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I DISINFECTANTS 

The use of chemical disinfectants m many instances has become an 

indispensable part of goper  milk hygiene p-actices wkn thermal 

disi?fection i s  not practicable. The most evident f ie ld  of application 

i s  no doubt i n  the  damry barn where large amounts of d is~nfectants  are 

used for  cleanlng the t ea t s  and udder of anirnals a d  f o r  the disinfection 

of milking machlnes and other m i k n g  utensils, but t o  sane extent 

disinfectants a lso  have found a place in &iry  p b n t  sanltaticn. 

1. Bacteriostatic effects 1 off-flavours 

A s  long as chlorine c ampounds, hypochlorites and c hloramines, 

were pmctmcdly the  only type of dismnfectants used i n  the dairy 

fndustry, the problem of residues of d-~smfectants i n  m i l k  did not 

a t t r a c t  much attention, because the  marked lnstalnl i ty of c h l o d e  

compounds i n  the pres a c e  of mlk constituents, resuits i n  rapid 

decomposition with t h e  format-Lon of Inactive ions. Ekperimmts have 

shown that  ordlnary good &sinfectlon practices as applied in the dairy 

h r n  m y  leave up t o  0.25 per cent of the disinfectant solution i n  the 

milk. (P. Sknrtfin~ '1). Idith Ghlarlne solutions (200 parts per million 

avai lable chlorine) an addlti  on t o  m l l k  of more than 2 per cent. i s  

required t o  prcduce off4avours and the bc t e~ l06 t a t iC - l eve l  ( ah ib l t l on  

of l ac t i c  acid streptococci) is  a t  about 10 per cent. With solutions 

of iodine compounds, iodophors (25 parts per mtlllon) similar findigs 

have been reported (Danish State Fxpcrimental IIairy2)), 

The introduction of some new types of disinfectants about 1940 and 

later,  especially the quarternary ammonlum canpmds, has, however, made 

the problem of resldues of disinfectants m milk one which cannot be 

ignored, Quarterwry monium canpoul-6is are  renarkable stable i n  milk 

a d  retain a high resldual effect. Levels of 0.00001 - 0.ONO5; per 

cent s t i l l  show a bacteriostatic a d i m  in milk and hence careless use 

of such compounds i n  milk hygiene practices tnvolve very rca l  n s k s  of 

s t a r t e r  failures m cheese and buttemking. Sane resul ts  f r m  the  

Danlsh State Experimental Dairy Reports on minumum bacteriostatic levels 

of varicus dismfectants in milk are  compiled in the follow5ng table. 



TABLE I 

Min. bacterzostatic 
l w d  for s t a r t e r  
cultures m milk 

mg per litre 

C a ~ c i ~ o c h l o r i t e  25 

Chloramine 25 

Iodophor 6.25 - 12.5 

Alkyl-dimethyl-ben~ylammonim-chloride 5 
Cetgl-pyridinium-chloride 0.2 

Cetyl-trim& hyl-amon1um b r m d e  2 

The lnhib-Ltory actlon of disinfectants m milk a lso  may 

Interfere n t h  results of grading t he  mlllc by means of the methylen- 

blue reduction test.  This would howeve hardly resul t  from ordmary 

use of chsinfectants but may w e l l  occur when dis~nfectants  have been 

added t o  the mlk on purpose. On an average, concentrations mst be 

mcreased tenfold above the figures l i s t ed  i n  table 1 t o  cause a 

defini te  delay of the reduction process, 

2. Iaboratory methods for t h e  detection of dfsinfectants ard 
preservatives i n  milk. 

For screening gf unknown samples the use of specific c h m c a l  t e s t s  

f o r  each indivldual compound of course is  a rather uncertain and 

tmublesome procedure. Considerable work theref ore has been invested 

i n  developing non-specxfic rmcrobiological t e s t s  which would be well 

suited fo r  the sortlng out of suspicious samples. Recently such a 

method which 1s a nodlf icat~on of the KLuper fermentation t e s t  3) 

has been lnvestlgated and authorized by the Nordic Cormittee for Food 

Analysis 4). The method consists of a t e s t  t o  show whethw 

fermentation csn be brought about i n  the sample under investlgati.cn 

by addlng pressed yeast, yeast extract and glucose t o  the  sample and 

adjusting the pH a t  3.25. The fermentat~cn t e s t  is  carried at in a 

flask connected t o  a w a t e r a l l e d  test-tube, in wh-~ch any evolved gas 

i s  colJ.;lected. The minimum levels  of some preservatives m milk, 

detectable by this method, are  l i s t ed  m the f o l l rnng  table: 



