be most carefully evaluated,

The main concernis the effect that the enhanced thiocyanate levels may have in milk. Clinical experiments

with LP-activated milk for 3 months have indicated that the levels of thiocyanate used in LP-activated milk

do not interfere with the thyroid function or give any other ¢linical effects. The subjects in this trial were

healthy individuals with a nermal iodine status. The effect of an increased thiocyanate intake should,

however, also be investigated in subjects with a low iodine status. Such an experiment has recently been

carried out in Sudan. The results from this trial are expected to be available in July 1983.

The use of the LP-system as a temporary milk preservative seems to offer several advantages over the
use of high concentrations of hydrogen peroxide:

- the LP-system has a much more specific antibacterial effect than the general oxidative effect of
hydrogen peroxide. This will minimize the risks of any negative effects onthe processing and nutritive
properties of the milk; .

- the effect of the LLP-system on the cmgm_._m_ flora-in raw milk is largely of a bacteriostatic nature.
Therefore, it is not possible to “improve™ the hygienic quality of an initially low quality milk by use of

the LP-system. This is a most impertant aspect as good basic hygiene is thus a uqmanc_m:m for
successful use of the LP-system;

= theresidual thiocyanate makes it possible to monitor the usage of ﬁrm Bmﬁoa overdosage, etc. can
easily be revealed by excessively high thiocyanate levels in the milk;

- the practical application of the method is simple as no liquid substances are required.

Analternative methodto refrigeration as away of preserving raw mitk would be beneficial in many countries
where adequate cooling facilities cannot always be provided, either for economic or practical reasons.
Although the long-term goal in these countries is to establish complete cooling facilities throughout the milk
handling system, it must be realised that this will take a considerable time to accomplish. Until then, there
is an urgent need for an alternative method of preserving raw milk, primarily during collection and
transportation to processing centres. If such a method becomes available, it will be possible to coltect milk
from more remote areas without risking an inferior hygienic quality upon arrival at the dairy plant. In turn,
this would not only increase the intake of milk for the dairy industry, but also lead to a more rapid
development for many small-scale dairy farmers.

The use of the LP-system as an alternative method seems to offer several advantages over Em use of
concentrated hydrogen peroxide. It is therefore the view of Group F19 that IDF should encourage further
research and development in this area and that the FAQ/WHO should be recommended to evaluate the

:mmo:rm_u_u-mvﬁm:_mmmﬂmsuoﬂm_@u_.mmmzmz<m8q3m_x<<:m:mamncmﬂmooo::@*mo::_mmma:2
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