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The effect of acidity, salt and copper and iron contamination 
on the keeping quality of butter

B y  a . k . r . M cD o w e l l

T h e  D a iry  R esearch In s ti tu te  (N . Z .), P a lm ers to n  N o r th , N e w  Z ea la n d  

(Received 29 N ovem ber 1963)

Su m m a ry . The keeping quality of salted butter made from acid cream was found to 
be satisfactory at pH values down to 6-0 provided that the butter was almost entirely 
free of ‘ contaminative ’ copper. Oily and fishy flavours developed during storage if 
the pH was lower than 6-0 or if the butter contained 0-02-0-03 ppm. of contaminative 
copper added as copper sulphate to the cream before churning.

The keeping quality of unsalted butter from acid cream was satisfactory at 
pH values down to 5-2 even when the butter contained 0-05 ppm. of added 
copper.

For good keeping quality in sweet cream salted butters it was found that the 
content of natural plus contaminative copper should not exceed 0-08 ppm. and in 
sweet cream unsalted butter 0-12 ppm. When the copper content was above these 
limiting values, oxidative defects occurred during storage.

When iron as ferrous sulphate was added to cream to give a total iron content 
above 0-50 ppm. in the butter, there was usually a metallic flavour in the fresh butter. 
In  some butters this metallic flavour was still evident after storage, but in others it 
was either not present or it was masked by storage flavours. Iron in the proportions 
usually present in commercial butters was not found to have any pro-oxidative 
effect on the butterfat in the butter during storage.

When sweet or slightly acid creams containing copper or iron added as sulphate 
were churned, the distribution of the added copper or iron between the buttermilk and 
the butter indicated that the added metal ions were bound non-specifically to the 
serum and the fat-globule membrane proteins. When fully ripened cream containing 
added copper or iron was churned the proportion of the added copper or iron passing 
from the cream into the butter was much higher than for sweet or slightly acid cream 
because of the higher proportion of protein retained in the butter.

Butter made from good quality sweet cream is usually free of any major defect in 
flavour, even after a long period of cold storage. However, butter made from cream 
ripened with starter, is liable to develop oily and fishy flavours during storage. Thus 
the manufacture in New Zealand of butter for export has been confined to the sweet 
cream product.

Even in unsalted butter high acidity (low pH) in the serum can lower the keeping 
quality. Wiley (1939), for example found that unsalted butters of pH 5-7 and 5-0 
were inferior in keeping quality to butter of pH 6-6.

15 Dairy Res. 31
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In  salted butter the effect of acidity in lowering the keeping quality is greatly 
increased (see, for example, Wiley, 1939; Huf, 1961), especially in the presence of 
trace amounts of copper. Recent investigations have shown that in acid butters 
copper in amounts very much smaller than these previously considered harmful can 
accelerate butterfat oxidation and deterioration in butter flavour (Kruisheer & 
Krol, 1955; Menger, 1961). In  sweet cream butters a total content of 0-10 ppm., which 
was formerly accepted as a safe upper limit (McDowall, 1953; Pont, Rogers & Davies,
1961), is now considered to be too high, and it is stated that the maximum acceptable 
copper content should be 0-075 ppm. (Pont & Rogers, 1962). Kruisheer & Krol (1955) 
and Menger (1961) distinguish between content of ‘natural’ copper, which in butter 
made from milks of individual cows ranges from 0-02 to 0-10 ppm. and which is stated 
not to have any catalytic effect on fat oxidation, and content of ‘contaminative’ 
copper, which even when as low as 0-025 ppm. was stated to accelerate the oxidation of 
the fat and the development of undesirable flavours in fully ripened cream butters.

Iron also was thought to catalyse oxidation of butterfat and to hasten the 
deterioration in flavour of butter, especially of acid butter. It  is now accepted, 
however, that the normal amounts of iron in commercial butter, 0-4-l-0ppm., are 
too small to cause significant oxidation of the butterfat (Barnicoat, 1950; Menger,
1961), although iron in proportions greater than 0-5 ppm. may cause a metallic 
flavour in both fresh and stored butters (Mulder, Kruislier, den Herder & van Ginkel, 
1949; Barnicoat, 1950; Menger, 1961). The metallic flavour is found only in the butter 
serum (Mulder et al. 1949) and is thought to be due to the intrinsic flavour of the 
dissolved iron (Menger, 1961).

In  milk all copper or iron, whether natural or contaminative, is adsorbed by the 
proteins (King, Luick, Litrnan, Jennings & Dunkley, 1959; Menger, 1961). It  may be 
assumed that copper or iron dissolved by cream from exposed metallic surfaces or 
added to cream, in experimental trials, in the form of metallic salts will also be 
adsorbed by the proteins. The distribution of contaminative copper and iron between 
the serum and the fat globule membrane proteins has been investigated in milk 
(King et al. 1959) but not in cream. In  butter the content of each metal will include 
the proportion from the serum proteins in the retained buttermilk and that from the 
residual fat globule membrane proteins. Thus the distribution in cream is of consider
able importance since the amounts retained in the butter will affect both its initial 
quality (iron) and its keeping quality (copper). There are, however, few published 
results for the copper or iron content of cream in relation to copper or iron content of 
the resulting buttermilk or butter.

Recent work has indicated that butter of very low copper content, irrespective of 
its pH, may be stored for long periods without serious deterioration in flavour 
(Kruisheer & Krol, 1955; Menger, 1961). The widespread replacement of tinned 
copper by stainless steel in the construction of butter factory equipment has led to 
a marked reduction in the copper content of New Zealand butter. It seemed possible, 
therefore, that for butter for long storage a lower limit of pH might be set than was 
formerly thought acceptable. The present paper describes an investigation of the 
relation of pH to the keeping quality of salted and unsalted butters almost free from 
copper and iron contamination, and of the effects of addition of small quantities of 
these metals as soluble salts on the keeping quality of acid and sweet cream butters.
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E X P E R IM E N T A L

Butters were made from sweet cream (40% fat) a t the Institu te experimental 
factory. The equipment used was almost wholly of stainless steel. In  the m anu
facture of normal pH, sweet cream butter the acidity of the cream before 
Vacreator treatm ent was adjusted by adding sodium bicarbonate until the residual 
acidity was equivalent to  0-08% lactic acid. Except in trial 4 (6), cream for the 
manufacture of acid butters was acidified by adding n  lactic acid solution after 
Vacreator treatm ent and cooling. Direct acidification with lactic acid was used in 
preference to  ripening with starter not only because the final acidity could then be 
controlled with greater accuracy but also in order to eliminate possible confusing 
effects of products of starter growth on the butter quality. Copper additions to the 
creams were in the form of 1 % solutions of copper sulphate and iron additions were 
as freshly prepared 1 % solutions of ferrous sulphate.

The creams, 350-400 lb/batch, were churned in a stainless steel, rollerless churn. 
Salt when required was added to the butter a t the granule stage. Each trial consisted 
of 3 or 4 churnings from the same bulk cream. Two 56-lb boxes from each churning 
were placed in storage a t 14 °F and were withdrawn, one after 4 months, the other 
after 8 months, for grading and analysis. The fresh and the stored butters were graded 
by a combined panel of Dairy Division official graders and Institu te staff 
members.

Peroxide values were determined on butterfats from the fresh and stored butters 
by the m ethod of Loftus Hills & Thiel (1946) and fat aldehyde values by the pro
cedure described by McDowell (1955).

Copper and iron were estimated in creams, buttermilks and butters by methods 
based on acid extraction and filtration as described by McDowell (1947), except th a t 
for copper estimation the amount of bu tter was increased to 20 g and th a t the sodium 
diethyl-dithiocarbamate reagent was replaced by zinc dibenzyl-dithiocarbamate.

The investigation comprised the following tria ls :

(1) E ffec t o f  a c id ity  a n d  o f  sa lt content

Unsalted butters were prepared from creams varying in acidity from 0T5 to
0-30 % lactic acid in the same trial. Salted butters in which the salt content varied 
over the range 0-1-5%  were prepared from creams of 0-15 or 0-20% acidity.

(2) E ffec t o f  a d d itio n  o f  copper

(a) Sw eet cream  butter. Unsalted butters and salted butters containing 1-5% of 
salt were prepared from sweet creams to which various quantities of copper as copper 
salt had been added.

(b) A c id  cream  butter. Unsalted and salted butters (1-5%) were prepared from 
creams of varied acidity but containing the same proportion of copper salt, and from 
creams of the same acidity to which varied amounts of copper salt had been added.

(3) E ffec t o f  a d d itio n  o f  iro n

(a) Sw eet cream  butter. Unsalted and salted butters (1-5%) were prepared from 
neutralized sweet creams containing 2-0 and 4-0 ppm, of added iron.

15-2
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(b) A c id  cream  butter. In  each trial 2 butters, one unsalted, and one salted (1-5 %), 
were made from cream of 0-15 or 0-20% acidity, and 2 butters, one unsalted and 
one salted (1-5%), from cream of the same acidity but containing added iron salt.

(4) P a r titio n  o f  the copper a n d  iro n  fr o m  the cream  between the butter m ilk  a n d  the butter

(a) Sw eet cream  a n d  acid  treated cream  butters. All creams, butterm ilks and butters 
were sampled and analysed for copper and iron, to  permit calculation of the ratios for 
metal content of butter or of butterm ilk to metal content of cream.

(b) R ip e n e d  cream  butters. The effect of increasing acidity on the partition of the 
metals after churning was investigated in a trial in which high acid cream was 
produced by the method used in normal buttermaking practice, i.e. ripening with 
starter, in preference to addition of lactic acid. Copper (0-2 ppm.) and iron (2-0 ppm.) 
were added to each of 3 vats of pasteurized cream. Starter was added to 2 of the vats 
in sufficient quantity to cause lowering of the pH  values of the creams to about 5-2 
and 4-6, respectively, after holding overnight a t 66 °F. The creams were churned and 
the butters salted and worked under normal conditions. The creams, buttermilks and 
butters were analysed for copper and iron contents and for protein contents. The curd 
contents of the butters were also estimated.

The butters were graded under the New Zealand Departm ent of Agriculture 
grading system on the following basis—‘prem ium ’ finest, 94 points and over; finest, 
93 points and under 94; first grade, 90 points and under 93; second grade, 80 points 
and under 90; third grade, under 80 points.

R E S U L T S

The peroxide values of all the fresh butters were within the range 0-05-0-10 and are 
not given in the tables of results. Since the fat aldehyde values of the fresh and 
stored butters showed a very high correlation with the peroxide values they, also, are 
omitted from the tables.

The copper contents of most of the butters from cream containing no added copper- 
salt were below 0-07 ppm., and the maximum was 0-08 ppm. The iron contents of all 
butters from creams containing no added iron salt were below 0-40 ppm. Since these 
results included the natural copper content of 0-02-0-05 ppm. and the natural iron 
content of 0-15-0-20 ppm. (Mulder et al. 1949; Menger, 1961) it was assumed th a t the 
contents of contaminative metals were very low.

(1) E ffec t o f  a c id ity  a n d  o f  sa lt content w ith  butters o f  low copper content

In  3 trials the acidity of the cream was increased over the range 0-07-0-30 % lactic 
acid to give unsalted butters varying in pH  from 7-07 to 5-24. There was no increase 
in fat oxidation and there were no oily or fishy flavours in any of the butters even 
after 8-months storage.

The effect of increasing quantities of salt on butters of low copper content from 
cream of 0-15 % acidity (butter pH  6-1—6-3) is shown as the average results for 6 trials 
in Table 1. Though there were slight increases in peroxide value with increasing salt 
content the loss in grade score for all butters after 8-months storage was only
0-4 points, with no suggestion of undesirable flavours. In  2 further trials in which the 
acidity of the cream was increased to 0-20 % (butter pH  5-6-5-8) the average results



2 2 5

(Table 1) indicate th a t there was little loss in grade score of any of the butters after
4-months storage, but th a t after 8 months, butters with TO and T 5%  salt were 
lowered in grade because of the appearance of oily flavours. Even in these butters, 
however, the peroxide values were only slightly higher than a t 4 months.

The results indicate th a t if the copper content is low unsalted butter may be made 
with pH  as low as 5-2 and salted butter with pH as low as 6-0 without undergoing 
flavour deterioration during storage. Since in the presence of salt even 0-02 ppm. of 
added copper increased the rate of butterfat oxidation in low pH  butters (see 
section 2 (b) below), and since there were probably traces of contaminative copper 
present in all the butters, it is possible th a t in the absence of any contaminative copper 
salted butter with pH  below 6-0 would not develop oxidative defects during storage.

Table 1. Effect of salt on the keeping quality of butter of low copper content from  
creams of 0-15 and 0-20% acidity

Factors affecting keeping quality of butter

Time Salt contents of butters
Cream of A ----- ^
acidity, storage, Control S.E. ofo//o months (unsalted) 0-5% i-o% 1-5% means

0-15 Cu content of butter, 0 0-05 0-05 0-06 0-05 —
ppm.

pH of butter 0 6-28 6-23 6-16 6-09 + 0-016
Average grade score of 0 93-8 93-7 93-7 93-6 |

butter 4 93-5 93-5 93-5 93-4 [ ±0-11
8 93-4 93-3 93-3 93-2)

Peroxide value of butter- 4 0-09 0-09 0-10 0-11
fat 8 0-11 0-14 0-15 0-18

0-20 Cu content of butter, 0 0-06 0-07 0-07 0-07
ppm.

pH of butter 0 5-78 5-71 5-03 5-60 + 0-12
Average grade score of 0 93-8 93-8 93-8 93-81

butter and remarks 4 93-3 93-3 93-3 93-3 l + 0-24
on quality 8 93-3 93-3 92-0 91-8 J

(oily (oily
flavour) flavour)

Peroxide value of 4 0-06 0-06 0-07 0-07
butterfat 8 0-16 0-17 0-22 0-22

(2) Effect of addition of copper
(a) Siveet cream butter. Increase in the copper contents of unsalted butters from

0-03 ppm. (control) to 0-07 ppm. and to 0T1 ppm. by the addition of 0-2 and
0-4 ppm. of copper to the respective creams had no observable organoleptic effect on 
the keeping quality, though there were slight increases in peroxide value with 
increasing copper content.

The effect on butter of normal salt content (T5 %) of the addition of copper to the 
cream is shown in the results of a  typical trial in Table 2. There were considerable 
increases in peroxide values of the stored butters with increasing copper content. An 
increase in copper content from 0-04 ppm. (control) to 0-08 ppm. had no observable 
organoleptic effect on the butter but further increases to 0-12 and 0-18 ppm. caused 
the appearance of oily and fishy flavours.
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(b) A c id  cream butters. The results of one trial indicated th a t the addition of
0-2 ppm. of copper to creams of 0-15, 0-20, 0-25 and 0-30% acidity (butter pH  6-27,
6-01, 5-72 and 5-38) had no effect on the keeping quality of the u nsa lted  butters 
(average copper content 0-09 ppm.) or on the fat oxidation values of the butterfats 
from them. In a further trial, however, the addition of 0-5 ppm. of copper, to  cream 
of 0-20% acidity caused the appearance of a fishy flavour in the u nsa lted  butter 
(copper content 0T4 ppm.) and oxidation of the butterfat after 8-months storage.

Table 2. E ffec t o f  a d d itio n  o f  copper on the keep ing  q u a lity  o f sa lted  butter 
fr o m  neutralized, sweet cream

Time of 
storage, 
months

Butter from cream containing added Gu, ppm. of cream

0 (control) 0-2 0-4 0-6
Cu content of butter, 0 0-04 0-08 0-12 0-18
ppm.

pH of butter 0 6-76 6-77 6-77 6-76
Average grade score of 0 94-0 94-0 94-0 94-0
butter and remarks 4 93-5 93-5 91-0, oily 89-0, fishy
on quality 8 93-5 93-5 89-0, oily, 87-0, fishy

Peroxide value of 4 0-09 0-24
inclined fishy 

0-46 1-06
butterfat 8 0-10 0-28 0-72 1-80

The effect of addition of only 0-1 ppm. of copper to cream on salted butter from 
creams of either 0T5 or 020 % acidity (pH of butters 6-05 and 5-64, respectively), is 
shown in the results of one trial in Table 3. The addition of copper to increase the 
copper content of the butters by only 0-02-0-03 ppm. caused development of oily 
flavours during 4-months storage, and slight oxidation of the butterfat as indicated 
by peroxide value. The appearance of fishy flavours in the butter after 8-months 
storage indicated a further deterioration in quality.

The addition of 0-2 ppm. of copper to cream of 0-15, 0-20, 0-25 and 0-30% acidity 
(butter pH  6-04-4-99) caused the development in the salted butters of oily or fishy 
flavours during 4-months storage and of fishy flavours during 8-months storage. 
The intensity of the flavour and the extent of oxidation of the butterfat increased 
with decreasing pH of the butter. Further increases in amount of added copper to 
cream of 0-15 or 0-20% acidity to give salted butters (pH 6-0 and 5-8, respectively), 
with copper contents of 0-14 and 0-22 ppm. caused stronger oily or fishy flavours over 
4 months and stronger fishy flavours over 8 months than in butter containing smaller 
quantities of added copper. These changes in flavour of the butter were accompanied 
by marked increases in peroxide value of the butterfat.

(3) E ffec t o f  a d d itio n  o f  iron

(a) Sw eet cream  butter. The addition of 2-0 ppm. of iron as iron salt to cream of low 
copper content usually produced a metallic flavour in the salted or unsalted butter. 
The flavour was retained in some samples during storage but in others it was masked 
by storage flavours or it disappeared altogether. In  a typical trial the grade score for 
2 fresh butters with total iron contents of 0-69 and 1-07 ppm., respectively, was
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reduced from 93-5 (control butter, iron content 0-31 ppm.) to 92-5, because of metallic 
flavours. After 8-months storage, however, all 3 butters scored 93 points and all were 
described as ‘h a rsh ’. There was no increase in peroxide values of the butters during 
storage.

Factors affecting keeping quality of butter

Table 3. E ffec t o f  a d d itio n  o f  copper on  the keep ing  q u a lity  o f  salted butters  
fr o m  cream s o f 0T5 a n d  0-20% a c id ity

Cream acidity 0T 5 % Cream acidity 0-20 %

Time of 0T ppm. of 0T ppm. of
storage, Cu added Cu added
months Control to cream Control to cream

Cu content of butter, 0 0-04 0-06 0-04 0-07
ppm.

pH of butter 0 6-07 6-05 5-68 5-64
Average grade score 0 94-0 94-0 94-0 93-5.
of butter and remarks harsh
on quality 4 93-0 91-0, oily 93-5 93-0,

suggestion of 
oily flavour

S 93-0 90-0, oily, 
inclined fishy

93-0 88-0, fishy

Peroxide value of 4 0-10 0-17 015 0-31
butterfat 8 0-11 0-24 0-22 2-12

Table 4. E ffec t o f  a d d itio n  o f  iro n  on the keep ing  q u a lity  o f  u nsa lted  a n d  salted
butters from , cream  o f 0-20 % a c id ity

Unsalted butter Salted butter
Time of 
storage,

A
2-0 ppm. Fe 2-0 ppm. Fe

months Control added to cream Control added to cream
Fe content of butter 0 0-30 0-75 0-32 0-64
ppm.

pH of butter 0 5-86 5-86 5-71 5-71
Average grade score 0 94-0 93-0, 94-0 92-5,
of butter and remarks metallic metallic
on quality 4 93-5 93-0, 93-5 92-5,

metallic flat and metallic
8 93-5 93-0. 93-5 93-0,

not as bright not as bright
as (1) as (3)

Peroxide value of 4 0-06 0-06 0-07 0-08
butterfat 8 0-10 0-14 0-15 0-18

(b) A c id  cream  butters. The effect on the butters of iron added to cream acidified to 
either 0-15 or 0-20 % acidity was very similar to th a t on sweet cream butter. Nearly 
all the stored butters containing added iron were inferior in quality to the control 
butter either because of the metallic flavour itself or because of a lack of ‘ brightness ’. 
The effect of added iron on butterfat oxidation was negligible. Results for a trial 
which was typical of those for added iron in acid cream butters are shown in Table 4. 
The results reported in this paper indicate th a t the to tal iron content of any type of 
creamery butter should not exceed 0-50 ppm. if the metallic flavour is to be avoided.
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(a) Sweet cream and acid cream butters. The average ratios of copper or iron contents 
of the buttermilk or bu tter from sweet cream to copper or iron content of the cream 
(approximately 40 % fat) are shown in Table 5. I f  all the copper and iron in cream 
were bound to the serum proteins and none to  the fat globule membrane proteins the 
butter/cream  ratio for a typical butter containing 10% buttermilk after washing 
(Me Do wall & McDowell, 1949) would be 0T7. This is much lower than the ratio of
0-43 for copper and 0-55 for iron for butters from creams containing no added metal 
salt, but only a little lower than the ratio of 0-23 for added copper and 0-23 for added 
iron for butters from creams containing added metal salts (see Table 5). Thus it 
appears th a t in cream free from added metal salts a high proportion of the copper and 
iron is attached to the fat globule membrane proteins. Since this is the normal 
distribution for natural copper and iron in cream (King et al. 1959; Menger, 1961), 
and since the ratios for these metals are so much higher than those for added metals, 
it  may be concluded tha t in these creams the proportions of natural copper and iron 
were high and the proportions of contaminative metals were low.

Similarly, it appears th a t in creams with added metal salts only a small proportion 
of the added metal was attached to the membrane proteins. Since the membrane 
proteins comprise a much larger proportion of the total protein in butter than  in 
cream the ratio for protein content of butter to protein content of cream was com
pared with tha t for the added metals. The average protein ratio for 9 creams and 
butters was found to be 0-26 and thus was fairly close to the ratio of 0-23 for copper or 
iron. The conclusion may be drawn th a t copper and iron in metal salts added to 
cream were distributed fairly evenly amongst all the proteins in the cream.

The proportion of copper from sweet or slightly acid cream retained in the butter 
is, apparently, much lower than  th a t reported by Allan (1950) for commercial 
samples or by Barnicoat (1950) for experimental samples. Allan himself suggested 
th a t in his investigation further contamination might have occurred after the bu tter
milk had been run off. I t  appears th a t copper contamination also may have occurred 
during churning in Barnicoat’s experiments. Since Allan (1950) gives no results for 
copper content of the creams and Barnicoat (1950) no results for the buttermilks, 
neither suggestion can be confirmed. The proportion of iron retained in the butters 
in the present investigation was similar to th a t found by Barnicoat (1950), but much 
lower than th a t calculated from Allan’s results (1950).

The proportions of the metals retained in the butters from creams of 0T5 and
0- 20 % acidity were very similar to those for sweet cream. Results for copper contents 
of butters from creams of 0-30% acidity, however, indicated th a t a t higher acidities 
a higher proportion of the metal was retained.

(b) Ripened cream, butter. The results (Table 5) indicated th a t higher proportions of 
copper, iron and protein were retained in the ripened cream butter, pH  5-27, than  in 
the sweet cream butter, and th a t much higher proportions were retained in the fully 
ripened cream butter, pH  4-66. Ratios for copper, iron and protein contents of each 
ripened cream butter to copper, iron and protein contents of sweet cream butter were
1- 38, 1-51 and 1-39, respectively, for the butter of pH  5-27 and 2-25, 2-25 and 2-26, 
respectively, for the butter of pH 4-66. Thus for the same butters the 3 ratios were 
similar.

(4 )  Partition of the copjper and iron from the cream between the buttermilk and the butter



Table 5. Partition of copper and iron in sweet cream and of copper, iron and, protein in sweet and 
ripened cream between the buttermilk and the butter

Ratio of inotal or protein content

Butter milk/croam Butter/croam

Average* Range of values Average Range of values
Sweet cream Cu No addition to cream 1-46 (6) (1*44-1*50) 0-43 (0-33-0-56)

Addition to cream (total Cu) 1-58 (12) (1*47-1*63) 0-27 (11-23-0-36)
Addition to cream (added Cu, 1-54 (12) (1*46-1*58) 023 (0-18-0-26)

Fe
estimated by difference) 

No addition to cream 1-36 (4) (1*27-1*38) 0-55 (0-51-0-60)
Addition to cream (total Fe) 1-57 (8) (1*45-1*63) 033 (0-29-0-38)
Addition to cream (added Fe, 1-53 (8) (1*42-1*58) 023 (0-19-0-29)
estimated by difference)

Sweet and Total Cu (addition of Sweet cream (butter, pH 0*56) 1-50 031
ripened cream 0*2 ppm. to cream) Ripened cream (butter, pH 5-27) 1-30 048

Fully ripened cream (butter, pH 4*66) 0-92 0-69
Total Fe (addition of Sweet cream (butter, pH 6*56) 1-67 — 031 —

2-0 ppm. to cream) Ripened cream (butter, pH 5'27) 1-41 — 0-47
Fully ripened cream (butter, pH 4-66) 117 070

Total protein Sweet cream (butter, pH (Hi) 1-59 0-20 —

Ripened cream (butter, pH 5'27) 1-49 — 037 —
Fully ripened cream (butter, pH 4*66) 1-28 —■ 0-60

* Number of samples in parentheses.

F
actors affecting keeping quality of butter 
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The increasing quantities of copper and iron retained in the butter as the pH  of 
the cream decreased from 5-3 to 4-6 were probably due to the retention of increasing 
quantities of precipitated casein; the amount of protein retained was far higher than  
could be accounted for by a greater retention of fat globule membrane protein alone, 
and the agreement between the ratios of metal content for acid cream butter and 
sweet cream butter and those for protein content was close.

The greater proportions of the metals retained in fully ripened cream butter in 
comparison with sweet or slightly acid cream butter is of considerable interest and 
does not appear to have been reported previously. I t  seems probable th a t the findings 
of earlier workers th a t the keeping quality of fully ripened cream butter compared verjr 
unfavourably with th a t of sweet cream butter made from the same bulk cream, which 
almost certainly contained adventitious copper, were due partly to the higher copper 
content of the acid cream butter.

D IS C U S S IO N

Dairy products containing lipids are all liable to oxidat ion during storage. In  milk 
and other fluid products the phospholipids are more prone to  oxidation but in dried 
products the triglycerides are more readily attacked (Patton, 1962). In  butter, which 
has been described as ' an aqueous concentration of phospholipids dispersed in fat ’ 
(Patton, 1962), both the fat and the phospholipids are susceptible to oxidation. There 
is considerable evidence to show th a t fishy flavour in butter from washed cream is due 
to phospholipid oxidation (Koops & Pette, 1956; Tarassuk, Koops & Pette, 1959) 
but there is no evidence th a t in butter from normal (unwashed) cream the butterfat 
itself is not also the source of the flavour (Forss, Dunstone & Stark, 1960).

I t  is apparent from the results of this investigation th a t provided the copper 
content is fairly low, little or no lipid oxidation occurs in unsalted butter. This might 
be explained by the inhibitory effect of protein on the metal (Lea, 1936). Further 
additions of copper probably overcome the initial inhibition (Lea, 1936) and the rate  
of lipid oxidation then increases with increasing copper content.

The higher rate of lipid oxidation and rate of development of fishy flavours in low 
pH  butters as compared with the rate in sweet cream butters might be explained by 
the greater retention of copper as the pH  decreases from 5-3 to 4-6. This does not 
explain, however, why butters with the same copper content deteriorate more 
rapidly as the pH is reduced progressively from 6-8 to 4-6. Koops, Tarassuk & Pette
(1959) investigated this problem and found th a t in butter from washed cream con
taining added acid the development of fishy flavour was due to oxidation of the 
phospholipids in the fat globule membrane and th a t the reaction was catalysed by 
copper bound to the membrane proteins. The maximum consumption of oxygen and 
the maximum intensity of fishy flavour occurred at pH  3-8-3-9 and they suggested 
th a t since a t this pH  the electrostatic attraction between the positively charged 
membrane proteins and the negatively charged cephalin fraction of the membrane 
phospholipids is a t its greatest (Pavens, 1959) there will be an intimate contact 
between the two which will favour the phospholipid oxidation. W ith increasing pH, 
the protein also will become negatively charged and the association between protein 
and phospholipid will be weaker, thus explaining the gradual decrease in oxygen 
consumption and in intensity of fishy flavour as the pH  of washed cream butter rises 
from 3-9 to 6-0. The theory may not be applicable to normal butter, however, since



the proportion of contaminative copper bound to the membrane protein may be too 
small to catalyse oxidation of the phospholipids.

The present study has shown that salt in increasing quantities up to 1-5 % promotes 
lipid oxidation in the presence of contaminative copper but not necessarily in its 
complete absence. The catalytic effect of salt in experiments with acid salt solutions 
dispersed in butterfat was explained by Loftus Hills & Conochie (1946) as due to 
chlorine which was formed by a reaction between fat hydroperoxides and hydrogen 
and chloride ions

R —0 —0 —H + 2C1' + 2H" -> Cl2 + H 20  + R—0 —H.

and which induced further oxidation in the fat. These authors suggested th a t phospho
lipids in butter, especially those at the fat-water interface, would react similarly. The 
theory, which also accounts for the effect of increasing acidity in salted butter, offers 
a reasonable explanation of the peroxidizing effect of salt on the butter lipids.

In  salted acid butter, protein apparently has no inhibitory effect on the activity of 
copper since the addition of only 0-02-0-03 ppm. of the metal to butter almost free 
from contaminative copper catalyses lipid oxidation. Evidently the combination of 
protein-bound copper, a high concentration of chloride ions and the presence of 
hydrogen ions creates particularly favourable conditions for lipid oxidation in stored 
butter. The exact nature of the combined catalytic effect has, however, not been 
elucidated.

Since there are considerable variations in the natural copper content of butter 
(Menger, 1961) it is not piossible to set a definite limit to  the total amount of copper 
permissible in butter intended for storage. The indications are, however, th a t the 
copper contents of salted acid butters and salted sweet cream butters should not 
exceed 0-06 and 0-08 ppm., respectively. Limits for unsalted acid and sweet cream 
butters would be approximately 0-10 and 0-12 ppm.

The results of the present study do not confirm those of an earlier investigation a t 
this Institu te on the addition of copper to acid and sweet cream butters (Barnicoat,
1950).

The development of a metallic flavour in fresh butter after the addition of an iron 
salt to the cream was thought by Barnicoat & Palmer (1939) and by Barnicoat (1950) 
to be due to phospholipid oxidation, since the flavour was very similar to th a t found 
in washed or synthetic creams. Recent work shows th a t the flavours (metallic, fishy, 
etc.) which develop in washed cream and in washed cream butter are undoubtedly 
due to phospholipid oxidation (Forss et at. 1960), but there is no evidence th a t a 
similar oxidation occurs on addition of iron salts to normal (unwashed) cream. The 
present author, using the thiobarbituric acid test to measure phospholipid oxidation 
(Dunkley & Jennings, 1951), found th a t there actually was an increase in intensity 
of colour in the test immediately after the addition of iron salts to milk, skim-milk, 
cream or butter (unpublished results). I f  the increase were due to phospholipid 
oxidation a further increase might be expected after holding the samples a t 40 °F but 
the results were the same 4-5 (lays later. Thus it appeared th a t the initial increase in 
colour was due solely to the effect of iron on the reaction conditions for the test itself 
and not to a catalytic effect on phospholipid oxidation in the sample. Added iron 
therefore does not appear to have a catalytic effect either on phospholipid or on

Factors affecting keeping quality of butter 2 3 1



232 A .  K .  R .  M c D o w e l l

butterfat oxidation, in keeping with the view (Menger, 1961) th a t the flavour defect 
in butter is due to the intrinsic flavour of the iron salt itself.

The author wishes to thank Dr F. H. McDowall for advice and criticism and Mr
B. S. Le Heron for supervising the manufacture of the butters.
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Histochemical study on the ripening of Parmesan cheese

By V. BOLCATO, C. PALLAVICINI a n d  M. D e  FELICE 
Istituto Industrie Agrarie, University of Bari, Italy

(Received 3 December 1963)

S u m m a r y . The results reported suggest th a t it is possible to follow the ripening of 
Parmesan cheese by means of histochemical reactions for proteins, glycoproteins, 
acid mucopolysaccharides and lipids containing choline.

The blue colour, formed when the proteins of the curd were stained with Bonhag’s 
reagent, slowly turned to violet and then to red as ripening progressed.

Glycoproteins and acid mucopolysaccharides, although present in very small 
amounts, appeared to be a constant characteristic of the cheese.

Lipids containing choline, which were absent from the curd, were clearly visible in 
3 to 7-month-old cheese. They then decreased and were absent in the ripened cheese.

In  previous experiments on the histochemical analysis of various Italian cheeses 
(Bolcato, Accolti Gill & Bianco, 1961) some interesting results were obtained by 
staining sections with Bonhag’s reagent for proteins. The sections not only acquired 
the characteristic blue colour th a t proteins give with this reagent, bu t also on the blue 
background red spots appeared which varied in number and size depending on the 
type of cheese. After further ripening it was observed th a t stained sections of 
Parmesan cheese had only a red colour. This suggested the possibility th a t Bonhag’s 
reactions for proteins might give some useful information on the ripening of Parmesan 
cheese. While investigating this aspect we also studied the histochemical reactions of 
this type of cheese for glycoproteins, acid mucopolysaccharides, and lipids containing 
choline.

M A T E R IA L S  A N D  M E T H O D S

Typical Parmesan cheeses (Parmigiano-reggiano, without formaldehyde) of 
different ages from the same dairy were used. The samples examined were curd, 
salted curd, and cheese aged 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 17 months. The experi
ment was repeated 3 times using cheese made at 3 different dairies.

Pieces of the samples not more than  4 mm thick were sectioned on the freezing 
microtome. The sections, 15-20 /an thick, were transferred to slides and left to air- 
dry to ensure adequate fixation before staining.

The proteins were stained by Bonhag’s method (Pearse, 1960, p. 792) except th a t 
the sections were immersed in the reagent for 25 instead of 40 min.

Glycoproteins were recognized by the various shades of purplish red stain produced 
by the periodic acid Schiff technique (PAS) described by McManus (Pearse, 1960, 
p. 832). The reaction is based on the fact th a t aqueous periodic acid oxidizes 1,2- 
glycol groups in tissues to produce aldehydes th a t form colour with Schiff’s reagent.
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Acid mucopolysaccharides were made visible with Alcian blue. This dye stains acid 
mucopolysaccharides of epithelial and connective tissues a turquoise-blue but does 
not stain most neutral mucoproteins at low pH. Its selectivity depends on the use of 
short staining; with longer staining nearly all the tissue components become coloured. 
The specificity of the stain for strongly acidic groups m ay be increased by lowering the 
pH of the staining bath  (Adams & Sloper, 1956). The sections were stained with 
Alcian Blue according to Mowry’s procedure as described by McManus & Mowry
(1960), the time of immersion in the dye solution (acetic acid concentration, 3% ) 
being decreased from 30 to 10 min.

Clearer histochemical preparations for glycoproteins and acid mucopolysaccharides 
were obtained if sections were defatted for 8-10 h in xylene.

Lipids containing choline were stained by the phosphomolybdic acid method of 
Landing and others (Pearse, 1960, p. 851). By this reaction insoluble choline- 
phosphomolybdic complexes are formed which are subsequently rendered visible by 
conversion of the phosphomolybdenum moiety to molydenum blue. Sections were 
first defatted for 5-10 min in xylene in which these lipids are very slowly soluble 
(Pearse, 1960, p. 315).

R E S U L T S

Proteins. The sections of the curd treated with Bonhag’s reagent had a blue back
ground on which appeared some small red spots (Plate 1 a). After salting the curd and 
during the following months, the red spots enlarged and sometimes increased in 
number while the background changed slowly from blue to violet (Plate lb). In  the 
sections of the 6- to 7-month-old cheese, the spots were so enlarged th a t the back
ground appeared coloured red with some violet spots superimposed, and in the 9- and
17-month-old sections the whole field was completely red. Thus the stained sections 
changed from blue to red as ripening progressed. That completely red sections arise 
only from ripened cheese was confirmed by examination of a further 12 different 
samples of ripe Parmesan. I t  seems possible, therefore, th a t the approximate degree 
of ripening can be estimated from the number and size of the red spots in the first 
months, and afterwards from the intensity of the diffuse red colour. I t  is, however, 
preferable to consider the size of the spots, for their number may decrease during 
ripening as adjacent red areas enlarge and coalesce. This may occur especially in the 
sections of 4- and 5-month-old cheese, depending on the number and closeness of the 
spots (Table 1).

Two purchased samples of ripened Parmesan cheese, one of which was used in 
earlier work (Bolcato et al. 1961) did not agree with the above observations. These 
2 samples of cheese were without a trade m ark and probably, therefore, not genuine 
Parmesan. The histochemistry of cheese may therefore have some diagnostic value.

Glycoproteins. The purple spots on the pale pink background of the sections of curds 
stained for glycoproteins were very small and numbered 15-20 per section (Table 2). 
W ith the progress of ripening the fine spots gave way to spots of a larger size 
numbering 5-7 per section in 7-month-old cheese (Plate lc). Subsequently, the spots 
decreased in number and were either absent or numbered only 1 per section in the 
ripened cheese (17-month-old). From observations made on numerous samples of 
ripened genuine Parmesan it is concluded th a t the presence of very small amounts of 
glycoproteins is a constant characteristic of the typical ripened product.

V .  B o l c a t o , C .  P a l l a v i c i n i  a n d  M . D e  F e l i c e
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A c id  m ucopolysaccharides. The Alcian Blue dye formed tiny turquoise blue spots on 
the sections of the curd. Subsequently, as for glycoprotein, the tiny spots were 
replaced by spots of a larger size numbering 3-5 per section (Plate Id), which 
decreased in the sections of 7-, 9- and 11-month-old cheese and were absent in the 
ripened cheese (Table 3). The lack of acid mucopolysaccharides appears to be another 
constant characteristic of a genuine ripe Parmesan cheese.

Histochem ical study of cheese ripening

Table 1. C hanges in  colour o f  sections o f 3 P a rm esa n  cheeses s ta in ed  fo r  p ro te in s  at 
various stages o f  r ip e n in g  and  n um ber o f  coloured, spo ts per  m icroscopic field

Sample (Mean of 3 observations.)
age,

months Parmesan Su Parmesan Mn Parmesan S.Ma

Curd Pale blue background, 10 red 
spots of -  10 / a n  diam.

Pale blue background, 22 red 
spots, ~ 10-15 f a n  diam.

Pale blue background, 20  red 
spots ~ 1 0 -1 5  f in l  diam.

2 Blue-violet background, 
21 red spots, of — 30 /an 
diam.

Blue-violet background, 
30 red spots 20-30 firn  
diam.

Blue-violet background. 
22  red spots of ~ 30 /mi 
diam.

3 Violet background, red spots 
irregular size 30—100 fa n  
diam.

Violet background, 17 red 
spots of ~ 40 fa n  diam.

Violet background, ~  20 red 
spots of 30-60 f im  diam.

4 Some spots coalesced Some spots coalesced —
5 Background, red-violet. 

Spots coalesced to form 
red-coloured patches

Some large spots visible on 
the red-violet background

Red-violet background, spots 
30-80 f a n  diam. Some spots 
coalesced

6

7-17

Red background with some large violet spots Some large spots visible on 
the red background

The blood-red background became more intense as the violet tinge disappeared

Table 2. N u m b e r  a n d  size o f  the spo ts o f  s ta in ed  g lycoproteins in  sections (~  30 mm2) 
o f 3 P a rm e sa n  cheeses d u r in g  r ip en in g

Sample Parmesan Su Parmesan Mn Parmesan S.Mn
age,

months «  15 /i 15-40 /< > 50 ft 15 /t 15-40 /( 3:50 fl 15 /< 15-40 /( 3: 15/(
Curd 15 0 0 12 3 0 20 4 0

1 o o 0 — — — — _ _
3 0 6 0 3 o 0 0 5 0
5 0 4 2 0 6 0 0 6 0
7 0 4 3 o 0 3 0 4 2
9 0 1 0 0 1 0 0 1 0

11 0 1 0 2 0 0 0 0 0
17 0 1 0 1 0 0 0 0 0

L ip id s -c o n ta in in g  choline. A clear positive result was obtained on sections of 3- to
7-month-old cheese (Table 4) with the phosphomolybdic acid reagent. Plate le  
illustrates one of these sections where the numerous small blue spots indicate 
the lipid containing choline. These lipids were absent in the curd sections, 
increased to a maximum after about 5 months ripening and decreased to zero again 
in the ripened cheese. An intermediate stage, when the blue spots were on the 
decrease, is shown in Plate 1/.