Threshold levels  m milk 
by fermentation t e s t  

mg per l i t r e  

&d~.um b m z o ~ t e  200 - 250 

Monobranacetic Ester  2 - 2.5 

Formaldehyde 100 - 200 

Alkyl-dimethyl -benzyl-a~mnonium-chloride 1000 - 1500 

The fennentatlm t e s t  i s  rick effective m detecting ant ibiot ics  

because Saccharonyces IS not inhibited by most antibiotics.  

Attention is drawn t o  t h e  fac t  t h a t  proper interpretation of t h e  

appl icabi l i ty  of the  fermentatim t e s t  can be achieved only when t h e  

Elramlner determines f o r  hmself  the threshold values of the 

preservatives in current use under local  codi t ions.  Presumptive 

qual i ta t ive ckmlcal  t e s t s  which may serve as supplementary i n  cases 

where the fermentation t e s t  i s  not senslt5ve enmgh are s t s  t e s t  5) 
for  chlorine compounds, the amidol t e s t  f o r  formaldehyde 6, and the 

Miller &-Ell iker  t e s t  for quarternary ammonium ccmpounds7). Wodecs 

t e s t  shows defini te  kositive reaction with about 20 mg available 

chlorine per l i t r e .  It w i l l  react a lso m t h  hydrogen p e r d d e .  The 

amidd t e s t  i s  a reactlon fmddehydes and i s  very sensitive. 

Positive resul t s  thus must be confirmed by specific chenrical t e s t s  

( d i s t i l l a t e  with chranotropic acid). IdentlfYcation of preservatives 

of the a ramt ic  acids groupccan be performed by means crf paper 

chrcaratographic methods. 

1. Sta r t e r  fai lures  

Soon a f t e r  the introduction of  antibiotics, therapy began t o  suffer  

from technical difficulties especially in the manufacture of hard 

ripened chtese, These d i f f i cu l t i e s  were due t o  tk inhibi tory action 

of a t l b i o t i c s  i n  t h e  milk which prevated normal develowent of 

the s t a r t e r  cultures used i n  cheesemaking. Sxnce about 19L7 t h i s  p r o b l a  

has been extensively studied in many countries. The l a c t i c  a d d  



bacteria of s t a r t e r  cultures (S. cremorls, S. dlacelact is  and 

Leuconostoc cltrovonun) a r e  inh1hted  by varzous ant iblot lcs  a t  low 

levels. W ~ t h  t h e  delay i n  ac5d production, the pH of milk and the 

f resh  cured remans high and favours vigorous growth of gas-~roducing 

col i f  o m  b a c t e s a  %ha6 w z l l  spol l  the cheese. Of f-!tlavours develop, 

comblned n t h  f au l ty  texture w l t h  large and i rregular  holes. When 

s t a r t e r  cultures are  used im butter-making and the production of 

butterxmlk and smrmilk products, slmilar d l f f  lcu l t ies  may arise. 

The inhibitory levels of some ant lblot lcs  against s t a r t e r  cultures 

in milk a re  apprcwimately as l i s t e d  m the  following table7). 

TABLE 3 

Penici l l in  

Aureomgcin 

Terramycm 

Chloromycet i n  

Strept ompin 

Inhibi t  cry l eve r  for  s-tarter Complete 
c u l t u ~ s  m milk i n h ~ b i t i o n  

0.05 units/ml 0.1 unit/ml 

0.02 ug/ml 1.0 ug/ml 

0.01 - 2.0 - 
0.20 - 10 - 
0.OL - 10 - 

2. Public health aspects 

Later'publlc health authori t ies  began t o  object against t h e  

presence of Antlblotlcs in milk and da l ry  products. Especially the  

observatim of severe a l le rg ic  reactions m humas following the  

achmnistratlm of penici l l in  gave reason t o  suspect tha t  penicill in 

in t h e  m l k  supply might play same role i n  sensitizing the human 

population and also m se t t lng  off insensitized Individuals the  

a l le rg ic  shock symptoms, 

Today it is the general concensus of opinion tha t  even s l i g h t  

t races of ant lbiot lcs  l n  milk and food for  human consumption should 

not be tolerated. 



