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I DISINFECTANTS

The use of chemical disinfectants 1n many instances has become an
indispensable part of proper milk hygiene practices when thermal
disinfection 1s not practicable. The most evident field of application
is no doubt in the dairy bam where large amounts of disinfectants are
used for cleaning the teats and udder of animals and for the disinfection
of milking machines and other milking utensils, but to some extent

disinfectants also hawve found a place in dairy plent sanitatim.

le Bacteriostatic effects! offe=flavours

As long as chlorine compounds, hypochlorites and chloramines,
were practically the only type of disinfectants used in the dairy
industry, the prcblem of residues of disinfectants in milk did not
attract much attention, because the marked instability of chlorine
compounds 1n the presence of milk constituents, results in rapid
decomposition with the formation of inactive ions, Experiments have
shown that ordinary good disinfection practices as applied in the dairy
tam may leave up to 0.25 per cent of the disinfectant solution in the
nilke (Pe Swartling 1)). With chlarine solutions (200 parts per million

available chlorine) an addition to mlk of more than 2 per cent.1s

required to produce off-flavours and the becteriostatic¢ level (inhibition
of lactic acid streptocogci) is at about 10 per cente. With solutions
of iodine compounds, iodophors (25 parts per million) similar findigs
have been reported (Danish State Experimental Dairyz)).

The introduction of some new types of disinfectants about 1940 and
later, especially the quarternary ammonium canpounds, has, however, made
the problem of residues of diginfectants in milk one which camot be
ignorede. Quarternary ammonium campounds are reparkable stable in milk
and retain a high residual effecte ILevels of 0.00001 = 0400005 per
cent still show a bacteriostetie action in milk and hence careless use
of such compounds in milk hygiene practices involve very rcal risks of
starter failures 1n cheese and buttermaking, Scme results from the
Damish State Experimental Dairy Reports on minumum bacteriostatic levels

of variws disimmfectants in milk are complled in the following table,
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TABLE I

Mines bacteriostatic

level for starter

cultures 1n milk

mg per litre

Calciumhypochlorite 25
Chloramine 25
Iodophor 6.25 = 12,5
Alkyl-dimethyl=-bengyl-ammonium-chloride 5
Cetyl-pyridinium~chloride 042
Cetyl-trimethyl~ammonium brom.de 2

The 1nhibitory action of disinfectants 1n milk zlso may
nterfere with results of grading the milk by means of the methylen-
blue reduction tests This would however hardly result from ordinary
use of diginfectants but may well occur when disinfectants have been
added to the mlk on purposes On an average, concentrations must be
mcreased tenfdld above the figures listed in table 1 to cause a
definite delay of the reductiom process.

2« laboratory methods for the detection of disinfectants and
preservatives in milk.

For screenming of unknown samples the use of specific chemical tests
for each individual compound of course is a mther uncertain and
troublesome preocedure. Considerable work therefore has been i1nvested
in developing non-specific merobiological tests which would be well
suited for the sorting out of suspicious samples. Heecently such a
method which 1s a modification of the Kluyver fermentation test 3)
has been 1nvestigated and authorized by the Nordic Committee for Food
Analysis )4). The method consists of a test to show whebher
fermentation cen be brought about in the sample under investigatiom
by adding pressed yeast, yeast extract and glucose to the sample and
adjusting the pH at 3.2%., The fermentatim test is carried oat in a
flask connected to a water-filled test-tube, in which any evolved gas
is collected. The minimum levels of some preservatives in milk,
detectable by this method, are listed in the following tableg
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TABLE 2
Threshold levels 1n milk
by fermentation test
mg per litre
Sodium  benzoste 200 - 250
Monobranacetic Ester 2 = 245
Formaldehyde 100 « 200
Alkyl-dimethyl ~benzyl-ammonium-chloride 1000 = 1500