Similar experiments on the ripening of Pecorino (Pugliesi) cheese gave quite 
different results (unpublished). In  this cheese glycoproteins and acid mucopoly
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saccharides were always present in greater quantities and no lipids containing choline 
appeared during the ripening. Most probably these differences are related to  the 
different quality of the milk or of the microbial flora involved in the ripening.

Table 3. Number and size of the spots of acid mucopolysaccharides in sections (~  30 mm2) 
of 2 Parmesan cheeses during ripening

V .  B o l c a t o , C .  P a l l a v i c i n i  a n d  M . B e  F e l i c e

Sample
age,

months

Parmesan M'n Parmesan S.Ma

^  15 /¿in 15-40 /tm > 50 /¿m ^  15 n  m 15-40 f im  IS 50 /¿m
Curd ~ 100 0 0 -  120 0 0

1 •> 2 0 0 5 0
3 5 0 0 0 5 0
5 3 2 0 0 2 3
7 2 0 0 2 0 0
9 o 0 0 i 0 0

11 2 0 0 0 0 0
17 0 0 0 0 0 0

Table 4. Appearance and disappearance of lipids containing choline during the ripening
of 3 typical Parmesan cheeses

(N um ber of spots 20 //, d iam .) per m icroscopical field.)

Sam ple age, m onths

Cheese Curd 1-2 3 5-7 8 9 i i 17

Parm esan Su 0 0 20 ~  250 — 7o 0 0
Parm esan Mn 0 0 ~  233 -  240 ^  175 SO 12 0
Parm esan S.Ma 0 0 ~  220 -  270 -  190 95 5 0

DISCUSSION

I t  is difficult to explain the facts reported in the present paper because cheese is in 
continuous transformation owing to the microbial and enzymic changes th a t occur 
during ripening. I t  is supposed th a t the glycoproteins, acid mucopolysaccharides and 
the lipids containing choline, are formed by breakdown of the macromolecules of the 
curd and, by further biochemical reactions, are later decomposed into components 
which were unable to react with the histochemical reagents used. For instance, 
choline may have been oxidized to betaine by bacteria (Cromwell & Rennie, 1954; 
Bremer, Figard & Greenberg, 1960).

The application of histochemical techniques to the study of the composition and 
ripening of cheeses appears to be worth further investigation to extend and explain 
the results obtained. I t  would, for example, be interesting to discover why the blue 
colour that the proteins of the curd formed with Bonhag’s reagent, slowly changed 
through violet into red as the ripening progressed. Experiments still in progress 
suggest th a t the products of casein degradation are involved.
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E X P L A N A T IO N  O F  P L A T E  

Plate 1
Sections o f P a rm esan  cu rd  a n d  cheese a t  various stages o f ripening trea te d  w ith  specific sta ins for p ro tein , 

g lycoprotein, m ucopolysaccharide, o r lipid contain ing  choline (m agnification, 50 x ).

( a )  P ro te in  o f cheese curd , sm all red  spo ts on blue background.

(b ) P ro te in  o f 5-m onth-old cheese, red  spo ts on  v io le t background.

(c) G lycoprotein o f 7-m onth-old cheese, purp le  spo ts on p ink  background.

(d) Acid m ucopolysaccharide o f 5-m onth-old cheese, tu rquoise-b lue  spots.

(e) L ip id  con tain ing  choline in  5-m onth-old cheese, sm all blue spots.

( / )  L ip id  con tain ing  choline in  8-m onth-old cheese, blue spots.

P r i n t e d  i n  G re a t B r i t a i n
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Attempts to relate the selenium content of heat-treated milks 
with their nutritive properties

By K A TH LEEN  M. H EN R Y
The National Institute for Research in Dairying, Shinfield, Reading 

(.Received 17 January 1964)

S u m m a r y . Fink (1954) and Fink & Schlie (1955a) fed rats on a diet intentionally 
marginal in vitamin E and the sulphur-amino acids, in which dried milk supplied the 
protein (10 %). They were able to relate the development of fatal liver necrosis in rats 
to heat damage of dried milks. Using their method, no liver necrosis developed in 
our rats with 2 spray-dried skim-milks, evaporated milk and milk subjected to ultra- 
high tem perature treatm ent, with or without subsequent in-bottle sterilization. W ith 
a roller-dried skim-milk sent to us from Germany by Fink and found by him to be of 
‘middle degree necrogenity’, no liver necrosis occurred in hooded or albino rats bred 
in our laboratory, bu t the lesion developed in albino rats from an outside source. I t  
was found th a t this milk had a lower selenium content than 2 British spray-dried 
milks. W ith rats given a necrogenic diet, differences were observed between and within 
strains in their susceptibility to liver necrosis and in their ability to utilize dietary 
selenium.

I t  has been found a t this Institu te (Shillam, Dawson & Roy, 1960; Shillam, Roy & 
Ingram, 1962a) th a t spray-dried skim-milk preheated a t 74 °F for 30 niin (milk A) 
and milk subjected to the ultra-high tem perature (UHT) process, i.e. milk heated for 
a few seconds at tem peratures between 130 and 150 °C, were less satisfactory for the 
artificial rearing of calves than  raw or pasteurized milk or spray-dried skim-milk 
preheated a t 77 °C for 15 sec (milk B). These results were puzzling since it has been 
shown (cf. Kon, 1958) th a t the UHT process causes only small losses of nutrients no 
greater than  those resulting from pasteurization. Since fatal liver necrosis has been 
observed in rats given low-protein (10 %) diets when certain dried skim-milks, bu t not 
when liquid skim-milk, supplied the protein (Fink, 1954; Fink & Schlie, 1955a), it 
seemed th a t tests of this type might help to throw light on the calf findings.

The diet used by Fink & Schlie (19556) is intentionally marginal in vitam in E and 
the sulphur-amino acids, factors known to be protective against liver necrosis (cf. 
Naftalin, 1954). Subsequently work in Schwarz’s laboratory (Schwarz, 1960) showed 
th a t the protective action of the sulphur-amino acids is due to contamination with 
traces of selenium whose activity varies w ith the form in which it is administered. The 
work in these two laboratories on the relationships between selenium, liver necrosis 
and heat treatm ent of milk has been well summarized by Shillam & Roy (1963).

Using F ink’s technique we have tested a series of milks including milks A and B of 
the calf experiments and a sample of roller-dried skim-milk sent from Germany by

16-2
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the late Prof. Pink and described by him as being of ‘middle degree necrogenity 
Many of the dried milks tested by Fink (1957) had been subjected to more severe 
preheating than  is normal in this country, and in the first consideration of the problem 
it was evident th a t losses of the sulphur-amino acids might account for his findings. 
To test this possibility the biological value of the proteins of the German sample was 
determined, with milk B included in the test for comparison.

Initially the tests were done with hooded Norwegian rats, bu t they showed no fatal 
liver necrosis with any of the milks. Fink (personal communication) recommended 
the use of albino rats since he had found th a t they were more susceptible to necrosis 
than hooded rats. Further tests were, therefore, done with albinos on milks A and B 
as well as on the German sample.

While these experiments were in progress Schwarz & Foltz (1957) reported their 
finding th a t selenium could prevent liver necrosis, and later Fink (1960) found th a t 
the necrogenic activity of a series of dried milks he tested was related to their 
selenium content. The preventive action of selenium has been confirmed and its 
concentration determined in 3 of the milks. Later Shillam, Roy & Ingram  (19626) 
found th a t the poor performance of calves given milk A or UHT milk was associated 
with denaturation of the whey proteins and th a t the addition of selenium to milk A 
was of no benefit to calves (Shillam & Roy, 1963). I t  thus became evident th a t the 
findings with calves a t this Institu te  and with rats in Germany were connected with 
heat damage to  different milk nutrients. Consequently, no correlation could be 
expected between the calf and ra t experiments.

m a t e r ia l s  a n d  m e t h o d s  

Experiments on liver necrosis in  rats
Eats. Male rats were used in litter-m ate comparisons in all the experiments. 

Hooded Norwegian rats were from our colony (McKinlay, 1951). Albino rats were 
kindly supplied by Glaxo Research Ltd. for one experiment, bu t subsequently we 
used albinos of our own breeding from a stock obtained from the Ministry of Supply, 
Allington Farm, Porton. The hooded and albino rats bred here were weaned a t 21 
days and immediately given the experimental d iets; the ‘ Glaxo ’ albinos were given 
our stock diet (McKinlay, 1951) for 4 days after arrival, and then the experimental 
diets. In  2 experiments albino dams were given a  low-vitamin E diet during lactation 
to reduce the stores of this factor in their young.

Diets. Table 1 gives the composition of the control necrogenic diet (Naftalin, 1951), 
the basal diet (Fink & Schlie, 19556) used for testing the milks and the low-vitamin E 
diet given to m other rats in some experiments to reduce the vitamin E stores of the 
young. For feeding, milks were given with the basal diet in the proportion 1 part milk 
solids and 3 parts basal diet. There were tested: spray-dried samples A and B, the 
German roller-dried sample, evaporated milk, milk sterilized by the UHT process 
with or without subsequent in-bottle sterilization and then condensed to about 20 % 
total solids content, and liquid skim-milk. The last was offered separately from the 
basal diet in the calculated proportion and no water was given for drinking The 
other milks were mixed with the basal diet, the dried milks weekly and the condensed 
samples daily. Fink (personal communication) found th a t a mixture of B vitamins
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could satisfactorily replace the yeast used in his milk diets. Accordingly in expts. 6, 
7 and 8 (Table 2) the yeast in the necrogenic diet and in the basal milk diet was 
replaced by an equivalent quantity  of starch or sugar and a m ixture of synthetic B 
vitamins. In  expt. 8 the preventive effect, on the development of liver necrosis, of 
tocopherol and selenium supplements to the necrogenic diet was studied. Control 
groups of rats were given the necrogenic diet in all the experiments involving dried 
milks bu t not in the experiments with the evaporated and UHT milks.

Table 1. Percentage com position  o f  necrogenic d iet, basal d iet fo r  m ilk  tests
a n d  lo w -v ita m in  E  d iet

N utritive value and selenium content of heated m ilks

C om ponent
Necrogenic

d iet

B asal d ie t 
fo r m ilk 

tes ts

Low-
v itam in  E  

d ie t

U n ex trae ted  casein (Glaxo 8-0 — 25-0
R esearch  L td .) 

Y east, d ried  brew ers’ 3-0 2-0
L ard 7-0 — 7-0
Sugar 76-0 — 62-0
D ex trin ized  w h eat s ta rch — 90-0 —

Salts (de Loureiro, 1931) 4-0 4-4 4-0
Cod-liver oil 2-0 3*6 —

V itam in  m ix tu re 0-008* — 0-018|
V itam in  A  a n d  D m ix tu re  J — — 2-0

* C ontained (parts): th iam ine  hydrochloride, 0-3; riboflavine, 0-3; calcium  p a n to th en a te , 2-0; 
pyridoxine hydrochloride, 0-3; inositol, 0-5; nicotin ic acid, 4-0.

t  C ontained (p a rts ): th iam ine  hydrochloride, 0-5; riboflavine, 1 1 ;  calcium  p a n to th en a te , 3-5; 
pyridoxine hydrochloride, 0-5; inositol, 5-5; n icotinic acid, 6-0; folic acid, 0-06; b io tin , 0-06.

% C onsisted of 1000 i.u. v itam in  A an d  100 i.u . v itam in  D 3/m l arachis oil.

Table 2. In fo rm a tio n  about ra ts g iven  a  necrogenic d ie t; 
incidence o f  liver necrosis

E x p t.
M other’s d ie t 

during Source of
D u ra tio n  
of exp t., No. of

R a ts  th a t  died
A-< 'l
D ays of 
survival, 

m ean  and
no. B reed lac ta tion B v itam in s days ra ts No. range

o H ooded
N orw ay

/■Stock Y east 96-97 12 7 60; 53-66
2 Stock Y east 300 12 2 103; 76, 130
3 J Stock Y east 100 12 10 62; 50-81
4 A lbino (Glaxo) Stock (Glaxo) Y east 109 11 8 36; 26-61

5 i rS tock Y east 144-148 10 6 92; 81-109
6 A lbino

(Shinfield)

Stock I Y east 104 12 12 68; 42-104

: Low v itam in  E
\  V itam in  m ixture*  

V itam in  m ix ture*
94

111-120
12

8
12

8
62; 42-94 
27; 16-43

8J Low v itam in  E V itam in  m ix ture* 51-56 5 4 20; 16-26

* T he m ix tu re  con ta ined  (p a rts ): th iam ine  hydrochloride, 0 T ; riboflavine, 0-4; pyridoxine h y d ro 
chloride, 0-1; calcium  p an to th e n a te , 0-75; inositol, 2-5; nicotin ic acid, 1-0; folic acid, 0-03; b io tin , 0-03. 
0-01 p a r ts  o f th is  m ix tu re  replaced th e  B v itam ins o f 3 p a rts  o f yeast.

D e term in a tio n  o f  the biological value a n d  true d ig estib ility  o f  m ilk  p ro te in s  

The biological value and true digestibility of the proteins of the German roller- 
dried milk and of the spray-dried sample B were determined a t an 8%  level of 
protein intake with 6 pairs of litter-m ate weanling female rats by the balance sheet
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method of Mitchell (Mitchell, 1923-24; Mitchell & Carman, 1926) as used in this 
laboratory (Henry, Kon & Watson, 1937; Henry, Kon, Lea & White, 1947-48; 
Henry & Kon, 1956).

Determination of selenium in milk diets
The selenium content of spray-dried milks A and B and of the roller-dried German 

milk was measured by digestion of the samples with a mixture of nitric and sulphuric 
acids in the presence of mercuric oxide followed by distillation of the selenium as 
bromide and its reduction to elementary selenium (Association of Official Agricultural 
Chemists, 1960). Since the selenium concentration in milk is low the subsequent 
steps of the method were modified as follows : the selenium precipitate was left to 
stand overnight and was then separated off on a no. 4 porosity sintered glass filter, 
rinsed with water and dissolved in 5 ml hydrobromic acid-bromine solution (5 ml 
HBr sp.gr. 1-46 and 10 ml saturated bromine water diluted to 100 ml with water). 
Selenium was determined colorimetrically by Cheng’s (1956) method. Blank determi
nations were also made.

Even with this modification the method was found to be not sufficiently accurate 
for determining the low concentrations of selenium in milk. These milks were, 
therefore, reassayed by the United Kingdom Atomic Energy Authority Laboratories, 
Wantage, using an activation technique. A t the same time the diet containing the 
German milk and the necrogenie diet were assayed.

RESULTS

Table 2 shows the incidence of fatal liver necrosis in rats given the necrogenie diets 
in the different experiments. Except in expt. 2, in which it was low, the incidence 
did not vary greatly between experiments, but the mean survival time was influenced 
by both the breed of ra t and its vitamin E stores. The survival time of the Glaxo 
albinos (expt. 4) was less than tha t of either the hooded or the albino rats bred in this 
laboratory whose mothers ate our stock diet during lactation (expts. 1, 3, 5 and 6). 
When this stock diet was replaced by a low-vitamin E diet (expts. 7 and 8) the 
survival time was markedly reduced. In agreement with F ink’s findings (personal 
communication), expt. 6 showed th a t under our conditions the yeast in the necrogenie 
diet could be satisfactorily replaced by a mixture of B vitamins. In  expt. 8, 4 of the 
5 rats given the necrogenie diet died of liver necrosis bu t there were no deaths in 
litter-mates given this diet for 51-56 days either with a weekly supplement (given in 
2 equal doses) of 9-2 mg DL-a-tocopherol or with 0-1 or 0-2 ppm. selenium (as sodium 
selenite) added to the drinking water. The livers of the rats given the tocopherol 
supplement appeared normal apart from being rather pale. Rats given 0-1 ppm. 
selenium in their drinking water had yellow patches on the liver, with the exception 
of one which had a pale but otherwise normal liver. This ra t may have been less 
susceptible to liver changes since a litter-m ate th a t was the only survivor of the 
5 rats given the necrogenie diet had yellow patches on its liver when killed. Liver 
abnormalities were much less marked with the higher selenium supplement.

Table 3 shows th a t no deaths from liver necrosis occurred when the diet contained 
any of the milks, except in expt. 4 with Glaxo albinos where of 11 rats given the diet 
containing the German roller-dried milk 7 died. Their livers had marked haemorrhagic



lesions. The German milk was tested on three other occasions (expts. 3, 5 and 7) but 
no deaths occurred.

Table 4 gives values for selenium in the spray-dried milks A and B, in the roller- 
dried German milk, in the diet in which the latter milk supplied 10 % protein and in 
the necrogenic diet. I t  shows th a t the selenium content, determined by the acti
vation process, of the German milk was considerably less than  th a t of the other 
2 milks and th a t the 2 diets contained essentially the same concentration of selenium. 
Although accurate determinations of the selenium content of the milks by the 
chemical m ethod were not possible the results were of the same order as by the more 
accurate activation technique.

N utritive value and selenium  content of heated m ilks  2 4 3

Table 3. Tests for necrogenic properties of liquid skim-milk 
and of heated milks

E x p t.
no.* Milk tes ted R esu lt o f te s t

1 L iqu id No necrosis w ith in  97 days
A H istological exam in atio n  o f livers show ed possible early  signs o f

necrosis
2 L iqu id  1 

A J No necrosis in  6 ra ts  w ith in  180 days o r in  6 ra ts  w ith in  300 days

3 L iqu id  1 
G e rm an / N o necrosis w ith in  100 days

4 L iquid No necrosis w ith in  109 days
G erm an 7 o u t o f 11 ra ts  died  of necrosis; m ean  surv iva l tim e 39 days (33-42

B 1G erm an J

days)
5 N o necrosis w ith in  144-148 days

7 A l
B  f No necrosis w ith in  111-120 days

9
J

L iquid
E v ap o ra ted
U H T
TJHT w ith  in -bo ttle

No necrosis w ith in  1 y ear in  groups of 12 hooded N orw ay ra ts  w ith  
n o rm al v itam in  E  reserves

steriliza tion  J

* F o r experim ental deta ils in  exp ts. 1—7 see Table 2.

Table 4. Selenium content (ppm.) of milk powders and diets determined (A) by an 
activation process (see p. 242) and (B) by the method of the Association of Official 
Agricultural Chemists (1960)

Sam ple A* B

Spray-dried  skim -m ilk p reh ea ted  a t  74 °C for 30 m in 0-27
0-24

0-19-0-28 (5)

Spray-dried  skim -m ilk p rehea ted  a t  77 °C for 15 sec 0-34
0-30

0-17-0-25 (5)

G erm an roller-dried skim -m ilk 0-095
0-104

Too low  to  
d e tec t (6)

G erm an m ilk  d ie t (expt. 7) 0-030
0-021

—

Necrogenic d ie t (expt. 7) 0-044
0-025

—

Figures in  paren theses a re  th e  num bers of determ inations.
* Two portions o f each sam ple an d  2 selenium  stan d ard s were irrad ia ted . E ach  p o rtio n  was com pared 

w ith  each of th e  2 s tan d ard s an d  th e  value  quo ted  is th e  m ean.
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The biological value of the proteins of the German milk was 91-8 ± 1-06 compared 
with 90-8 ± 0-70 for milk B. This finding indicates no loss of the sulphur-amino acids 
in the German milk in spite of the probable drastic preheating treatm ent. The 
corresponding true digestibilities of the milk proteins were 93-9 ± 0-67 and 94-7 + 1-02.

DISCUSSION

Naftalin (1954) has stressed the difficulties in producing liver necrosis in rats even 
when experimental conditions are constant and appear to be optimal for the appear
ance of the lesions. The different results -with the necrogenic diet in expts. 1 and 2, in 
which experimental conditions were as similar as possible, support this view.

Schwarz (1960) has pointed out th a t determination of selenium is not necessarily 
a measure of its protective action against necrosis since some nutrients contain the 
element in a biologically inert form, and th a t animal assay is a t present the only 
method for assessing this protective action. The necrogenic diet and the diet con
taining the German milk had essentially the same selenium content. Both diets were 
given in expts. 3, 4, 5 and 7. Although fatal liver necrosis invariably developed with 
the necrogenic diet, with the diet containing the German milk it occurred only with 
the Glaxo albinos (expt. 4) and not with albinos of our own breeding (expts. 5 and 7) 
or with our hooded Norwegian rats (expt. 3). Although the composition of the pre
weaning diet of the Glaxo rats is not known, this finding was surprising since the 
occurrence of fatal necrosis in this group when on the necrogenic diet was within the 
range observed for the hooded and albino rats used in expts. 3, 5 and 7. The results 
of these 3 experiments suggest strongly th a t selenium was more available from the 
milk diet than  from the necrogenic diet, either because of the form in which it was 
present or because of the influence of other dietary factors. Moreover, expt. 8 
showed th a t although, a t the levels tested, selenium supplements prevented death, 
the livers were abnormal in appearance. In  this connexion it should be noted th a t 
Bunyan, Green & Diplock (1963) have shown th a t although supplements of 0-05 
and 0-50 ppm. of selenium to a necrogenic diet prevented liver necrosis, neither level 
reduced lipid peroxidation in the liver.

I t  is clear th a t the results of these experiments with rats have no bearing on the 
earlier calf findings at this Institu te (Shillam et al. 1960, 1962a). In  addition, the 
results provide further evidence th a t there are differences both between and within 
strains of rats in their susceptibility to liver necrosis and in their ability to utilize 
dietary selenium. The results of the selenium analyses of the milks support F ink’s
(1960) observation th a t the selenium content of heated milks is related to the 
severity of the heat treatm ent.

I am grateful to Dr Joyce ’foothill for the chemical analysis of the milks for 
selenium and for help with some of the rat-feeding tests; to Mr H. Burton and Miss
H. R. Chapman for the preparation of the UHT milks and to Mr A. W agstaff for the 
determination of total solids in these milks; to the late Mi’ E. Capstick, United 
Dairies Ltd., for the gift of the evaporated milk; to Glaxo Research Ltd., for the 
albino rats used in expt. 4; to Miss M. V. Chapman for help with the care and feeding 
of the r a ts ; to Drs G. K. Benson and C. A. E. Briggs for the histological examination 
of the livers and to Dr S. K. Kon for much helpful advice.
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Storage of chilled milk in relation to butter quality

b y  a . k . r . McD o w e l l

T h e  D a iry  R esearch  In s titu te  (N . Z . ), P a lm ersto n  N orth ,
N e w  Z ea la n d

(.Received 15 A p r i l 1964)

Summary .̂ B utter made from cream separated from milk accumulated in a refri
gerated tank  from morning and evening milkings for 3 days was compared with 
butter from similar milk unchilled and separated and pasteurized for churning 
daily.

When the milk was of good quality there was no difference in the butters either 
when fresh or after storage for 4 and 8 months.

When the milk was of poor quality the butter from the chilled milk was superior 
in flavour, both when fresh and after storage, to the butter from the unchilled milk. 
The defects in the butter from the unchilled milk were probably due to bacterial 
growth in the milk during the short period of holding of the unchilled milk.

I t  is now generally accepted th a t milk produced under good sanitary conditions a t 
the farm will show no deterioration in bacteriological quality if it is chilled soon after 
milking (Marth, H unter & Frazier, 1954; A therton & Bradfield, 1957; M arth & 
Frazier, 1957). Furthermore, the accumulation of milk in a refrigerated farm tank 
may be extended to 48 or even to 72 h with little increase in bacterial growth pro
vided the bulk milk is recooled to 38-40 °F within 3-4 h after the addition of water- 
cooled milk from each milking (Marth et a l. 1954; Atherton & Bradfield, 1957; 
Marth & Frazier, 1957; Howey, 1962; Klupsch, 1963).

Although the warming and re-cooling during accumulation of the supply over a
2- or 3-day period may have little effect on the bacteriological quality of the milk it 
could promote lipase activity and the production of unclean or rancid flavours in the 
chilled milk. Van Demark & March (1957) and Howey (1962), however, found th a t 
provided the blend tem perature of the cooled and added milk was below 60 °F there 
was little evidence of lipase activity.

During prolonged storage of chilled pasteurized milk oxidation of the phospho
lipids and the butterfa t can occur with development of an ‘oxidized’ flavour. There 
is, however, no evidence to suggest th a t with raw milk the defect will appear over a
2- or 3-day storage period (Storgards, 1962).

Since there is little deterioration in the bacteriological and chemical quality of 
stored chilled milk it  is not surprising th a t after separation a t the dairy factory the 
skim-milk is suitable for the production of either skim-milk powder or casein (Brazen- 
dale, 1962). There appears, however, to  be no information regarding the quality of 
the cream or the butter. In  the present investigation butter made from cream
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separated from milk accumulated over 3 days in a refrigerated tank  was compared for 
quality and keeping quality with butter from cream from the same milk unchilled 
and separated daily.

EXPERIMENTAL

Milk water-cooled over a surface cooler was collected from 4 farms after each 
milking over a period extending from the evening milking on one day to the morning 
milking 3 days later. The milk was delivered to the Institu te experimental factory and 
a portion, approximately one quarter, of the mixed milk was added to a refrigerated 
tank  of 320 gal capacity. The tank was not insulated bu t was fitted with a refrigerated 
coil on its base (Scott, 1960). I t  was also fitted with a small slow-speed agitator. The 
tem perature of the milk when added to the tank ranged from 65 to 80 °F. The first 
batch was cooled to  40 °F in approximately 4 h. The tem perature after the addition 
of the second batch rose to 55-59 °F and the bulk milk was recooled to 40 °F in
4-8 h. W ith the addition of subsequent batches the tem perature rose only to 44-49 °F 
but rccooling was continued for 6-12 h. A short time after the addition of the final 
batch the bulk milk was heated to 85 °F and separated. The acidity of the cream was 
adjusted to 0-08% lactic acid, and the cream was pasteurized (tandem Vacreator 
using 3 J-4 lb of steam/gal of cream with holding times of 1-2 sec a t 205-207 °F and 
of 15 sec a t 187 3F), cooled and held overnight for churning and manufacture into 
butter.

The evening milk remaining each day after transfer of the required amount to the 
refrigerated tank  was held overnight a t atmospheric tem perature and then mixed 
with the morning milk remaining after transfer. The mixed milk was heated to 
85 °F and separated. The acidity of the cream was adjusted and the cream pasteur
ized, cooled and held for churning the following day. In  each trial, therefore, 
3 ‘ control ’ butters were made for the 1 chilled milk butter.

Free acidity was estimated in the fat from the fresh and stored milks. The milk 
sample (14 ml) was shaken with 14 ml of neutralized rectified spirit and then with 
20 ml of a 2:3 ether-light petroleum mixture. After centrifuging, 15 ml of the extract 
were withdrawn, 4-5 ml of neutralized rectified spirit were added and the m ixture 
was titra ted  to the phenolphthalein endpoint with 0-025 N-alcoholic potash. Results 
were recorded as ml of N-alkali/100 g of fat.

The creams were churned in a stainless steel rollerless churn. The butter was 
salted to give a normal salt content of 1-6%. Two 56-lb boxes of butter from each 
churning were stored a t 14 °F and were withdrawn, one after 4 months and the other 
after 8 months, for grading and analysis. The fresh and the stored butters were 
examined by a panel of Departm ent of Agriculture official bu tter graders and staff 
members.

But.terfats obtained from the stored butters by melting, decanting and filtering at 
40 °F were examined by the peroxide test of Loftus Hills & Thiel (1946) and for free 
fat acidity.

Twelve trials were carried out during the 1960-61 and 1961-62 seasons. The first 
6 trials, in 1960-61, were with good quality milk as normally received from the farms. 
The final 6 trials, in 1961-62, were with poor quality milk, obtained by restricting the 
washing of the milking machines a t 2 of the farms to a rinse with cold water, for



2 d a y s  b e fo re  th e  t r ia l  a n d  d u r in g  th e  3 d a y s  o f  th e  t r ia l .  T h is  m ilk  w as m ix e d  a t  th e  
f a c to ry  w i th  th e  n o rm a l m ilk  f ro m  th e  o th e r  2 fa rm s .

T a b le  1. E f f e c t  o f  a c c u m u l a t i o n  a n d  s t o r a g e  o f  g o o d  q u a l i t y  a n d  p o o r  q u a l i t y  c h i l l e d  m i l k  

o v e r  3 d a y s  o n  th e  q u a l i t y  o f  th e  f r e s h  a n d  th e  s t o r e d  b u t t e r s

(Results for both good quality and poor quality milks are given as means of 0 trials in each case. 
Each trial involved 6 butters from chilled milk and 18 butters from unchilled milk.)

Good quality milk Poor quality milk

E f f e c t  o f  m i l k  s t o r a g e  o n  b u t t e r  q u a l i t y  2 4 9

Butter Butter
Butter from Butter from

Butter from stored from stored
storage unchilled chilled unchilled chilled Standard
time, milk milk milk milk error

months (i) (2) (3) (4) of means
Copper content of butter, ppm. 0 0-08 0-08 005 0-05 —
Average grade score of butter 0 93-5 93-5 92-8* 93-4)

4 93-4 93-4 92-8* 93-4) ±0-12
8 93-3 93-3 92-2f 93-1)

Free fat acidity of butterfat 0 0-48 0-75 0-70 0-76 —

Peroxide value of butterfat 0 0-10 0-10 0-07 0-06 —
4 0-09 012 0-08 0-08 —

8 0-13 0-21 0-09 0-11 —

* Unclean flavour; f  unclean and musty flavour.

RESULTS

T r i a l s  w i t h  g o o d  q u a l i t y  m i l k .  T h e  b u lk  m ilk  o b ta in e d  b y  m ix in g  th e  4 fa rm  m ilk s  
w as a lw a y s  o f  g o o d  q u a l i ty , w ith  m e th y le n e -b lu e  re d u c ta s e  tim e s  u s u a lly  o f  7 -9  h  
a n d  r a re ly  fa llin g  b e lo w  7 h . T h e re  w as  n o  e v id e n c e  o f  a n  in c re ase  in  fre e  f a t  a c id i ty  
o f  th e  ch ille d  m ilk  o v e r th e  3 -d a y  p e r io d  o f  s to ra g e .

T h e  r a w  c re a m s  fro m  b o th  th e  ch illed  a n d  th e  u n c h ille d  m ilk s  w ere  a ll low  in  
a c id i ty  (0 -0 8 -0 -1 0 % ), a n d  u su a lly  w ere  g ra d e d  a s  'f i n e s t ’. O cc as io n a lly  a  s lig h t 
s ta le n e ss  w a s  o b se rv e d  in  th e  c h ille d  m ilk  c ream .

R e s u lts  fo r  th e  fre sh  a n d  th e  s to re d  b u t te r s  a re  sh o w n  in  c o lu m n s (1) a n d  (2) o f  
T a b le  1, a s  th e  a v e ra g e s  fo r  6 tr ia ls ,  i.e . fo r  6 b u t te r s  f ro m  ch ilied  a n d  fo r  18 b u t te r s  
f ro m  u n c h ille d  m ilk . T h e  c o p p e r  c o n te n ts  o f  a ll th e  b u t te r s  w ere  re a s o n a b ly  low  a n d  
w ere  u n lik e ly  to  a ffe c t th e  k e e p in g  q u a l i ty  (M cD ow ell, 1964). T h e  a v e ra g e  p e ro x id e  
v a lu e  o f  th e  f re sh  b u t te r s  f ro m  ch illed  m ilk  w as n o t  s ig n ific a n tly  d if fe re n t f ro m  t h a t  o f  
th e  f re sh  c o n tro l b u t te r s .  T h e re  w as  th u s  n o  e v id en c e  t h a t  b u t t e r f a t  o x id a tio n  o c c u rre d  
d u r in g  s to ra g e  o f  th e  ch ille d  m ilk . T h e  in c re ase s  in  p e ro x id e  v a lu e s  o f  th e  b u t te r s  
d u r in g  s to ra g e  w ere  sm a ll a n d  o f  th e  sa m e  o rd e r  as  fo u n d  in  g o o d  q u a l i ty  b u t te r s  o f  
low  c o p p e r  c o n te n t .  T h e  f re e  f a t  a c id i ty  o f  th e  ch illed  m ilk  b u t t e r  in v a r ia b ly  w as 
h ig h e r  th a n  t h a t  o f  th e  c o n tro l b u t te r .  S in ce  th e re  w a s  n o  a p p a r e n t  in c re a se  d u r in g  
s to ra g e  o f  th e  m ilk  th e  d iffe ren ce  p ro b a b ly  a ro se  b ec au se  o f  lip a se  a c t iv a t io n  d u r in g  
w a rm in g  o f  th e  ch ille d  m ilk  b e fo re  s e p a ra t io n  a n d  d u r in g  th e  in te r v a l  b e tw e e n  
s e p a ra t io n  a n d  p a s te u r iz a t io n  o f  th e  c re a m . T h e  d iffe ren ce  in  free  f a t  a c id ity  h a d  no  
a p p a r e n t  e ffec t on  th e  q u a l i ty  o f  th e  b u t t e r  (see T a b le  1). T h e  b u t te r s  w ere  a ll o f  
e x c e lle n t k e e p in g  q u a l i ty ,  lo s in g  o n ly  0-2 p o in t  in  g ra d e  sco re  a f te r  8 -m o n th s  
s to ra g e .
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T r i a l s  w i t h  - p o o r  q u a l i t y  m i l k .  T h e  m e th y le n e -b lu e  re d u c ta s e  tim e s  o f  th e  m ilk s  
fro m  th e  2 fa rm s  w ith  r e s tr ic te d  m ilk in g  m a c h in e  w a sh in g  v a r ie d  f ro m  5 h  (in  cool 
w e a th e r )  to  as  low  as  1 h  o r  e v e n  less in  h o t  su m m e r w e a th e r . W h e n  m ix e d  w ith  th e  
g o o d  q u a l i ty  fa rm  m ilk  ( re d u c ta se  t e s t  t im e s  o f  6 -9  h ) th e  r e d u c ta s e  t e s t  t im e s  ag a in  
ra n g e d  fro m  5 to  1 h . T h e  u n c h ille d  m ilk  f ro m  e a c h  e v e n in g  m ilk in g  d e te r io ra te d  
o v e rn ig h t w ith  co n s id e ra b le  in c re ase s  in  a c id ity  a n d  d ec reases  in  r e d u c ta s e  t e s t  t im e s  
to  a s  low  a s  15 m in . T h e  c re am s fro m  th e  m ix e d  e v e n in g  a n d  m o rn in g  u n c h ille d  m ilk  
w ere  th u s  o f  v e ry  p o o r  q u a l i ty  a n d  o f te n  w ere  c lasse d  a s  ‘ se c o n d  g ra d e  ’ b e c a u se  o f  
p re se n ce  o f  so u r  a n d  ‘u n c le a n ’ f lav o u rs . T h e  c re am  fro m  th e  ch illed  m ilk  w a s  fa ir ly  
lowr in  a c id ity , a b o u t  0 T 0 %  c o m p a re d  w ith  0 T 5 - O 2 5 %  fo r th e  u n c h ille d  m ilk  
c ream , th o u g h  u s u a lly  i t  w as c lassed  a s  ‘f irs t g r a d e ’ a n d  n o t  ‘f in e s t ’ b e c a u se  o f  
u n c le a n  f lav o u rs . T h e re  w as a n  in c re a se  in  th e  a c id ity  o f  th e  f a t  in  th e  u n c h ille d  m ilk  
a f te r  s ta n d in g  o v e rn ig h t a n d  o f  th e  f a t  in  th e  ch illed  m ills o v e r  th e  3 -d a y  s to ra g e  
p e rio d . S ince in  th e  u n c h ille d  m ilk  th e re  w as  no  te m p e r a tu re  a c t iv a t io n  o f  th e  
n a tm 'a l  lip a se  i t  is p ro b a b le  t h a t  th e  in c re ase  w as  d u e  to  th e  a c tio n  o f  f a t- s p l i t t in g  
b a c te r ia .  T h e  in c re a se  in  th e  ch ille d  m ilk  f a t  a c id ity  a lso  co u ld  h a v e  b e e n  d u e  to  th e se  
b a c te r ia  s ince  th e re  w a s  n o  a p p a r e n t  in c re a se  d u r in g  s to ra g e  o f  go o d  q u a l i ty  ch illed  
m ilk .

R e s u lts  fo r  th e  b u t te r s  a re  showm in  co lu m n s (3) a n d  (4) o f  T a b le  1. A ll th e se  b u t te r s  
a lso  w ere  low  in  c o p p e r  c o n te n t .  T h e  a c id itie s  o f  th e  b u t te r f a ts  f ro m  th e  f re sh  b u t te r s  
w ere  so m e w h a t h ig h e r  th a n  th e  a v e ra g e  a c id i ty  fo r  b u t t e r f a t  f ro m  b u t t e r  fro m  
u n c h ille d  m ilk  o f  good  q u a l i ty  (co m p a re  c o lu m n s (3) a n d  (4) w ith  co lu m n  (1)), b u t  th e re  
w as n o  f u r th e r  in c re a se  d u r in g  s to ra g e  o f  th e  b u t te r s .  T h e  lo w  p e ro x id e  v a lu e s  o f  all 
th e  fre sh  b u t te r s  a n d  th e  v e ry  s lig h t in c re a se s  d u r in g  s to ra g e  in d ic a te  t h a t  d e te r io r a 
t io n  in  q u a l i ty  o f  th e  b u t t e r  w as  n o t  d u e  to  b u t t e r f a t  o x id a tio n .

T h e  c.liilled m ilk  b u t t e r  w as  o f  good  q u a l i ty  w h e n  fre sh  a n d  a f te r  8 -m o n th s  s to ra g e  
(see T a b le  1). S o m e o f  th e  u n c h ille d  m ilk  b u t te r s  w ere  o f  fa ir  q u a l i ty  w h e n  fre sh  a n d  
a lso  a f te r  4 -m o n th s  s to ra g e  b u t  o th e rs  w ere  d e sc r ib e d  a s  ‘u n c le a n ’ in  f lav o u r. T h u s  
th e  a v e ra g e  g ra d e  score , 92-8 fre sh  a n d  a t  4 m o n th s , w as so m e w h a t lo w er th a n  t h a t  
fo r  th e  ch illed  m ilk  b u t te r ,  93-4 f re sh  a n d  a t  4 m o n th s . A fte r  8 m o n th s  u n c le a n  
f lav o u rs  w ere  s ti ll  o b se rv e d  in  so m e u n c h ille d  m ilk  b u t te r s  b u t  th e  a v e ra g e  g ra d e  
sco re  fell to  92-2 b e c au se  o f  a  p re d o m in a n t  ‘m u s t y ’ flav o u r.