3. Eliminatmrn of antibmotics i n  milk a f t e r  intramammarg 

treatment 

Ant ib io t~cs  may be excreted a f t e r  ln t ramamry t r a tmen t  as well 

as a f t e r  systemic treatment o r  for  instance intra-uterine application. 

By far,  the highest levels  m nulk a re  obtalned when the drugs bave 

been mtroduced d i rec t ly  in to  mamnary gland. P a r t s  of the  dose 

introduced a r e  absorbed t o  the bloodstream or mnactivated, but  t h e  

main part is  eliminated wlth the  milk on subsequent milkings. I n  

penicl l l ln  therapy, x t  has been found tha t  t h e  concentration of the 

drug m the milk follomng treatment w i l l  decrease a t  an approximately 

e~cponential rate. When plotting the logarrthms of t h e  penicill in 

crncentrati.cn an approximately straight-line regressmm appears within 

the f i r s t  10 - 1 2  hour period 8). For how long low l eve l  reeidues 

w i l l  persist  depends upon the type of preparation and especially upcn 

the physlcal qual l t ies  of the solvent base wed. The level  of 

concentration and t h e  t o t a l  amount recovered m t h e  milk varies widely 

with-~n individual cows, even when ident ica l  schemes of therapy a r e  

follmcd. Variat lms from about 8 t o  80 per c a t  recovery have been 

ascertained. On an average abcut S O  per cent of the t o t a l  dose of 

penicill in irltroduced in to  the mammary gland w i l l  reappear i n  the 

mmlk, the main part  m the Erst two mmlhngs following treatment 9 ) .  

4. Ellminatlon of antmb~otics In the milk a f t e r  systemic or 

mtra-uterine treatment 

When large doses a r e  used fo r  intraveneous or intramuscular 

in jec t lms  o r  i n  intra-uterine treatment a limited excre t im of t h e  

drugs may take place through tb mammary gland* M i l k  from cows whmch 

have received 6 rmll. unlts of p m l c i l l i n  intramscular ly (about 

10,000 unit per kg bodyweight) nay contam 0.1 - 1 unit per ml 12 

haurs a f t e r  treatment ard a f t e r  & h a m  0.01 - 0.2. In caws with 

l c w  yields nearing the  dry period hlgher concentration may be fcund lor 



5. The s t a b i l i t y  of ant ibiot ics  in . @ l k  

Antrbiotics follow t h e  water phase of the milk, and fn separation 

of whole milk containing antrbrotics, a hgher  leve l  of the  drug will 

be found i n  the skimmect milk, and paral lel  t o  t h i s  a lower level  in 

the cream. T h i s  is  i l l m t  r a t  ed by the f ol lming f r  gures: A whole 

m l k  containing abmt  6 per cent butter-fat  and 2 units/inl of penici l lm 

was separated, and the skimmed m ~ l k  Contained 2.4 un.lts/ml whereas t h e  

cregm (about, 50 per cent butter-fat) c ontamed only one unit/ml 9). 

The s t a b l l l t y  of penicillin i s  known t o  be about m a x m l  a t  the 

usual pH of milk and ~t does not mffer any appreciable loss  d a c t i v i t y  

through pasteurzzati~n. Mcrmentary heatmg of the  milk t o  80' C l i k m s e  

does not a f fec t  t h e  b~o log ica l  ac t iv i ty  of t e t r acyc l~nes  chloromycetin 

or  s t r e p t  omycin7) . 
Antibiotics also have been fmnd in an actlve s t a t e  i n  cheese, 

bu t t e r  and spray-dried milkpowder., 

To prevent the  contarmnation of milk and milk products wi than t i -  

brotics the milk of treated anunals must be detalned on th e farm and nut 

delivered t o  any dairy plant u n t i l  manunary excretion of the dmgs has 

ceased. Tt-ds w i l l  include m t r a m m r y  a s  well as  systemic treatment, 

It is hovever difficult t o  make a general s t a t emat  as. t o - t h e  duraBion 

of the period through whlch the milk w i l l  contain residues cf  the drugs. 