The fermentation test is not effective 1n detecting antibiotics
because Saccharomyces 15 not inhabited by most antibiotics.
Attention is drawn to the fact that proper interpretatiom of the
applicability of the fermentatim test can be achieved only when the
examiner determines for himself the threshold values of the
preservatives in current use under local comditions. Presumptive
qualitative chemical tests which may serve as supplementary in cases
where the fermentation test is not seunsitive enmgh are Wode's test 5)
for chlorine compounds, the amidol test for formaldehyde 6) and the
Miller & -Elliker test for quartemary ammonium compounds?), Wodets

test shows definite positive reaction with about 20 mg available
chlorine per litre, It will react also wth hydrogen peroxide. The
amiddl test is a reaction foraldehydes and is very sensitive,
Positive results thus must be confirmed by specific chemical tests
(distillate with chramotropic acid), Identification of preservatives
of the aranatic acids group-can be performed by means of paper
chromatographic methods,

IT ANTIBIOTICS

l. Starter failures

Scon after the introduction of antibietics, therapy began to suffer
from technical difficultires especially in the manufacture of hard

ripened cheese, These difficulties were due to the inhlbitory action
of antibiotics in the milk which prevented normal development of
the starter cultures used in cheesemaking. Since about 19L7 this problem

has been extensively studied in many countries. The lactic acid
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bacteria of starter cultures (S. cremoris, S. diacelactis and
Leuconostoc citrovorum) are inmbited by various antibiotics at low
levelss With the delay in acid production, the pH of milk and the
fresh cured remains high and favours vigorous growth of gas~producing
coliform bacteria that w1l spoal the cheese., Off-flavours develop,
combined with faulty texture with large and irregular holes. When
starter cultures are used im butter-making and the production of

buttermilk and saurmilk products, similar difficulties may arise.

The inhibitory levels of some antibiotics against starter cultures

in mi1lk are approtimately as listed in the following 't-ableﬂ .

TABLE 3

Inhibitary lever for starter Complete

cultures 1n milk inhibition
Penicillin 0,05 units/ml 0.1 unit/ml
Aureomycin 0.02 ug/ml 1.0 ug/ml
Terramycin .0y =~ 2.0 =
Chloramycetin 0,20 =~ 10 -
Streptomycin 0,0y - 10 -

2« Public health aspects
Later*public health authorities began to object against the

presence of dntibiotics in milk and dairy products. Especially the
observation of severe allergic reactions in humans following the
admnistration of penicillin gave reason to suspect that penicillin
in the mlk supply might play some role in sensitizing the human
population and also in setting off insensitized individuals the

allergic shock symptoms.

Today it is the general concensus of opinion that even slight
traces of antibiotics i milk and food for human consumption should
not be tolerated.
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3¢ Elimination of antibiotics in milk after intramammary

treatment

Antibiotics may be excreted after intramammary trestment as well
as after systemic treatment cr for instance intra~uterine application.
By far, the highest levels in milk are obtained when the drugs have
been introduced directly into mammary gland. Parts of the dose
introduced are absorbed to the bloodstream or inactivated, but the
main part is eliminated with the wmilk on subsequent milkings. In
peniciliin therapy, 1t has been found that the concentration of the
drug 1n the milk following treatment will decrease at an approximately
exponential rate. UWhen plotting the logarithms of the penicillin
concentratio an appraximately straight-line regression appears within
the first 10 = 12 hour period 8). For how long low level residues
will persist depends upon the type of preparation and especially upm
the physical qualities of the sclvent base useds The level of
concentration and the total amount recovered i1n the milk varies widely
within individual cows, even when identical schemes of therapy are
followed, Variatiocms from about 8 to 80 per cent recovery have been
ascertained. On an average about 50 per cent of the total dose of
penicillin introduced into the mammary gland will reappear in the
mlk, the main part in the first two mlkings following treatment 9).

ho. Elimination of antibiotics in the milk after systemic or

mntra-uterine treatment

When large doses are used for intraveneous or intramuscular
injectims or in intra-uterine treatment a limited excretim of the
drugs may take place through the mammary glands Milik from cows which
have received 6 mll. units of penicillin intramuscularly (about
10,000 unit per kg bodyweight) may contain 0.1 - 1 unit per ml 12
hours after treatment amd after 24 hairs 0.01 - 0.2, In cows with
low vields nearing the dry period higher concentration may be faind 10)'.