DISCUSSION

U n d e r  n o rm a l m ilk in g  c o n d itio n s  a t  th e  fa rm  th e  w a te r-c o o le d  m ilk  is  r u n  d ire c tly  
in to  th e  r e f r ig e ra te d  ta n k .  I n  th e  p re s e n t  tr ia ls  ch illin g  d id  n o t  co m m en c e  u n t i l  all 
th e  m ilk s  h a d  b e e n  m ix e d  a t  th e  f a c to ry  a n d  a  p o r t io n  h a d  b ee n  t r a n s fe r r e d  to  th e  
ta n k .  S ince  th e  te m p e r a tu re  o f  th e  m ilk  a s  i t  le f t  th e  fa rm  w o u ld  b e  m a in ta in e d , o r 
u n d e r  h o t  su m m e r  c o n d itio n s  w o u ld  b e  in c re a se d , d u r in g  t r a n s p o r t  to  th e  f a c to ry  i t  is 
p ro b a b le  t h a t  th e  q u a l i ty  o f  th e  m ix e d  m ilk  in  th e  fin a l 6 t r ia ls  w as p o o re r  t h a n  t h a t  
o f  e i th e r  o f  th e  ‘p o o r  q u a l i t y ’ fa rm  m ilk s  im m e d ia te ly  a f te r  w a te r  cooling . I n  sp ite  
o f  th is  d e la y  in  ch illin g  a ll th e  b u t te r s  f ro m  ch illed  m ilk , w ere  g ra d e d  ‘f in e s t ’, i.e . a  
g ra d e  sco re  o f  93 o r  h ig h e r, b o th  b e fo re  a n d  a f te r  s to ra g e . T h u s  i t  is  re a so n a b le  to  
e x p e c t  t h a t  b u t t e r  fro m  m ilk  c h ille d  a t  th e  fa rm  also  w o u ld  b e  o f  s im ila r  
q u a l ity .
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T h o u g h  m ilk  p ro d u c e d  u n d e r  u n s a n i ta ry  c o n d itio n s  h a d  l i t t le  e ffec t w h e n  c h ille d  
o n  th e  q u a l i ty  o f  th e  b u t te r ,  th e  sa m e  m ilk  w h e n  u n c h ille d  c a u se d  d e fe c ts  in  b u t t e r  
f la v o u r  d u r in g  s to ra g e . I t  is a p p a r e n t ,  th e re fo re , t h a t  a n y  u n d u e  d e la y  b e tw e e n  
c o llec tio n  o f  p o o r  q u a l i ty  c h ille d  m ilk , a n d  p a s te u r iz a t io n  o f  th e  c re a m  o b ta in e d  fro m  
i t  a t  th e  f a c to ry  m ig h t ca u se  a  d e te r io ra tio n  in  f la v o u r  o f  th e  b u t te r .  S ince  in  c o m 
m e rc ia l p ra c tic e  th e  c re a m  is so m e tim e s  h e ld  in  th e  n e u tra l iz in g  ta n k s  fo r  u p  to  6 h  
b e fo re  p a s te u r iz a t io n  so m e d e te r io ra t io n  in  th e  q u a l i ty  o f  th e  b u t t e r  co u ld  o cc u r i f  
th e  c h ille d  m ilk  is p ro d u c e d  u n d e r  p o o r  s a n i ta ry  c o n d itio n s  in  th e  m ilk in g  shed .

T h e  a u th o r  th a n k s  D r  F . H . M cD ow all fo r  a d v ic e  a n d  c r it ic ism  a n d  M r B . S. L e 
H e ro n  fo r  su p e rv is in g  th e  ch illin g  o f  th e  m ilk s  a n d  th e  m a n u fa c tu re  o f  th e  b u t te r s .

E f f e c t  o f  m i l k  s t o r a g e  o n  b u t t e r  q u a l i t y
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A com pound resp on sib le  for m u sh room  flavour  
in dairy produ cts

B y  W . S T A R K  a n d  D . A . F O R S S

D i v i s i o n  o f  D a i r y  R e s e a r c h ,  C . S . I . R . O . ,  M e l b o u r n e ,  A u s t r a l i a

(.R e c e i v e d  28 A p r i l  1964)

S u m m a r y . T h e  ‘m u sh ro o m  c o m p o u n d  ’ p re v io u s ly  r e p o r te d  a s  a  g as  c h ro m a to g ra p h ic  
f ra c tio n  o f  o x id iz e d  d a i ry  p r o d u c ts  h a s  b e e n  id e n tif ie d  as o c t- l-e n -3 -o l. T h e  a lco h o l 
w as fo u n d  to  h a v e  a  f la v o u r  th re s h o ld  v a lu e  o f  1 p a r t  in  109 in  w a te r ,  1 p a r t  in  108 in  
sk im -m ilk , a n d  1 p a r t  in  107 in  b u t te r f a t .  A  m e c h a n ism  fo r  th e  fo rm a tio n  o f  o c t-1 - 
en -3 -o l is d iscu ssed .

M u sh ro o m  fla v o u rs  d e v e lo p  in  d a i ry  p ro d u c ts  u n d e r  c e r ta in  o x id iz in g  co n d itio n s . 
P a t to n  (1961) s t a te d  t h a t  b u t t e r  c a n  d ev e lo p  a  r e m a rk a b le  ra n g e  o f  o x id a tiv e  f la v o u r  
d e fe c ts  in c lu d in g  ‘m u s h ro o m - lik e ’ f la v o u rs . M u sh ro o m  fla v o u r  is  f re q u e n tly  d o m i
n a t e d  b y  o th e r  a s so c ia te d  f la v o u r  d e fe c ts , su c h  a s  o ily , f ishy , o r  m e ta llic , w h ic h  m a y  
m a sk  th e  m u sh ro o m  c o m p o n e n t. I t  c a n  th e n  o n ly  b e  c le a rly  rec o g n ize d  a f te r  gas  
c h ro m a to g ra p h ic  s e p a ra tio n .

P o n t  (1951) r e p o r te d  t h a t  w h e n  sk im -m ilk  w as  e x p o se d  to  s u n lig h t  th e  b u r n t  
p ro te in  o d o u r  w as  f re q u e n tly  a c c o m p a n ie d  b y  a  m u sh ro o m  o d o u r. F o rss , D u n s to n e  & 
S ta r k  h a v e  r e p o r te d  s tu d ie s  o n  fish-o il f la v o u rs  in  b u t t e r f a t  (1 9 6 0 a) a n d  in  w a sh e d  
c re a m  (19606). T h e  c o m p o u n d s  re sp o n s ib le  fo r  fish-o il f la v o u r  w h e n  s e p a r a te d  b y  gas 
c h ro m a to g ra p h y  g a v e  a  f ra c tio n  w h ic h  h a d  a  m u sh ro o m  o d o u r. S am u e lsso n  (1962), 
c o m m e n tin g  o n  th e s e  re s u lts ,  p o in te d  o u t  t h a t  s u n lig h t  f la v o u r  is o f te n  d e sc r ib e d  as  
re se m b lin g  m u sh ro o m  flav o u r.

M u sh ro o m  f la v o u r  h a s  b e e n  r e p o r te d  in  o th e r  l ip id -c o n ta in in g  fo o d  w h ich  h a s  
u n d e rg o n e  o x id a tio n . R e c e n tly , H o ffm a n n  (1962) iso la te d  o c t- l -e n -3 -o l f ro m  g as  
c h ro m a to g ra p h ic  f ra c tio n s  w h ic h  h a d  a  m u sh ro o m  o d o u r ; th e  f ra c tio n s  w ere  iso la te d  
f ro m  m ild ly  o x id iz e d  lin o le ic  a c id  e s te r , s o y a b e a n  oil, r e v e r te d  lin see d  o r  ra p e se e d  
oil, a n d  o x id iz e d  p a lm  oil. H o ffm a n n  (1961) co n s id e re d  t h a t  f u r th e r  d e c o m p o s itio n  
o f  o c t- l -e n -3 -o l co u ld  fo rm  cyc lic  a c e ta ls  (1 ,3 -d io x a lan s)  w h ich  co u ld  b e  re sp o n s ib le  
fo r  th e  m u sh ro o m  o d o u r. D ie m a ir  & S c h a m s (1962), w o rk in g  o n  th e  v o la tile  c o m 
p o u n d s  f ro m  s to re d  f a t t y  fish , r e p o r te d  th e  p re se n ce  o f  a  gas  c h ro m a to g ra p h ic  
f ra c tio n  w ith  a  sm e ll o f  m u sh ro o m s.

O c t- l-e n -3 -o l h a d  b ee n  iso la te d  f ro m  m u sh ro o m s  b y  M u ra h a sh i (1938). H o n k a n e n  
& M oisio (1963) h a v e  iso la te d  o c t- l -e n -3 -o l f ro m  th e  v o la tile  s u b s ta n c e s  o f  c lo v e r a n d  
c lo v e r flow ers a n d  o b se rv e d  t h a t  i t  h a d  a  s tro n g  m u sh ro o m  o d o u r. S ta r k  & F o rs s
(1962) su g g e s te d  t h a t  th is  c o m p o u n d  w as  a lso  re sp o n s ib le  fo r  th e  m u sh ro o m  fla v o u r  
o f  o x id iz e d  d a i ry  p ro d u c ts .  T h is  p a p e r  p re s e n ts  ch e m ic a l ev id en c e  co n firm in g  th is  
h y p o th e s is .

17 Dairy Res. 31
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EXPERIMENTAL

S o u r c e  o f  th e  ‘ m u s h r o o m  c o m p o u n d  ’

T h e  ‘m u sh ro o m  c o m p o u n d ’ w as  iso la te d  f ro m  12 k g  lo ts  o f  o x id iz e d  b u t t e r  p r e 
p a r e d  f ro m  w a sh e d  o r  n o n -w a sh e d  c re a m . T h e  c re a m  w as t r e a te d  w ith  5 p p m . 
c o p p e r a n d  50 p p m . a sc o rb ic  a c id  (F o rss  e t  a l .  19606). T h e  b u t te r -o i l  a n d  se ru m  w ere  
s e p a ra te d  a n d  th e  v o la tile  co m p o u n d s  w ere  re m o v e d  b y  s te a m  d is t i l la t io n  a t  45 °C 
a n d  15 m m H g . T h e  c o m b in e d  d is t i l la te s  w ere  t r e a te d  w ith  a  c o n c e n tra te d  so lu tio n  
o f  2 ,4 -d in itro p h e n y lh y d ra z in e  d isso lv ed  in  1 :1  H 2S 0 4 a n d  w a te r ;  th e  f in a l c o n c e n 
t r a t io n  o f  2 ,4 -d in itro p h e n y lh y d ra z in e  in  th e  d is t i l la te  w a s  250 mg/1. a n d  th e  a c id  
c o n c e n tra t io n  0 -1 n . T h e  d is t i l la te  w a s  a llo w ed  to  r e a c t  o v e rn ig h t a t  a  te m p e r a tu re  
o f  4 °C, a n d  th e  u n re a c te d  v o la tile  co m p o u n d s  c o n ta in in g  th e  ‘ m u sh ro o m  c o m p o u n d  ’ 
w ere  s te a m  d is t ille d  a t  35 °C a n d  15 m m H g . T h is  d is t i l la te  w as  e x t r a c te d  w ith  l ig h t  
p e tro le u m  a n d  th e  e x t r a c t  c o n c e n tra te d  in  a  d is t i l la t io n  a p p a r a tu s  f i t te d  w ith  a  
f ra c t io n a t in g  co lu m n . T h e  fin a l v o lu m e  o f  th e  l ig h t  p e tro le u m  c o n c e n tra te  w as  
a p p ro x im a te ly  2 m l.

I s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f  th e  ‘ m u s h r o o m  c o m p o u n d ’

T h e  m e th o d s  u se d  fo r  iso la tio n  a n d  id e n tif ic a tio n  o f  th e  ‘m u sh ro o m  c o m p o u n d ’ 
w ere  s im ila r  to  th o s e  a l re a d y  d e sc r ib e d  (F o rss  e t  a l .  1960a). T h e  2 s ta t io n a r y  p h a s e s  
u se d  in  gas  c h ro m a to g ra p h y  w ere  ‘A p iez o n  M ’ a n d  d ie th y le n e  g ly co l su c c in a te . T h e  
2 -m l sa m p le  o f  f ig h t p e tro le u m  c o n c e n tra te  o f  th e  d is t i l la te  w a s  d is t i l le d  o n  to  a n  
‘A p iez o n  M ’ co lu m n  h e ld  a t  a  te m p e r a tu re  o f  50 °C. W h e n  a ll th e  f ig h t p e tro le u m  
h a d  p a s se d  th r o u g h  th e  co lu m n  th e  g as  flow  w as tu r n e d  off, th e  te m p e r a tu re  o f  th e  
co lu m n  w as ra is e d  to  a  f in a l t e m p e r a tu re  o f  105 °C in  5 m in  a n d  th e  g a s  flow  w as  
r e s ta r te d .  S am p le s  w ere  t r a p p e d  a n d  r e - ru n  o n  th e  sa m e  co lu m n  o r o n  th e  d ie th y le n e  
g ly co l s u c c in a te  co lu m n .

T h e  in f ra - re d  s p e c tr a  w ere  m e a s u re d  o n  a  B e c k m a n  M odel I R  7 s p e c tro p h o to m e te r  
f i t te d  w ith  scale  e x p a n s io n  u s in g  a  B e c k m a n  u ltra m ic ro  cell o f  th ic k n e s s  0-2 m m , 
v o lu m e  5 p i ,  w ith  c a rb o n  te tr a c h lo r id e  a s  th e  so lv e n t. T h e  u lt r a -v io le t  s p e c tr a  w ere  
m e a s u re d  o n  a  B e c k m a n  M odel D K 2  E x te n d e d -U V -R a n g e  sp e c tro p h o to m e te r .

M ass s p e c tr a  w ere  m e a s u re d  o n  a  60° se c to r , 30 cm  ra d iu s  sin g le  fo cu sin g  h ig h  
re so lu tio n  in s t ru m e n t  c o n s tru c te d  b y  th e  C .S .I .R .O . D iv is io n  o f  C h em ica l P h y s ic s . 
T h e  te m p e ra tu re s  o f  th e  io n  c h a m b e r  a n d  th e  in le t  sy s te m  w ere  n o t  c o n tro lle d  a n d  
m e a su re m e n ts  w ere  m a d e  o n  sm a ll sam p le s  w h ic h  n e a r ly  a lw a y s  c o n ta in e d  tr a c e s  o f  
w a te r ,  c a rb o n  d io x id e  a n d  low  m o le c u la r  w e ig h t a ld e h y d e s  w h ic h  h a d  e sc a p e d  
re a c tio n  w ith  th e  2 ,4 -d in itro p h e n y lh y d ra z in e . M ass m e a su re m e n ts  w ere  m a d e  b y  
c o m p a riso n  w ith  a  c a lib ra t in g  s u b s ta n c e  s e le c te d  to  g iv e  p e a k s  s tra d d l in g  a s  c lo sely  as  
p o ss ib le  th e  u n k n o w n  f ra g m e n t .

O c t- l-e n -3 -o l w as  p r e p a re d  b y  th e  m e th o d  o f  C ra b a lo n a  (1944), u s in g  p ro p e n a l  a n d  
n -a m y l m a g n e s iu m  b ro m id e . A  sa m p le  o f  th e  a lco h o l w as  a lso  o b ta in e d  fro m  a  
c o m m erc ia l la b o ra to ry .
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RESULTS

C h a r a c t e r i z a t i o n  o f  th e  ‘ m u s h r o o m  c o m p o u n d  ’

S y n th e tic  o c t-1 -en -3 -o l w as  fo u n d  to  h a v e  a  m u sh ro o m  o d c u r  s im ila r  to  t h a t  o f  th e  
g as  c in e m a to g ra p h ic  f ra c t io n  f ro m  o x id iz e d  b u t te r .  T h e  r e te n t io n  tim e s  o n  2 gas 
c h ro m a to g ra p h ic  co lu m n s  o f  th e  is o la te d  ‘m u sh ro o m  c o m p o u n d ’ a n d  s y n th e t ic  
o c t-1 -en-3 -o l w ere  id e n tic a l  a n d  a re  sh o w n  to g e th e r  w ith  th e  d a t a  fo r  a  n u m b e r  o f  
n -a lk a n a ls  a n d  a lk a n - l- o l  in  T a b le  1. T h e  d a t a  su g g e s te d  t h a t  th e  ‘m u sh ro o m  c o m 
p o u n d ’ a n d  s y n th e t ic  a lco h o l w ere  s t r u c tu r a l ly  v e ry  s im ila r.

T h e  in f ra - re d  a b s o rp tio n  s p e c tr a  o f  c a rb o n  te tr a c h lo r id e  so lu tio n s  o f  th e  ‘ m u sh ro o m  
c o m p o u n d ’ a n d  s y n th e t ic  o c t- l -e n -3 -o l  a re  sh o w n  in  F ig . I . T h e  c o n c e n tra t io n  o f  
iso la te d  ‘m u sh ro o m  c o m p o u n d ’ w as a p p ro x im a te ly  50 ju.g/5 yu.1 o f  c a rb o n  te t r a -

T a b le  1. G a s  c h r o m a t o g r a p h y  o f  th e  ‘ m u s h r o o m  c o m p o u n d  ’ o n  2 c o l u m n s  w i t h  A p i e z o n  

M ,  a n d  d i e t h y l e n e  g l y c o l  s u c c i n a t e  a s  s t a t i o n a r y  p h a s e s ,  r e s p e c t i v e l y

Relative retention times

Compound
‘Apiezon M ’, 

105 °C

Diethylene 
glycol 

succinate, 
83 °C

Hexan-l-ol 48 58
n-Heptanal 53 29
Heptan-l-ol 96 98
‘Mushroom compound’ 100 100
Oct-l-en-3-ol 100 100
n-Octanal 110 50
Octan-l-ol 188 167
n-Nonanal 215 82
n-Decanal 430 139

Fig. 1. Infra-red spectra of carbon tetrachloride solutions of: (a) isolated ‘mushroom com
pound’; (b) scale of (a) expanded approximately 4x ; (c) synthetic oct-1-en-3-ol; (d) scale of 
(c) expanded approximately 2 x .
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ch lo rid e  a n d  sca le  e x p a n s io n  w as  u se d  to  in c re a se  b a n d  in te n s it ie s .  T h e  m o re  s ig n ifi
c a n t  a b s o rp tio n  fre q u e n c ie s  o c c u rre d  a t  927, 990, 1380, 1425, 1470, 1645, 1855, 3090, 
3630 c m -1 . T h e  iso la te d  ‘m u sh ro o m  c o m p o u n d ’ c o n ta in e d  a  t r a c e  a m o u n t  o f  c a rb o n y l 
m a te r ia l ,  re s u lt in g  in  w e a k  a b s o rp tio n  o f  th e  C = 0  b a n d  a t  1733 cm -1 .
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Fig. 2. Mass spectra of: (a) isolated ‘mushroom compound’; (b) synthetic oct-l-en-3-ol.

F ig . 2 is a  d ia g ra m m a tic  r e p re s e n ta t io n  o f  th e  m a ss  s p e c tr a  o f  ( a )  ‘m u sh ro o m  
c o m p o u n d ’, (b ) s y n th e t ic  o c t- l-e n -3 -o l. T h e  m a jo r  p e a k s  o c c u rre d  a t  m a ss  n u m b e rs  o f  
99, 85, 83, 72, 57, 43, 41, 31, 29 a n d  27. Im p e r fe c t io n s  in  th e  m a tc h in g  o f  th e  m a ss  
s p e c tr a  o f  th e  2 c o m p o u n d s  a p p e a r  to  b e  d u e  to  th e  p re se n ce  o f  a  sm a ll a m o u n t  o f  
h e p ta n - l - o l  in  th e  iso la te d  m u sh ro o m  f ra c tio n  ( th e  r e te n t io n  tim e s  o f  th e  ‘m u sh ro o m  
c o m p o u n d ’ a n d  h e p ta n - l - o l  a re  v e ry  s im ila r  o n  b o th  g as  c h ro m a to g ra p h ic  co lu m n s). 
T h e  m a ss  m e a s u re m e n t o f  th e  p a r e n t  p e a k  g a v e  a  m a ss  o f  1 2 8T 5 , th e  m a ss  fo r 
C8H 160  b e in g  128T 6 . T h e  h e ig h t o f  th e  p a r e n t  p e a k  w as a p p ro x im a te ly  0-1 %  o f  th e  
la rg e s t  p e a k  in  th e  sp e c tru m . L o w erin g  th e  io n iz a tio n  v o lta g e  to  13 eV  in c re a se d  th e  
r e la t iv e  h e ig h t o f  th e  p a r e n t  p e a k  to  a p p ro x im a te ly  1 %  o f th e  la rg e s t  p e a k , w h ile  
th e  o v e ra ll s p e c tru m  b ec am e  m u c h  w ea k e r. A t  th is  io n iz in g  v o lta g e  th e  r e - a r ra n g e 
m e n t  io n  a t  m a ss  72 b ec am e  th e  la rg e s t  p e a k  in  th e  s p e c tru m .

U n d e r  e x tre m e ly  d ry  o p e ra tin g  c o n d itio n s  u s in g  a  gas  c h ro m a to g ra p h ic  co lu m n  
w ith  silicone o il as th e  s ta t io n a r y  p h a se , th e  m u sh ro o m  f ra c tio n  w as p a r t i a l ly  s p l i t  
in to  2 a d d i t io n a l  f ra c tio n s  in  a p p ro x im a te ly  e q u a l  a m o u n ts . T h e  u lt r a -v io le t  s p e c tr a  
o f  th e se  2 f ra c tio n s  sh o w ed  Amax a t  228 a n d  226 m/x, a n d  m a ss  sp e c tro m e tr ic  
m e a su re m e n ts  g a v e  a  p a r e n t  p e a k  a t  m a ss  110 fo r  b o th  f ra c tio n s . S im ila r  r e s u lts  w ere  
o b ta in e d  w h e n  o c t- l-e n -3 -o l w as t r e a te d  w ith  c o n c e n tra te d  s u lp h u r ic  ac id . T h is  
su g g e s te d  t h a t  th e  f ra c tio n s  w ere  p ro b a b ly  iso m eric  fo rm s  o f  o c ta -  1 ,3 -d iene p ro d u c e d  
b y  d e h y d ra t io n  o f  th e  a lco h o l. D i jk s t r a  (1957) r e p o r te d  Amax. o f  226 a n d  222 m/x 
fo r th e  c i s -  a n d  t r a n s - fo rm s , re sp e c tiv e ly , o f  p e n ta -1 ,3 -d ie n e .

F l a v o u r  e v a l u a t i o n s

F o r  f la v o u r  e v a lu a tio n  b y  a  p a n e l o f  e x p e r ie n c e d  g ra d e rs , so lu tio n s  o f  iso la te d  a n d  
s y n th e tic  o c t-1 -en -3 -o l w ere  p re p a re d  in  d is t i l le d  w a te r ,  sk im -m ilk , a n d  d eo d o riz e d  
b u t te r f a t .  T o  d e te rm in e  th e  th re s h o ld  c o n c e n tra t io n  a  se rie s  o f  in c re a s in g  c o n c e n 
t r a t io n s  w as s u b m it te d  to  th e  g ra d e rs . T h e y  w ere  a s k e d  to  se le c t th e  on e  in  w h ich  th e
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f la v o u r  w as  ju s t  p e rc e p tib le , a n d  to  c o m m e n t o n  th e  o d o u r  a n d  flav o u r. O c t- l-e n -3 -o l 
fro m  e i th e r  so u rce  h a d  a  f la v o u r  th re sh o ld  v a lu e  o f  on e  p a r t  in  109 in  w a te r ,  on e  p a r t  in  
108in  sk im -m ilk , a n d  o n e  p a r t  in  107 in  b u t te r f a t .  T h e  te r m  ‘m u s h ro o m ’ w as  u se d  by- 
g ra d e rs  e x te n s iv e ly  th r o u g h o u t  th e  t r ia ls  to  d e sc rib e  b o th  o d o u r  a n d  f la v o u r. T h e re  
w as  a  te n d e n c y  to  d e sc rib e  th e  s a m p le s  o f  b u t t e r f a t  as  h a v in g  a  m o re  ty p ic a l  m u s h 
ro o m  f la v o u r  t h a n  e i th e r  th e  w a te r  o r  th e  sk im -m ilk  sam p les . S am p le s  o f  th e  a lco h o l 
in  w a te r  a n d  sk im -m ilk  a t  100 tim e s  th re s h o ld  c o n c e n tra t io n  w ere  s u b m i t te d  w ith o u t  
c o m m e n t to  18 p eo p le  o u ts id e  th e  la b o ra to ry .  O f th e se , 16 d e sc r ib e d  th e  f la v o u r  a n d  
o d o u r  as  ‘ m u sh ro o m  ’ w h ile  th e  o th e r  2 lik e n e d  i t  to  m o u ld y  b re a d .

M u s h r o o m  f l a v o u r  i n  d a i r y  p r o d u c t s

DISCUSSION

A n  e a r lie r  co n c lu s io n  t h a t  ‘m u sh ro o m  c o m p o u n d ’ w as c a rb o n y l in  n a tu r e  (F o rss  
e t  a l .  1960 a )  is  to  b e  a t t r ib u te d  to  re se m b la n c e  o f  th e  o d o u r  o f  v e ry  d ilu te  so lu tio n s  
o f  o c t- l-e n -3 -o n e  to  t h a t  o f  o c t- l-e n -3 -o l,  a n d  to  a n  o b se rv e d  te n d e n c y  fo r  th e  a lco h o l 
to  b e  o x id iz e d  o n  t r e a tm e n t  w ith  2 ,4 -d in itro p h e n y lh y d ra z in e  a n d  s u lp h u r ic  ac id . 
D ie m a ir  & S c h a m s (1962) co n c lu d e d  t h a t  a  m u sh ro o m  f ra c tio n  f ro m  f a t t y  fish  w as  
c a rb o n y l in  n a tu r e  b u t  th e i r  in f ra - re d  d a t a  su g g e s t t h a t  th e y  m a y  also  h a v e  b ee n  
d e a lin g  w i th  a  v in y l  ca rb in o l.

H o n k a n e n  & M oisio (1963) su g g e s te d  t h a t  o c t- l-e n -3 -o l in  d a i ry  p ro d u c ts  co u ld  
o r ig in a te  f ro m  c lo v e r e a te n  b y  th e  cow s. T h e ir  e x p e r im e n ts  sh o w ed  t h a t  o c t- l-e n -3 -o l 
(1 g) fed  to  cow s p ro d u c e d  a  lev e l in  th e  m ilk  o f  2 p a r t s  in  108 a f te r  2 -4  h . F la v o u r  
t r ia ls  in  th is  la b o ra to r y  sh o w ed  t h a t  th is  lev e l is  b e lo w  th re s h o ld  fo r  b u t t e r f a t  a n d  
ju s t  a b o v e  th re s h o ld  fo r  sk im -m ilk . T h e  ‘m u sh ro o m  c o m p o u n d ’ h a s  n o t  in  o u r  
in v e s tig a tio n s  b ee n  fo u n d  in  d a i ry  p r o d u c ts  p r io r  to  o x id a tio n .

T h e  m e c h a n ism  fo r  th e  a u to x id a t io n  o f  m e th y l  lin o le a te  b a s e d  o n  th e  th e o ry  o f  
F a rm e r ,  K o c h  & S u t to n  (1943) in v o lv e s  a b s tra c t io n  o f  h y d ro g e n  fro m  th e  p e n ta d ie n e  
sy s te m  to  fo rm  a  re so n a n c e  h y b r id  r a d ic a l  w h ic h  r e a c ts  w ith  o x y g en  m a in ly  a t  th e  
e n d  p o s itio n s . T h is  th e o ry  is s u p p o r te d  b y  th e  p re d o m in a n c e  a m o n g  th e  c a rb o n y l 
c o m p o u n d s  iso la te d  f ro m  a u to x id iz e d  lin o le ic  a c id  e s te r  o f  c o m p o u n d s  re a d ily  d e r iv e d  
f ro m  a t t a c k  a t  th is  p o in t .

B y  a n a lo g y , th e  fo rm a tio n  o f  o c t-1 -en-3 -o l m a y  b e  p ro d u c e d  fro m  a ra c h id o n ic  ac id  
a c c o rd in g  to  th e  fo llo w in g  s c h e m e :

15 14 13 12 11 II) 9 8 7 0 5
CH3—(CH2)4—CH=CH—CH2—CH=CH—CH,—CH=CH—CH2—CH=CH—(CH2)3—COOH

CH,
1

CH3—(CH3)4—c h = c h —c h 2—c h —c h = c h —c h = c h —c h 2—CH=CH— (CH2

-COOH

-COOH

CH3— (CH2)4—c h = c h —c h 2- 

HO

1
CH—CH=CH—CH=CH—CH2—CH=CH—(CH2)3—COOH
I

-O

CH3—(CH2)4—CH=CH—CH2±;CH3—(CH2)4—CH—CH=CHa
(i)

OH
<ii>

CH3—(CH,) 4—CH—CH=CH2
I

OH
o c t - 1 -e n -3 -o l
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H y d ro g e n  a b s tra c t io n  a t  th e  m e th y le n e  g ro u p  o n  c a rb o n  a to m  10 fo llo w ed  b y  a l ly  lie 
r e a r r a n g e m e n t w o u ld  le a d  to  th e  fo rm a tio n  o f  a  h y d ro p e ro x id e  o n  c a rb o n  a to m  12. 
T h e  d e c o m p o s itio n  o f  th e  h y d ro p e ro x id e  a n d  ch a in  sc ission  b e tw e e n  c a rb o n  a to m s  
12 a n d  13 w o u ld  p ro d u c e  th e  a lk y l ra d ic a l (i). A lly lic  r e a r r a n g e m e n t to  a lk y l ra d ic a l
(ii) a n d  re a c tio n  w ith  a n  h y d ro x y l ra d ic a l  m a y  p ro d u c e  o c t-l-e n -3 -o l.

H o ffm a n n  (1962) iso la te d  o c t- l-e n -3 -o l f ro m  lin o le ic  a c id  e s te r  a n d  p o s tu la te d  th e  
fo rm a tio n  o f  a  h e m i-a c e ta l f ro m  th e  Cn  free  ra d ic a l ‘v ia  a n  u n s ta b le  in te r m e d ia te ’. 
H e  su g g e s te d  t h a t  th e  h e m ia c e ta l w o u ld  u n d e rg o  ‘ a n  in tra m o le c u la r  cyc lic  r e a r r a n g e 
m e n t  fo llow ed  b y  c lea v ag e  to  th e  s e c o n d a ry  u n s a tu r a te d  a lco h o l (b y  a lly lic  r e a r r a n g e 
m e n t)  o c t - l -e n -3 -o l’.

H o w ev er, th e  fo rm a tio n  o f  o c t- l-e n -3 -o l f ro m  a u to x id iz e d  lin o le ic  a c id  m a y  be 
m o re  re a d ily  e x p la in e d  b y  a  m e c h a n ism  s im ila r  to  t h a t  p ro p o se d  b y  S c h e p a r tz  & 
D a u b e r t  (1950), a n d  la te r  b y  H o ffm a n n  (1962), fo r  th e  fo rm a tio n  o f  h e p t-2 -e n a l f ro m  
th e  c a rb o n  a to m  14 h y d ro p e ro x id e . T h is  in v o lv e s  h y d ro g e n  a b s tra c t io n  a t  a  m e th y le n e  
g ro u p  in  a n  a -p o s it io n  to  th e  p e n ta d ie n e  s y s t e m :

13 12 11 10 o sCH3— (CH2)4—CH=CH—CH2̂ C H = C H --C H 2— (CH2)6— c o o h
1CH3— (CH„)4—CH=CH—CH2—CH=CH—CH— (CH„)e—COOH
ICH3— (CH2)4—CH=CH—CH2—CH—CH=CH— (CH2)6—COOH
1 :CHS— (CH2)4—C'H=CH—C H j-rC H —CH=CH— (CH2)6— COOH

; iHOA-O
CH3—(CH,)4—CH=CH—CH,i^CH3—(CH2)4—CH—CH=CH2

(i) . (ii)OH
CH3— (CH2)4—CH— CH=CH„

IOH
oct-l-en-3-ol
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W e su g g e s t t h a t  a b s tra c t io n  o f  h y d ro g e n  a t  th e  C8-m e th y le n e  g ro u p  in  lin o le a te  
fo llo w ed  b y  a lly lic  r e a r r a n g e m e n t  w o u ld  le a d  to  fo rm a tio n  o f  a  h y d ro p e ro x id e  on  
c a rb o n  a to m  10 w h ich , o n  d e c o m p o s itio n  o f  th e  h y d ro p e ro x id e  a n d  c h a in  sc ission  
b e tw e e n  c a rb o n  a to m s  10 a n d  11 w o u ld  p ro d u c e  th e  a lk y l ra d ic a l (i). A lly lic  r e 
a r r a n g e m e n t to  a lk y l ra d ic a l (ii) a n d  r e a c tio n  w ith  a n  h y d ro x y l r a d ic a l  w o u ld  
p ro d u c e  o c t- l-e n -3 -o l.

O th e r  m e ch a n ism s , su c h  a s  r e d u c tio n  o f  a n  o c te n e  h y d ro p e ro x id e , co u ld  a lso  g ive  
r ise  to  o c ten o l. W e h a v e  ev id en c e , h o w ev e r, t h a t  o th e r  a lco h o ls  a re  fo rm e d  u n d e r  th e  
sa m e  c o n d itio n s  a n d  th e i r  fo rm a tio n  is m o s t  re a d ily  e x p la in e d  b y  th e  a b o v e  m e c h a n is m .

T h e  f la v o u r  th re s h o ld  v a lu e s  o f  o c t- l-e n -3 -o l a n d  o c t- l-e n -3 -o n e  a re  c o m p a ra b le  
in  w a te r  a n d  sk im -m ilk , b u t  in  b u t t e r f a t  th e  th re s h o ld  fo r  th e  a lco h o l is h ig h e r. T h e  
a lco h o l does n o t  h a v e  th e  sa m e  o b je c tio n a b le  f la v o u r  a n d  o d o u r  c h a ra c te r is t ic s  a s  th e  
k e to n e . I t  is p o ss ib le  t h a t  th e  a lco h o l p la y s  a n  im p o r ta n t  p a r t  in  th e  n a tu r a l  f la v o u r  
o f  so m e o th e r  foods, in c lu d in g  co o k e d  m e a ts ,  th e  f a t  o f  w h ic h  c o n ta in s  m u c h  lin o le ic  
ac id . C ooked  p o rk , in  p a r t ic u la r ,  a p p e a rs  to  h a v e  a  m u sh ro o m  c o m p o n e n t in  i ts  
a ro m a . (H o rn s te in  & C row e (1960) c o n c lu d e d  t h a t  th e  f la v o u r  d iffe ren ce  b e tw e e n  
p o rk  a n d  b e e f  m a y  h a v e  i ts  o rig in  in  th e  f a t  p o r t io n  o f  th e se  m e a ts , a n d  p o rk  f a t



c o n ta in s  10 tim e s  as  m u c h  lin o le ic  a c id  a s  b e e f  f a t . )  W e h a v e  a lso  o b se rv e d  a  g as  
c h ro m a to g ra p h ic  f ra c tio n  w ith  a  m u sh ro o m  f la v o u r  fro m  C h e d d a r  cheese.

D e m o n s tra t io n  o f  th e  s ig n ific an t c o n tr ib u tio n  o f  a n  a lco h o l to  o x id iz e d  f la v o u r  
d e fe c ts  in  d a i ry  p ro d u c ts  d ire c ts  a t te n t io n  to  th e  ro le  o f  n o n -c a rb o n y l co m p o u n d s  in  
su c h  f lav o u rs .

T h e  a u th o r s  ex p re ss  th e ir  th a n k s  to  D r  J .  D . M o rriso n  a n d  M r J .  F . S m ith  o f  th e  
D iv is io n  o f  C h em ica l P h y s ic s , C .S .I .R .O ., fo r  th e  a n a ly s is  a n d  in te r p re ta t io n  o f  m a ss  
s p e c tr a  a n d  to  M r J .  F . H o rw o o d  a n d  D r  E . H . R a m s h a w  o f  th e  D iv is io n  o f  D a iry  
R e se a rc h , C .S .I .R .O ., fo r  h e lp fu l ad v ic e  a n d  c ritic ism .
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F actors affecting the m u ltip lica tion  and su rv iva l of coagu lase  
p o sitiv e  stap h ylococci in C heddar cheese

B y  B . R E I T E R ,  B . G IL L IA N  F E W IN S , T . F .  F R Y E R  
a n d  M . E L IS A B E T H  S H A R P E

N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S h i n f i e l d ,  R e a d i n g  

{ R e c e i v e d  11 M a y  1964)

S u m m a r y . T h e  p re se n ce  o f  a  th e rm o la b ile  in h ib i to r  o f  c o a g u la se -p o s itiv e  s ta p h y lo 
cocci in  m ilk  w as  con firm ed . S ta r te r  s tre p to c o c c i s ig n ific a n tly  su p p re sse d  th e  m u lt ip l i 
c a tio n  o f  s ta p h y lo c o c c i in  m ilk  n o t  o n ly  b y  th e ir  a c id  p ro d u c tio n  b u t  a lso  b y  som e 
o th e r  c o m p e ti tiv e  effect.

C h e ese m a k in g  t r ia ls  sh o w ed  t h a t  s ta p h y lo c o c c i m u lt ip lie d  c o n s id e ra b ly  m o re  
r a p id ly  in  ‘s lo w ’ o r  ‘s w e e t’ cheese, w h ere  th e  s ta r t e r  w as in h ib i te d  b y  p h a g e , t h a n  in  
n o rm a l cheese. L i t t le  d e c re a se  in  n u m b e rs  o c c u rre d  in  ‘s w e e t’ cheese  e v e n  a f te r  
18 m o n th s , in  c o n t r a s t  to  th e  r a p id  d ec lin e  in  th e  n o rm a l cheese.

S tap h y lo c o c c i su b je c te d  in  th e  la b o ra to ry  to  su b le th a l  h e a t  t r e a tm e n ts  h a d  a  
p ro lo n g e d  la g  p h a s e  o n  a ll m e d ia  a n d  th e ir  %  re c o v e ry  o n  se lec tiv e  m e d ia  w as s ig n ifi
c a n t ly  low er t h a n  o n  o p tim a l n o n -se le c tiv e  m e d ia . I t  is su g g e s te d  t h a t  th e  low  
s u rv iv a l  r a te  o f  th e  s ta p h y lo c o c c i in  cheese  m a d e  fro m  m ilk s  h e a te d  a t  s u b le th a l  
te m p e r a tu re s  is  d u e  to  th e  la g  in  re c o v e ry  o f  h e a t-sh o c k e d  cells a n d  th e ir  in a b i l i ty  to  
m u lt ip ly  in  th e  u n fa v o u ra b le  cheese cu rd .

INTRODUCTION

C ases o f  e n te ro to x in  fo o d  p o iso n in g  c a u se d  b y  th e  c o n s u m p tio n  o f  cheese h e a v ily  
in fe c te d  w ith  s ta p h y lo c o c c i h a v e  b ee n  r e p o r te d  p re v io u s ly  (R e p o rt, 1959 ; H e n d ric k s , 
B e lk n a p  & H a u s le r , 1959; M u n c h -P e te rse n , 1960). I t  is im p o r ta n t ,  th e re fo re , to  
e s ta b l is h  th e  f re q u e n c y  a n d  th e  e x te n t  o f  s ta p h y lo c o c c a l c o n ta m in a tio n  o f  m ilk s  a n d  
cheese, th e  c o n d itio n  u n d e r  w h ich  th o se  o rg an ism s  a re  m o s t lik e ly  to  p ro life ra te  a n d  
su rv iv e  a n d  th e  m in im u m  h e a t  t r e a tm e n t  w h ic h  w o u ld  e lim in a te  th e m  fro m  th e  
ch eesem ilk .

T h a tc h e r , C om to is, R o ss  & E rd m a n  (1959) d e m o n s tr a te d  th e  p re se n ce  o f  e n te r o 
to x in  in  som e C a n a d ia n  cheeses b y  a n im a l te s ts .  H o w ev er, u n t i l  th e  im m u n o d iffu s io n  
te s ts  o n  th e  e n te ro to x in s  a re  su ffic ien tly  d ev e lo p e d  to  b e  u se d  a s  ro u tin e  te s ts  fo r  m ilk  
a n d  cheese (R ea d , P r i t c h a r d  & D o n n e lly , 1963; R e a d , P r i t c h a r d  & B la c k , 1964) i t  is 
co n s id e re d  b y  th e  P u b lic  H e a l th  A u th o r i t ie s  t h a t  a  fo o d  c o n ta in in g  a b o u t  5 0 0 0 0 0 /g  
c o a g u la se -p o s itiv e  s ta p h y lo c o c c i sh o u ld  b e  re g a rd e d  a s  u n f i t  fo r  h u m a n  c o n s u m p tio n  
(A llison, 1949), w h e th e r  o r n o t  i t  m a y  c o n ta in  e n te ro to x in .