In t h e  U .S&. the labelling of ant iblot ic  drugs for t r e a b t  by the 

mtramamnary route i s  required t o  bear a statement tha t  milk from 

t reated cows mst not be used f o r  human consumpt~on for a t  leaEt72 hours 

a f t e r  treatment, unless the manufacturer has prwed that  his drug will 

be elrmmated from the milk within a shorter tune. There are, hmever, 

dmgs of which r e s ~ d u e s  will remarn a s  long as 6 days. The f o l l m n g  

table  l l s t s  the observed duration of t h e  p r r o d  of elunlnation for 

various ant ib lo t ic  drugs 11), 



Pemcillin,  so lu t~ons  In  water 

- olnment base 

- speclal retarded 

Aureomycin 

Terramyc~n 

Chloromycetln 

Streptomycin 

Residues i n  mrlk 

p-t far a t  least 

2 days 

b - 
6 - 
6 - 
Ir - 
3 - 
4 - 

Penicill in 1 day 

In Denmark slnce 19% r e g u l a t i a s  are  in force t o the  effect tha t  

ant ibiot ics  f a  in t ramamry treatanent must be a h i n ~ s t e r e d  by 

veterinarians only, and the owner of the  treated cows i s  respmsible 

fo r  the detention of milk for  treated qu arterc fo r  four days a f t e r  

lntramammary treatment. The vetefinanan msC' instruct  t h e  farmer 

accordingly and inform the Q l r y  plant maager of t h e  t r e a t m n t s  

performed. 

This system which of course w i l l  work only with a d isc ip l~ned 

and w e l l  organized farming c m u n i t y ,  has proved very useful under our 

cond~tions. A t  present a revision of the  existlng regulaticns is under 

way which d l  rnclude a lso  systemc treatmat of milkng anunals n t h  

a n t i h o t i c s ,  and request manufactures of pharmaceut~cals t o  s tate  the 

duration of mannnary excretion of their products, because the d u n t i o n  

of eliminatlcn actually varies a great dea l  with d i f f e r a t  types of 

preparat~ons. The correctness of these s t e t  e m a t  s w i l l  be controlled 

by the publlc health s e m c e  and it i s  to be expected, t h a t  t h e  once 

popular retarded formulas w i l l  disappear a f t e r  this. 



7, Testlng n6lk for  antibiotics. 

The microbiological plate assay methods a r e  used in screening 

nnlk szgnples fo r  al l t ibiot lcs .  For d e t a l l s  of technical procedures 

reference 1s made t o  12) and 13). It i s  interesting t o  note t h a t  

certain s t r a m s  of l a c t i c  e c ~ d  streptococci ( s. sacchamlactis) 

commonly present m pooled miLk produce are ant lb lo t lc  substance 

which a lso  may c mse mhlbl t ion of s t a r t e r  cultures and produce fa l se  

positlve resul ts  i n  tes t lng  milk f o r  antibiotic residues. Ekcept 

fo r  the specific inactivation of p m l c i l l i n  by penlcillinase enzyme 

unployod a s  a control there i s  z t  present no specific indentity t e s t s  

f o r  antibiotics when present i n  ml lk  m small concentrat~ons, Pilegaard 

Anderstm & Leth J4rgensen l L )  reported f fnd~ngs  of S. saccharolactis 

i n  infected udders as  a cause of c l M c a l  mastitis. They also frequently 

found the streptococcus m high count pooled rrrilk, and under favourable 

cond~t icns  of growth 1% w i l l  produce enaugh a n t i b ~ o t i c  t o  render the 

mxlk unsuitable f o r  souring by s t a r t e r  cultures and produce dxstinct 

zones of ud-n.bitlon on assay plates. No doubt this explalns the 

findings reported by Jester, Tinght & Welch i n  t h e i r  1959 survey of 

arrtiblotics i n  milk in the U.S.A. when they s ta te  "the antibiotic-like 

ac t iv l ty  f a n d  may have been due t o  natuml Inhibitory substances tha t  

are smetmes  present m milk. These lnhlbitory substances aften 

increase as milk Fges. I n  fact,  fresh m-~lk t h a t  contains no measurable 

antxbaderzal ac t iv i ty  when f i r s t  tested, m y  develop such act%xity 
i t  

a f t e r  it has aged 15.5). Further references on ant lbiot lcs  produced by 

l a c t i c  acid bacteria are  given by Anker J u l  Overby 16), It seems 

hmever n e e s s a r y  t o  beware of this smrce  of error  ~n dolng surveys 

of antibiotics in flu5.d milk, To prevent formation of t h e  ant ibacter ial  

substance from growth during incubation of assay plates with milk, it 

is  reconanended tha t  m i l k  should be submitted t o  a heat t r e a t m g l t  przor 

t o  assay (61° for  30 mlnutes) , 
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