EM /SEMVPE/6
page 6

5¢ The stability of antibiotdcs in milk

Antibiotics follow the water phase of the milk, and in separation
of whole milk containing antibiotics, a Ingher level of the drug will
be found in the slkimmed milk, and parallel to this a lower level in
the cream. This is illustrated by the following figures: A whole
mlk cotaining abont 6 per cent butter-fat and 2 units/ml of pemicillin
was separated, and the skimmed milk contained 2.4 units/ml whereas the
crezm (about.S0 per cent butter-fat) conteined only one unit/ml 9).

The stability of penicillin is known to be zbout maximal at the
usual pH of milk and 11 does not suffer any appreciable loss of activity
through pasteurization. Momentary heating of the wmilk to 80° C likewise
does not affect the biological activity of tetracyclines chloromycetin

or strept omycinﬂ -

Antibiotics also have been found in an active state in cheese,

butter and spray-dried milkpowder..

6« Preventive measures

To prevent the contamination of milk and wilk products with anti-
brotics the milk of treated animals must be debtained on the farm and not
delivered to any dairy plant until mammary excretion of the drugs has
ceasel@e This will include 1ntramgmmary as well as systemic treatment.
It is however difficult to make a genersl statement as to_the durakion
of the period through which the milk will contain residues of the drugs.
In the U.S.A. the labelling of antibiotic drugs for treatmsmt by the
intramamary route is required to bear a statement that milk from
treated cows must not be used for human consumption for at least 72 hours
after treatment, unless the msnufacturer has proved that his drug will
be elimnated from the milk within a shorter time, There are, however,
drmgs of which residues will remain as long as 6 days. The following
table lists the observed duratim of the period of elimination for

various antibiotic drugs 11).
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TABIE |
By intrammmary route: Residues in mlk
present. for at lesst
Penicillin, solutions in water 2 days

- oinment base h -

- special retarded 6 =
Aureomycin 6 =
Terramycin h -
Chloromycetin 3 =
Streptomycin L =
By intramascular injection:

Penieillin 1 day

In Denmark since 195} regulatioms are in force to the effect that
antibiotics for intramammary treatment must be administered by
veterinarians only, and the owner of the ireated cows is respomsible
for the detention of milk for treated quarter< for four days after
mtremammary treatment. The wterinarian must instruct the farmer
accordingly and inform the dairy plant maager of the treatments
performed.

This system which of course will work only with a disciplined
and well organized farming camunity, has proved very useful under our
conditims. At present a revision of the existing regulatims is wnder
way which will include glso systemic treatment of milking anmimals with
antibiotics, and request manufactures of pharmaceuticals to state the
durstion of mammary exeretion of thelr products, because the duration
of elimination actually varies a great deal with different types of
preparationse The correctuness of these stotements will be controlled
by the public health service and it is to be expected, that the once
popular retarded formulas will disappear af'l:,er this.
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Ts Testing wilk for antibiotics.

The microbioclogical plate assay methods are used in screening
m.lk samples for antibiotics. For detairls of technical procedures
reference 1s made to 12) and 13). Tt 15 1nteresting to note that
certain strains of lactic ecid strepbococei (s. saccharolactis)
commenly present 1in pooled milk produce are anbibiotic substance
which also may cause mmhibition of starter culbtures and produce false
positive resﬁlts in testing milk for antibiotic residues, Except
for the specific 1nazctivation of peniciilin by pemcillinase enzyme
employed as a control there is at present no specific indentity tests
for antibiotics when present in milk 1n small concentrations, Pilegaard
Andersen & leth Jgrgensen 1h) reported findings of S. saccharolactis
in infected udders as a cause of climical mastitise They zlso frequently