E x p e r im e n ta l  w o rk  o n  th e  m u lt ip l ic a t io n  o f  s ta p h y lo c o c c i d u r in g  c h e esem a k in g  
(M attick , N e a v e  & C h a p m a n  1959; T a k a h a s h i & J o h n s ,  1959; T h a tc h e r  & R oss, 
1960; Je z e sk i, M orris , Z o H o la , G eorge & B u s ta ,  1961; R o u g h le y  & M cL eod , 1961)
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h a s  b ee n  p re v io u s ly  d esc rib ed . C heese m a d e  fro m  ' low  g ra d e  ’ m ilk , w ith  a  h ig h  to ta l  
b a c te r ia l c o u n t, p e r m i t te d  less g ro w th  o f  th e  s ta p h y lo c o c c i th a n  d id  h ig h  g ra d e  m ilk , 
p ro b a b ly  b ec au se  o f  th e  a c tio n  o f  in h ib i to ry  o rg an ism s  (T a k a h a sh i & J o h n s ,  1959). 
S tap h y lo c o cc i d ie d  o u t  r a p id ly  a t  a b o u t p H  5-0 in  cheese (M a ttic k  e t  a l .  1959) a n d  in  
s ta r t e r  (R e ite r , V azq u ez  & N e w la n d , 1961). M a tt ic k  e t  a l .  (1959) a lso  sh o w ed  t h a t  a  
d iffe rence  o f  0-2 p H  u n its  in  th e  ra n g e  o f  p H  5-1-5-3  s ig n ific a n tly  a ffe c te d  th e  r a te  o f  
re d u c tio n  in  n u m b e rs , th e  le a s t r a p id  d ec rease  b e in g  in  th e  cheese o f  h ig h e r  p H . A t 
m u c h  h ig h e r  p H ’s, e.g . p H  6-6 s ta p h y lo c o cc i m u lt ip l ie d  a n d  su rv iv e d  in  m u c h  la rg e r  
n u m b e rs  a n d  fo r  lo n g e r  p e rio d s , l i t t le  d ec rease  in  n u m b e rs  o f  v ia b le  o rg a n ism s  b e in g  
fo u n d  a f te r  6 m o n th s  (S h a rp e , N e a v e  & R e ite r ,  1962). T h e  fa ilu re  o f  s ta p h y lo c o c c i 
to  d ie  o u t  in  cheese o f  a n  u n u s u a lly  h ig h  p H  (5-5-5-S) w as a lso  r e p o r te d  b y  M cL eod , 
R o u g h ley  & R ic h a rd s  (1962). A lth o u g h  th e  p H  o f th e  cheese is th e re fo re  o f  g re a t  
im p o r ta n c e  fo r  th e  su rv iv a l o f th e  s ta p h y lo c o cc i, th e  e n te ro to x in s  i f  p ro d u c e d  a re  
n o t  in a c t iv a te d  a t  low  p H  a n d  a p p e a r  to  su rv iv e  fo r  m a n y  m o n th s  (M iljkov ic ,
1960).

N o  d o u b t  a d e q u a te  h e a t  t r e a tm e n t  su c h  a s  155 °P  fo r  15 sec (J e n se n  & P e d e rse n ,
1960) o f  a ll cheese m ilk  w o u ld  e l im in a te  th e  s ta p h y lo c o c c i f ro m  th e  cheese  m ilk  a n d  
cheese, b u t  n o t  a ll ch e esem a k ers  w o u ld  a c c e p t su c h  sev ere  h e a tin g  b ec au se  o f  i ts  
effec t o n  th e  f lav o u r, b o d y  a n d  te x tu r e  o f  th e  cheese.

A  su rv e y  o f  th e  in c id en c e  o f  s ta p h y lo c o c c i in  co m m erc ia l m ilk  a n d  cheese u n d e r 
ta k e n  in  c o n ju n c tio n  w ith  th e  N a tio n a l  A g ric u ltu ra l A d v iso ry  S erv ice  (u n p u b lish e d )  
sh o w ed  t h a t  a  h ig h  p ro p o r tio n  o f  cheese  m a d e  fro m  ra w  m ilk  c o n ta in e d , a s  e x p e c te d , 
la rg e  n u m b e rs  (m ore th a n  105/g) o f  co a g u la se -p o s itiv e  s ta p h y lo c o cc i. I t  w a s  s u r 
p r is in g , h o w ev e r, t h a t  a ll b u t  th e  m o s t  p e r fu n c to ry  h e a t  t r e a tm e n t  (as low  a s  145 °F  
‘f la s h ’ to  15 sec h o ld in g  tim e )  o f  th e  ch eesem ilk  r e s u lte d  in  cheese fre e  o r  p r a c tic a lly  
free  fro m  s ta p h y lo c o c c i w h e n  sa m p le d  as  e a r ly  a s  1 -2  w eeks a f te r  m a k in g . A s th e  
h e a t  to le ra n c e  o f  s ta p h y lo c o c c i is r e p o r te d  to  b e  m u c h  h ig h e r  ( Je n se n  & P e d e rse n ,
1960), i t  w as  d ec id e d  to  re - in v e s tig a te  th e  h e a t  s e n s it iv i ty  o f  som e s tr a in s  o f  co ag u la se - 
p o s it iv e  s ta p h y lo c o c c i in  th e  la b o ra to ry  a n d  to  co n firm  th e  re su lts  w ith  c h e esem a k in g  
e x p e r im e n ts .

T h e  w o rk  r e p o r te d  h e re  d esc rib es  th e  effec t o f  s ta r t e r  s tre p to c o c c i o n  th e  m u lt ip l i 
c a tio n  o f  s ta p h y lo c o c c i b o th  in  la b o ra to r y  e x p e r im e n ts  a n d  in  cheese  m a d e  o n  a  
40 g a l scale . I n  som e c h e esem a k in g  e x p e r im e n ts  th e  s ta r t e r  w as su p p re ss e d  b y  i ts  
ho m o lo g o u s p h a g e  d u r in g  th e  ch e esem a k in g , so t h a t  th e  m u lt ip l ic a t io n  o f  th e  
s ta p h y lo c o c c i co u ld  b e  c o m p a re d  in  cheeses o f  v e ry  d if fe re n t p H . T h e  h e a t  s e n s it iv i ty  
o f  th e  s ta p h y lo c o c c i a n d  th e  b e h a v io u r  o f  h e a t-sh o c k e d  cells b o th  in  la b o ra to ry  te s ts  
a n d  in  c h e esem a k in g  t r ia ls  w ere  a lso  in v e s tig a te d .

S t a p h y l o c o c c i
m a t e r ia l s  a n d  m e t h o d s

S t a p h ,  a u r e u s  30 (N C D O  1501), p h a g e  ty p e  4 2 D , iso la te d  fro m  m a s t i t is ;  S t a p h ,  

a u r e u s  N 1, iso la te d  f ro m  a  C h e d d a r  cheese  re sp o n s ib le  fo r  fo o d  p o iso n in g .
S t a r t e r  s t r e p t o c o c c i .  S t r .  l a c t i s  M L 3 (N C D O  763) a n d  S i r .  c r e m o r i s  C3 (N C D O  506). 
P h a g e s .  S pecific fo r  s tre p to c o c c i M L 3 a n d  C3.
S e l e c t i v e  m e d i a .  T h e  egg y o lk  g ly c in e  p y r u v a te  te l lu r i te  m e d iu m  (B P ) o f  B a ird -  

P a r k e r  (1962), w h ic h  h a d  p re v io u s ly  b e e n  fo u n d  to  b e  se lec tiv e  a n d  d ia g n o s tic  fo r
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S t a p h ,  a u r e u s  (S h a rp e  e t  a t .  1962), w as  u se d  in  p re fe ren c e  to  th e  p h e n o lp h th a le in  
p h o s p h a te  m e d iu m  (B K ) o f  B a rb e r  & K u p e r  (1951), a s  m a n y  p h o s p h a ta s e  p o s it iv e  
s tra in s  d e te c te d  on  th e  l a t t e r  m e d iu m  w ere  c o a g u la se  n e g a tiv e , co n firm in g  th e  
o b se rv a tio n s  o f  T h a tc h e r  & S im on  (1956) a n d  S h a rp e  e t  a t .  (1962). O n th e  B P  
m e d iu m  co a g u la se  p o s it iv e  s ta p h y lo c o c c i co u ld  b e  rec o g n ize d  w ith  som e e x p e rien c e , 
b u t  r e p re s e n ta t iv e  co lon ies f ro m  b o th  m ilk  a n d  cheese  sa m p le s  w ere  a lw a y s  co n firm ed  
b y  th e  co a g u la se  te s t  (m e th o d  2 o f  W illia m s  & H a rp e r ,  1946). T h e  B P  m e d iu m  
sh o w ed  th e  h ig h e s t  c o r re la tio n  (85-2 % ) b e tw e e n  co lon ies d ia g n o se d  b y  a p p e a ra n c e  
a n d  th o se  w h ic h  w ere  co n firm e d  to  b e  co a g u la se  p o s it iv e  a n d  a lso  g a v e  th e  h ig h e s t 
v ia b le  co u n ts . E n u m e ra t io n  o f  s ta p h y lo c o c c i fo r e x p e r im e n ts  w ith  p u re  c u ltu re s , 
w h en  d ia g n o s tic  m e d ia  w ere  n o t  re q u ire d , w as m a d e  o n  a  m o d ified  C h a p m a n ’s 
m e d iu m  (1946) in  w h ic h  th e  s a l t  c o n te n t  w as  re d u c e d  to  6-5 %  to  a v o id  u n d u e  in h ib i
t io n  o f  th e  s ta p h y lo c o c c i.

N o n - s e l e c t i v e  m e d i u m .  N u tr ie n t  a g a r  (N A ) a n d  n u tr ie n t  a g a r  c o n ta in in g  5 %  
h o rse  b lo o d  (B A ).

C h e e s e

E x p e r im e n ta l  cheeses w ere  m a d e  a t  th e  I n s t i t u t e ’s d a i ry  a n d  a t  a  sm a ll c re a m e ry , 
u s in g  ch eesem ilk  h e a te d  a t  d if fe re n t te m p e r a tu re s  in  a n  A P V  p a s te u r iz e r  w ith  h o ld in g  
tu b e  (17 sec).

N a t u r a l l y  i n f e c t e d  m i l k s

S am p le s  o f  m ilk  fo r  la b o ra to r y  e x p e r im e n ts  on  h e a t  to le ra n c e  w ere  d ra w n  fro m  
4 cow s k n o w n  to  b e  in fe c te d  w ith  d if fe re n t s t r a in s  o f  S t a p h ,  a u r e u s .  P re lim in a ry  w o rk  
sh o w ed  t h a t  in  e a c h  case  o n ly  low  n u m b e rs  o f  s ta p h y lo c o c c i w ere  p re s e n t  in  th e  m i lk s : 
sa m p le s  w ere  th e re fo re  u se d  b o th  d ire c tly  a f te r  m ilk in g  a n d  a lso  a f te r  18 h  in c u b a 
t io n  a t  30 °C. F o r  c h e esem a k in g  t r ia ls  m ilk  fro m  a  sing le  h e rd  w as used .

H e a t - r e s i s t a n c e  t e s t s

T h e  h e a t  re s is ta n c e  o f  s t r a in s  o f  s ta p h y lo c o c c i in  m ilk  u s in g  e i th e r  in o c u la te d  
la b o ra to ry  s tr a in s  o r  n a tu ra l ly  in fe c te d  m ilk s  w ere  d e te rm in e d  b y  th e  m e th o d  o f  
S te rn  & P ro c te r  (1954) a s  m o d ified  b y  F ra n k lin ,  W illia m s & Clegg (1958), th e  
n u m b e rs  o f  su rv iv o rs  b e in g  e s t im a te d  b y  co lo n y  c o u n ts  u s in g  th e  M iles & M isra  (1938) 
m e th o d . T h e  m e d ia  u se d  to  re c o v e r  th e  su rv iv o rs  w ere  b lo o d  a g a r, th e  se lec tiv e  B P  
m e d iu m , a n d  s a l t  n u t r ie n t  a g a r . W h e n  o n ly  sm a ll n u m b e rs  o f  s ta p h y lo c o c c i w ere  
p re s e n t  a  d ilu t io n  c o u n t o f  th e  n u m b e r  o f  s u rv iv o rs  w as  m a d e .

RESULTS

M u l t i p l i c a t i o n  o f  s t a p h y l o c o c c i  i n  m i l k  i n  t h e  p r e s e n c e  o r  

a b s e n c e  o f  s t a r t e r

E f f e c t  o f  h e a t  t r e a t m e n t  o f  m i l k  o n  th e  s u b s e q u e n t  m u l t i p l i c a t i o n  o f  s t a p h y l o c o c c i

A s s ta p h y lo c o c c i a re  k n o w n  to  b e  a t  le a s t  p a r t ia l ly  in h ib i te d  in  ra w  m ilk  (S m ith ,
1957), p re l im in a ry  e x p e r im e n ts  to  in v e s tig a te  th e i r  g ro w th  w ere  m a d e  in  r a w  m ilk , 
in  m ilk  h e a te d  to  161 °F  fo r  17 sec a n d  in  s te a m e d  m ilk s  (30 m in  a t  212 °F  o n  3 
c o n se c u tiv e  d a y s ) , in  th e  p re se n c e  a n d  a b se n c e  o f  s ta r te r .  S ta p h y lo c o c c u s  s tr a in  30

S t a p h y l o c o c c i  i n  C h e d d a r  c h e e s e
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w as in o c u la te d  in to  th e  v a r io u s  m ilk s  e i th e r  a lo n e  o r  w ith  1 %  s ta r t e r  s t r a in  M L 3 a n d  
th e  s ta p h y lo c o c c i w ere  e n u m e ra te d  im m e d ia te ly  a f te r  in o c u la tio n  a n d  a f te r  5 h  
in c u b a tio n  a t  30 °C.

T a b le  1. G r o w t h  o f  S ta p h , a u re u s  (30) i n  r a w  a n d  h e a t - t r e a t e d  m i l k s  i n  

th e  p r e s e n c e  o r  a b s e n c e  o f  S tr .  la c tis  ( M L 3 )

Numbers of staphylococci x 10-3/ml milk

Milk heat-treated
Time of Raw milk at 161 °F/17 sec Steamed milk

incubation, ,------------ A------------ \ r------------ A------------ <----------------A---------
h 0 _L 0 + 0 +
0 12 18 19 14 20 21
5 24 15 30 18 1400 74

0 =  Absence of starter. + =  Presence of starter.

T a b le  1 show s th e  re s u lt  o f  on e  su c h  e x p e r im e n t , w h e re  s t r a in  30 in c re a se d  70 
tim e s  in  th e  s te a m e d  m ilk  b u t  o n ly  tw ic e  o r  less in  ra w  o r p a s te u r iz e d  m ilk . T h is  
co n firm s th e  p re se n ce  o f  a  h e a t  la b ile  in h ib i to r  w h ich  w as  n o t  a ffe c te d  b y  th e  
p a s te u r iz a tio n  te m p e ra tu re .  I n  th e  p re se n ce  o f  s ta r te r ,  h o w ev er, th e  s ta p h y lo c o c c i 
w ere  in h ib i te d  e v e n  in  s te a m e d  m ilk , in c re a s in g  o n ly  a b o u t  3|- tim es . I t  w as  p o ss ib le  
t h a t  th e  in h ib i tio n  o f  g ro w th  in  s te a m e d  m ilk  in  th e  p re se n ce  o f  s ta r t e r  w as  d u e  so le ly  
to  th e  ac id  fo rm e d . T h e  m u lt ip l ic a t io n  o f  th e  s ta p h y lo c o c c i w as th e re fo re  o b se rv e d  
w ith  a n d  w ith o u t  n e u tra l iz a t io n  o f  th e  la c tic  ac id  fo rm ed .

E f f e c t  ° f  p H
F o u r  flasks (A -D ) c o n ta in in g  250 m l o f  s te a m e d  m ilk  w ere  in o c u la te d  w ith  s t r a in  30 

a n d  tw o  o f  th e  flasks (A a n d  D ) w ere  a lso  in o c u la te d  w ith  th e  s ta r t e r  s t r a in  M L 3. T h e  
p H  o f th e  m ilk  in  fla sk  B  (s tap h y lo co c c i a lo n e) w as  a d ju s te d  to  t h a t  in  flask  A  b y  th e  
a d d i t io n  o f  1 0 %  la c tic  a c id . T h e  p H  in  fla sk  D  w as a d ju s te d  to  t h a t  o f  th e  m ilk  in  
f la sk  C (s tap h y lo co c c i a lo n e) w ith  2 N -N aO H . T h e  v o lu m e s o f  m ilk  w ere  la rg e  e n o u g h  
to  p e rm it  w ith d ra w a ls  to  ch e ck  th e  p H  w ith o u t  c h a n g in g  a p p re c ia b ly  th e  leve l o f  
m ilk  in  th e  flasks. p H  re a d in g s  w ere  ta k e n  e v e ry  30 m in  b e tw e e n  1 a n d  10 h , a n d  
a g a in  a t  24 h.

T a b le  2. G r o w t h  o f  S ta p h , a u re u s  i n  s t e a m e d  m i l k  a t  30 ° C  i n  th e  p r e s e n c e  o r  

a b s e n c e  o f  s t r e p t o c o c c i , a n d  w i t h  a n d  w i t h o u t  th e  p H  a d j u s t e d

A B C D
Staph, alone,

Time of Staph.-{-Str. pH adjusted to 
enumera- pH unadjusted that of A

tion, z--------- A---------  ̂ ,--------- A--------- ^

Staph, -f Str.
Staph, alone, pH adjusted to

pH unadjusted that of C

h Nos.* pH Nos.* pH Nos.* pH Nos.* pH
0 33 6-4 45 6-5 35 6-5 25 6-5
6 370 4-7 1200 4-7 3 700 6-4 390 6-4
U 170 4-5 4400 4-5 6 700 6-3 400 6-4

10 140 4-5 1600 4-5 5 600 6-3 390 6-4
24f 2-5 4-3 1400 4-1 23 500 6-1 17-0 4-9

* Nos. =  no. of viable staphylococci x 10~3/ml milk, 
f  No further adjustment of pH made after 10 h.
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I t  c a n  b e  seen  f ro m  T a b le  2 t h a t  th e  la c tic  a c id  p ro d u c e d  b y  th e  s tre p to c o c c i d id  
n o t  a lfe c t th e  m u lt ip l ic a t io n  o f  th e  s ta p h y lo c o c c i (flasks A  a n d  D ) u p  to  6 h . A fte r  
6 h  th e  s ta p h y lo c o c c i b e g a n  to  d ie  o u t  a s  th e  p H  d e c re a s e d  (flask  A ), b u t  th e  n u m b e rs  
re m a in e d  s ta t io n a r y  as  lo n g  a s  th e  p H  w as  k e p t  a t  6-4 (flask  D , 10 h ). T h e  s ta p h y lo 
cocci g ro w in g  a lo n e  (flasks B  a n d  C) sh o w ed  a  10 tim e s  h ig h e r  r a te  o f  m u lt ip l ic a t io n  
th a n  in  th e  m ix e d  c u l tu re  w h e n  th e  p H  w as  m a in ta in e d  a t  6-4 (flask  D ), a n d  a b o u t
3 tim e s  h ig h e r  w i th o u t  th e  a d ju s tm e n t  o f  th e  p H . T h e  s ta p h y lo c o c c i a lo n e  g rew  a lm o s t  
a s  w ell d o w n  to  p H  4-5 a t  7-1 h  as  a t  th e  h ig h e r  p H  (flasks B  a n d  C) b u t  th e re a f te r  
b e g a n  to  d ie  o u t  w h e re a s  a t  th e  h ig h e r  p H  g ro w th  c o n tin u e d . S im ila r  o b se rv a tio n s  
w ere  m a d e  in  a  se c o n d  e x p e r im e n t . I t  is e v id e n t  th e re fo re  t h a t  th e  s tre p to c o c c i 
c o m p e te  w ith  a n d  r e ta r d  th e  m u lt ip l ic a t io n  o f  th e  s ta p h y lo c o c c i (Jo n e s , K in g , 
F e n n e ll  & S to n e , 1957) a n d  t h a t  th i s  c a n n o t  b e  d u e  e n t ire ly  to  th e  la c tic  a c id  fo rm e d  
(flasks B  a n d  C). H o w e v e r , a t t e m p ts  to  d e m o n s tr a te  in h ib i to ry  s u b s ta n c e s  p ro d u c e d  
b y  th e  s ta r t e r  fa ile d  b o th  in  liq u id  m e d ia  a n d  o n  a g a r .

E x p e r i m e n t a l  c h e e s e s

P a i r e d  c h e e s e s  o f  s i g n i f i c a n t l y  d i f f e r e n t  p H

C heeses w ere  m a d e  in  p a irs ,  e a c h  p a i r  c o n s is tin g  o f  o n e  in  w h ich  th e  s t a r t e r  w as 
w o rk in g  n o rm a lly  a n d  a n o th e r  in  w h ic h  i t  w as  c o n s id e ra b ly  su p p re sse d  b y  th e  
a d d i t io n  o f  i t s  h o m o lo g o u s  p h a g e . T h re e  p a irs  o f  cheeses w ere  m a d e , e a c h  p a ir  fro m  
th e  sa m e  h e a t - t r e a te d  m ilk  u s in g  e i th e r  s t a r t e r  s tre p to c o c c u s  M L 3 a n d  s ta p h y lo 
co ccu s s tr a in  30 (2 e x p e r im e n ts )  o r  s t a r t e r  s tre p to c o c c u s  C3 a n d  s ta p h y lo c o c c u s  
s t r a in  N j  (1 e x p e r im e n t) .

S t a r t e r  s t r e p t o c o c c i .  T h e  in c re a se  in  th e  s tre p to c o c c a l c o u n t w h ic h  a lso  in c lu d e s  
m e c h a n ic a l c o n c e n tra t io n  o f  o rg a n ism s  in  th e  c u rd  f ro m  in it ia l ly  in o c u la te d  m ilk  to  
m illin g  w as 1 0 0 -1500-fo ld . I n  2 o f  th e  3 cheeses to  w h ich  p h a g e  w as  a d d e d  to  in h ib i t  
th e  s ta r t e r ,  th e  c o u n t e i th e r  re m a in e d  s ta t ic ,  th e  o rig in a l n u m b e r  in  th e  m ilk  b e in g  
a b o u t  106 ce lls /m l, o r  d ro p p e d  below  th e  o r ig in a l le v e l ; th e  c o u n t in  th e  p h a g e - tre a te d  
c u rd  a t  m illin g  w a s  103- 1 0 4 tim e s  lo w er th a n  in  th e  c o n tro l cheeses. I n  th e  th i r d  
cheese  to  w h ic h  p h a g e  w a s  a d d e d  th e  cheese  w as  d e la y e d  fo r  4 h ; in  th is  t im e  som e 
a c id  w a s  p ro d u c e d , w h ich  w as  sh o w n  to  b e  d u e  to  p h a g e - re s is ta n t  m u ta n ts  o f  th e  
s t a r t e r  s tre p to c o c c u s . I n  th is  e x p e r im e n t th e re  w as  o n ly  100-fo ld  d iffe ren ce  a t  m illin g  
b e tw e e n  th e  s tre p to c o c c u s  c o u n t in  th e  c o n tro l a n d  th e  p h a g e d  cheese. A t  2 w eek s 
th e  n u m b e rs  p re s e n t  in  a ll th e  p h a g e - tre a te d  cheeses w ere  o n ly  10 -2 0  tim e s  lo w er 
th a n  in  th e  co n tro ls , d u e  to  th e  c o n t in u e d  g ro w th  o f  th e  p h a g e - re s is ta n t  m u ta n ts ,  
w hich, a p p re c ia b ly  lo w ere d  th e  p H  a l th o u g h  n o t  to  t h a t  in  th e  c o n tro l cheeses. A f te r
4 w eek s r ip e n in g  th e  n u m b e rs  in  a ll cheeses h a d  d ro p p e d  to  b e lo w  106 cells/g .

S t a p h y l o c o c c i .  T h e  m u lt ip l ic a t io n  a n d  s u rv iv a l  o f  s ta p h y lo c o c c i in  a ll 3 p a irs  o f
cheeses fo llo w ed  v e r y  s im ila r  p a t te r n s ,  a  ty p ic a l  r e s u l t  b e in g  sh o w n  in  F ig . 1. I n  th is  
p a i r  o f  cheeses, in o c u la te d  w ith  S t a p h ,  a u r e u s  X 1 a n d  S t r .  c r e m o r i s  C3, th e  a d d i t io n  
o f  th e  h o m o lo g o u s  p h a g e  a n d  th e  c o n s e q u e n t su p p re ss io n  o f  s tre p to c o c c a l g ro w th  
r e s u lte d  a t  m illin g  in  a  m u c h  h ig h e r  p H  th a n  in  th e  c o n tro l cheese  (p H  6-6 a n d  4-95, 
re sp e c tiv e ly ) . A lth o u g h  th is  h ig h  p H  g ra d u a lly  d e c re a se d  d u r in g  m a tu r a t io n  i t  
r e m a in e d  c o n s id e ra b ly  h ig h e r  th a n  in  th e  c o n tro l cheese. T h e  n u m b e rs  o f  s ta p h y lo 
cocci in c re a se d  r a p id ly  in  th e  p h a g e - tre a te d  cheese d u r in g  m a k in g , in c re a se d  s lig h tly  
s ti ll  f u r th e r  d u r in g  th e  f irs t 2 -w eeks m a tu r a t io n ,  a n d  th e n  d ec lin e d  v e ry  s low ly ,

S t a p h y l o c o c c i  i n  C h e d d a r  c h e e s e
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10"/g v ia b le  o rg a n ism s  s till b e in g  p re s e n t  a f te r  72 w eeks. I n  th e  c o n tro l cheese  th e  
s ta p h y lo c o c c i m u lt ip l ie d  a t  a p p ro x im a te ly  1 th  o f  th e  r a te  in  th e  p h a g e - tre a te d  ch eese   ̂
a n d  im m e d ia te ly  b e g a n  to  d ec rease  r a p id ly  in  n u m b e rs  so t h a t  e v e n  a f te r  o n ly  24 
w eeks less th a n  1-5 x 103/g  w ere  p re se n t.

Fig. 1. The effect of starter failure due to bacteriophage on the multiplication of staphylococci 
during the making and maturation of Cheddar cheese. • ,  Counts in slow cheese- A counts 
in control cheese; O, pH of slow cheese; A, pH of control cheese; a , inoculated milk-’ b curd 
at cutting; c. curd at milling.

V ery  s im ila r  re s u lts  w ere  o b ta in e d  w ith  th e  o th e r  tw o  p a irs  o f  cheeses, e x c e p t t h a t  
in  th e  th i r d  p a ir ,  w h ere  m illin g  w as  d e la y e d  u n t i l  som e a c id ity  h a d  d ev e lo p e d  in  th e  
p h a g e - tre a te d  cheese, th e  s ta p h y lo c o c c i d ec re a se d  m o re  r a p id ly  th a n  in  th e  o th e r  
p h a g e - tre a te d  cheeses, so t h a t  a t  24 w eek s o n ly  1 x 104/g  s ta p h y lo c o c c i w ere  s till 
p re se n t,  a n d  th e  c o n tro l c o n ta in e d  1 x 102/g.

C h e e s e  m a d e  f r o m  n a t u r a l l y  i n f e c t e d  r a w  m i l k

I n  o rd e r  to  r e la te  th e  r a te  o f  m u lt ip l ic a t io n  d u r in g  c h e esem a k in g  o f  s ta p h y lo c o cc i 
n a tu ra l ly  o c c u rrin g  in  m ilk  to  t h a t  o f  a r tif ic ia lly  in tro d u c e d  s ta p h y lo c o c c i 2 cheeses 
(S R  8 a n d  S R  9) w ere  m a d e  b y  th e  n o rm a l p ro cess  fro m  ra w  m ilk  n a tu ra l ly  in fe c te d  
w ith  s ta p h y lo c o c c i (F ig . 2).

I n  b o th  th e se  cheeses th e  r a te  o f  m u lt ip l ic a t io n  o f  s ta p h y lo c o c c i d u r in g  ch eese 
m a k in g  w as  s im ila r  to  t h a t  in  h e a t - t r e a te d  m ilk  in o c u la te d  w ith  la b o ra to ry  s tra in s . 
H o w ev er, th e  n u m b e rs  o f  s ta p h y lo c o c c i d ec lin e d  m u c h  m o re  s lo w ly  d u r in g  m a tu r a 
t io n  o f  th e  r a w  m ilk  cheese  t h a n  in  cheese  m a d e  fro m  in o c u la te d  h e a t - t r e a te d  m ilk . 
T h e  v ia b le  n u m b e rs  o f  o rg an ism s  re m a in e d  fo r  a  co n s id e ra b le  p e r io d  (2 -1 2  w eeks) 
a lm o s t s ta t io n a ry  befo re  b eg in n in g  to  d ec lin e  m o re  r a p id ly . T h is  w as  o b se rv e d  in  2 
e x p e r im e n ts .

A s c o n tro ls  fo r S R  8 a n d  S R  9, cheeses w ere  m a d e  fro m  th e  sa m e  m ilk  w h ic h  h a d  
b e e n  h e a te d  to  155 °F  fo r  17 s e c ; in  th e s e  th e  n u m b e rs  o f  s ta p h y lo c o c c i w ere  re d u c e d  
to  less t h a n  10 /m l in  th e  m ilk  a n d  th e  c u rd  a t  m illin g  c o n ta in e d  less t h a n  150/g.
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A n o th e r  e x p e r im e n t w ith  ra w -m ilk  cheese  u s in g  m ilk  fro m  a n o th e r  h e rd  g a v e  a  
1 x 104 in c re a se  in  n u m b e rs  o f  s ta p h y lo c o c c i f ro m  th e  n u m b e r /m l in  th e  v a t  m ilk  to  
th e  n u m b e r /g  c u rd  a t  m illin g  (p H  5-1). T h is  w as m o re  t h a n  10 tim e s  h ig h e r  th a n  th e  
in c rease  in  o th e r  cheeses o f  n o rm a l p H . w h e th e r  in o c u la te d  w ith  a  la b o ra to r y  c u l tu re  
o r  n a tu ra l ly  in fe c te d  a n d  e v e n  g re a te r  t h a n  in  th e  p h a g e d  cheese. A  la rg e  p ro p o rtio n  
o f  th is  m ilk  w as o b ta in e d  fro m  cow s su ffe rin g  o r  re c e n tly  re c o v e re d  fro m  c lin ica l 
m a s ti t is .  J o n e s  e t  a t .  (1957) su g g e s te d  t h a t  m ilk  f ro m  a  d ise ase d  u d d e r  m a y  h a v e  a  
d ec re a se d  n a tu r a l  in h ib i to ry  effec t a n d  W a lk e r, H a rm o n  & S tin e  (1961) fo u n d  a  g re a te r  
in c re ase  o f  s ta p h y lo c o c c i d u r in g  c h e esem a k in g  w ith  m a s t i t ic  m ilk  th a n  w ith  n o rm a l 
m ilk . O u r r e s u lts  h e re  in d ic a te  t h a t  th e  n a tu r a l  in h ib i to ry  s u b s ta n c e s  in  n o rm a l m ilk  
m a y  b e  im p o r ta n t  in  su p p re ss in g  th e  g ro w th  o f  s ta p h y lo c o c c i in  ra w  m ilk  u se d  fo r 
c h e e se m a k in g ; th e y  w ere  n o t  in v e s tig a te d  f u r th e r .

S t a p h y l o c o c c i  i n  C h e d d a r  c h e e s e

Fig. 2. The multiplication of staphylococci during the making and maturation of Cheddar 
cheese, using naturally infected raw milk. ▲, Counts in cheese SR9; ¿ \, counts in cheese SR 8;
• ,  pH in cheese SR 9; O, pH in cheese SR 8; a , inoculated milk: b, curd at cutting; c, curd at 
milling.

H e a t  r e s i s t a n c e  o f  s t a p h y l o c o c c i  i n  l a b o r a t o r y  e x p e r i m e n t s  

L a b o r a t o r y  e x p e r i m e n t s  a n d  i n  R e m a k i n g  t r i a l s

S te a m e d  m ilk  w as  se ed e d  w ith  a  su sp e n s io n  o f  S t a p h ,  a u r e u s  30, h e a t  t r e a te d  a t  
3 d if fe re n t te m p e r a tu re s  a n d  p la te d  o n  b lo o d  a g a r  (B A ) a n d  on  B P  a g a r . A s seen  
f ro m  T a b le  3 h e a t  t r e a tm e n t  fo r  17 sec a t  155 °F  r e s u lte d  in  n o  su rv iv o rs , a n d  k illed  
a b o u t  99, 80 a n d  50 %  a t  150, 145 a n d  140 °F , re sp e c tiv e ly . I t  w a s  f u r th e r  o b se rv e d  
t h a t  v is ib le  co lon ies a p p e a re d  o n  b o th  m e d ia  a f te r  a  d e la y  o f  24 h , c o m p a re d  w ith  
u n h e a te d  co n tro ls . T h is  in d ic a te d  a  d e la y e d  m u lt ip l ic a t io n  o f  th e  h e a t-sh o c k e d  cells. 
T h e  d if fe re n t n u m b e r  o f  o rg an ism s  re c o v e re d  o n  th e  2 m e d ia  a t  145 a n d  150 °F  m a y  
b e  e x p la in e d  b y  th e  p re se n c e  o f  in h ib i to ry  su b s ta n c e s  in  th e  B P  a g a r  w h ic h  su p p re ss  
a  h ig h e r  n u m b e r  o f  h e a t- s h o c k e d  cells t h a n  th e  n o n - in h ib ito ry  o p tim a l B A  m e d iu m ; 
t h e  p re se n c e  o f  s a l t  in  th e  re c o v e ry  m e d iu m  c a u se d  e v e n  m o re  m a rk e d  in h ib i t io n  o f  
th e  se n s itiz e d  cells . T h is  is sh o w n  in  T a b le  4 w h ere  b lo o d  a g a r  is c o m p a re d  w ith
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n u tr ie n t  a g a r  a n d  w ith  n u t r ie n t  a g a r  p lu s  6 -5 %  s a lt .  T h e  3 s tr a in s  o f  s ta p h y lo c o c c i 
u se d  h e re  d iffe red  so m e w h a t in  th e ir  h e a t  s e n s it iv i ty . S tra in  8319, a  h u m a n  s tr a in ,  
w as  th e  m o s t h e a t- s e n s it iv e  b u t  3 o th e r  h u m a n  s tr a in s  w ere  fo u n d  to  b e  a s  h e a t-  
r e s is ta n t  as th e  b o v in e  s tra in s .

T a b le  3. N u m b e r s  o f  S ta p h , a u re u s  s u r v i v i n g  d i f f e r e n t  h e a t  t r e a t m e n t s  i n  m i l k , 

a s  d e t e r m i n e d  o n  n o n - s e l e c t i v e  b l o o d  a g a r  a n d  s e l e c t i v e  B a i r d - P a r k e r  m e d i a

Numbers of staphylococci x 10-5/ml milk

Milk treated for 17 sec at

Control 140 °F 145 °F 150°F
---------------

155°F
Medium raw milk (60 °C) (62-7 °C) (65-5°C) (68-5 °C)

BA 8500 4900 1800 33 < 0-0001
BP 7000 3000 850 0-25 < 0-0001
BP 0-024* 0-013* < 0-0002* < 0-0002* < 0-0002*

BA =  blood agar medium; BP =  Baird-Parker medium. 
* Numbers determined by dilution counts.

T a b le  4. R e c o v e r y  o n  d i f f e r e n t  m e d i a  o f  S ta p h , a u re u s  b e f o r e  a n d  a f t e r  

h e a t  t r e a t m e n t  f o r  17 s e c  a t  150 ° F

Numbers of staphylococci x 10_5/ml milk

Controls, raw milk Heated milk
Strain of A

BA N A SA BA NA SAstaphylococcus

30 3500 350 2500 1500 67 0-017
N 1 6700 5000 800 1700 5-9 5-9
8319 2700 2400 850 0-05 0-05 < 0-01

BA = blood agar medium. NA = nutrient agar medium. SA =  salt agar medium.

T h e  h e a t  se n s itiv i tie s  o f  la b o ra to r y  s tr a in s  w ere  c o m p a re d  w ith  th o se  o f  n a tu r a l ly  
o c c u rrin g  s tra in s  b y  h e a tin g  m ilk  sa m p le s  w ith d ra w n  a s e p tic a lly  fro m  m a s t i t ic  
u d d e rs . M ilks f ro m  2 cow s in fe c te d  w ith  a  d if fe re n t s t r a in  o f  s ta p h y lo c o c c u s  w ere  
h e a te d  im m e d ia te ly  a n d  also  a f te r  e n r ic h m e n t fo r  18 h  a t  30 °C (T ab le  5). T h e  
re c o v e ry  o n  th e  B A  a n d  B P  a g a r  w ere  a g a in  m a rk e d ly  d iffe ren t, b u t  a s  b e fo re , h e a t  
t r e a tm e n t  a t  te m p e ra tu re s  w ith in  th e  ra n g e  o f  145 a n d  150 °P  re d u c e d  th e  n u m b e rs  o f  
s ta p h y lo c o c c i a p p re c ia b ly . S im ila r  r e s u lts  w ere  o b ta in e d  w ith  2 o th e r  m ilk s .

C h e e s e  t r i a l s

T o  in v e s tig a te  w h e th e r  a  lo w er h e a t  t r e a tm e n t  re s u lte d  in  lo w er n u m b e rs  o f  
s ta p h y lo c o c c i o cc u rrin g  in  cheese  th a n  w as e x p e c te d  f ro m  h e a t  to le ra n c e  te s ts  in  
m ilk , r a w  m ilk  k n o w n  to  b e  n a tu ra l ly  in fe c te d  w ith  s ta p h y lo c o cc i, a n d  p o r tio n s  o f  th e  
sa m e  m ilk  h e ld  a t  d if fe re n t te m p e ra tu re s  w ere  m a d e  in to  cheese.

T a b le  6 show s t h a t  in  th is  in s ta n c e  e v e n  th e  lo w es t te m p e r a tu re  u se d  (145 °F  fo r 
17 sec) w as q u ite  a d e q u a te  in  re d u c in g  th e  n u m b e rs  o f  s ta p h y lo c o c c i to  a  lev e l below  
a c c u ra te  d e te rm in a tio n ,  w h erea s  in  la b o ra to r y  e x p e r im e n ts  (T a b le s  3 a n d  5) a  
te m p e r a tu re  o f  155 °P  fo r  17 sec w as  n e c e s sa ry  fo r  th is .  H o w e v e r , in  th e  a b o v e  
e x p e r im e n t i t  w as  n e c e s sa ry  to  e n u m e ra te  th e  s ta p h y lo c o c c i o n  a  se lec tiv e  m e d iu m  to  1
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T a b le  5. N u m b e r s  o f  S ta p h , a u re u s  n a t u r a l l y  o c c u r r i n g  i n  r a w  m i l k s  s u r v i v i n g  

d i f f e r e n t  h e a t  t r e a t m e n t s  a s  d e t e r m i n e d  o n  s e l e c t i v e  a n d  n c n - s e l e c t i v e  m e d i a

Numbers of staphylococci x 10”5/ml milk

Milk heat-treated for 17 sec at

no. Medium raw milk 140 °F 145 °F 150°F 155°F
763 BP 0-17* 0-00003 < 0-0002 < 0-0002 < 0-0002

BA ISOOf 120 1-2 0-01 0-01
BP 1300 55 < 0-1 < 0-1 < 0-1

543 BP — — — — ___

BA lOOOt 200 1-4 0-035 < 0-1
BP 450 8-5 0-015 < 0-1 < 0-1

BP =  Baird-Parker medium. BA = blood agar medium.
* Milk sample heat-treated immediately, 
t  Milk sample heat-treated after 18 h incubation at 30 °C.