found the streptococcus in high count pooled milk, and under favourable
conditims of growth 1t will produce encugh antibiotic to render the
mulk unsuitable for souring by starter cultures and produce distinct
zones of 1nhibition on assay plates, No doubt this explains the
findings reported by Jester, Wright & Welch in their 1959 survey of

antibiotics in mlk in the U.S5.A. when they state "the antibiotic-like
activity found may have been due to naturml inmhibitory substances that
are sometimes present in milke These inhibitory substances often
increase as milk sges. In fact, fresh milk thot contains no measurable
antrbgcterial gctivity when first tested, may develop such activity
after it has agedﬁlS). Further references on antibiotics produced by
lactic acid bacteria are given by Anker Jul Overby 16), Tt seems

however necessary to beware of this smrce of error in dong surveys

of antibiotics in fluid milks To prevent formation of the antibacterizl
substance from growth during 1ucubation of assay plates with milk, it
is recomended that milk should be submitted to a heat treatment prior
to assay (61° for 30 minutes).



EM/SEM.VPH /6
page 9

REFERIN CES

1) P. Swartling: The influence of the use of detergents and

sanitazers on the farm, Internat. Dairy Federatiom 1956,

2) Danish State Experimental Davry Reports No, 72 (1951) and
121 (1959) .

3) A.J. Kluyver: Biochemishe suikerbepoling, Thesis, Delft, 151l,

i}  The Nordic Comittee far Food Analysis. Standard Method No. 37

(1961)s Fermentatimn test for non-specific, gqualitative detection

of preservatives in foods,

5) Ge Wode: Svenska Meieritidningen, 1933 cit. Danish State Experimental
Dairy Reports No. 13, 1937.

6) DeD. Miller & P.R. Elliker: A rapid method of testing for
qrarternary ammonium compounds in milk. J. Dairy Sece 3L, 1951,
273=78.

7  Anker Jul Overby: The effect of various antibioties in milk
following intramammary infusion. Nord. Vet. Med. 44,1952, 993-100L.

8) Aage Jepsen: Penicillin therapy in wastitis experiments on the
elimination and absorption of penicillin from the bovine udder,

Norde. Vet. Med. 2, 1950, )..lJ.l.?").l.SOo

9) Aage Jepsen & Anker Jul Overby: The disturbing effccts of

penicillin milk in the dairy industry and proposals of some
teehnical methods for the elimination of failurcs. The Netherland
Milk and Dairy Journal 5, 1951, 157-185,

10) H.C. Hovmand & Anker Jul Overby: Bacteriological effect and

elimmation of dipenicillin and "Leocillin" following intramscular

treatment. Midlemsbl. d. danske dyrlaegeforening 38, 1955, 519~523.

11) Anker Jul Overby: Udskillelse af antibiotika i maelk, Medlemsbl.
fo d. danske dyrlaegeforening 38, 1955, 52L4-528,

12) Donald C. Grove & William A, Randall: Antibrotics Monographs
No. 24 Medical Encyclopedia, Ince New York,




EM/SEM, VPH/6
page 10

13)

1)

15)

16)

P, Thomas Jensen: Biclogical assay of tetracyclines and

penicillin i Animal feeds snd food products, Word. Veb. Med,
1, 1959, S573-597.

Pilegaard Andersen & Leth Jgrgensen: Studies on the occurence

of penicillin and on sntibiotic produced by 5. saccharclactis
in milk delivered to dairies. Nord. Vet. Med, 11, 1959, 316-330,

W1lliam R, Jester, William W, Wright & Henry Welsh: Antibictics
in fluid milk. Mtibiotics and Chemotherapy IX, 1959, 393-397.

Anker Jul Overby: Antibiotics in mlk. Dairy Science Abstractse
Review Article No. 25, Vol. 16, 195k.