T a b le  6. P r o l i f e r a t i o n  o f  n a t u r a l l y  o c c u r r i n g  s t a p h y l o c o c c i  i n  c h e e s e s  m a d e  f r o m  

r a w  a n d  h e a t - t r e a t e d  m i l k s  u s i n g  B a i r d - P a r k e r  a g a r  f o r  e n u m e r a t i o n

Numbers of staphylococci x 10-3/ml milk or /g cheese
( ■

Milk heat-treated for 17 sec at
Samples Control, r------------- ---------- A---------- h

examined raw milk 155 °F 150 °F 145 °F
Milk in vat 93 < 0-1 < 0-1 < 0-1
Curd at milling 320 (5-25) < 0-1 (5-2) < 0-1 (5-2) < 0-1 (5-25)
Cheese at:

1 week 110 (4-9) < 0-1 (4-85) < 0-1 (4-85) < 0-1 (4-9)
4 weeks 81 (5-0) < 0-1 (4-95) < 0-1 (4-95) < 0-1 (5-0)

pH of curd or cheese in parentheses.

T a b le  7. P r o l i f e r a t i o n  o f  S ta p h , a u re u s  30 i n  p a s t e u r i z e d  m i l k ,  (w i t h  a n d  w i t h o u t  

r e h e a t i n g  t o  145 ° F j  17 s e c )  e s t i m a t e d  b y  c o u n t s  o n  s e l e c t i v e  a n d  n o n - s e l e c t i v e  m e d i a

Numbers of staphylococci x lCM/ml milk or /g cheese

Milk reheated No further heat
145°F/17 sec treatment

Samples ,-------------’-------------, ,------------ A----------
examined BP BA BP BA

Milk in vat < 0-1 < 0-1 90 150
Curd at milling 
Cheese at

1-3 9 28000 35000

1 week 0-5 (4-9) 1-5 10000 (5-C) 12000
4 weeks 0-95 (5-0) 0-95 10000 (5-0) 10000

BP =  Baird-Parkor medium; BA = blood agar medium; pH of cheese in parentheses.

a v o id  o v e rg ro w th  w ith  th e  r e s t  o f  th e  b a c te r ia l  f lo ra  w h ic h  o c c u rre d  o n  b lo o d  a g a r ; 
th is  m a y  th e re fo re  h a v e  p re v e n te d  so m e o f  th e  h e a t- s h o c k e d  cells f ro m  m u ltip ly in g . 
T o  a v o id  th is ,  s in g le -h e rd  m ilk  o f  go o d  q u a l i ty  w as  f irs t  h e a te d  to  161 °F  fo r  17 sec 
to  re n d e r  i t  v i r tu a l ly  s te r i le  a n d  th e n  in o c u la te d  w ith  s t r a in  30. H a lf  o f  i t  w as  m a d e  
in to  cheese  a n d  th e  o th e r  h a l f  w as r e h e a te d  a n d  h e ld  a t  145 °F  fo r  17 sec b e fo re  
m a k in g  in to  cheese. W h ile  th e  re c o v e ry  o f  s u rv iv o rs  o n  th e  B P  m e d iu m  w as  so m e
w h a t  lo w er (T a b le  7) th a n  o n  th e  b lo o d  a g a r , th e  re s u lts  w ere  s u b s ta n t ia l ly  th e  sam e,
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h e a t  t r e a tm e n t  a t  145 °F  b e in g  su ffic ien t to  re d u c e  th e  n u m b e r  o f  s ta p h y lo c o c c i 
fro m  a b o u t  107 to  103/g  w h e n  th e  cheeses w ere  sa m p le d  a t  1 w eek .

C r o s s - c o n t a m i n a t i o n  i n  a  h i g h l y  i ? i f e c t e d  s m a l l  c r e a m e r y

C heese t r ia ls  w ere  u n d e r ta k e n  to  o b se rv e  to  w h a t  e x te n t  c ro s s -c o n ta m in a tio n  
m ig h t in flu en ce  th e  n u m b e r  o f  s ta p h y lo c o c c i p re s e n t  in  cheese.

A  c re a m e ry  w as se le c te d  w h ic h  h a d  a  c o n s is te n t re c o rd  o f  v e ry  h ig h  s ta p h y lo c o c c a l 
c o u n ts  in  m ilk  a n d  cheese , a n d  p o o r  h y g ie n e  b o th  in  th e  d a i ry  a n d  in  th e  su r ro u n d in g  
e n v iro n m e n t. S in g le -h e rd  m ilk  w as  t r a n s p o r te d  fro m  th e  c re a m e ry  p rem ises  to  th e  
I n s t i tu t e  a n d  p o r t io n s  o f  i t  w ere  h e a t - t r e a te d  a t  3 d if fe re n t te m p e ra tu re s .  C heeses 
w ere  m a d e  fro m  ra w  a n d  h e a t - t r e a te d  m ilk  b o th  a t  th e  I n s t i tu t e  a n d  a lso  a t  th e  
c re a m e ry . F o r  th is  l a t t e r  p u rp o se  h e a t - t r e a te d  m ilk  w a s  r e tu r n e d  to  th e  c re a m e ry  
a n d  cheese m a d e  in  a  sm a ll 100 g a l t a n k  a lo n g s id e  a  750 ga l r a w  m ilk  cheese  v a t  
w ith o u t  p re c a u tio n s  a g a in s t  c ro ss -c o n ta m in a tio n . A ll p ra c tic a l  p re c a u tio n s  a g a in s t  
c ro ss -in fec tio n  w ere  ta k e n  a t  th e  e x p e r im e n ta l  d a i ry  o f  th e  I n s t i tu t e ,  e a c h  cheese  
b e in g  m a d e  b y  on e  p e rso n  u s in g  s e p a ra te  s te r i le  e q u ip m e n t.

T a b le  8. C o m p a r i s o n  o f  c h e e s e s  m a d e  a t  th e  N . I . R . D .  a n d  a t  a  c o m m e r c i a l  c r e a m e r y ,  

f r o m  n a t u r a l l y  i n f e c t e d  m i l k s  i c i t h  i d e n t i c a l  h e a t  t r e a t m e n t

Numbers of staphylococci x 10_3/ml milk 
or /g cheese*

2 7 0

Expt. 1 Expt. 2 Expt. 3
eat treatment of milk (17 sec) 155°F 150°F 145 °F

impies examined 
Cheesemaking a t N.I.R.D.

Raw single-herd milk (A) 18 7-9 3-2
Curd at milling 64000 (5-05) 15000 (5-05) 22000 (5-1)
Cheese, 1 month 15000 (5-3) 11000 (5-15) 8700 (5-15)
Milk (A) heat-treated < 0-01 < 0-01 < 0-01
Curd at milling 0-15 (5-05) 0-15 (5-05) < 0-15 (5-05)
Cheese, 1 month 0-15 (4-95) 0-35 (5-1) < 0-15 (4-95)

Cheesemaking a t creamery
Curd at milling from raw bulk milk 4400 (5-3) 15000 (5-3) 13000 (5-3)
Cheese, 1 month 2 300 (5-4) 850 (5-15) 4200 (5-3)
Milk (A) heat-treated < 0-01 < 0-01 < 0-01
Curd at milling 7-9 (5-1) 20 (5-1) 15 (5-15)
Cheese, 1 month 3-2 (4-95) 15 (5-1) 16 (4-9)

* Counts made on Baird-Parker medium.
Figures in parentheses refer to pH of curd or cheese.

T h e  cheese  m a d e  a t  th e  I n s t i tu t e  fro m  m ilk  h e a t - t r e a te d  a t  th e  lo w es t te m p e r a tu re  
(145 °F ) c o n ta in e d  less th a n  150 s ta p h ./g  c u rd  a t  m illin g  w h ile  th e  sa m e  m ilk  a t  th e  
c re a m e ry  re s u lte d  in  cheese  c o n ta in in g  16 x 103 s ta p h ./g  th e  d iffe ren ce  re p re se n tin g  
th e  m e a su re  o f  c ro s s -c o n ta m in a tio n  fro m  th e  ra w  m ilk  v a t  a n d  a n y  c o n ta m in a tio n  
d e r iv e d  f ro m  th e  e q u ip m e n t , p e rso n n e l a n d  a ir  (T ab le  8). A lth o u g h  i t  w as  n e c e s sa ry  
to  m a k e  th e  ra w  m ilk  cheese on  th e  fa rm  fro m  a  d if fe re n t b a tc h  o f  m ilk , th e  r e s u lts  
h a v e  b ee n  in c lu d e d  a s  a  c o m p a riso n  w ith  th e  cheese  m a d e  a t  th e  sa m e  t im e  w ith  
th e  h e a t - t r e a te d  m ilk .

T h e  low  h e a t  t r e a tm e n t  v ir tu a l ly  e l im in a te d  th e  s ta p h y lo c o c c i fro m  th e  cheese  
c u rd  a n d  th u s  c o n firm e d  th e  p re v io u s  re su lts .
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DISCUSSION

F ro m  th e  w o rk  p re s e n te d  i t  a p p e a rs  t h a t  u n d e r  n o rm a l c h e esem a k in g  c o n d itio n s  
th e  s ta p h y lo c o c c i o c c u rrin g  in  m ilk  c o n te n d  w ith  th e  n a tu r a l  in h ib i to ry  s u b s ta n c e s  
fo u n d  in  ra w  a n d  p a s te u r iz e d  m ilk , a n d  w ith  th e  ac id  p ro d u c tio n  a n d  o th e r  c o m p e ti tiv e  
effec ts  o f  th e  la rg e  a n d  r a p id ly  m u lt ip ly in g  s ta r t e r  p o p u la tio n . I n  sp ite  o f  th e se  
a d v e rse  c irc u m s ta n c e s  a n d  a llo w in g  fo r  a n  a p p ro x im a te ly  te n fo ld  m e c h a n ic a l 
c o n c e n tra t io n  o f  o rg a n ism s  in  th e  c u rd  th e  s ta p h y lo c o c c i m u lt ip l ie d  a b o u t  2 0 -5 0  
tim e s  d u r in g  th e  ch e e se m a k in g  p ro cess . S im ila r  in c re a se s  in  n u m b e rs  w ere  a lso  fo u n d  
b y  M a tt ic k  e t  a l .  (1959), T a k a h a s h i & J o h n s  (1959), M cL eod  e t  a t .  (1962) u s in g  m ilk  
in o c u la te d  w ith  p u re  s t r a in s  o f  s ta p h y lo c o c c i. U n lik e  T a k a h a s h i &  J o h n s  (1959), 
h o w ev e r, w e d e te c te d  n o  d iffe ren ce  b e tw e e n  th e  r a te  o f  m u lt ip l ic a t io n  o f  s t r a in s  
in o c u la te d  in to  m ilk  a n d  th o s e  n a tu r a l ly  o c c u rrin g  in  m i l k ; o n ly  in  o n e  in s ta n c e  w h e n  
a  cheese  w as  m a d e  f ro m  h e a v ily  in fe c te d  m a s t i t ic  m ilk  d id  a  m o re  r a p id  m u lt ip l i 
c a tio n  o c c u r  o f  th e  n a tu r a l ly  o c c u rrin g  o rg an ism s .

P re lim in a ry  fin d in g s  (S h a rp e  e t  a l .  1962) t h a t  in h ib i t io n  o f  th e  s ta r t e r  b y  a d d i t io n  
o f  h o m o lo g o u s  p h a g e  r e s u l te d  in  a b o u t  f iv efo ld  in c re a se  in  m u lt ip l ic a t io n  o f  s ta p h y lo 
cocci d u r in g  c h e esem a k in g  w ere  co n firm ed . T h e  f u r th e r  m u lt ip l ic a t io n  t h a t  o c c u rre d  
in  th is  ‘s w e e t ’ cheese  d u r in g  th e  f irs t  few  w eek s o f  m a tu r a t io n ,  fo llo w ed  b y  a  s ta t io n 
a ry  p h a s e  a n d  v e ry  slow  d ec lin e  in  n u m b e rs  o v e r  a  c o n s id e rab le  p e rio d , w a s  in  s h a rp  
c o n tra s t  to  th e  s i tu a t io n  in  cheese  o f  n o rm a l a c id ity , w h ere  th e  n u m b e r  o f  th e se  
o rg an ism s  d e c lin e d  r a p id ly  d u r in g  m a tu r a t io n  a n d  d id  n o t  su rv iv e  fo r  m o re  t h a n  a  
few  m o n th s . S w e e t cheese  m a y  th e re fo re  n o t  o n ly  c o n ta in  d a n g e ro u s  le v e ls  o f  
e n te ro to x in  b u t  co u ld  a lso  p ro v id e  a  c o n s id e ra b le  re se rv o ir  o f  c o n ta m in a tio n  in  th e  
h o m e . I t  is  n o t  k n o w n  w h e th e r  th e  h ig h  n u m b e rs  o f  s ta p h y lo c o c c i in  su c h  cheeses 
e v e n  a f te r  18 m o n th s  a re  d u e  to  s u rv iv a l  o f  th e  o rig in a l o rg a n ism s  o r  to  a  s ta t io n a ry  
p h a s e  in  w h ic h  g ro w in g  o rg an ism s  m ig h t  p ro d u c e  m o re  e n te ro to x in .  C lea rly  a ll 
sw ee t cheeses m u s t  b e  re g a rd e d  as  su sp e c t u n le ss  p ro v e n  to  b e  f re e  o f  s ta p h y lo c o c c i.

A  p re lim in a ry  s u rv e y  o n  th e  c o n ta m in a tio n  o f  sin g le  h e rd  (35 sam p les) a n d  m a rk e t  
m ilk  (15 sam p les) w ith  co a g u la se  p o s it iv e  s ta p h y lo c o c c i o v e r  a  p e r io d  o f  12 m o n th s  
h a s  sh o w n  t h a t  th e s e  m ilk s  c o n ta in e d  r e g u la r ly  b e tw e e n  103 a n d  104 o rg a n ism s /m l. 
T h ese  fin d in g s  h a v e  s ince  b e e n  c o n firm e d  b y  a  w id e r su rv e y  o f  th e  N .A .A .S . (u n 
p u b lish e d ) . I f  su c h  m ilk s  h a d  b e e n  m a d e  in to  cheese  w i th o u t  a n y  h e a t  t r e a tm e n t ,  th e  
cheeses w o u ld  h a v e  c o n ta in e d  b e tw e e n  105 a n d  106 s ta p h y lo c o c c i/g  a t  th e  b e g in n in g  
o f  m a tu r a t io n  i f  th e  m u lt ip l ic a t io n  r a t e  h a d  b e e n  s im ila r  to  t h a t  o b se rv e d  in  o u r  
e x p e r im e n ts . I n  th e  case  o f  a  s ta r t e r  fa ilu re , d u e  to  b a c te r io p h a g e , a n t ib io tic s  o r  a n y  
o th e r  cau se , five tim e s  th e s e  n u m b e rs  w o u ld  h a v e  b e e n  e x p e c te d .

I t  w as  fo u n d , fu r th e rm o re , t h a t  cheeses m a d e  f ro m  m ilk s  h e a t - t r e a te d  f a r  below  
th e  t im e  a n d  te m p e r a tu re  c o m b in a tio n s  re q u ir e d  in  la b o ra to r y  te s ts ,  w ere  f re e  f ro m  
s ta p h y lo c o c c i w h e n  te s te d  b e tw e e n  1 a n d  2 w eek s  a f te r  m a k in g . T h ese  o b se rv a tio n s  
co n firm  th e  fin d in g s  o f  T a k a h a s h i & J o h n s  (1959) w h o  h a d  r e p o r te d  t h a t  th e  u se  o f  
cheesem illi ‘ f la sh  ’ h e a te d  a t  150 °F  (65-5 °C) re s u lte d  in  cheese fre e  f ro m  s ta p h y lo c o c c i.

T h e  f in d in g s  t h a t  s ta p h y lo c o c c i e x p o se d  to  s u b le th a l  te m p e r a tu re s  e x h ib i t  a  
p ro lo n g e d  la g  p h a s e  o n  a ll th e  a g a r  m e d ia  u se d  a n d  t h a t  th e  re c o v e ry  o f  s u rv iv o rs  is 
lo w er o n  se le c tiv e  m e d ia  h a s  a lso  b e e n  o b se rv e d  b y  o th e r  w o rk e rs  in  d if fe re n t c o n te x ts .  
J a c k s o n  & W o o d b in e  (1963) o b se rv e d  a  p ro lo n g e d  la g  p h a s e  o f  h e a t  sh o c k e d  s ta p h y lo -

18-2
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cocci in  l iq u id  m e d ia  a n d  se v e ra l w o rk e rs  o b se rv e d  a n  in h ib i t io n  o f  h e a t - t r e a te d  
o rg an ism s  o n  s a lt-c o n ta in in g  m e d ia  (K a u fm a n n , H a rm o n , P a i l th o rp  & P flu g , 1959 ; 
B u s ta  & Je z e sk i, 1961, 1963; S tile s  & W itte r ,  1963).

T h ese  fa c to rs  su g g e s t a n  e x p la n a tio n  o f  th e  u n e x p e c te d ly  low  n u m b e rs  o f  s ta p h y lo 
cocci su rv iv in g  in  cheese  c u rd  a f te r  a  h e a t  t r e a tm e n t  w h ich  la b o ra to r y  e x p e r im e n ts  
h a d  sh o w n  to  b e  q u ite  in e ffec tiv e . B e fo re  th e  h e a t-sh o c k e d  cells re c o v e r  f ro m  th e  la g  
p e r io d  in d u c e d  b y  h e a t  t r e a tm e n t  o f  th e  m ilk  th e  ch e esem a k in g  p ro ce ss  is c o m p le te d , 
a n d  th e  s ta r t e r  s tre p to c o c c i h a v e  lo w e re d  th e  p H  su ffic ie n tly  to  su p p re ss  th e  g ro w th  
o f  th e  h e a t-sh o c k e d  o rg an ism s . I n  a d d i t io n , th e  in h ib i to ry  e ffec t o f  s a l t  in  th e  cheese  
c u rd  o n  th e  h e a t-s e n s itiz e d  cells w ill a lso  su p p re ss  g ro w th . T h is  c o m b in a tio n  o f  
in h ib i to ry  e ffec ts  is su ffic ie n t to  e x p la in  th e  low  s u rv iv a l  r a te  o f  s ta p h y lo c o c c i in  
cheese  cu rd , a n d  a llow s th e  p ra c tic a l  ch e e se m a k e r  to  e m p lo y  lo w er h e a t  t r e a tm e n t  o f  
th e  cheesem ilk  i f  h e  th in k s  t h a t  h ig h e r  te m p e r a tu re s  a ffec t th e  q u a l i ty  o f  h is  cheese . 
S u ch  fin d in g s  m a y  also  a p p ly  to  o th e r  o rg a n ism s  th a n  s ta p h y lo c o c c i p re s e n t  in  h e a t-  
t r e a te d  m ilk s .

T h e  a u th o rs  w ish  to  th a n k  M r W . A . C u th b e r t  fo r  h e lp fu l a d v ic e  a n d  c r it ic ism  
a n d  M iss H e le n  R . C h a p m a n  o f  th e  E x p e r im e n ta l  D a iry  fo r  m a k in g  th e  e x p e r im e n ta l  
cheeses.
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A n a ly sis  of m ilk  by in fra-red  absorption

B y  J .  D . S . G O U L D E N

N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S h i n f i e l d ,  R e a d i n g  

(.R e c e i v e d  20 M ay  1964)

S u m m a r y . T h e  in f ra - re d  a b s o rp tio n  o f  m ilk  a n d  i t s  m a in  c o n s ti tu e n ts  h a s  b ee n  
re c o rd e d  a n d  i t  h a s  b ee n  fo u n d  p o ss ib le  to  d e te rm in e  q u a n t i ta t iv e ly  th e  f a t ,  p ro te in  
a n d  la c to se  c o n te n ts  f ro m  m e a su re m e n ts  o f  th e  in te n s it ie s  o f  th e  re sp e c tiv e  a b s o rp 
t io n  p e a k s  a t  5-73, 6-46 a n d  9-6 //m . S o lid s -n o t- fa t (S N F ) c o n te n t  c a n  b e  o b ta in e d  
f ro m  a  s ing le  in te n s i ty  m e a s u re m e n t a t  7-9 /m i w h ere  th e  f a t  show s n o  a t te n u a t io n  
a n d  w h ere  th e  p ro te in  a n d  la c to se  e x t in c t io n  coeffic ien ts a re  a p p ro x im a te ly  e q u a l.  
P h o to m e tr ic  e r ro rs  d u e  to  n a tu r a l  v a r ia t io n s  in  f a t  g lo b u le  size d is t r ib u t io n  c a n  be 
e l im in a te d  b y  p r io r  h o m o g e n iz a tio n . B a se d  o n  th e s e  o b se rv a tio n s , a n  a u to m a t ic  
in f ra - re d  m ilk  a n a ly s e r  (IR M A ) h a s  b ee n  c o n s tru c te d , w h ic h  ca n  d e te rm in e  th e  fa t ,  
p ro te in , la c to se  a n d  S N F  in  a  p re -w a rm e d  m ilk  sa m p le  in  u n d e r  1 m in . P re lim in a ry  
te s ts  c a r r ie d  o u t  o n  50 m ilk  sa m p le s  f ro m  in d iv id u a l cow s, re p re se n tin g  3 d if fe re n t 
b ree d s , g a v e  s ta n d a r d  d e v ia tio n s  f ro m  th e  ch e m ic a l a n a ly se s  fo r  th e  p e rc e n ta g e s  o f  
f a t ,  p ro te in , la c to se  a n d  S N F  o f  0 T 0 , 0-07, 0-07 a n d  0-19, re sp e c tiv e ly . T h e  s ta n d a r d  
d e v ia tio n s  fo r  th e  p e rc e n ta g e s  o f  f a t  a n d  S N F  o n  60 fa rm  b u lk  m ilk  sa m p le s  w ere  
fo u n d  to  b e  0-08 a n d  0 T 2 .

T h is  p a p e r  p re s e n ts  th e  b as ic  p rin c ip le s  a n d  p re lim in a ry  re s u lts  o f  a  r a p id  m e th o d  
fo r  th e  q u a n t i ta t iv e  a n a ly s is  o f  m ilk  b y  m e a n s  o f  in f ra - re d  a b s o rp tio n . T h e  m e th o d  
h a s  a l re a d y  b ee n  r e p o r te d  b rie fly  (G o u ld en , 1961 a )  a n d  is co v e red  b y  a  p a t e n t  v e s te d  
in  th e  N a tio n a l  R e se a rc h  D e v e lo p m e n t C o rp o ra tio n  (G o u ld en , 19616). A  c o m m erc ia l 
in s t ru m e n t  em p lo y in g  th is  p r in c ip le  is now  b e in g  d e v e lo p e d  a n d  i ts  c o n s tru c tio n a l 
fe a tu re s  h a v e  b e e n  d e sc r ib e d  b y  G o u ld en , S h ie ld s  & H asw e ll (1964).

T H E O R E T IC A L

In f r a - r e d  a b s o rp tio n  sp e c tro sc o p y  is c o m m o n ly  u se d  fo r  th e  q u a n t i ta t iv e  a n a ly s is  
o f  m u lt ic o m p o n e n t sy s te m s , b u t  th e  h ig h  w a te r  c o n te n t  a n d  r a d ia t io n  s c a tte r in g  
p ro p e r tie s  o f  m ilk  m a k e  i t  a  p a r t ic u la r ly  d ifficu lt s y s te m  fo r a n a ly s is  b y  th is  m e th o d . 
A s c a n  b e  seen  f ro m  th e  s p e c tr a  sh o w n  in  F ig . 1, e v e n  th in  film s o f  w a te r  a b s o rb  
s tro n g ly  th r o u g h o u t  th e  2 -1 0  //m  w a v e le n g th  reg io n . T h e  w a te r  a b s o rp tio n  b a n d s  a re  
so in te n s e  t h a t  i t  is a lm o s t im p o ss ib le  to  d isc e rn  b a n d s  d u e  to  o th e r  m ilk  c o n s ti tu e n ts .  
W h e n  a  d o u b le -b e a m  s p e c tro m e te r  is u se d  to  ca n ce l o u t  a u to m a t ic a lly  th e  w a te r  
a b s o rp tio n , th e  c h a ra c te r is t ic  b a n d s  o f  th e  o th e r  c o m p o n e n ts  b eco m e c le a rly  v is ib le  
as  in  th e  s p e c tr a  sh o w n  in  F ig . 2. T h ese  b a n d s  a r ise  f ro m  p a r t ic u la r  c o m p o n e n ts  o f  
m ilk  a n d  w h e n  re c o rd e d  as  o p tic a l  d e n s itie s  (ab so rb an c ie s ), th e  b a n d  in te n s it ie s  a re  
p ro p o r tio n a l  to  th e  c o n c e n tra t io n  o f  e a c h  o f  th e  m a jo r  c o n s ti tu e n ts .
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I n  a d d i t io n  to  a t te n u a t io n  b y  a b s o rp tio n , a  b e a m  o f  r a d ia t io n  p a s s in g  th r o u g h  
m ilk  is a t te n u a te d  b y  s c a tte r in g  f ro m  b o th  th e  f a t  g lo b u le s  a n d  th e  p ro te in  m icelles. 
T h e  s c a tte r in g  c o n tr ib u tio n  d ec reases  b o th  as  th e  p a r t ic le  s iz e /w a v e le n g th  r a t io  
d ec reases , a n d  a s  th e  r e f ra c tiv e  in d e x  o f  th e  su sp e n d e d  p a r t ic le s  a p p ro a c h e s  t h a t  o f  
th e  su sp e n d in g  m e d iu m . I n  th e  v is ib le  reg io n  o f  th e  s p e c tru m  w h ere  th e  w a v e le n g th s  
a re  less th a n  th e  d ia m e te rs  o f  m o s t  o f  th e  f a t  g lo b u le s , s c a tte r in g  is in te n s e  a n d  is 
re sp o n s ib le  fo r  th e  o p a c ity  o f  m ilk . E x c e p t  in  th e  n e a r  in f ra - re d  reg io n , th e  w a v e 
le n g th s  a re  la rg e r  t h a n  th e  d ia m e te rs  o f  th e  f a t  g lo b u le s ; so t h a t  in  reg io n s  o f  no  
a b s o rp tio n , m ilk  a p p e a rs  a lm o s t t r a n s p a r e n t .  T h e  r e d u c tio n  in  f a t  g lo b u le  d ia m e te rs  
o b ta in e d  b y  h o m o g e n iz a tio n  re n d e rs  m ilk  e v e n  m o re  t r a n s p a r e n t ,  a s  ca n  b e  seen  fro m  
th e  s p e c tr a  sh o w n  in  F ig . 2. In c re a s e d  s c a tte r in g  in  th e  u n h o m o g e n iz e d  m ilk  s p e c tru m  
(F ig . 2 a )  is  re sp o n s ib le  fo r  th e  p ro n o u n c e d  r ise  in  b ase -lin e  a t  s h o r te r  w a v e le n g th s , 
w h e re  th e  f a t  g lo b u le  sizes a re  o f  th e  sa m e  o rd e r  a s  th e  w a v e le n g th s .

Frequency,  cm 1
4000 3000 2000 1800 1600 1400 1200 • 1000

Fig. 1. Absorption spectra of (a) m ilk, and (b) water versus air, 
path length ~ 50 fim .

T h e  d e te rm in a t io n  o f  f a t ,  p ro te in  a n d  la c to se  c o n te n ts  w ill b e  co n s id e re d  f irs t. 
T h is  is a  th re e -c o m p o n e n t sy s te m  in  w h ic h  o p tic a l d e n s itie s  m u s t  in  th e  g e n e ra l case 
b e  m e a su re d  a t  3 d if fe re n t w a v e le n g th s . F o r  a  f ix ed  o p tic a l p a th  le n g th , th e  o p tic a l 
d e n s itie s  D v  D 2, D ?j m e a su re d  a t  th e  3 w a v e le n g th s  Ax, A2, a n d  A3 a re  g iv e n  b y :

D 1 =  a ^  +  b y j +  c xz  +  d A, \
D 2 =  a 2x  +  b 2y  +  c 2z  +  d 2 , j 
D s =  a 3x  +  b 3y  +  c 3z  +  d 3J

(1 )
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w h ere  a ,  b  a n d  c a re  th e  a p p ro p r ia te  e x t in c t io n  coeffic ien ts o f  th e  3 c o m p o n e n ts  
p re s e n t  a t  c o n c e n tra tio n s  x ,  y  a n d  2 . F o r  in te n se ly  a b s o rb in g  so lv e n ts  su c h  as  w a te r ,  
th e  a ,  b  a n d  c coeffic ien ts f re q u e n tly  h a v e  n e g a tiv e  v a lu e s  d u e  to  d is p la c e m e n t o f  
so lv e n t b y  th e  m o re  w e a k ly  a b s o rb in g  so lu te . I n  th e  sp ec ia l case o f  m ilk , d  te rm s  
m u s t  b e  a d d e d  to  e a c h  e q u a tio n  to  a llo w  fo r  th e  e ffec ts  o f  p o la r iz a t io n  a n d  d isp la c e 
m e n t  o f  w a te r  m o lecu les  b y  th e  m in e ra l s a lts , e v e n  th o u g h  th e se  s a lts  sh o w  no  a p p re c i
ab le  a b s o rp tio n  th e m se lv e s . S o lu tio n  o f  th e se  s im u lta n e o u s  e q u a tio n s  le a d s  to  a  
fo u r- te rm  e x p re ss io n  fo r  th e  c o n c e n tra t io n  o f  e a c h  c o m p o n e n t in  th e  fo rm

x  =  c i D 1 +  / 3 D 2 +  y D 3 +  S . (2)

M i l k  a n a l y s i s  b y  i n f r a - r e d  a b s o r p t i o n

Frequency,  cm
3000 2000 1800 1600 1400 1200 1000

Fig. 2. Absorption spectra of m ilk and its components, (a) Unhomogenized m ilk; (b) homo
genized m ilk; (c) butterfat; (d) sodium caseinate suspension; (e) lactose solution, (a), (b), (d) 
and (e) versus water, path length ~ 50 /¿m; (c) versus air, th in  film.

I f  w a v e le n g th s  c a n  b e  se le c te d  a t  w h ich  f t  a n d  y  a re  b o th  sm a ll e n o u g h  to  
b e  n e g le c te d  a n d  S  c a n  b e  ta k e n  as  c o n s ta n t ,  x  w ill b e  a  lin e a r  fu n c tio n  o f  D x. E v e n  
w h e n  e i th e r  f t  o r  y  a re  o f  a p p re c ia b le  m a g n itu d e , in  sy s te m s  w h ere  th e  n o rm a l
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c o n c e n tra tio n s  o f  y  a n d  2  d o  n o t  v a r y  o v e r a  la rg e  ra n g e , D 2 a n d  D 3 c a n  to  a  f irs t 
a p p ro x im a tio n  b e  re g a rd e d  as  c o n s ta n t  a n d  in c lu d e d  in  th e  in te r c e p t  te rm  8 . A s show n 
la te r ,  su c h  c o n d itio n s  a p p ly  a t  th e  w a v e le n g th s  se le c te d  fo r  a n a ly s is  o f  th e  f a t  
a n d  la c to se .

A t th e  w a v e le n g th  se lec ted  fo r  p ro te in  d e te rm in a tio n  (A2), w h ere  th e  f a t  m a k e s  a n  
a p p re c ia b le  c o n tr ib u tio n  to  th e  to ta l  a b s o rp tio n , i t  c a n  b e  d e d u c e d  fro m  e q u a tio n s  (1) 
a n d  (2) t h a t

y  =  D 2l b 2 — ( a 2/ b 2) x  +  a  c o n s ta n t .  (3)

S u b s t i tu t io n  o f  th e  a p p ro p r ia te  coeffic ien ts fro m  T a b le  2 show s t h a t  a 2/62 =  — j ’0 =  

— 0-225. I n  p ra c tic e , th e  m a g n itu d e  o f  th e  p ro te in  c o rre c tio n  te rm  c a n  e a s ily  be 
c a lc u la te d  fro m  th is  r a t io  a n d  th e  f a t  c o n te n t  (x ) w h ich  w ill a l re a d y  h a v e  b ee n  
d e te rm in e d .

I n  p la c e  o f  th e  s e p a ra te  p ro te in  a n d  la c to s e  c o n te n ts ,  th e  S N F  is  f re q u e n tly  
re q u ire d . W ith  su ffic ien t a c c u ra c y , th is  c a n  b e  ta k e n  as  th e  su m  o f  th e  p ro te in  a n d  
la c to s e  c o n te n ts , to g e th e r  w ith  a  sm a ll a d d i tio n a l te rm  to  a c c o u n t fo r  th e  m in e ra l 
m a t te r .  V a r ia tio n s  in  th e  l a t t e r  a re  sm a ll e n o u g h  to  a llow  th is  te rm  to  b e  ta k e n  as 
c o n s ta n t .  T o  d e te rm in e  S N F  fro m  a  sing le  o p tic a l d e n s ity  m e a su re m e n t, a  w a v e 
le n g th  sh o u ld  id e a lly  b e  se lec ted  a t  w h ic h  th e  f a t  c o n tr ib u tio n  is v e ry  sm a ll, o r  
c o n s ta n t  w ith  ch a n g e  in  f a t  c o n te n t,  a n d  w h ere  th e  la c to se  a n d  p ro te in  e x t in c t io n  
coeffic ien ts a re  e q u a l. T h e  l a t t e r  r e q u ir e m e n t en su re s  t h a t  th e  m e a su re d  o p tic a l 
d e n s ity  is  in d e p e n d e n t o f  v a r ia t io n s  in  th e  p ro te in  to  la c to se  ra tio .

A lth o u g h  i t  is u n u su a l to  find  a  w a v e le n g th  w h ere  th e  o p tic a l d e n s ity  does n o t  
in c re a se  w ith  h ig h e r  so lu te  c o n c e n tra tio n s , su c h  a  c o n d itio n  c a n  b e  re a liz e d  in  a  
sy s tem  c o n ta in in g  a  h ig h ly  a b s o rb in g  so lv e n t. I t  r e p re se n ts  th e  c o n d itio n  w h ere  th e  
in c re ase  in  to ta l  a t te n u a t io n  d u e  to  a b s o rp tio n  a n d  s c a tte r in g  is e x a c t ly  c o u n te r 
b a la n c e d  b y  th e  in c re a se  in  tra n sm is s io n  d u e  to  d isp la c e m e n t o f  a b s o rb in g  so lv e n t. 
F o r  Z)1 in  e q u a tio n  (1), su c h  c o n d itio n s  a re  sa tis f ie d  w h en  cq =  0 a n d  b 1 =  c v  s o  

t h a t  I ) l is p ro p o r tio n a l  to  ( y  +  z ) .

APPARATUS AND METHODS
S ev e ra l d iffe ren t sp e c tro m e te rs  w ere  u se d  to  o b ta in  th e  d a t a  p re s e n te d  h ere . 

P re lim in a ry  q u a n t i ta t iv e  s tu d ie s  a n d  th e  s p e c tr a  sh o w n  in  F ig s . 1 a n d  2 w ere  
re c o rd e d  w ith  a  G ru b b  P a rso n s  S 3 A  d o u b le -b e a m  in f ra - re d  sp e c tro m e te r .  T h e  d a t a  
r e p o r te d  in  T a b le s  1 a n d  2 a n d  F ig s . 3 a n d  4 w ere  o b ta in e d  w ith  a  g ra tin g -p r ism -  
f ilte r  s p e c tro m e te r  sp e c ia lly  d es ig n ed  fo r a q u e o u s  so lu tio n  s tu d ie s  in  th e  5 -1 0  /m i 
reg io n . T h is  in s t ru m e n t  w as  a  p r o to ty p e  o f  th e  G ru b b  P a r s o n s - N .I .R .D . I n f r a -R e d  
M ilk  A n a ly se r  (IR M A ) a n d  w as f i t te d  w ith  b o th  a  n o rm a l w a v e le n g th  sc a n n in g  
m e c h a n ism  a n d  a  ca m  m e c h a n ism  fo r  th e  se lec tio n  o f  a  n u m b e r  o f  p re - s e t  w a v e 
le n g th s . I n  th is  in s t ru m e n t ,  th e  s t r a y  r a d ia t io n  a t  6-46 y m  w as fo u n d  to  b e  less th a n
0-03 %  o f th e  to ta l  s ig n a l w ith o u t  w a te r  in  th e  b ea m .

F ix e d  p a th  le n g th  cells w ith  ca lc iu m  flu o rid e  w in d o w s w ere  u se d  fo r  m o s t o f  th is  
in v e s tig a tio n , s ince  th e  tra n sm is s io n  o f  th is  m a te r ia l  e x c ee d ed  95 %  a t  w a v e le n g th s  
less th a n  8 /o n .  A lth o u g h  th e  tra n sm is s io n  fe ll to  40 %  a t  9-6 y m  a d e q u a te  re so lu tio n  
w as o b ta in e d  w ith  m o n o c h ro m a to r  s li ts  w ide  e n o u g h  to  p ro v id e  su ffic ien t e n e rg y  fo r 
o p e ra tio n  o f  th e  se rv o  sy s te m .
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M ilk  sa m p le s  w ere  h o m o g e n ize d  a t  4 0 -5 0  °C u s in g  e i th e r  a  R a n n ie  22 g a l/h  
h o m o g e n ize r  o r  a n  O rm e ro d  p o w er o p e ra te d  la b o ra to r y  h o m o g e n ize r  sp e c ia lly  
m o d ified  fo r  u se  in  IR M A  (G ou lden , 1962). W h e re  n e c e ssa ry , m e a n  f a t  g lo b u le  
d ia m e te rs  o f  h o m o g e n ize d  m ilk s  w ere  d e te rm in e d  b y  a  s p e c tro tu rb id im e tr ic  m e th o d  
(G ou lden  & P h ip p s , 1960). S am p le s  w ere  a n a ly se d  fo r  f a t  c o n te n t  b y  th e  G e rb e r  
m e th o d  (B r itish  S ta n d a rd s  I n s t i tu t io n ,  1955), fo r  to ta l  so lid s b y  th e  g ra v im e tr ic  
m e th o d  (B r itish  S ta n d a rd s  I n s t i tu t io n ,  1951), S N F  b e in g  o b ta in e d  b y  d iffe rence . 
P ro te in  w as d e te rm in e d  b y  th e  K je ld a h l m e th o d  ( to ta l  N  x 6-38) a n d  la c to se  b y  a  
m o d if ic a tio n  o f  th e  m e th o d  o f  H in to n  & M a c a ra  (1927).

A n u m b e r  o f  t e s t  sa m p le s  w as  m a d e  u p  to  ch e ck  th e  l in e a r i ty  o f  in s t ru m e n t  
re sp o n se  a n d  to  d e te rm in e  in te ra c t io n  coeffic ien ts. M ilks w ith  d iffe rin g  f a t  c o n te n ts  
w ere  p re p a re d  b y  th e  a d d it io n  o f  c re a m  o r s e p a ra te d  m ilk  to  a  b u lk  m ilk  sam p le . 
P ro te in  su sp e n s io n s  w ere  m a d e  in  w a te r  b y  re d isp e rs in g  fre ez e -d rie d  so d iu m  c a se in a te  
p re p a re d  b y  th e  m e th o d  o f  S c o tt  B la ir  & O o s th u iz e n  (1962). A q u eo u s  la c to se  so lu 
tio n s  w ere  p re p a re d  fro m  ‘A n a la r ’ g ra d e  la c to se  m o n o h y d ra te .

T h e  r a t io  ( J i )  o f  t h e  p ro te in  to  la c to se  e x t in c t io n  coeffic ien t re c o rd e d  a s  a  fu n c tio n  
o f  w a v e le n g th  in  F ig . 3c w as  o b ta in e d  b y  th e  u se  o f  a  d o u b le -b e a m  te c h n iq u e  in  
w h ich  th e  la c to se  b a n d s  w ere  a u to m a t ic a l ly  s u b tr a c te d  fro m  th o se  o f  s e p a r a te d  m ilk  
to  le av e  o n ly  th e  p ro te in  b a n d s . T h is  d iffe ren ce  s p e c tru m  w as o b ta in e d  a f te r  filling  th e  
re fe ren c e  cell w ith  a  la c to se  so lu tio n  o f  e x a c t ly  th e  sa m e  c o n c e n tra t io n  a s  t h a t  
p re s e n t  in  th e  s e p a ra te d  m ilk  c o n ta in e d  in  th e  sa m p le  cell.

RESULTS AND DISCUSSION 
C h o i c e  o f  a n a l y t i c a l  w a v e l e n g t h s

F ig . 2 i l lu s tr a te s  th e  s p e c tr a  o f  m ilk  a n d  i t s  3 m a jo r  c o n s ti tu e n ts .  F o r  th e  d e te r m i
n a t io n  o f  f a t  c o n te n t ,  th e  b e s t  w a v e le n g th  c a n  b e  seen  to  b e  t h a t  o f  th e  tr ig ly c e r id e  
c a rb o n y l b a n d  a t  5-73 /a n  (1745 cm -1 ), s in ce  th e  p ro te in  a n d  la c to se  sh o w  n o  a b s o rp 
t io n  a t  th is  w a v e le n g th . T h e  in te n s i ty  o f  th e  a m id e  I I  b a n d  a t  6-46 / a n  (1548 c m -1 ) 
c a n  b e  u se d  a s  a  m e a su re  o f  th e  to ta l  p ro te in  c o n te n t .  F o r  la c to se , 9-6 / a n  (1042 c m -1 ) 
is a  c o n v e n ie n t w a v e le n g th  w h e re  la c to se  h a s  a  m u c h  s tro n g e r  a b s o rp tio n  th a n  p ro te in .

As a l re a d y  in d ic a te d , th e  o p tim u m  c o n d itio n s  fo r  S N F  d e te rm in a tio n  o cc u r a t  
w a v e le n g th s  w h e re  th e  f a t  a t te n u a t io n  is ze ro  a n d  w h ere  th e  p ro te in  a n d  la c to se  
e x t in c t io n  coeffic ien ts a r e  e q u a l. T h e  a t te n u a t io n  o f  f a t  in  th e  em u lsified  s ta te  is n o t  
q u ite  th e  sa m e  a s  th e  a b s o rp tio n  o f  f a t  in  th e  liq u id  fo rm , b u t  in c lu d es  a n  a d d i t io n a l  
n e g a tiv e  c o n tr ib u tio n  d u e  to  th e  w a te r  d is p la c e m e n t effec t. T h e  to ta l  f a t  a t te n u a t io n  
s p e c tru m  c a n  b e  c a lc u la te d  f ro m  th e  slo p es o f  th e  o p tic a l  d e n s ity  v e rsu s  f a t  c o n c e n 
t r a t io n  lin e s  fo r  a  se ries  o f  m ilk  sa m p le s  m a d e  u p  w ith  d iffe rin g  f a t  c o n te n ts .  F ig . 3 b  

i l lu s tr a te s  p a r t  o f  th e  r e s u lt in g  s p e c tru m  c a lc u la te d  fo r  th e  6-75-8-5  j a m  re g io n  a n d  
c a n  b e  c o m p a re d  w ith  th e  a b s o rp tio n  o f  l iq u id  f a t  sh o w n  in  F ig . 3 a . C o m p a riso n  o f  
th e se  2 s p e c tr a  sh o w s t h a t  e x c e p t n e a r  in te n s e  f a t  a b s o rp tio n  b a n d s  o r  a t  lo n g e r 
w a v e le n g th s  w h e re  th e  w a te r  a b s o rp tio n  is low er, th e  to ta l  f a t  a t te n u a t io n  is n e g a tiv e . 
A s f re q u e n tly  o b se rv e d  in  sy s te m s  w h ere  s c a tte r in g  is p re s e n t ,  th e  f a t  a b s o rp tio n  
b a n d s  a re  d isp la c e d  to  lo n g e r w a v e le n g th s .

F ro m  F ig . 36 , i t  c a n  b e  seen  t h a t  th e  c o n d itio n  o f  ze ro  f a t  a t te n u a t io n  o cc u rs  n e a r
6-9 a n d  7-95 /¿m , w h ils t  t h a t  fo r  e q u a l p ro te in  a n d  la c to se  e x t in c t io n  o cc u rs  a t  7-32

M i l k  a n a l y s i s  b y  i n f r a - r e d  a b s o r p t i o n
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a n d  7-65 /m i. T h u s  th e  2 o p tim u m  th e o re tic a l  c o n d itio n s  fo r  S N F  d e te rm in a t io n  
c a n n o t b e  re a liz e d  a t  a n y  o n e  w a v e le n g th . F ro m  c o n s id e ra tio n s  o f  f a t  a t te n u a t io n  
a n d  R  v a lu e s  a lo n e , i t  a p p e a rs  t h a t  th e  b e s t  w a v e le n g th  fo r  S N F  d e te rm in a t io n  lies 
w ith in  th e  7-6S-7-9  /m i reg io n . A s c a n  b e  seen  f ro m  th e  m ilk  s p e c tr a  in  F ig . 2, th e  
a b s o rp tio n  o f  m ilk  d ec reases  w ith in  th is  re g io n  a n d  to  re d u c e  in s t ru m e n ta l  d ifficu ltie s  
in  m e a su r in g  a c c u ra te ly  su c h  w ea k  o p tic a l d e n s itie s , th e  S N F  w as d e te rm in e d  fro m  
th e  o p tic a l d e n s ity  a t  7-9 /¿m. A t  th is  w a v e le n g th , th e  f a t  a t te n u a t io n  is a lm o s t  ze ro  
a n d  a l th o u g h  R  h a s  a  v a lu e  o f  1-4, s a t is f a c to ry  m e th o d s  fo r th e  d e te rm in a t io n  o f  
S N F  in  m ilk  a re  a l re a d y  a v a ila b le  b a s e d  u p o n  m e a su re m e n ts  o f  d e n s ity  o r  r e f ra c tiv e  
in d e x , w h ere  th e  r a t io s  o f  th e  c o rre sp o n d in g  coeffic ien ts c a n  b e  c a lc u la te d  to  b e  0-67 
a n d  1-43, re s p e c tiv e ly  (G o u ld en , u n p u b lis h e d ) .

-i----------------1__________ i__________7 0 7-5 80 8-5
Wavelength, /;m

Fig. 3. (a) Fa t absorption spectrum; (b) calculated total fat attenuation; (c) ratio (R ) o f m ilk 
protein to lactose extinction. Liquid butterfat was used for spectrum (a ) and butterfat in 
emulsion form for spectrum (b).

D e t e r m i n a t i o n  o f  o p t i m u m  p a t h  l e n g t h

T h e  cho ice  o f  o p tim u m  p a t h  le n g th  fo r  in f ra - re d  sp e c tro sc o p y  o f  a q u e o u s  so lu tio n s  
is  g o v e rn e d  b y  2 m a jo r  o p p o sin g  f a c to rs :  in c re a se d  p a th  le n g th  en su re s  h ig h e r  
o p tic a l d e n s itie s  b u t  re d u c e s  th e  e n e rg y  p a s s in g  th r o u g h  th e  cell w ith  a  c o n s e q u e n t 
d ec rease  in  in s t ru m e n t  re sp o n se . I n  a n y  p a r t ic u la r  in s t ru m e n t ,  th e  re so lu tio n  a n d  
a p e r tu re  o f  th e  m o n o c h ro m a to r , a s  w ell a s  th e  d e s ire d  sp e e d  o f  re sp o n se  o f  th e  n u ll-  
b a la n c e  se rv o  sy s te m , a ll a ffec t th e  cho ice  o f  cell p a th  le n g th . F o r  th e  in s t ru m e n ts  
u se d  h e re , a n  o p tim u m  p a th  le n g th  o f  a b o u t  40 / tm  w a s  fo u n d  a n d  T a b le  1 re c o rd s  th e  
tra n sm is s io n  o f  w a te r  m e a su re d  a t  th e  4 a n a ly tic a l  w a v e le n g th s .
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T a b le  1. T r a n s m i s s i o n  o f  i v a t e r  a t  a n a l y t i c a l  w a v e l e n g t h s

Transmission
of water, 0/

M ilk component to Wavelength, /o(path length
be determined /jm 37'5 //ni)

Fat 5-73 15
Protein 0-46 8
Lactose 9-60 11
SNF 7-90 13

D e t e r m i n a t i o n  o f  i n t e r a c t i o n  c o e f f i c i e n t s

L in e a r i ty  o f  in s t ru m e n t  re sp o n se  a n d  th e  a p p lic a b il i ty  o f  th e  B e e r - L a m b e r t  L a w  
a re  co n firm e d  b y  th e  lin e a r  re la tio n sh ip s  sh o w n  in  F ig . 4. T h e  series o f  sa m p le s  w i th  
v a ry in g  f a t  c o n te n t  d iffe rs  f ro m  th e  o th e r  tw o  in  t h a t  b o th  m a jo r  c o m p o n e n ts  o f  
s e p a ra te d  m ilk  a re  p re s e n t  a t  v i r tu a l ly  c o n s ta n t  c o n c e n tra tio n s . N e g a tiv e  slopes o f  
th e  f a t  lin e s  in  F ig s . 46  a n d  c a re  d u e  to  th e  d is p la c e m e n t o f  w a te r  b y  th e  f a t  g lo b u le s , 
w h ils t  th e  p o s it iv e  s lo p e  o f  th e  f a t  lin e  in  F ig . 4 a  re p re s e n ts  th e  su m  o f  b o th  a b s o rp 
t io n  a n d  s c a t te r in g  effec ts . T h e  n e g a tiv e  in te r c e p t  o f  th e  f a t  lin e  in  F ig . 4 a  a r ise s  a lso  
fro m  th e  w a te r  d is p la c e m e n t effec t, s in ce  a t  ze ro  f a t  c o n c e n tra tio n , p ro te in  a n d  la c to se  
a re  s ti l l  p re s e n t  in  th e  s e p a r a te d  m ilk . S u ch  d is p la c e m e n t effec ts  a re  a b s e n t  in  th e  
la c to se  a n d  so d iu m  c a se in a te  so lu tio n s , th e  l a t t e r  p ro v id in g  a  g o o d  a p p ro x im a tio n  
to  th e  a b s o rp tio n  o f  e i th e r  th e  c a se in  co m p lex  o r  th e  so lu b le  p ro te in s . T h e  m ice lles  
o f  th e  ca se in  co m p le x  in  m ilk  h a v e  d ia m e te rs  o f  th e  o rd e r  o f  OT //m  a n d  th e re fo re  
ca u se  n eg lig ib le  s c a tte r in g  a t  in f ra - re d  w a v e le n g th s .

Concentration, %

Fig. 4. Relationships at analytical wavelengths between optical densities and 
concentration of fat (O), protein (#) and lactose (A)-

T a b le  2 re c o rd s  th e  slo p es o f  a ll th e  lin es  in  F ig . 4 ; th e s e  slopes b e in g  th e  r e la t iv e  
v a lu e s  o f  th e  a , 6 a n d  c coeffic ien ts in  e q u a t io n  (1). T a b le  3 lis ts  th e  c a lc u la te d  p o ss ib le  
e r ro rs  e x p e c te d  in  th e  d e te rm in a t io n  o f  e a c h  c o m p o n e n t d u e  to  n e g le c t o f  in te ra c t io n  
te rm s . T h e  ra n g e s  o f  v a r ia t io n  o f  e a c h  c o m p o n e n t a b o u t  th e  m e a n  v a lu e  w ere
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d e d u c e d  fro m  a  s tu d y  o f  th e  c h e m ic a lly  d e te rm in e d  c o m p o s itio n  o f  m ilk  sa m p le s  
fro m  in d iv id u a l  cow s u se d  fo r  te s t in g  th e  a c c u ra c y  o f  IR M A .

F ro m  th e  in fo rm a tio n  a s se m b le d  in  th e  la s t  co lu m n  o f  T a b le  3, i t  c a n  be se en  t h a t  
a p a r t  fro m  th e  e ffec t o f  f a t  o n  th e  p ro te in  a b s o rp tio n , a ll o th e r  in te r a c t io n  coeffic ien ts 
le a d  to  c a lc u la te d  e r ro r  ra n g e s  o f  5 %  o r  less o f  th e  a c tu a l  c o m p o n e n t v a lu e . T h u s  to  
a  g o o d  a p p ro x im a tio n , b o th  f a t  a n d  la c to se  c o n te n ts  c a n  b e  d e te rm in e d  fro m  sing le  
o p tic a l d e n s ity  m e a su re m e n ts  m a d e  a t  th e  a p p ro p r ia te  w a v e le n g th s  5-73 a n d  9-6 //in . 
I n  th e  case o f  p ro te in , th e  la c to se  in te r fe re n c e  e ffec t c a n  b e  n e g le c te d , le a v in g  a  tw o -  
c o m p o n e n t sy s te m  fo r  a n a ly s is  a t  th e  w a v e le n g th s  5-73 a n d  6-46 //in . S ince  a t
6-46 //m , th e  p ro te in  e x t in c t io n  coeffic ien t is  se v e ra l t im e s  la rg e r  th a n  t h a t  o f  th e  f a t ,  
a  c o n v e n ie n t a n a ly tic a l  p ro c e d u re  is to  c o rre c t e a c h  p ro te in  re a d in g  w ith  th e  a id  o f  
th e  f a t  c o n te n t  a l re a d y  o b ta in e d , u s in g  th e  e x p e r im e n ta lly  d e te rm in e d  c o rre la tio n  
b e tw e e n  f a t  c o n te n t  a n d  d e v ia tio n  o f  u n c o r re c te d  p ro te in  re a d in g s  f ro m  th e ir  c h e m i
c a lly  d e te rm in e d  v a lu e s . T h e  u se  o f  th is  m e th o d  w ill b e  i l lu s tr a te d  la te r .

T a b le  2. R e l a t i v e  e x t i n c t i o n  c o e f f i c i e n t s  o f  f a t .  p r o t e i n  a n d  l a c t o s e  

(Calculated from Fig. 4.)
Wavelength, fim

Component 5-73 6-46 9-60
Fat + 34 - 9 — 5
Protein -1 -6 + 40 + 2-6
Lactose -2 -3 -3 -8 + 52

T a b le  3. C a l c u l a t e d  p o s s i b l e  I R M A  e r r o r s  (% ) i n  m e a s u r e d  f a t ,  p r o t e i n  a n d  l a c t o s e

d u e  t o  n e g l e c t  o f  i n t e r a c t i o n  e f f e c t s

Approximate range Ratio of extinction Calculated %
of variation coefficient of main error due to

Main about mean, Interfering component to that of variation of each
component o//o component interfering component interfering component
Fat ±50 Protein -2 1 ±1-5Lactose —15 ±0-7
Protein ±30 Fat -4 -4 ±12

Lactose -1 0 ± 1
Lactose ±10 Fat -1 0 ±  5Protein + 20 ±1-5

E f f e c t s  d u e  t o  c h a n g e s  o f  h o m o g e n i z a t i o n  p r e s s u r e  a n d  o f  f a t  g l o b u l e  s i z e  v a r i a t i o n

W h e n  a b so rb in g  m a te r ia ls  a re  p re s e n t  in  th e  fo rm  o f  p a r tic le s  o r  g lo b u le s  r a th e r  
t h a n  in  t r u e  so lu tio n , th e ir  a b s o rp tio n  m a x im a  a re  k n o w n  to  b e  d isp la c e d  to  lo n g e r 
w a v e le n g th s . A lth o u g h  a n  in c re ase  in  b ase -lin e  a b s o rp tio n  d u e  to  s c a tte r in g  m a y  
cau se  th e  p e a k  o p tic a l d e n s itie s  o f  a  su sp e n s io n  to  a p p e a r  g re a te r  th a n  th o s e  o f  th e  
c o rre sp o n d in g  so lu tio n , th e  o p tic a l d e n s ity  m e a su re d  r e la t iv e  to  th e  b ase -lin e  is 
a lw a y s  less in  th e  p re se n ce  o f  s c a tte r in g . I n  g en e ra l, b o th  effec ts  d ec rease  w ith  
d ec reas in g  p a r t ic le  s ize ; so t h a t  fo r w e ll-h o m o g en iz ed  m ilk  w ith  a  sm a ll m e a n  f a t  
g lo b u le  d ia m e te r  (sam p le  7, T a b le  4), th e  w a v e le n g th  o f  th e  f a t  a b s o rp tio n  p e a k  a t
5-725 /im  w as fo u n d  to  b e  e x a c t ly  th e  sa m e  as  t h a t  m e a su re d  fo r  b u t t e r f a t  in  th e  
liq u id  s ta te .
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T h e  d a t a  o f  T a b le  4 i l lu s tr a te  th e  e ffec t o f  in c re a s in g  h o m o g e n iz a tio n  p re ssu re  a n d  
c o n s e q u e n t r e d u c tio n  in  m e a n  f a t  g lo b u le  d ia m e te r  o n  th e  o p tic a l d e n s ity  o f  th e  f a t  
b a n d  in  m ilk , a s  m e a su re d  a t  a  w a v e le n g th  o f  5-732 / /m  a n d  e x p re sse d  a s  m V  in s t r u 
m e n t  o u tp u t .  S in ce  w ith  IR M A , o p tic a l d e n s itie s  a re  m e a su re d  a t  f ix ed  w a v e le n g th s , 
s h if ts  in  th e  w a v e le n g th  o f  m a x im u m  a b s o rp tio n  co u ld  g iv e  rise  to  c h a n g e s  in  th e  f a t  
s ig n a l, a p a r t  f ro m  effec ts  d u e  to  ch a n g es  in  p e a k  in te n s ity .  T h u s  i t  c a n  b e  seen  t h a t  
a l th o u g h  th e  in te n s i ty  o f  th e  f a t  b a n d  m e a s u re d  a t  a  fix ed  w a v e le n g th  is u n a ffe c te d  b y  
sm a ll ch a n g es  in  f a t  g lo b u le  size o f  th e  h o m o g e n ize d  m ilk , i t  is im p o r ta n t  to  se lec t th e  
a p p r o p r ia te  w a v e le n g th  fo r  th e  f a t  g lo b u le  size ra n g e  o f  in te re s t .

M i l l e  a n a l y s i s  b y  i n f r a - r e d  a b s o r p t i o n

T a b le  4. E f f e c t s  o f  c h a n g e s  o f  h o m o g e n i z a t i o n  p r e s s u r e  o n  th e  i n t e n s i t y  o f  th e

f a t  a b s o r p t i o n  b a n d

Sample no. 1 2 3 4 5 6 7
Homogenizer * A B B C A A
Mean fat globule diam., /tm — 1-25 115 1-00 075 0-65 0-50
Wavelength of fat peak, /im 5-74 5-73 5-73 5-73 5-73 5-725 5-725
Output at 5-732 /tm, mV. 26-9 19-2 19-2 18-9 18-3 17-7 17-2

* Sample 1, m ilk before homogenization.

S ince IR M A  in c o rp o ra te s  a  lo w -p re ssu re  h o m o g e n ize r  p ro d u c in g  m e a n  f a t  g lo b u le  
d ia m e te rs  in  th e  TO -1-3 / a n  r a n g e , e ffec ts  d u e  to  sm a ll ch a n g es  in  h o m o g e n iz a tio n  
efficiency  c a n  b e  m in im iz e d  b y  se le c tio n  o f  a  w a v e le n g th  close to  5-73 /tm . S a m p le s  6 
a n d  7 (T a b le  4) c o rre sp o n d  re sp e c tiv e ly  to  h o m o g e n iz a tio n  p re ssu re s  o f  2000 a n d  
3000 lb / in 2, so  t h a t  fo r  th e  a n a ly s is  o f  c o m m e rc ia lly  p ro d u c e d  h o m o g e n ize d  m ilk , 
a  s lig h tly  s h o r te r  w a v e le n g th  is re q u ire d . C o n firm a tio n  o f  th e s e  effec ts  w as p ro v id e d  
b y  th e  re s u lts  o f  a  f u r th e r  e x p e r im e n t c a r r ie d  o u t  a t  a  w a v e le n g th  o f  5-718 /tm . A t 
th is  w a v e le n g th , sa m p le s  6 a n d  7 g a v e  id e n tic a l  re a d in g s , a l th o u g h  w ith  sa m p le s  1 -5  
g r e a te r  d iffe ren ces in  in te n s i ty  w ere  o b se rv e d  th a n  th o s e  r e p o r te d  fo r  a  w a v e le n g th  
o f  5-73 //m . T h e  u se  o f  a  h ig h -p re ssu re  h o m o g e n iz e r  in  IR M A , to g e th e r  w ith  a  w a v e 
le n g th  o f  5-725 /zm , w o u ld  e n a b le  b o th  r a w  a n d  co m m e rc ia lly  h o m o g e n ize d  m ilk s  to  be 
a n a ly se d  u s in g  th e  sa m e  c a lib ra t io n  re la tio n s h ip . A lth o u g h  n o t  re c o rd e d  in  T a b le  4, 
n o  ch a n g es  in  th e  in te n s it ie s  m e a su re d  a t  th e  p ro te in , S N F  a n d  la c to se  a n a ly tic a l  
w a v e le n g th s  w ere  o b se rv e d  fo r  sa m p le s  2 -7 .

I n  a n  e a r lie r  c o m m u n ic a tio n  (G o u ld en , 1961a), i t  w as r e p o r te d  t h a t  ch a n g es  in  th e  
m e a n  d ia m e te r  o f  th e  f a t  g lo b u le s  fro m  1-0 to  0-5 / a n  le a d  to  n o  d e te c ta b le  ch a n g e s  in  
th e  in te n s i ty  o f  th e  f a t  b a n d . T h is  o b s e rv a tio n  w as  b a se d  u p o n  p e a k  in te n s i ty  
m e a su re m e n ts  m a d e  w ith  a  c o n v e n tio n a l w a v e le n g th -sc a n n in g  in f ra - re d  s p e c tro 
m e te r ;  a  m e a s u re m e n t p ro c e d u re  w h ic h  is less se n s itiv e  to  e ffec ts  d u e  to  v a r ia t io n s  in  
f a t  g lo b u le  size.

T h e  d is t r ib u t io n  o f  th e  f a t  g lo b u le  sizes in  m ilk  is k n o w n  to  v a r y  ac co rd in g  to  th e  
b re e d  o f  cow , p e r io d  o f  la c ta t io n  a n d  o th e r  fa c to rs . T o  assess th e  m a g n itu d e  o f  e r ro rs  
d u e  to  n a tu r a l  v a r ia t io n  in  f a t  g lo b u le  size d is tr ib u t io n s ,  th e  o p tic a l d e n s ity  of th e  f a t  
b a n d  w as  m e a su re d  a t  a  fix ed  w a v e le n g th  fo r  24 m ilk  sa m p le s  fro m  in d iv id u a l  cow s. 
T h e  coeffic ien t o f  v a r ia t io n  o f  th e  e r ro r  in  f a t  c o n te n t  a s  d e te rm in e d  b y  IR M A  w as 
fo u n d  to  b e  2 -7 %  w h en  th e  sa m p le s  w ere  h o m o g e n iz e d  a n d  ro se  to  3 -3 %  w h e n  th e  
u n h o m o g e n iz e d  m ilk s  w ere  u se d . T h ese  sa m p le s  w ere  e x a m in e d  w ith in  a  few  h o u rs  o f
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c o llec tio n  a n d  i t  is  e x p e c te d  t h a t  a f te r  s to ra g e  fo r  se v e ra l d a y s , c lu m p in g  o f  th e  f a t  
g lo b u le s  in  th e  u n h o m o g e n iz e d  m ilk s  w o u ld  le a d  to  e v e n  g re a te r  e r ro rs  in  th e  f a t  
c o n te n t  a s  d e te rm in e d  b y  IR M A .

E f f e c t s  d u e  t o  v a r i a t i o n  i n  s a m p l e  t e m p e r a t u r e  

S ince  th e  a b s o rp tio n  o f  w a te r  is  k n o w n  to  b e  te m p e ra tu re -d e p e n d e n t,  th e  a b s o rp 
t io n  o f  a q u e o u s  so lu tio n s  w ill v a r y  w ith  te m p e ra tu re ,  p a r t ic u la r ly  a t  w a v e le n g th s  
close to  th e  6-2 /m i w a te r  a b s o rp tio n  p e a k . T h e  m a g n itu d e  o f  e r ro rs  d u e  to  sa m p le  
te m p e r a tu re  v a r ia t io n  w as c a lc u la te d  fro m  ch a n g es  in  IR M A  re a d in g s  fo llow ing  
r e p e a te d  filling  o f  th e  sa m p le  cell w ith  h o m o g e n ize d  m ilk  a t  a  te m p e r a tu re  d iffe rin g  
f ro m  th e  e q u ilib r iu m  te m p e r a tu re  o f  th e  w a te r  in  th e  co m p a riso n  cell. B y  th is  
m e th o d , th e  ch a n g es  in  tra n sm is s io n  a t  a ll 4 a n a ly tic a l  w a v e le n g th s  w ere  fo u n d  to  b e  
o f  th e  o rd e r  o f  0-1 %  p e r  °C. T h is  c o r re sp o n d e d  to  a  c h a n g e  o f  a b o u t  1 %  o f  th e  to ta l  
s ig n a l a n d  in d ic a te d  t h a t  d u r in g  th e  a b s o rp tio n  m e a su re m e n ts , th e  sa m p le  te m p e r a 
tu r e  m u s t  b e  c o n tro lle d  to  w ith in  + 1 °C.

T e m p e ra tu re  effec ts  w ere  v e ry  m u c h  re d u c e d  w h e n  b o th  sa m p le  a n d  w a te r  co m 
p a r iso n  cells w ere  h e ld  a t  th e  sa m e  te m p e r a tu re ;  n o  d iffe ren ces in  b a n d  in te n s it ie s  
w ere  fo u n d  w h e n  th e  te m p e r a tu re s  o f  b o th  cells w ere  in c re a se d  f ro m  20 to  40 °C.

E f f e c t s  d u e  t o  c h a n g e s  i n  p H  a n d  t o  th e  a d d i t i o n  o f  p r e s e r v a t i v e s  

C h an g es in  p H  w ith in  th e  ra n g e  6 -8  w o u ld  n o t  b e  e x p e c te d  to  ca u se  e r ro rs  a t  a n y  
o f  th e  4 a n a ly tic a l  w a v e le n g th s , s in ce  th e  b a n d s  co n c e rn e d  a r ise  fro m  g ro u p s  w h ich  
a re  u n a ffe c te d  b y  su c h  p H  ch an g es . N a tu r a l  so u r in g  o f  m ilk  p ro d u c e s  c a rb o x y lic  
a c id s  w hose  p K  v a lu e s  a re  less th a n  5, so t h a t  e v e n  a t  a  p H  o f  6, su c h  ac id s  w ill e x is t  
p re d o m in a n tly  a s  th e  c a rb o x y la te  a n io n s  w hose  tw o  m o s t in te n s e  a b s o rp tio n  b a n d s  a re  
close to  6-5 p m  (1540 cm -1 ) a n d  7T  p m  (1410 c m -1 ). S ince  a d d i t io n a l  a b s o rp tio n  
n e a r  6-5 p m  in c re a se s  th e  o p tic a l d e n s ity  a t  6-46 p m ,  th e  f irs t e ffec ts  o f  n a tu r a l  
so u r in g  w ill b e  a n  in c re ase  in  a p p a r e n t  p ro te in  c o n te n t ,  c o u p led  w ith  a  d e c re a se  in  
la c to se  c o n te n t  as  th e  l a t t e r  is c o n v e r te d  in to  la c tic  a c id  b y  b a c te r ia l  a c tio n .

A  fre sh  m ilk  sa m p le  o rig in a lly  a t  p H  6-7 w as  s to re d  a t  ro o m  te m p e r a tu re  fo r  
3 d a y s  u n t i l  th e  p H  h a d  fa lle n  to  6-5 a n d  th e  m ilk  h a d  d ev e lo p e d  a  p ro n o u n c e d  b a d  
o d o u r. A t  th e  e n d  o f  t in s  p e r io d , th e  IR M A  p ro te in  re a d in g  ( % )  h a d  in c re a se d  b y
0-03, w h ils t  th e  la c to se  re a d in g  (% )  h a d  fa lle n  b y  0-08. T h ese  ch a n g es  a re  h a rd ly  
g re a te r  th a n  th e  e x p e r im e n ta l  e rro rs .

D u rin g  t r a n s i t  to  M ilk  M a rk e tin g  B o a rd  L a b o ra to r ie s , m ilk  sa m p le s  a re  n o rm a lly  
p re se rv e d  b y  th e  a d d i t io n  o f  ta b le t s  c o n ta in in g  0-01 g m e rc u ric  ch lo rid e , 0-05 g 
p o ta s s iu m  d ic h ro m a te , 0-01 g  b o ric  a c id  a n d  0-02 g  so d iu m  c h lo rid e ; 1 t a b le t  b e in g  
a d d e d  to  a  50 m l m ilk  sa m p le . T h e  d ic h ro m a te  io n  sh o w s n o  s tro n g  a b s o rp tio n  b a n d s  
in  th is  reg io n  o f  th e  s p e c tru m  (M iller & W ilk in s , 1952). A lth o u g h  b o ric  a c id  show s 
som e a b s o rp tio n  a t  7-9 p m  i t  c a n  b e  c a lc u la te d  t h a t  a t  th e  c o n c e n tra t io n  p ro d u c e d  b y  
a d d i t io n  o f  th e se  ta b le ts ,  b o ric  a c id  c o n tr ib u te s  less th a n  1 %  o f  th e  to ta l  o p tic a l d e n s ity  
a t  th is  w a v e le n g th  a n d  ca n  th e re fo re  b e  n e g le c te d . A d d itio n  o f  tw ic e  th e  n o rm a l 
p re s e rv a tiv e  c o n c e n tra t io n  p ro d u c e d  n o  e r ro rs  in  th e  IR M A  re a d in g s  fo r  a n y  o f  th e  
co m p o n e n ts , th u s  co n firm in g  th e se  c a lc u la tio n s . T h e  IR M A  re a d in g s  on  a  m ilk  
sa m p le  p re se rv e d  a t  ro o m  te m p e r a tu re  w ith  th e s e  ta b le t s  re m a in e d  u n c h a n g e d  fo r  a t  
le a s t  10 d ay s .
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C o r r e c t i o n  o f  p r o t e i n  r e a d i n g  f o r  c h a n g e s  i n  f a t  c o n t e n t

As a lread y  show n, i t  is possible to  o b ta in  values o f th e  p ro te in  co rrection  in  te rm s 
o f  th e  f a t  c o n ten t. T he v a lid ity  o f th is  p rocedure  is confirm ed by  th e  resu lts  in  F ig . 5, 
w here th e  co rre la tion  betw een  e rro rs in  u n co rrec ted  IR M A  p ro te in  read ings an d  fa t  
c o n te n t is d e m o n s tra te d  fo r m ilk  sam ples from  50 d ifferen t cows. T he slope o f  th e  
line in  F ig . 5 is —0-16, as ca lcu la ted  from  th e  leas t squares regression o f  th e  p ro te in  
e rro r up o n  th e  f a t  % . T his slope is o f th e  sam e o rd er as — 0-22 p red ic ted  from  th e  
re la tiv e  ex tin c tio n  coefficients reco rded  in  T ab le  2.

Fig. 5. Relationship between errors in uncorrected IRMA protein readings and fat content.

CALIBRATION OF IRMA

Since th e  co n cen tra tio n  o f each  com ponen t has been  show n to  be p ro p o rtio n a l to  
th e  o p tica l d en sity  (Fig. 4), IR M A  has been  designed to  produce  an  o u tp u t signal 
w hich is p ro p o rtio n a l to  th e  a p p ro p ria te  op tica l den sity . In  o rder to  o b ta in  a  d irec t 
read in g  in  p e rcen tag e  o f each  com ponen t, th e  o u tp u t  signal is fed  in to  th e  a p p ro p ria te  
re s is to r n e tw o rk  to  p rov ide  va riab le  scale-expansion  a n d  backing-off. W ith in  th e  
lim its  o f a d ju s tm e n t, b o th  th e  slope an d  in te rc e p t o f  each  ca lib ra tio n  line can be se t 
as requ ired . C a lib ra tion  is effected from  th e  re su lts  o f a  leas t squares regression 
analysis on th e  IR M A  a n d  chem ical analyses o f a  rep re sen ta tiv e  p o p u la tio n  o f m ilk  
sam ples. W ith  th e  a id  o f su itab le  op tica l filters, th e  backing-off a n d  scale expansion  
are  a d ju s te d  so th a t  each  com ponen t follows th e  ap p ro p ria te  ca lib ra tio n  line.
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A  ca lib ra tio n  m e th o d  using aqueous so lu tions o f p u re  chem icals is now  u n d e r 
deve lopm en t to  enable  ca lib ra tio n  d a ta  to  be tran sfe rred  from  one in s tru m e n t to  
a n o th e r an d  th u s  avo id  th e  need  to  ca lib ra te  w ith  chem ically  analysed  m ilk  sam ples.

TESTS OF ACCURACY

T he resu lts  o f p re lim in ary  te s ts  carried  o u t a t  Shinfield are  recorded  in  T ab le  5. 
I n  ex p t. 3, th e  p ro te in /lac to se  ra tio  v a ried  from  0-56 to  0-94 a b o u t a m ean  va lu e  o f
0-68. In s tru m e n t A w as a  tw o-com ponen t version w h ilst in s tru m e n t B w as a  four- 
com ponen t an a ly se r w hich d e te rm in ed  p ro te in  an d  lactose in  ad d itio n  to  fa t  an d  S N F . 
A fu r th e r  se t o f 45 m ilk  sam ples from  in d iv idua l cows w as used  to  te s t  a  p ro to ty p e  
fou r-com ponen t IR M A  an d  th is  in s tru m e n t gave resu lts  a lm ost as good as those 
o b ta in ed  w ith  th e  im proved  in s tru m e n t B. Since d ig ita l vo ltm e te rs  w ere n o t a v a il
able a t  th e  tim e  o f these  te s ts , s tr ip  c h a r t p o ten tio m etric  recorders w ere used.

T ab le  5. C o r r e l a t i o n s  b e t w e e n  I R M A  r e a d i n g s  a n d  c h e m i c a l  a n a l y s e s  o f  m i l k

Number of Fat Protein SNF Lactose
Experi
ment

Instru
ment

milk
samples

Type of 
sample

r
S C.V. s C.V. s C.V. 8 C.V.

i A 211 i. 0-095 2-36 — — 0-21 2-44 --  --
2 B 60 F.B. 0-081 2-07 — — 0-122 1-43 --  --
3 B 50 I. 0-102 2-85 0-068 2-13 0-186 2-16 0-071 1-58

I., individual cows, including Friesian, Ayrshire and Channel Island breeds.
F.B., farm bulk samples, as received by a commercial dairy, s , standard deviation, 
c.v., coefficient of variation (%) = 100x.s/mean.

These resu lts  show  th a t  c .v .’s of b e tte r  th a n  3 %  can be o b ta in ed  for all com ponents. 
I t  is hoped  th a t  m ore d e ta iled  te s ts  o f accu racy  will be carried  o u t b y  o th e r la b o ra 
to ries on la rger n u m b ers  o f sam ples.

T h an k s  are  due to  M r D . J .  M anning for assistance in  th e  deve lopm en t o f th is  
m ethod , to  M r A. W ag sta ff an d  o th e r m em bers o f th e  N .I .R .D . C hem istry  D e p a r t
m en t for carry ing  o u t chem ical analyses a n d  to  M rs Jo y ce  Conw ay an d  M rs B a rb a ra  
H a rris  fo r assistance  in  th e  o p era tio n  o f IR M A  an d  calcu la tion  o f resu lts.
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The cysteine content of casein micelles

B y  R . D . H IL L

D i v i s i o n  o f  D a i r y  R e s e a r c h ,  C . S . I . R . O . ,  M e l b o u r n e ,  A u s t r a l i a  

( R e c e i v e d  25 M a y  1964)

Sum m a ry . Follow ing enzym ic d igestion  w ith  p ronase , m asked  SH  g roups in  m icellar 
casein becam e availab le  fo r t i t ra t io n  in  d isaggregating  m edia  w ith  m ercu ria l reag en ts . 
T he c o n te n t o f cystine  a n d  cysteine w as also e s tim a te d  a f te r  red u c tio n  w ith  ( a )  su l
p h ite , a n d  ( b )  bo rohydride , an d  also b y  reac tio n  in  a lkaline  cond itions w ith  C d(O H )2. 
T he resu lts  show  th a t  th e  m icelles co n ta in  m ain ly  cysteine, an d  th a t  it  is likely  th a t  
cystine  is n o t p resen t.

T he question  as to  w h e th e r cyste ine  in  ad d itio n  to  cystine  is p re sen t in  casein h as  
been  a  su b jec t o f  in v es tig a tio n  fo r m an y  years. As ea rly  as 1938 K assell & B ra n d  
a tte m p te d  to  d e te c t cysteine in  casein b u t  failed , a n d  la te r  G ordon, S em m ett, C able 
& M orris (1949), Zweig & B lock (1953), H ipp , B asch  & G ordon (1961), Y oshino , 
W ilson  & H erre id  (1962) a n d  o th ers  h av e  rep o rted  sim ilar re su lts  fo r casein  or 
casein com ponen ts. C hrist (1956) suggested  th a t  S H  groups w ere invo lved  in  th e  
syneresis o f  th e  ren n e t-case in  gel, b u t  like th e  o th e r  w orkers could  n o t d e te c t a n y  
b y  am p ero m etric  t i t r a t io n  w ith  organic m ercu ria l reag en ts . In  th is  la b o ra to ry  
a t te m p ts  to  d e te c t cysteine in  casein using  m ono-functional m ercuria ls  such  as 
p h en y lm ercu ry  a c e ta te  a n d  m eth y lm ercu ric  iodide also y ielded  n eg a tiv e  resu lts  
even  in  stro n g ly  d isaggregating  conditions. H ow ever B eeby  (1964) h as  show n th a t  
fresh ly  p rep a red  K-casein con ta in s cysteine th a t  can  be es tim a ted  w ith  p h en y l
m ercu ry  re a g e n t in  s tro n g ly  d isaggregating  cond itions a t  p H  9 p ro v id ed  th e  la s t 
traces  o f calcium  h av e  been  rem oved  w ith  E D T A  or o x a la te . This re su lt ca s t d o u b t 
on all p rev ious w ork  a n d  ra ised  th e  question  as to  how  m u ch  o f th e  cystine  p rev iously  
re p o rte d  in  w hole casein  w as in  fa c t cysteine. H ow ever, a t te m p ts  to  d e te c t cyste ine  
in  fresh ly  p rep a red  m icellar casein using  m et hods sim ilar to  th o se  used  b y  B eeby  fo r 
/c-casein w ere com plete ly  unsuccessfu l, even  th o u g h  i t  could be d e tec ted  in  Ar-casein 
m ade from  th e  sam e m ilk . T his p a p e r gives a  descrip tion  o f  th e  m e th o d  ev en tu a lly  
used  to  es tab lish  th e  presence o f  th is  s tro n g ly  m asked  cysteine.

MATERIALS AND METHODS

T he m ilk  w as fresh  raw  m ilk  from  w hich th e  fa t  h a d  been  rem oved as described  b y  
H ill (1963). B ovine serum  a lb u m in , insu lin , an d  d efib rina ted  sheep ’s b lood  w ere 
supp lied  b y  th e  C om m onw ealth  Serum  L ab o ra to rie s , M elbourne. P ro n ase  was 
a  p ro d u c t o f  K ak en  Chem ical Co., T okyo, J a p a n . S e p h a d e x w a s  supp lied  b y  P h a r 
m acia , U p p sa la , Sw eden.
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T he casein m icelles w ere se p a ra te d  from  th e  serum  p ro te in s, n o n -p ro te in  n itro g en  
an d  o th e r low -m olecular-w eight com ponen ts o f th e  m ilk  b y  th e  tech n iq u e  o f gel 
f iltra tio n  on S ephadex  G 100 in  0-03n  sod ium  a c e ta te  buffer a t  p H  6-25 (P o ra th  & 
F lod in , 1959; H ill & H ansen , 1964). D isu lph ide w as es tim a ted  b y  am perom etric  
t i t r a t io n  w ith  p h en y l m ercu ry  a c e ta te  a t  p H  9 in  8 -1 0 m u rea , a f te r  A llison & Cecil
(1958) or as described  in  th is  p ap er. N itro g en  w as de te rm in ed  b y  sem i-m icro 
K je ld ah l d is tilla tio n , using  a  fac to r o f 6-4 to  co n v ert n itrogen  to  casein.

F o r th e  e s tim a tio n  o f cysteine an d  cystine  3 m eth o d s w ere used. T he m e th o d  used 
in itia lly  depended  up o n  d igestion  o f th e  p ro te in  a t  p H  8-8-5 b y  p ronase  (1 %  b y  
w eight o f p ro te in ) in  th e  presence o f excess p h en y lm ercu ry  a c e ta te  for 2-5-3 h  a t 
4 0 °C. T he so lu tion  w as th e n  m ade 8 -1 0 m h r u rea , a d ju s te d  to  p H  9 w ith  N H 4O H - 
N H 4CL buffer a n d  deo x y g en a ted  in  th e  p o la ro g rap h  cell w ith  oxygen-free n itrogen . 
To th is  w as ad d ed  2 m l o f a  d eo x y g en a ted  so lu tion  o f sheep haem oglobin  in  th e  
carb o x y  form . T he a m o u n t o f haem oglob in  w as g rea te r  th a n  th a t  req u ired  to  reac t 
w ith  excess p h en y lm ercu ry  ace ta te . T he residua l SH  in  th e  haem oglobin  w as th e n  
estim a ted  b y  am perom etric  t i t ra t io n  w ith  p h en y lm ercu ry  ace ta te . K now ing  th e  
SH  co n ten t o f th e  haem oglobin , th e  u p ta k e  o f  p h en y lm ercu ry  b y  th e  S H  in  th e  
casein could be estim a ted . SS +  SH  co n ten t w as d e te rm in ed  b y  perfo rm ing  th e  
am perom etric  t i tra t io n  in  th e  presence o f su lph ite  (Allison & Cecil, 1958) on u n d igested  
p ro te in .

Sheep haem oglobin  w as used  in  th is  m e th o d  because i t  co n ta in s 4 reac tiv e  SH  
groups w ith  no  slow ly reac tin g  S H  n o r d isu lph ide (Snow, 1962), an d  w as converted  
to  th e  m ore  stab le  carboxy  form  (Cecil &  Snow, 1962) to  reduce  th e  possib ility  of 
erro rs caused b y  d e n a tu ra tio n  o f th e  haem oglobin  a n d  ox ida tio n  o f  th e  S H  groups. 
As Cecil & Loening (1960) have in d ica ted  th a t  m ercu ria l reagen ts m a y  reac t w ith  
th e  SS in  sm all p ep tides con tro l te s ts  w ith  cystine  in  th e  p ronase  d igests w ere u n d e r
tak en . These in d ica ted  th a t  th e  m e th o d  shou ld  be reliable, b u t  la te r  te s ts  using  as 
con tro l a  p ronase d igest o f insu lin , w hich co n ta in s d isu lph ide b u t  no S H  (Cecil & 
Loening, 1960), show ed th a t  a t  p H  9 i t  w as possible to  o b ta in  ex tensive  reac tio n  w ith  
th e  S -S  g roups in  th e  d igest in  th e  conditions of th e  above te s t. E v en  th o u g h  th is  
re su lt m ay  depend  on th e  presence o f specially  sensitive S -S  bonds in  th e  insulin  
d igest, i t  show ed th a t  th e  m eth o d  could n o t be app lied  to  p ro te in s  in  general, an d  
th a t  confirm ation  b y  o th e r m eth o d s o f th e  re su lt o b ta in ed  w ith  casein w as needed. 
As th is  confirm ation  w as o b ta in ed , th e  re su lts  a re  included  for th e ir  q u a n tita tiv e  
value.

A second m eth o d  o f e s tim a tin g  th e  SH  w as th e  d igestion  o f th e  p ro te in  in  th e  
presence of excess m e th y lm ercu ry  iodide (10 x 10^2 m l o f 0-008N-CH3H g I in  5 0 %  
propano l) a t  p H  8 in  N H 40 H - N H 4C1 buffer ( ~  0-1n ). T he d igestion  w as o therw ise 
as p rev iously  described. P ropano l an d  KC1 w ere th e n  ad d ed  to  give final co n cen tra 
tions o f  4 4 %  (v/v) an d  0 - I n , respective ly . P ro p an o l w as used  because o f its  p u r ity  
an d  effectiveness as a  d isaggregating  ag en t. T he so lu tion  w as th e n  d eo x y g en a ted  in 
th e  po la ro g rap h  cell a t  3 0 °C w ith  oxygen-free n itro g en  an d  th e  h e ig h t o f th e  first 
red u c tio n  w ave of th e  u n reac ted  m eth y lm ercu ry  iodide w as m easured . A n a liquo t 
o f C H 3H g I (usually  4 x 10 4 m l) w as ad d ed  a n d  th e  w ave h e ig h t again  m easured . 
F ro m  th e  2 w ave he ig h ts  th e  a m o u n t o f u n reac ted  C H 3H g I a n d  hence th e  u p ta k e  of 
C H aH gl b y  th e  p ro te in  could be estim a ted . T his gave a  m easure  o f th e  reac tiv e  S H
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in  th e  d igested  p ro te in  in  these  conditions. S u lph ite  (1 m l, 10% , w /v) was th e n  
ad d ed  an d  th e  u p ta k e  o f  C H 3H g l by  th e  p ro te in  again  estim a ted  as above. T he to ta l 
u p ta k e  (designated  F ,)  in  th e  presence o f su lp h ite  rep resen ts  one m ole o f m ercu ria l/ 
m ole S -S  +  1 m ole m ercu ria l/m o le  SH . T his u p ta k e  w as com pared  w ith  th a t  o b ta in ed  
w hen th e  p ronase  d igested  p ro te in  was reduced  w ith  sodium  borohydride  in  44 %  
propano l, follow ing th e  m e th o d  o f B row n (1960). A fte r d e s tru c tio n  o f th e  b o ro 
h y d rid e  th e  SH  in  th e  reduced  p ro te in  w as e s tim a ted  am perom etrica lly  a t  52 °C an d  
— 0-75 F . T his u p ta k e  (I),) rep resen ts  2 m oles m ercuria l/m ole  SS plus 1 m ole m ercu ria l/ 
m ole SH . T he SS co n te n t is th e n  estim a ted  from  — 1) a n d  th e  S H  from  21) — F . 
I f  1) =  V2, no S -S  can  be p resen t .

B ecause b o ro h y d rid e  has been rep o rted  to  reduce m eth ion ine  in  casein, p roducing  
m e th y l m ercap tan  (D. A. Forss, personal com m unication) w hich i f  n o t rem oved  
com plete ly  b y  th e  bub b lin g  w ith  n itro g en  m ay  com bine w ith  m ercuria l reagen ts, 
a  fu r th e r  e s tim a te  o f th e  a m o u n t o f SS an d  S H  in th e  und igested  p ro te in  was o b ta in ed  
using  th e  m e th o d  o f R o b b in s  & F io riti (1963). T h is m e th o d  relies on th e  reac tion  of 
SS an d  S H  groups w ith  a lkaline cadm ium  h y d rox ide  to  y ield  u ltim a te ly  1 m ole of 
m eth y len e  b lue fo r every  m ole of su lp h u r in  cystine  a n d  cysteine, a n d  there fo re  gives 
an  estim a te  sim ilar to  th a t  from  th e  b o ro h y d rid e  red u c tio n  m ethod . T he au th o rs  
re p o rte d  th a t  th e re  w as no  reac tio n  w ith  m eth io n in e  su lp h u r a fte r  110 h  d igestion . 
T he m eth o d  is n o t conven ien t for ro u tin e  use as it  requ ires d igestions o f up  to  120 h 
for com plete  reac tio n  b u t it  is useful for o b ta in in g  an  in d ep en d en t e s tim a te  of 
cyste ine  +  cystine  su lphur.

C ysteine content o f casein micelles

RESULTS AND DISCUSSION

T he resu lts  o f  th e  t i tra tio n s  in  w hich haem oglobin  was used are  given in T ab le  1. 
T he SH  c o n te n t o f th e  casein m icelles (as e s tim a ted  by  th is  m ethod) is in  all cases 
q u ite  sim ilar to  th e  SS +  SH  co n ten t, w hich w ould  m ean  th a t  th e  m icelles co n ta in  
SH  a n d  n o t SS. On th e  o th e r h an d , th e  re su lts  for th e  2 sk im -m ilk  sam ples ind ica te  
th a t  th e y  co n ta in  b o th  SH  an d  SS, as w ould  be expec ted  because of th e  presence of 
serum  p ro te in s. T he inference th a t  cysteine only is p resen t in th e  m icelles receives 
su p p o rt from  th e  te s ts  using com plete red u c tio n  w ith  sodium  borohydride , or reac tio n  
w ith  a lkaline C d(O H )2. T he resu lts  (Table 2) show  th a t  th e  u p ta k e  o f m ercuria l in 
th e  absence of reducing  agen ts a t  p H  8 b y  th e  d igested  p ro te in  is usually  considerab ly  
less th a n  th e  u p ta k e  o f th e  reduced  p ro tein . C ontrol te s ts  show ed th a t  th e re  w as 
little  or no reac tio n  betw een  th e  m e th y lm ercu ry  iodide an d  d isu lphide g roups in 
sm all pep tid es  a t  p H  8. F o r exam ple, p ronase-d igested  bovine serum  album in , 
w hich con ta in s 0-7 S H  a n d  17 S -S  g roups p e r m olecular w eight of 65000 g (Cecil & 
M cPhee, 1959), show ed an  u p ta k e  o f 1 m ole o f m ercurial/65000  g. In  ad d itio n  
con tro l te s ts  in  w hich insu lin  an d  cystine  w ere inc luded  in  th e  d igests show ed no 
evidence a t  all o f reac tio n  betw een  th e  m e th y lm ercu ry  reag en t an d  S -S  g roups a t  
p H  8 in  non -reducing  conditions. T he u p ta k e  o f m ercuria l a t  p H  8 can  there fo re  be 
ta k e n  as show ing th a t  S H  groups a re  p re sen t b u t  th e  resu lts  o b ta in ed  w ith  th e  
reduced  p ro te in s  show  th a t  n o t a ll th e  SH  in  th e  d igested  casein h a d  reac ted  u n d er 
these  conditions.

I f  th e  u p ta k e  o f m ercu ria l b y  th e  casein red u ced  w ith  su lp h ite  is com pared  w ith  
th e  u p ta k e  follow ing red u c tio n  w ith  bo rohydride , i t  can  be seen th a t  in  fo u r o f th e

1 0 -2
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five exam ples given in  T ab le  2 th e  tw o u p ta k e s  a re  closely sim ilar (sam ples 1, 4, 5, 6) 
w hile sam ple 7 show ed a  25 %  g rea te r  u p ta k e  a fte r  red u c tio n  b y  borohydride . T his 
m eans th a t  S H  only is p re sen t in  th e  first m en tioned  4 sam ples, an d  th a t  th e  m ax im um  
a m o u n t o f S -S  possible in  sam ple 7 is 1 m ole/200000 g p ro te in . S im ilar conclusions 
are derived  w hen th e  resu lts  from  th e  C d(O H )2 tre a tm e n ts  (colum n 5, T ab le  2) are 
com pared  w ith  tho se  in  colum n 3, T ab le  2. I f  th e  m icelles co n ta in  cystine , a n d  no 
cysteine, th e  e stim a te  in  co lum n 5 shou ld  be tw ice th a t  in  co lum n 3. I f  cysteine alone 
is p resen t, th e n  th e  2 e stim a tes  shou ld  be th e  sam e. F o r th e  7 sam ples w hich can 
be com pared  in  th is  w ay  th e  2 e stim a tes  a re  closely sim ilar, th e  m ean  o f th e  7 re su lts  
from  colum n 3 being 2-54 m oles/100000 g a n d  th e  m ean  o f those  in  co lum n 5 being 
2-46 m oles/100000 g. T he resu lts  in  colum ns 3, 4 a n d  5, T ab le  2, therefo re , show  th a t  
in  m ost o f  th e  sam ples cysteine only  is p resen t, a n d  suggest ra th e r  s tro n g ly  th a t  th is  
is so in  a ll o f them .

T ab le  1. U p t a k e  o f  p h e n y l m e r c u r y  b y  c a s e i n  m i c e l l e s  a n d  s k i m - m i l k

Mole mercurial/100 000 g protein

Sample no. Pronase digest

Sulphite 
reduced, 

not digested
1 (Micelles) 1-8 (BSA)* 1-7
2 (Micelles) 1-7 (HbCo)** 1-8
3 (Micelles) 2-2 (HbCo) 2-0
4 (Skim-milk) 2-6 (HbCo) 3-3
) (Micelles) 1-5 (HbCo) 1-4
3 (Skim-milk) 3-3 (HbCo) 4-4

Excess phenylmercury acetate added to test solution and the excess phenylmercury estimated by 
addition of bovine serum albumin (BSA*) or sheep carboxyhaemoglobin (HbCo**).

T ab le  2. R e a c t i o n  o f c a s e i n  m i c e l l e s  w i t h  C H 3H g I  o r C d ( O H ) 2

Cd(OH)2
Uptake of CH3HgI (moles/100000 g protein) treatment,']'

,------------- ------------------A-------------- ----------------- \ moles S in
Pronase Pronase cystine -f

Pronase digest, digest, cysteine/
Sample digest, reduced with reduced with 100000g

no.* pH 8 sulphite NaBH4 protein
i 1-8 2-3 2-4 —

o 2-3 30 — 3-2
3 — 2-6 — 2-3
4 0-66 2-8 2-8 2-3
5 0-83 20 21 1-6
6 0-83 2-7 2-9 2-9
7 0-98 2-0 2-5 1-8
s 1-5 2-7 — 3-1

* These samples do not correspond to those in Table 1. 
t  These tests were performed on undigested protein.

I t  is a p p a re n t from  these  resu lts  th a t  th e  SH  g roups in  casein are  s tro n g ly  m asked , 
an d  th a t  th is  is th e  reason  fo r th e  failu re  o f  earlier a tte m p ts  to  d e te c t th em . T he 
s tre n g th  o f th is  m ask ing  can  be fu r th e r  ju d g ed  from  th e  fac t th a t  SH  groups could



n o t be d e tec ted  w hen in ta c t  m icellar casein w as t i t r a te d  w ith  p h en y lm ercu ry  a c e ta te  
in  th e  presence o f :

(1) 10m u rea , p H  9 in  0-2 n -N H 4O H -N H 4C1 (or N a 2B 40 7),

(2) 1 0 m  urea , p H  10-5 in  0-5 n -N H 4O H -N H 4C1,

(3) 4 0 %  fo rm am ide, p H  9 in  0-2 n -N H 4O H -N H 4C1,

(4) 4 4 %  propano l, p H  9 in  0-2 n -N H 4O H -N H 4C1,

(5) 44 %  p ropano l, p H  9 in  0-2 n -N H 4O H -N H 4C1 +  0-2 M -XaCl,

nor could  th e y  he d e tec ted  w hen th e  t i tra tio n s  w ere perfo rm ed  a t  3°C, in s tead  of 
37 °C, n o r w hen  Ca sequestering  reag en ts  w ere added . T he only  m eth o d  w hich could  
be relied  up o n  to  u n m ask  a t  le a s t som e o f th e  S H  g roups w as th e  p re lim in ary  d igestion  
w ith  p ronase , follow ed b y  dispersion  in  d isagg regating  m edia. T he use o f  p ro n ase  fo r 
a  sim ilar pu rpose  has been  discussed b y  H ird  (1963) w ho rep o rted  th a t  a f te r  ex tensive  
p ro teo lysis a ll four o f  th e  d isu lph ide  bonds o f ribonuclease becam e reducib le . I n  th e  
p re sen t c a se , d igestions w ere p erfo rm ed  in  th e  presence o f m ercu ria l reag en ts  to  
avo id  loss c i  SH  groups b y  o x id a tio n  as th e y  becam e accessible.

A lthough  th e  d igestion  w ith  p ronase  a t  p H  8 a t  tim es ren d ered  m o st o f th e  SH  
g roups ava ilab le  fo r reac tio n  (sam ples 1 an d  2, T ab le  2), th e  usual effect w as th a t  
s tro n g  m ask ing  o f  som e o f th e  S H  p ersis ted  in  sp ite  o f  th e  d igestion  (sam ples 4-8). 
T he m asked  S H  becom es av a ilab le  fo r reac tio n  w hen th e  p ro te in  is t r e a te d  w ith  
su lp h ite  a t  p H  9— an  effect s im ilar to  th e  one re p o rte d  b y  B eeby (1964) for /c-casein. 
T he m ost re liab le  m e th o d  o f assessing th e  S H  c o n te n t o f th e  casein is th ere fo re  
considered to  be th e  com parison  o f th e  u p ta k e  o f  m e th y l m ercu ry  reag en t b y  th e  
p ronase-d igested  p ro te in  in  th e  presence o f su lp h ite  w ith  th e  u p ta k e  b y  th e  d igested  
p ro te in  reduced  b y  bo rohvdride . T his avoids th e  possib ility  o f  e rro r due  e ith e r  to  th e  
m ask ing  o f th e  S H  or to  scission o f  sensitive d isu lph ide  bonds in  non-reducing  a lkaline 
conditions.

As B eeby  (1964) has show n th a t  fresh ly  p rep a red  /c-casein co n ta in s SH  b u t  no  SS, 
th e  S H  c o n te n t o f  th e  m icelles is o f in te re s t for i t  is possible th a t  a ll th e  SH  in  th e  
m icelles is in  th e  form  o f /c-casein. I f  th is  is so th e  S H  co n ten t as well as th e  sialic 
acid  co n ten t m ay  be a  usefu l in d ica tio n  o f th e  /c-casein co n te n t o f  th e  m icelles. T he 
fa c t th a t  th e  S H  co n ten t o f m ilk  is considerab ly  h igher th a n  has been  re p o rte d  to  
d a te  m a y  also be im p o r ta n t in  u n d e rs tan d in g  th e  b eh av io u r o f processed m ilks.

C ysteine content o f  casein m icelles 2 8 9
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The separation of milk protein on dextran gel

B y R . D. H IL L  and  R A IO N E  R . H A N S E N

D i v i s i o n  o f  D a i r y  R e s e a r c h ,  C . S . I . R . O . ,  M e l b o u r n e ,  A u s t r a l i a

( R e c e i v e d  25 M a y  1964)

Sum m ary . A m eth o d  w as devised  for sep a ra tin g  p ro te in s  o f  sk im -m ilk  on S ephadex  
G 100 d e x tra n  gel. F o u r frac tions w ere o b ta in ed , th e  first 3 corresponding  to  casein 
m icelle, lactog lobu lin , an d  lac ta lb u m in  frac tions w hile th e  la s t co n ta in ed  no  p ro te in . 
T he frac tions w ere exam ined  using  s ta rc h  gel electrophoresis, an d  resu lts  a re  also 
g iven for th e  average  com position  o f th e  frac tions. D ifferences betw een  th e  com 
position  o f th e  casein  m icelle frac tio n  a n d  th a t  o f sodium  caseinate  m ade from  th e  
sam e m ilks are  rep o rted .

Since th e  te ch n iq u e  fo r sep a ra tin g  p ro te in s  o f  d ifferen t m olecular sizes by  filtra tio n  
th ro u g h  d e x tra n  gel w as in tro d u ced  b y  B o ra th  & F lod in  (1959) i t  has been app lied  
to  th e  sep a ra tio n  o f p ro te in s  in  m an y  n a tu ra l system s. T he gels orig inally  av a ilab le  
could  resolve partic les  h av in g  m olecular w eights u p  to  25000, b u t  m ore recen tly  gels 
w ere developed  w hich could  resolve a t  m olecular w eight levels o f 100000 (Sephadex  
G 100) an d  200000 (S ephadex  G 200).

As th e  p ro te in  partic les  in  (skim )-m ilk h av e  w eights w hich range  from  m illions 
for th e  casein m icelles th ro u g h  36000 for lactog lobu lin  to  16000 fo r la c ta lb u m in  
(H aurow itz , 1963), i t  w as a p p a re n t th a t  th e  G 100 gel m ig h t be used  to  sep a ra te  th e  
casein m icelles from  th e  sm aller m olecules. In  early  tr ia ls  i t  rvas estab lished  th a t  th e  
lac tog lobu lin  a n d  lac ta lb u m in  could also be  sep a ra ted  from  each  o th e r a n d  from  th e  
sm aller m olecides such  as lactose, m ilk  sa lts , e tc . M orr, K en k are  & G ould (1963) 
rep o rted  a  sim ilar sep a ra tio n  o f m ilk  in to  4 frac tions, b u t  gave no in fo rm atio n  as to  
th e  n a tu re  o f th e  p ro te in s  in  each frac tion . T he m eth o d  has been used  in  th is  la b o ra 
to ry  since 1962 as p a r t  o f a  s tu d y  o f seasonal changes in  th e  com position  o f  m ilk, 
a n d  h as  p ro v ed  useful as a  m eans o f e s tim a tin g  changes in  re la tiv e  p ro p o rtio n  o f  th e  
various m ilk  p ro te in s. In  th is  p ap er, d e ta ils  o f th e  m ethod , averaged  com position  
o f th e  frac tions, an d  th e  resu lts  o f ex am in a tio n  o f th e  frac tions b y  m eans o f s ta rc h  
gel e lectrophoresis are  given.

EXPERIMENTAL

T he d e x tra n  gel w as S ephadex  G 100 supp lied  by  P h arm ac ia . U ppsala . T w en ty - 
five g ram m es o f  d ry  gel w ere s tirre d  in to  m /30 sodium  a c e ta te  buffer, p H  6-25, 
allow ed to  se ttle  a n d  th e  fines d ecan ted . T he gel w as p ou red  in to  a clear cy lindrical 
e x tru d e d  PV C  colum n 5 cm  in  d iam ., h av in g  a hem ispherical b o tto m  cap con ta in ing  
glass m icro-beads to  a  d e p th  o f 5 m m . T he gel w as allow ed to  se ttle , w ashed  th ro u g h  
w ith  11. of buffer, an d  aged  for 24 h . T he d e p th  o f  th e  bed  w as a b o u t 23 cm.
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F resh  raw  b u lk  m ilk  was w arm ed  to  37 °C a n d  spun  in  th e  Servall SS34 ro to r  a t  
8000 rev /m in  fo r 15 m in  a t  37 °C. T he te m p e ra tu re  control w as se t to  3°C an d  
sp inning  con tinued  for a  fu r th e r  15 m in. The frozen fa t  p lug w as carefu lly  rem oved , 
th e  m ilk  d ecan ted  an d  an y  sed im ented  casein red ispersed  in  th e  m ilk  b y  s tirrin g  a t  
37 °C for a p p ro x im a te ly  I  h.

A lay er o f a p p ro x im a te ly  5 cm o f buffer w as p laced  on th e  to p  o f th e  S ephadex  
gel bed, an d  a  20 ml sam ple  o f th e  m ilk  carefully  layered  on to  th e  gel surface 
b en ea th  th e  su p e rn a ta n t buffer layer. T he sam ple p lus a b o u t 10 m l o f  th e  su p e rn a ta n t 
buffer was allow ed to  flow in to  th e  b e d ; a t  th is  stage  th e  buffer above th e  b ed  w as 
rep len ished  an d  th e  flow ra te  k e p t a t  2-2-5 m l/m in . T his ra te  w as ach ieved  w ith  
th e  outflow  som e 20 cm below  th e  in le t level. F rac tio n s  w ere collected every  4 m in  
on a  R ad i-R ac  L K B  frac tio n  collector h av in g  a  U vicord  (LK B ) ab so rp tio m ete r 
record ing  transm ission  a t  253 m //m . T he separa tions were done a t  room  te m p e ra tu re  
(21 °C).

T he frac tions were collected, th e  co n ten ts  o f each peak  pooled, an d  ana ly sed  for 
n itrogen , sialic acid , a n d  cystine  +  cysteine con ten ts . N itro g en  w as de te rm in ed  b y  
sem i-m icro K je ld ah l m e th o d  an d  sialic ac id  b y  th e  procedure  o f W arren  (1959). 
C ystine +  cysteine w as estim a ted  by  a  m eth o d  sim ilar to  th a t  o f F . J .  H ird  (u n 
pub lished), a  descrip tion  of w hich is in  course o f p u b lica tion . A p o rtio n  o f each  
pooled frac tio n  w as freeze-dried , an d  these  sam ples la te r  com pared  b y  m eans o f 
s ta rc h  gel electrophoresis.

T he s ta rc h  gel a p p a ra tu s  w as a  cooled p la te  ty p e  sim ilar to  th a t  described  by  
G rah am  (1963) ex cep t th a t  th e  gel bed  w as only  3-5 m m  th ick , an d  w as used  in  a 
h o rizon ta l position . In  ad d itio n , th e  cooled b rass p la te  w as in su la ted  w ith  a  re- 
m oveable  layer o f S aran  w rap* 0-0015 in  th ick . This layer w as s tu ck  sm oo th ly  to  th e  
b rass p la te  w ith  a  th in  layer o f h eav y  grease an d  w as held  a t  th e  edges b y  a  rec tan g u la r 
bake lite  fram e su rro u n d in g  th e  gel. W hen  electrophoresis w as com pleted  th e  gel was 
sliced th ro u g h  th e  cen tre , th e  u p p er layer d iscarded  a n d  th e  low er lif ted  to  th e  
sta in in g  b a th  b y  th e  rem oveable  S aran  w rap . B y th is  m eans w eak an d  th in ly  sliced 
gels could be hand led  w ith o u t dam age. T he sam ples for electrophoresis w ere dissolved 
in  1 m l o f th e  cooled liqu id  gel a t  th e  sam e tim e  as th e  gel bed  w as poured , an d  
allow ed to  set u n d er th e  sam e cond itions as th e  gel bed itse lf—viz 4 h  a t  room  te m 
p e ra tu re  follow ed b y  20 h  a t  3 °C. Shoes of th e  sam ple gel sufficient to  fill th e  sam ple 
slo ts w ere th e n  c u t an d  p laced  in  position . C onditions o f e lectrophoresis w ere: 
in itia l p o ten tia l 200 V (8 V /cm ); in itia l c u rren t 33 m A  falling  to  12-15 m A  a fte r  
several h o u rs; d u ra tio n  o f ru n  20 h ;  te m p e ra tu re  o f  cooling w a te r 4°C. T he p o ten tia l 
w as. w hen  needed, ra ised  to  400 V to w ard  th e  en d  o f th e  ru n  w ith o u t a p p a re n t loss 
o f reso lu tion . T he buffers an d  gel com position w ere as described  in  W ake & B aldw in
(1961), excep t th a t  th e  s ta rch  co n ten t was 10-8% . N igrosine w ater-so luble  s ta in  
(G urr) was used. L actog lobu lin  an d  lac ta lb u m in  w ere p rep a red  bv  th e  m e th o d  o f 
A schaffenburg  & D rew ry  (1957). excep t th a t  th e  final c rysta lliza tio n  s tep  was o m itted  
for lac ta lb u m in .

2 9 2

* A polyvinylidene-polyvinyl chloride copolymer.
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RESULTS AND DISCUSSION

A ty p ic a l e lu tion  p a t te rn  is show n in  F ig . 1. T he transm issio n  o f  th e  casein frac tio n  
is g re a tly  red u ced  because m uch  o f th e  casein is s till v isib ly  in  m icellar form . A verage 
volum es o f  th e  frac tions a n d  th e ir  average  p ro te in  co n ten ts  are  show n in T ab le  1. 
T he n itro g en  in  frac tio n  4 d id  n o t rep re sen t p ro te in  since th e re  w as no  m a te ria l p ré 
c ip itab le  b y  12 %  T.C.A. O f th e  m a te ria l in  th e  o th e r frac tions, frac tio n  1 co n ta in ed  
84 % , frac tio n  2, 11-5 %  a n d  frac tio n  3, 4-5 %  of th e  to ta l  n itrogen . A ll th e  n itro g en  
in  these  3 frac tio n s w as ta k e n  to  be p ro te in  n itrogen . These p ro p ortions differ from

Figure 1. Chromatogram of fractions of skim-milk eluted from dextran gel.

T ab le  1. C o m p o s i t i o n * o f  m i l k  c o m p o n e n t s  e l u t e d  a s  f r a c t i o n s  f r o m  D e x t r a n  g e l

Fraction

Av. N;
mg/ml original 

milk

(see F i g .  1)

Av. protein, 
mg/ml original 

milk

Av. sialic
acid content,

o//o
Av. vol. of 

fraction, ml
1 4-1 26-6 0-48 85
2 0-56 3-6 — 75
3 0-22 1-45 — 95
4 0-25 — — 165

Na casemate — 23-4 0-35 —

* Average results from 12 samples of milk taken over a 6-month period.

those  g iven  b y  M orr e t  a l .  (1963), v iz., 7 5 % , 15 %  an d  10 %  for th e  com ponen ts 
sep a ra te d  b y  th e m  in  p h o sp h a te  buffer a t  p H  7, a n d  th e  differences w ould  be con
s is te n t w ith  a  m ore com plete  sep ara tio n  b y  o u r p rocedure. If, fo r exam ple, th e  tim e  
o f e lu tio n  is m u ch  increased , d issociation  o f th e  m icelles m a y  proceed to  th e  e x te n t 
th a t  casein  com ponen ts e lu te  in  frac tions 2 a n d  3. In  p a r tic u la r  som e //-casein, 
w hich is know n to  be less firm ly  bound , m ig h t be ex p ec ted  to  e lu te  in  frac tio n  2 if  
th e  m icelles d issociate  sufficiently. To check th e  e x te n t to  w hich d issociation  occurred  
th e  com positions o f th e  frac tio n s w ere in v es tig a ted  b y  m eans o f s ta rc h  gel e lec tro 
phoresis, a  sensitive  m e th o d  fo r d e tec tin g  m in o r com ponents.

P la te  1 show s th e  e lectrophoresis p a tte rn s  o f  frac tio n s 1 a n d  2 from  2 d ifferen t 
b u lk  m ilks from  th e  sam e fac to ry , along w ith  tho se  o f a  s ta n d a rd  lac tog lobu lin  an d
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a  s ta n d a rd  sodium  caseinate . The p a tte rn s  o f th e  frac tio n  1 sam ples a re  sim ilar to  
tho se  o f th e  sodium  caseinate . W ith  th e  excep tion  o f a  slow m oving  com ponen t in 
one o f th e  frac tio n  1 sam ples (P la te  ID ), th e  com ponen ts resolved are  th e  sam e as 
tho se  o f th e  sodium  caseinate . T he starch-gel p a tte rn s  show  no evidence of co n ta m 
in a tio n  o f frac tio n  1 w ith  non-casein  p ro te ins. T hey  do suggest how ever th a t  th e re  
can  be considerable v a ria tio n  in  th e  p ro p o rtio n s o f som e o f th e  com ponen ts o f th e  
casein m icelle (com pare s ta rre d  b an d s in  P la te s  IB , D).

T he p a tte rn s  of frac tio n  2 h av e  no  bands corresponding  to  th e  m ain  a  a n d  /? casein 
b an d s in frac tion  1. In  som e o f th e  p a tte rn s  of frac tio n  2 th e re  are  w eak b an d s 
from  com ponen ts w hich m ove fa s te r th a n  th e  m ain  lactog lobu lin  ban d , b u t  these  do 
n o t a p p ea r to  co rre la te  w ith  an y  casein com ponen ts an d  th e  sep a ra tio n  betw een  
frac tio n s 1 an d  2 m u s t be a lm o st com plete, a t  least as judged  b y  th e  s ta rc h  gel 
p a tte rn s  (see P la te  IE ) . T his is confirm ed in  P la te  2, in  w hich th e  p a tte rn s  o f a set 
o f frac tions from  one m ilk  are  show n. In  a few sam ples, th e re  w as ev id en tly  a  trace  
o f frac tio n  3 p ro te in  in  frac tio n  2 (P la te  2 C).

T he frac tio n  3 p a tte rn s  (P la te  2D ) reveal a  p red o m in an t co n ten t o f lac ta lbum in  
(see P la te  3) w ith  som e m inor co n tam in a tio n . In  one case th e  co n tam in a tio n  ap p ears  
to  be caused b y  a  slow -m oving casein com ponen t. T he shape of th e  frac tio n  3 p eak  
in  th e  e lu tion  curve  is som ew hat asym m etric , w hich suggests th a t  th e re  m a y  be 
a  difference in com position  along th e  peak . To te s t  th is , th e  f ro n t an d  back  halves of 
th e  peak  w ere collected  sep ara te ly . T he s ta rch  gel p a tte rn s  of th e  tw o halves o f th e  
peak  are  show n in P la te  3, along w ith  th a t  o f th e  s ta n d a rd  lac ta lb u m in . T he p a tte rn s  
o f th e  tw o halves a re  sim ilar an d  th e re  is no suggestion  th a t  o th e r com ponen ts are  
e lu ted  in th e  tra ilin g  h a lf  o f th e  peak . S ta rch  gel p a tte rn s  o f frac tio n  4 show ed 
only one w eak b an d  ru n n in g  w ith  th e  fro n t, and  h av e  therefo re  n o t been 
presen ted .

The s ta rch  gel p a tte rn s  as a  w hole show  th a t  frac tio n s 1-3 co rrespond  to  th e  casein, 
lactog lobulin  an d  lac ta lb u m in  frac tions, a n d  suggest th a t  th e re  is little  cross-con
ta m in a tio n  betw een  frac tions. T his is su p p o rted  b y  th e  resu lts  o f analysis o f frac tio n s 
2 a n d  3 for cystine  +  cysteine. T he SS +  SH  co n ten t of frac tio n  2 was freq u en tly  
found  to  be in  th e  range  1 m ole SS +  S H /6000-7000 g p ro te in , com pared  w ith  a  value 
of 1 m ole/6000 g for th e  s ta n d a rd  lac tog lobulin . In  such  cases co n tam in a tio n  w ith  
o th e r com ponen ts can n o t be g rea t. A n u m b er o f th e  frac tio n  3 sam ples h ad  SS +  SH  
co n ten ts  o f a b o u t 1 m ole/3300 g p ro te in  or a b o u t 5 m oles/16000 g. In  general th e  
SS +  SH  co n ten t o f th is  frac tio n  seem ed to  be m ore variab le  th a n  th a t  o f frac tio n  2, 
b u t  even  w hen th e  SS +  SH  analysis in d ica ted  th e  probab le  presence o f o th e r 
com ponents, these  could n o t be d e tec ted  in  th e  s ta rc h  gel p a tte rn s  in  th e  expected  
p ro p o rtio n . T he significance o f these  v a ria tio n s  is n o t clear as genetic  differences, 
o x id a tio n  of SH  groups or u n d e tec ted  co n tam in a tio n  m ay  all co n trib u te .

T he caseins o f frac tio n  1 h a d  on th e  average  a  r a th e r  g rea te r  co n ten t o f sialic acid 
th a n  sodium  caseinates m ade from  th e  sam e m ilks (T able 1). T h a t som e com ponen ts 
o f th e  casein m icelle are  in  fa c t lo st w hen  casein is p rec ip ita ted  a t  p H  4-6 w as show n 
in a  te s t  in  w hich a sep a ra te d  frac tio n  1 was p re c ip ita te d  a t  p H  4-6, cen trifuged  a t  
10000 g fo r 20 m in  an d  th e  clear su p e rn a ta n t an a lysed  for n itrogen , SS +  SH , a n d  
sialic acid . T he su p e rn a ta n t co n ta in ed  16 %  o f th e  orig inal n itrogen , h ad  a  sialic acid  
co n ten t o f  1-34%  an d  a  SS +  SH  co n ten t of 1 m ole/33000 g p ro te in . T his is in  accord
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w ith  th e  resu lts  in  T ab le  1 w hich show s th a t  on th e  average  som e 25 %  o f th e  sialic 
acid  c o n te n t is lost b y  acid  p rec ip ita tio n .

T he gel filtra tio n  m eth o d  there fo re  offers a  sim ple m eans of sep a ra tin g  th e  m ain  
g roups of m ilk  p ro te in s  from  each o th e r. I t  also has th e  a d v a n ta g e  o f iso la ting  th e  
casein frac tio n  as i t  ex is ts  in  th e  m icelle, w hich m ay  be im p o r ta n t in  sy stem atic  
s tud ies o f v a ria tio n s in  com position  o f th is  m a jo r com ponen t o f m ilk.
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EXPLANATION OF PLATES 1-3
Plate 1

Starch gel patterns of fractions from dextran gel. A, Standard Na caseinate; B, fraction 1 (August milk); 
C, fraction 2 (August milk); D, fraction 1 (November milk); E, fraction 2 (November milk); F, standard 
(crystalline) lactoglobulin.

Plate 2
Starch gel patterns of fractions from dextran gel. A, Standard Na caseinate; B, fraction 1 (April milk); 
C, fraction 2 (April milk); D, fraction 3 (April milk); E, standard lactoglobulin; F, standard Na caseinate.

Plate 3
Starch gel patterns of lactalbumins. A, standard lactalbumin; B, fraction 3 (1st half of peak);
C. fraction 3 (2nd half of peak).

P r i n t e d  i n  G re a t B r i t a i n
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A comparison of media for counting and isolating the bacteria
from Cheddar cheese

B y  P . S. R O B E R T S O N

T h e  D a i r y  R e s e a r c h  I n s t i t u t e  (N . Z .), P a l m e r s t o n  N o r t h ,  N e w  Z e a l a n d  

( R e c e i v e d  2 J u n e  1964)

S u m m a r y . In  a n  en d eav o u r to  find  a n  idea l m ed ium  fo r th e  iso la tion  o f th e  b a c te ria  
from  C heddar cheese 10 m ed ia  w ere com pared . T h e  in itia l c rite rio n  w as o f a b ility  
to  y ie ld  m ax im al coun ts w ith  each  o f 23 rep re sen ta tiv es  o f species com m on in  
C heddar cheese. S u b seq u en tly  th e  m ore  prom ising  m ed ia  w ere com pared  fo r a b ility  
to  give th e  h ighest coun ts fo r cheese em ulsions w ith o u t obvious d is to rtio n  o f th e  
p ro p o rtio n s o f th e  v a rious species p resen t.

Since no  one m edium  gave m ax im al coun ts w ith  a ll s tra in s , tw o  co m p lem en tary  
m ed ia  o f q u ite  d ifferen t com position  a re  suggested  fo r th e  bacterio log ical ex am in a tio n  
o f  cheese.

A v a rie ty  o f m ed ia  h av e  been  used  b y  d ifferen t w orkers fo r th e  co u n ting  a n d  
iso la tion  o f th e  b a c te ria  in  C heddar cheese, o ften  w ith o u t a n y  a p p a re n t effort to  
e s tab lish  th a t  th e  m ed ium  used  is su itab le  fo r th e  purpose . T he essen tia l ch a rac te ris tic  
o f a n  ideal non-selective m ed ium  is th a t  a ll v iab le  organism s (chains a n d  clum ps of 
bac te ria ) shou ld  be  capab le  o f p ro life ra tin g  a n d  giv ing rise to  visib le colonies. 
A lthough  in  p rac tice  th is  idea l is never com plete ly  o b ta in ed  i t  is m o st im p o r ta n t for 
en u m era tio n  purposes th a t  th e  ra tio  o f s tra in s  a n d  species p re sen t shou ld  n o t be 
u n d u ly  d is to rte d  b y  th e  m ed ium  used.

T he p re sen t p a p e r gives de ta ils  o f a  com parison  o f 10 m ed ia  in  w hich th e  prob lem  
o f finding th e  m o st su itab le  m ed ium  w as ap p ro ach ed  in  tw o  w ays. I n  th e  first, 
rep re sen ta tiv es  o f th e  species m ost o ften  rep o rted  in  C heddar cheese w ere p la te d  on 
v a rious m ed ia  to  find w hich  m edium , if  an y , co n sis ten tly  y ie lded  th e  h ig h est counts. 
I n  th e  second ap p ro ach , em ulsions p rep a red  from  severa l cheeses w ere te s te d  to  find 
w hich m edium  co n sis ten tly  y ielded  th e  h ighest coun ts w ith o u t a p p a re n t d is to rtio n  
o f  th e  p ro p o rtio n s o f b ac te ria l ty p es  p resen t. C om parisons wrere also m ade o f coun ts 
o b ta in ed  b y  aerobic in cu b a tio n  a n d  b y  anaerob ic  in cu b a tio n  in  an  a tm o sp h ere  o f 
9 0 % H 2+ 1 0 % C O 2.

M E T H O D S  A N D  M A T E R IA L S

M e d i a

F o u r m ain  ty p es  o f m ed ia  w ere te s te d : to m a to  dex trose  ag a r (TDA) (N aylor & 
S harpe , 1958); n u tr ie n t ag a r (N A ); a  solidified version  (incorpora ting  1-25%  D avis,
N .Z . agar) o f  th e  liq u id  m ed ium  fo r lactobacilli developed  b y  deM an, R ogosa & 
S harpe  (1960) (M RSA ); an d  lactose y e a s t p h o sp h a te  ag ar (L Y PA ) (R obertson ,
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1960a), a  s ligh tly  m odified version o f th e  m ed ium  developed  b y  H u n te r  (1946). 
In  ad d itio n , a  lim ited  n u m b er of te s ts  w ere m ade w ith  y e a s t dex trose  ag a r (YDA) 
(N aylor & S harpe , 1958) b u t  since th is  w as n o t as sa tis fac to ry  as th e  o th e r m ed ium , 
T D A , used  b y  N ay lo r & S harpe  (1958) i t  w as n o t exam ined  exhau stiv e ly .

A p a rt from  th e  above m edia  th e  follow ing v a r ia n ts  o f th e  orig inal fo rm ula tions 
w ere also te s te d : (a) m odified T D A  (TDA m od) in  w hich th e  sodium  chloride w as 
o m itte d  an d  0-5%  (v/v) o f m inera l so lu tion  ‘A ’ (M abbit & Z ielinska, 1956), 0 -5%  
(w/v) o f C H 3C O O N a . 3 H 20 ,  0-5 %  (w/v) o f K H 2P 0 4, a n d  0-2 %  (w/v) o f d iam m onium  
c itra te  w ere su b s titu te d ; (6) a  tr ip le  sugar v a r ia n t o f M RSA  (M RSAT) in  w hich
5 g arab inose an d  5 g sucrose were su b s titu te d  for 15 o f th e  20 g glucose (deM an e t  a l .

1960); (c) glucose lactose y east p h o sp h a te  ag a r (G LY PA ) (R obertson , 19606); 
{cl) L Y P A +  ; (e) G L Y P A + .  M edium  c w as th e  sam e as L Y P A  excep t th a t  h a lf  
th e  lactose was rep laced  w ith  glucose an d  m edia  ( d )  an d  (e) w ere p repared  b y  ad d in g
0-5%  (v/v) o f m ineral so lu tion  A (M abb itt & Z ielinska, 1956), 0 -1%  (w/v) of 
C H 3C O O N a. 3 H ,0  an d  T w een 80 to  th e  m ed ia  L Y P A  an d  G L Y PA , respective ly . 
These la t te r  add itio n s w ere inc luded  because th e y  have  been  show n to  im prove th e  
g ro w th  o f som e s tra in s  of lactobacilli (Briggs, 1953; deM an e t  a l .  1960; E v an s & 
N iven, 1951; M ab b itt & Z ielinska, 1956; M acLeod & Snell, 1947; Snell, T a tu m  & 
P e te rso n , 1937).

In  ad d itio n  to  th e  above m edia  w hich a re  n o t reg a rd ed  as being selective for p a r 
tic u la r  species, th e  selective m edium , a c e ta te  ag a r (AcA) o f M ab b itt & Z ielinska
(1956), w as included  in  th e  te s t p rogram m e to  check its  ab ility  to  give h igh coun ts 
w ith  all s tra in s  o f lactobacilli. I t  w as found  to  be essen tia l to  in cu b a te  AcA p la tes 
in  sm all closed con ta iners in  o rder to  avo id  loss of m o istu re  w ith  consequent con
cen tra tio n  o f a c e ta te  w hich resu lted  in  low coun ts o f lactobacilli.

T r i a l s  u s i n g  k n o w n  s t r a i n s  o f  b a c t e r i a

P re lim in ary  com parisons of m ed ia  were m ade w ith  11 s tra in s  rep resen ting  4 
genera. T his w as su b seq u en tly  increased  to  23 s tra in s  from  5 genera  (T able 1). All 
s tra in s  w ere orig inally  iso la ted  from  C heddar cheese or m ilk. Som e s tra in s  o f 
L a c t o b a c i l l u s  b r e v i s  h av e  been show n to  be m ore difficult to  grow  th a n  o thers (N aylor
6  S harpe, 1958); for th is  reason  m ore rep re sen ta tiv es  of th is  species w ere te s te d  th a n  
of o th e r species.

In  accordance w ith  th e  proposals o f Shaw , S t i t t  & Cowan (1951), th e  genus nam e 
M i c r o c o c c u s  (stra ins 949 an d  1222) has n o t been recognized in  th e  p resen t in v es tig a 
tio n ; an d  follow ing th e  suggestion  o f S tad h o u d ers  & M ulder (1958) th e  n am e o f 
S taphylococcus (M icrococcus) has been used  to  in d ica te  th a t  rep resen ta tiv es  o f th e  
fo rm er genus M i c r o c o c c u s  are  included.

S u itab le  d ilu tions o f 2- o r 3 -day-o ld  cu ltu res  in y e a s t dex trose  litm us m ilk  (YDLM ) 
(W heater, 1955), w ere used as inocula  th ro u g h o u t. P la te s  w ere coun ted  a fte r  5 or 
6 davs in cu b a tio n  a t  30 °C. in aerobic conditions or in  an  a tm osphere  o f 9 0 %  H „ +  
1 0 % C O 2.

T r i a l s  w i t h  c h e e s e

In  a  co m p ara tiv e  s tu d y  o f th e  bacterio logy  o f C heddar cheese to  be rep o rted  la te r 
a to ta l  o f 104 cheeses a b o u t 6 m o n th s old, 26 from  each o f th e  coun tries, A u stra lia , 
C anada, G rea t B rita in  an d  New  Z ealand , were exam ined  bacterio logically . Six o f
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these  cheeses, a t  le a s t one from  each co u n try , w ere used  fo r th e  p re se n t com 
parison  o f m ed ia . T he cheese w as sam pled  b y  in se rtin g  a  large sterile  tr ie r  in to  th e  
alcohol-sw abbed  su rface o f  th e  cheese. T he o u te rm o st inch  o f th e  p lug  w as re tu rn e d  
to  th e  cheese a n d  th e  rem ain ing  p o rtio n  (30-40  g) w eighed in to  a  sterile  500-m l 
M onel m e ta l b lender ja r  con ta in ing  a  know n  w eigh t (ab o u t 110 g) o f 2 %  (w/v) 
sodium  c itra te  so lu tion . T he cheese sam ples w ere b lended  (A to-m ix b lender) for
0-5 m in  a t  slow speed, th e n  for 2 m in  a t  fu ll speed. To allow  th e  foam  to  subside, b u t  
a t  th e  sam e tim e  to  avo id  excessive sep a ra tio n  o f th e  cheesefat, th e  em ulsion w as 
allow ed to  s ta n d  for ex ac tly  2 m in  before  d ilu tio n s w ere p rep ared .

Cheese em ulsions w ere p la te d  in  d u p lica te  on T D A , T D A  m od, L Y P A , G L Y PA  
an d  M RSA . In  ad d itio n  to  a  com parison  o f th e  to ta l  coun ts o b ta in ed , a  com parison  
w as also m ade o f  th e  p ro p o rtio n  a n d  a c tu a l n u m b ers  o f  th e  d ifferen t b ac te ria l ty p es  
w hich developed  on th ese  m edia . T his w as done b y  p ick ing  25 colonies from  each 
m edium  in to  Y D LM  a n d  com paring  th e  re su lta n t cu ltu res  m icroscopically , p h y sio 
logically  an d  biochem ically . T he colonies w ere p icked  from  uncrow ded  p la te s  (15- 
150 colonies). To avoid b ias an d  to  ensure  th a t  th e  ra tio s  o f th e  vario u s b ac te ria l 
ty p es  in  th e  iso lates w ere sim ilar to  those  on  th e  p la te s , an  a rea  ju s t  large enough to  
co n ta in  25 well sep a ra te d  colonies w as m ark ed  off. All colonies, excep t tho se  w hich 
w ere so close th a t  th e re  w as a  risk  o f o b ta in in g  m ixed  cu ltu res, w ere p icked  from  th a t  
a rea . M ethods for id en tifica tio n  o f cu ltu res  are  to  be described  in  d e ta il in  a  su b 
se q u e n t paper.

R E SU L T S  A N D  D ISC U SS IO N

In itia l co m p ara tiv e  tr ia ls  o f aerobic  an d  anaerob ic  in cu b a tio n  o f know n  s tra in s  on 
a  v a r ie ty  o f  m ed ia  show ed conclusively  th a t  anaerob ic  in cu b a tio n  w as less s a tis 
fac to ry  th a n  aerobic . T he H 2 +  CO, a tm o sp h ere  su b s ta n tia lly  reduced  th e  counts 
o b ta in ed  w ith  s tra in s  o f som e genera, an d  w ith  o th ers  conferred  no a d v a n ta g e  a p a r t  
from  increased  colony size. A erobic in cu b a tio n  was there fo re  a d o p ted  th ro u g h o u t 
th e  en tire  su b seq u en t investig a tio n .

T he m ore  im p o r ta n t re su lts  o f th e  tr ia ls  o f  23 know n  s tra in s  on 9 d ifferen t m edia  
are  sum m arized  in  T ab le  1. N o s tra in  w as te s te d  on all m ed ia  since i t  w as im p ra c tic 
ab le  to  m ake a ll te s ts  s im u ltaneously  a n d  early  tr ia ls  show ed som e m edia  to  be q u ite  
u n su itab le . F o r exam ple , using  iden tica l inocula , colony coun ts on N A , T D A  m od, 
L Y P A  +  a n d  G L Y P A  +  w ere o ften  m u ch  low er th a n  on o th e r m edia. W ith  som e 
u n sa tis fa c to ry  m ed ia  th e  colonies w hich d id  develop w ere often  as large as or la rger 
th a n  tho se  w hich  developed  on m ed ia  w hich gave h igher co un ts, a  phenom enon  
w hich ap p ea red  to  be in d ep en d en t o f crow ding on th e  p la tes. I t  is in te re s tin g  to  
n o te  th a t  th re e  o f these  u n sa tis fa c to ry  m ed ia  co n ta in ed  ad d itio n a l in g red ien ts  based  
on  tho se  p re sen t in  AcA. A n in v es tig a tio n  o f these  ad d itio n a l com ponen ts show ed 
th a t  th e  low ering o f  th e  co u n ts  w as on ly  assoc ia ted  w ith  th e  presence o f m in e ra l 
so lu tio n  ‘A ’. I n  p a r tic u la r , th e  M n++ in  th is  so lu tio n  w as responsib le  fo r th e  in h ib itio n  
w hile th e  F e  ‘ p resen t lessened th e  adverse  effect o f  M n++. A fourfo ld  increase in  
Fe ’ : co n cen tra tio n  overcam e th e  in h ib ito ry  effect o f  M n++ in  sa lt so lu tion  ‘A ’, b u t 
th e  3 m ed ia  still h a d  li ttle  or no  a d v a n ta g e  over th e ir  co u n te rp a rts  n o t con ta in ing  
in g red ien ts based  on  AcA.

F ro m  T ab le  1 i t  m a y  be seen th a t  n o  one m ed ium  gave m ax im al co u n ts  w ith  all 
species. T he m edium  T D A  gave low co u n ts  w ith  7 o f  21 s tra in s  b u t  gave h igher

M ed ia  fo r  cheese bacteria
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coun ts w ith  s tra in  ‘ V 7 ’ th a n  w ere o b ta in ed  on an y  o th e r m edium . L Y P A  gave low 
coun ts w ith  5 o f 23 s tra in s  a n d  w as th u s  a  b e tte r  m ed ium  th a n  TD A . I t  w as found  
th a t  rep lacem en t o f p a r t  of th e  lactose o f L Y P A  b y  glucose to  give G L Y P A  re su lted  
in  m ax im al coun ts fo r 3 of th e  5 s tra in s  w hich  gave low coun ts on L Y P A . In d eed , 
if  i t  be assum ed  th a t  th e  9 s tra in s  which w ere n o t tr ie d  on G L Y P A  gave m ax im al 
coun ts on G L Y PA  as th e y  d id  on every  o th e r m ed ium  te s ted , th e n  G L Y P A  w as th e  
b es t m ed ium  te s ted . M RS A a n d  M R SA T w ere a lm o st as good as G L Y PA , b u t  w ith  
L .  b r e v i s  s tra in s  ‘V 7 ’ an d  ‘D 1 2 7 ’ th e y  h av e  low an d  v e ry  low  coun ts re sp ec tiv e ly ; 
colony size w as n o t im paired .

T ab le  1. A  c o m p a r i s o n  o f  th e  c o l o n y  c o u n t s * o n  9 m e d i a  o f  23 s t r a i n s  o f  

8 s p e c i e s  o f  b a c t e r i a  o f t e n  f o u n d  i n  C h e d d a r  c h e e s e

(Incubations: aerobic 5-6 days at 30 °C.)

TDA
Species Strainf TDA mod LYPA LYPA-ff G LYPA G LY P A + M RSA MRSAT AcA

L a c t o b a c i l l u s  c a s c i 148 +  +  + +  +  + +  +  + +  + +  +  + N +  +  + N N
A 121 +  + N +  +  + N + +  + N +  +  + +  +  + +  +  +
B 142 +  +  + N + +  + N N N +  +  + +  +  + +  +  +

L .  p l a n t a r u m A 164 +  +  + +  +  + +  +  + +  +  + +  + + N +  +  + N N
L50 +  +  + N +  +  + N N N +  +  + +  +  + +  +  +
H 10 +  +  + N +  +  + N N N +  +  + +  +  + +  +  +

L .  b r e v i s X I +  -f + +  +  + + +  + + +  + +  +  + N +  +  + N N
V 7 +  +  + h +  + +  + + +  + +  + + + N
D 127 +  + + +  +  + +  +  + +  +  + N ± ± N
K46 +  +  + N +  +  + N N N +  +  + +  +  + +  +  +
T 21 +  +  + N +  +  + N N N +  +  + +  +  + +  +  +
D  210 +  +  + N +  +  + N N N +  +  + +  +  + +  +  +

L .  unclassified lv 44 +  + N + +  + N +  +  + N -h +  + +  +  + +  +  +
AGIO +  +  + N +  +  + N N N +  +  + +  +  + +  +  +

S t r e p t o c o c c u s  l a c l i s 763 (ML3) N N +  + + N N N +  +  + +  +  + N
S i r .  c r e m o r i s 607 (HP) N N + + + N N N +  +  + +  +  + N

924 +  +  + X + N +  + N +  +  + +  +  + N
P e d i o c o c c u s  sp. CH 159 +  +  + +  +  -f + +  + + +  + +  + + N +  +  + N N

991 + +  + +  + + + +  + + +  +  + +  +  + N N N
L e u c o n o s t o c  sp. 517 +  + +  +  + +  +  + N +  +  + + N N N

523 + + +  + +  + + + +  +  + N +  +  + N N
Staphylococcus 949 + ± ± +  +  + ± +  +  + N N
(Micrococcus) sp. 1222 + +  + N +  +  + N +  +  + N N

* +-*-+, Within 80-100 %  of highest count: +  +, within 40-80 %  of highest count; +, within 10-40 %  of highest count; ± , within 0-10 %  of highest 
count; N, not determined.

f  Strains designated by number only were selected iron National Collection of Dairy Organisms, Shinfield and those with a letter prefix were from the 
collection of Dr II. E. Sharpe (isolated by Naylor & Sharpe, 1958).

All comparisons were repeated at least twice; several were repeated up to 7 times.

In  th e  lig h t o f th e  re su lts  o f tr ia ls  w ith  know n s tra in s  o f bac te ria  a lim ited  n u m b er 
o f com parisons w ere m ade using  TD A , TD A  m od, L Y P A , G L Y PA  a n d  M RSA  for 
p la tin g  em ulsions o f cheese. T he to ta l  coun ts an d  p ro p o rtio n  o f d ifferen t b ac te ria l 
ty p es iso la ted  w ere in  general ag reem en t w ith  w h a t w as to  be expec ted  from  th e  
tr ia ls  using  know n s tra in s ; T D A , G L Y PA  an d  M RSA  w ere th e  m ost sa tis fac to ry  
m edia.

B ecause o f th e  large difference in  bacterio log ical com position  o f d ifferen t cheeses 
an d  because no one m edium  w as en tire ly  sa tis fac to ry  i t  w as decided th a t  for s tud ies 
o f th e  bacterio logy  o f C heddar cheese each  cheese should  be p la te d  on  2 m edia. 
TD A  a n d  G L Y PA  w ere chosen because on th e  basis o f th e  re su lts  o b ta in ed  w ith  p u re  
cu ltu res th e y  seem ed to  be com p lem en tary  in  th a t  for th e  s tra in s  te s ted , one m edium  
w as sa tis fac to ry  w hen th e  o th e r w as u n sa tis fac to ry . T he w isdom  o f th is  choice w as 
fo u n d  in  th e  m ain  s tu d y , since a lth o u g h  th e  m ean  coun ts on th e  2 m ed ia  w ere sim ilar 
(T able 2) th e  coun ts for in d iv id u a l cheese w ere som etim es qu ite  different. W ith  6 of
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th e  104 cheeses th e re  w as a t  leas t a  tw ofo ld  difference betw een  th e  p la te  coun ts 
o b ta in ed  on T D A  a n d  G L Y PA . H ow ever, i t  is a p p a re n t from  T ab le  3 th a t  th e re  is 
a  difference even  in  th e  m ean  p ro p o rtio n  o f  d ifferen t species iso la ted  on  th e  2 m edia. 
M ore S t r .  t h e r m o p h i l u s  a n d  co ry n eb ac te ria  w ere iso la ted  on G L Y PA  th a n  on TD A , 
a n d  conversely  L .  b r e v i s  s tra in s  w ere m o st freq u en tly  iso la ted  on  T D A . T here  was 
a  ten d en cy  for m ore L .  c a s e i  to  be iso la ted  on TD A . W ith  in d iv id u a l cheese th e  
differences w ere even  m ore p ronounced . A n ex trem e  exam ple  w as th e  finding th a t  
for one cheese on ly  8 %  o f th e  iso lates from  T D A  w ere L .  p l a n t a r u m  w hereas th is  
species rep re sen ted  56 %  o f th e  iso la tes from  G L Y PA . I n  th is  cheese S t r .  l a c t i s  s tra in s  
rep resen ted  70 a n d  12 %  o f th e  iso lates on 2 m ed ia , respective ly . I n  th is  in stan ce  
th e  to ta l  co u n ts  on TD A  a n d  G L Y P A  w ere 162 x 107 a n d  57 x 107, respective ly .

T ab le  2. T h e  m e a n  r e s u l t s  o f  p l a t e  c o u n t s  o n  T D A ,  G L Y P A  a n d  A c  A  f o r  

26 c h e e s e s  f r o m  e a c h  o f  4 c o u n t r i e s

M edia  fo r  cheese bacteria

Organisms/g x 10 6

Cheese from T D A G L Y P A AcA *

Australia 46-1 37-7 30-7
Canada 1200 126-0 45-1
Great Britain 531 50*5 39-4
New Zealand 06-7 55-0 19-8

•omits were only determined for about half the cheeses from each country

T able 3. T h e  m e a n  p r o p o r t i o n  ( p e r c e n t a g e )  o f  d i f f e r e n t  s p e c i e s  i s o l a t e d  f r o m  

104 C h e d d a r  c h e e s e s  o n  th e  m e d i a  T D A  a n d  G L Y P A .

(Equal numbers of cheeses from Australia, Canada, Great Britain and New Zealand; about 
2500 isolates from each medium.)

T D A G L Y P A

S tr e p to c o c c u s  la c t is 8-7 8-2
S t r .  c r e m o r is 1-7 0-5
S i r .  th e r m o p h i lu s 2-0 3-3
L c u c o n o s to c  sp. 1-8 1-8
P e d io c o c c u s  sp. 14-2 13-9
L a c to b a c illu -s  c a s e i 37-4 32-7
L . p la n ta r u m 13-1 14-5
!j . b r e v is 10-7 5-9
C o r y n e b a c te r iu  m  sp. 0-9 6-1
Serological Gp. D  streptococci 1-9 2-1
Staphylococcus (Micrococcus) sp. 1-1 1-6
Other, including unclassified 6-5 9-4

T he coun ts on th e  selective m ed ium  AcA are  included  in  T ab le  2 fo r com parison  
w ith  th e  to ta l  coun ts on  th e  2 ‘ genera l-purpose  ’ m ed ia . AcA grow s lactobacilli an d  
som e pediococci (M ab b itt & Z ielinska, 1956; N ay lo r & S harpe , 1958) an d  as la c to 
bacilli com prise ab o u t 60 %  o f th e  iso lates from  all cheese (T able 3) th e  AcA coun ts 
are  in  reasonab le  ag reem en t w ith  tho se  on T D A  an d  G L Y P A  b u t  te n d  to  be re la tiv e ly  
low fo r C anad ian  an d  N ew  Z ealand  cheese (Table 2).

U sed  alone, none o f th e  ‘general p u rp o s e ’ m ed ia  te s te d  w as ideal fo r th e  en u m e ra 
tio n  a n d  iso lation  o f th e  b a c te ria  in  all cheese. W ith  a  p a r tic u la r  cheese a n d  a  p a r tic u la r  
m edium , even a  good one, th e  d is to rtio n  o f th e  bacterio log ical p ic tu re  could  be  

20 Da iry Res. 31



3 0 2 P .  S . R o b e r t s o n

considerable. T he d isad v an tag es o f  th e  in d iv id u a l m ed ia  could be largely  overcom e 
b y  p la tin g  each  cheese on 2 com p lem en tary  m edia. T his p rocedure  ap p ears  to  avo id  
gross d is to rtio n  o f th e  to ta l  co u n t a n d  o f th e  p ro p o rtio n s o f  species iso la ted  a lth o u g h  
i t  is im possib le to  know  for ce rta in  th e  tru e  p ro p o rtio n s o f  th e  various species in  a  
n a tu ra l  p ro d u c t like cheese. Som e aspects  o f m a n y  earlier s tud ies of cheese flora 
m u s t be tre a te d  w ith  cau tio n  because o f a n  a p p a re n t d isregard  for th e  su ita b ility  of 
th e  iso lation  m edia  em ployed.

I  w ish to  acknow ledge th e  in te re s t show n by  th e  la te  D r A. T. R . M attick  a n d  
D rs M. E . S harpe  a n d  M. R ogosa, th e  techn ica l assistance  o f M rs S. L . R u b y  an d  
Miss S. B oon, a n d  th e  excellen t facilities ex ten d ed  to  m e a t  th e  N a tio n a l In s t i tu te  
fo r R esearch  in  D airy ing , Shinfield, R ead ing , w here th is  com parison  w as ca rried  o u t.
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Mechanics of machine milking
I. Pressures in the teatcup assembly and liner wall movement

B y  C. C. T H IE L , P . A. C LO U G H  a n d  D. N . AKAM  

N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S h i n f i e l d , R e a d i n g

(.R e c e i v e d  15 J u n e  1964)

S u m m a r y . A m e th o d  is described  o f  m easu ring  pressures in  a  te a tc u p  assem bly  
using  s tra in  gauge tran sd u ce rs  a n d  sim u ltan eo u sly  follow ing m o v em en t o f th e  liner 
w all b y  m eans o f a  cine cam era. I n  p re lim in a ry  ex p erim en ts  w ith  a  narro w  bore  
ty p e  lin er i t  w as fo u n d  th a t  p ressu res below  th e  te a t  could  v a ry  d u rin g  a  single 
p u lsa tio n  cycle from  a  few  inches o f m ercu ry  below  a tm ospheric  p ressu re  (inH g 
vacuum ) to  as h igh  as 25 in H g  v acu u m  in  th e  absence o f  a n  airb leed . B leeding  a ir 
in to  th e  b a rre l o f th e  liner or in to  th e  claw piece considerab ly  reduced  flu c tu a tio n  in  
pressu re, a n d  th e  v acu u m  b a re ly  rose above th e  nom inal m ilk ing  v acu u m  o f 15 inH g. 
R educ ing  th e  ra te  of change o f  p ressu re  in  th e  p u lsa tio n  cham ber d id  n o t g rea tly  
affect th e  m ax im um  v acu u m  o b ta in ed . O pening a n d  closing o f th e  liner b y  p ressu re  
change in  th e  p u lsa tio n  cham ber w as u n d e r som e cond itions considerab ly  delayed  
b y  th e  p ressu re  cond itions ex isting  inside th e  liner.

I t  is suggested  th a t  in e r tia  effects o f m ilk  in  th e  c lu ste r a n d  th e  n a tu ra l frequency  
o f th e  sy stem  a re  la rge ly  responsib le  fo r th e  observed  pressure changes u n d e r th e  
te a t.

A lthough  a  good deal o f a tte n tio n  h as  been  g iven  to  p ressu re  changes in  th e  
p u lsa tio n  cham ber o f  te a tc u p s  (e.g. H u p fau e r, 1956; N eild, C lark , H offm an & 
O lney, 1962; N o o rlan d er & Schalm , 1958; N oorlander, 1960; P h illips, 1963; W h ittle - 
s to n e  & O lney, 1962), records o f p ressu res m easu red  inside th e  lin er u n d e r th e  te a t  
h av e  received  little  a t te n tio n  in  th e  lite ra tu re . N oorlander (1960) m ade reference 
to  such  p ressu re  fluc tu a tio n s, w hich  w ere m easu red  w ith  s tra in  gauge eq u ip m en t, 
b u t  few  d a ta  a re  q uo ted . W e h av e  used  a  m u ltich an n e l in s tru m e n t em ploying  s tra in  
gauge tran sd u ce rs  to  m easu re  p ressures a t  v a rious p o in ts  in  th e  te a tc u p  d u rin g  
m ilk ing. I t  enab led  phase  re la tionsh ips to  be follow ed easily , an d  h a d  a  sufficiently  
h igh  response ra te  to  reco rd  a n y  tra n s ie n t p ressu res likely  to  h av e  occurred . In  
ad d itio n  th e  opening a n d  closing o f  th e  liner m o u n ted  in  a  glass te a tc u p  h as  been 
follow ed b y  th e  tech n iq u e  m en tioned , b u t  n o t described , b y  A rd ran , K em p, C lough & 
D o d d  (1958). I n  th e  p re se n t p ap e r som e p re lim in ary  observa tions a re  m ade on 
fac to rs  affecting  p ressu re  changes a n d  liner m o v em en t in  th e  te a tc u p  using 3 first- 
ca lf A yrsh ires in  m id- a n d  la te  lac ta tio n .

2 0 -2
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M E T H O D S

P r e s s u r e  m e a s u r e m e n t

A p p a r a t u s .  Bell & H ow ell unbonded  s tra in  gauge pressure  tran sd u cers  (T ype
4-326, range  0 -25  lb /in 2 abso lu te) w ere used  in  con junction  w ith  th e ir  T ype  5-124 
u ltrav io le t lig h t oscillograph equ ipped  w ith  T ype 7-342 g alvanom eters h av in g  a 
fla t (w ith in  5 % ) frequency  response range o f 0-135 c/sec to  a sine w ave in p u t (Bell & 
H owell L td ., C onsolidated  E lec trodynam ics, 14 Com m ercial R o ad , W oking, S urrey). 
W ith  th is  co m bina tion  o f tran sd u ce rs  an d  g a lvanom eters no am plifiers w ere requ ired . 
E ach  tran sd u ce r w as connected  to  a  g a lv an o m eter th ro u g h  a  resistance  n e tw o rk  so 
th a t  th e  o u tp u t of th e  b ridge  c ircu it could be a d ju s te d  to  zero w hen th e  tra n sd u c e r  
w as sub jec t to  p reva iling  a tm osnheric  pressure. Also a  variab le  resistance  w as fitted  
in  th e  in p u t c ircu it o f each  tran sd u ce r so th a t  th e  deflexion o f th e  g a lv an o m eter for 
a  know n pressure  change could  be m a tch ed  to  th e  g rid  lines on th e  ch a rt. A con
v en ien t c h a r t speed w as 3-25 in /sec w ith  tim in g  lines a t  in te rv a ls  o f 0-1 sec.

T he tran sd u cers , being  som ew hat b u lk y  an d  w eighing 4 oz, could  n o t be con
v en ien tly  m o u n ted  d irec t on  th e  te a tc u p  assem bly. T hey  w ere there fo re  m o u n ted
1-5-2 f t  aw ay  from  th e  claw piece along th e  line o f th e  long m ilk  tu b e . S h o rt pieces 
o f 0-125-in. bore th in -w alled  sta in less steel tu b in g , end ing  inside th e  liner a t  th e  
positions selected  for p ressu re  m easu rem en t w ere sealed  th ro u g h  th e  base  o f  th e  liner 
an d  shell so as n o t to  in te rfe re  w ith  th e  m ilk  o u tle t. These p ressu re  probes w ere 
connected  to  th e  tran sd u ce rs  b y  h igh d ensity  po ly th en e  tu b es  0-110 in . in te rn a l d iam . 
x 0-161 in . ex te rn a l d iam . (P o rtlan d  P lastic s  L td ., B a sse tt H ouse, H y th e , K en t). 

T he in le t p ressu re  cav ity  o f each  tra n sd u c e r an d  its  connecting  tu b e  an d  p ressu re  
p robe  w ere filled w ith  liqu id . T his w as to  m a in ta in  th e  frequency  response o f  th e  
system  an d  to  reduce  in e rtia  effects th a t  w ould in ev itab ly  h av e  occurred  w hen a 
nom inally  air-filled system  becam e p a r t ly  filled w ith  m ilk. D ue to  a  leak ing  jo in t 
a  liquid-filled system  d id  on one occasion co n ta in  several large a ir  bubb les. T he 
p ressu re  trace s  a t  once show ed large am p litu d e  dam ped  n a tu ra l frequencies— th e  
pressure  transm ission  system  was ‘r in g in g ’.

A ir-free w a te r is a  conven ien t filling liqu id , b u t  because th e  p ressu re  probes led 
dow nw ards from  th e  liner th e  denser m ilk  p e n e tra te d  in to  th e  connecting  tu b es, 
som etim es as fa r  as th e  tran sd u ce r, m ak ing  cleaning necessary  on  each  occasion. 
H ow ever, p e n e tra tio n  b y  th e  m ilk  w as m uch  reduced  b y  using a n  aqueous so lu tion  
denser th a n  m ilk, con ta in ing  N a2B 40 7.1 0 H 20 , 2-5%  (w/v) an d  N a2S 0 4, 3-5 %  (w/v) 
an d  hav in g  a  d en sity  o f a b o u t 1-04. W hen th e  connecting  tu b e  was flushed w ith  th is  
so lu tion  (using a side connexion a t  th e  en tran ce  to  th e  tran sd u cer) a t  in te rv a ls  o f 
ab o u t a  week, no difficulties w ere experienced.

A c c u r a c y  o f  p r e s s u r e  m e a s u r e m - e n t .  W hen s tead y  pressures over th e  range  0 -20  in H g  
v acu u m  w ere app lied  to  th e  tran sd u cers  th e  p ressu re  values read  from  th e  record  
ch a rts  agreed  to  w ith in  0-2 in H g  w ith  tho se  m easured  w ith  a  m ercu ry  m anom eter. 
N o d irec t m easu rem en ts of frequency  response w ere m ade, b u t  u n d er cond itions of 
pressure change sim ilar to  those show n in Fig. 2, a tran sd u ce r m o u n ted  on th e  
claw piece w ith  an  8-in. po ly th en e  connecting  tu b e  gave curves id en tica l in  am p litu d e  
a n d  phasin g  w ith  those  of a  tran sd u ce r w ith  a 36-in. connecting  tu b e , th e  2 p ressu re  
probes end ing  sym m etrica lly  inside th e  liner a b o u t 1-5 in. below  th e  te a t. T he h ighest



3 0 5

frequency  reco rded  w as a b o u t 70 c/sec. O pen ended  probes w ould  give false resu lts  
if  th e  m o m en tu m  o f m ilk  im pinging  on  th e  p ro b e  resu lted  in  pressu re. I n  com parisons 
o f  a n  open-ended  p robe a n d  a  sy m m etrica lly  p laced  capped  probe w ith  4 holes
0-078 in . d iam . ju s t  beh in d  th e  cap. th e  2 curves w ere ind istingu ishab le , b u t  as a  
p recau tio n  capped  p robes w ere used  fo r all m easu rem en ts  inside th e  liner.

A m uch  la rger e rro r arises, w hen th e  p ro b e  is m echan ically  v ib ra ted , ow ing to  th e  
in e rtia  o f  th e  filling liqu id . To m easure  th e  am p litu d e  o f  such  erro rs an d  to  com pare 
th e ir  phasing  w ith  p ressu re  changes inside th e  liner an d  th e  p u lsa tio n  cham ber, a 
te a tc u p  w as eq u ip p ed  w ith  a p ressu re  connexion  to  th e  p u lsa tio n  ch am b er an d  
2 id en tica l p robes end ing  inside th e  liner, one being sealed  a t  th e  o u te r  end. T he 
p o ly th en e  tu b e  a tta c h e d  to  th e  sealed  p robe h ad  4 holes 0-078 in . d iam . in  th e  wall 
ju s t  bey o n d  th e  p o in t o f a tta c h m e n t so th a t  in  effect a tm ospheric  p ressu re  w as being 
m easured . T he single te a tc u p  was connected  d irec t to  a  large p u lsa to r  to  g ive fa s t 
change o f p ressu re  in  th e  p u lsa tio n  ch am b er an d  hence th e  m ax im um  v ib ra tio n  o f th e  
assem bly . T yp ical re su lts  w ith  th e  te a tc u p  held  u p rig h t in  th e  m ilk ing  position  b y  
a  th u m b  in se rted  in  th e  liner, a n d  also w hen m ilk ing  a  cow, a re  show n in  F ig . 6. 
In e r tia  effects o f th e  liq u id  filling th e  connecting  tu b e  a tta c h e d  to  th e  d u m m y  probe 
re su lted  in  erro rs o f m easu rem en t o f a tm ospheric  pressu re, occurring  a t  th e  sam e tim e  
as v io len t p ressu re  changes in  th e  p u lsa tio n  cham ber, as h igh as + 1-5 inH g. These 
u n w an ted  pressure  changes necessarily  have  fa irly  h igh  frequency  as th e ir  occurrence 
is re la te d  to  accelera tion  o f  th e  confined filling liqu id . W hile erro rs o f  th is  m ag n itu d e  
do n o t  affect th e  m a in  conclusions o f th is  p ap er, i t  is im p o r ta n t to  rem em ber th em  
w hen  in te rp re tin g  th e  g rap h ica l d a ta  given.

C i n e  c a m e r a  t e c h n i q u e

A  d iag ram  o f a  glass te a tc u p  assem bly  equ ipped  w ith  probes for m easuring  pressures 
in  th e  p u lsa tio n  cham ber a n d  a t  3 he ig h ts  below th e  te a t  position  on  th e  ax is o f th e  
liner is g iven  in  F ig . 1. A piece o f w h ite  p ap e r w as cem ented  to  th e  in te rn a l surface 
o f th e  re a r  h a lf  o f th e  te a tc u p  to  im prove co n tra s t. T he assem bly  w as so a rran g ed  
th a t  w hen  in  p lace on th e  te a t  th e re  w as a  clear view  o f th e  edge o f th e  collapsed 
liner seen from  a  position  a t  r ig h t angles to  th e  side o f  th e  cow.

A 16 m m  V in ten  cam era  o p era tin g  a t  100 fram es/sec w ith  a  7-6 cm  lens an d  an  
exposure  tim e  o f 0-002 sec (W. V in ten  L td ., 715 N o rth  C ircular R o ad , Cricklew ood, 
L ondon , N .W . 2) w as m o u n ted  on a  m e ta l fram e, to  w hich w as also a tta c h e d  a  1 k W  
spo tlig h t. T he fram e ti l te d  a n d  ro ta te d  easily  a n d  w ith  th e  aid  o f a  view -finder 
a tta c h e d  to  th e  fram e th e  cam era  an d  sp o tlig h t could  be d irec ted  s im ultaneously . 
T he processed  film w as p ro jec ted  in  a film read e r to  give a  full-sized im age for m ak ing  
m easu rem en ts  o f w id th  o f liner an d  positio n  o f th e  te a t  in  th e  collapsed liner.

S y n c h r o n i z a t i o n  o f  th e  f i l m  a n d  o s c i l l o g r a p h  r e c o r d s

A 4-in. d iam . d ial w ith  an  eng raved  scale even ly  d iv id ing  th e  circum ference in to  
100 p a r ts  w as a tta c h e d  to  a  synch ronous m o to r w hich  ro ta te d  a  p o in te r  a t  1 rev/sec 
over th e  scale. E v e ry  fifth  m a rk  o f th e  scale w as e longated  a n d  ev ery  te n th  figured 
so th a t  tim e  could  be  easily  read  from  th e  cine film to  0-01 sec. As th e  h a n d  passed  
th e  zero m a rk  i t  co n tac ted  a  lig h t le a f  sp ring , th u s  energizing a n  e v en t m ark in g  
g a lv an o m ete r in  th e  oscillograph. T he tim e r  w as h e ld  in  th e  field o f  v iew  o f th e
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cam era  close to  th e  m ilk ing c lu ster d u rin g  recording. B o th  th e  cam era  m o to r a n d  th e  
c h a rt d rive  m o to r o f th e  oscillograph w ere s ta r te d  s im u ltaneously  so t h a t  th e  
position  o f th e  first deflexion of th e  ev en t m ark e r show n on  th e  c h a rt co rresponded  
to  th e  first fram e o f th e  film sequence w hich show ed th e  tim e r h an d  a t  zero.

M i l k i n g  e q u i p m e n t

T he cows w ere m ilked  in  a 2-level ta n d e m  p arlo u r. W hen  th e  glass te a tc u p  was 
one of four a tta c h e d  to  a  claw piece in  th e  usual w ay, a  long m ilk  tu b e  (0-5 in . bo re  x 
39 in . long) e lev a ted  th e  m ilk  to  a  w eigh ja r. T he connexion to  th e  w eigh ja r  w as 
a b o u t 14 in . above th e  tip s  o f th e  te a ts . A m ag n etic  p u lsa to r  o p e ra ted  all 4 p u lsa tio n  
cham bers s im ultaneously . I n  som e ex p erim en ts  th e  glass te a tc u p  assem bly  w as 
a tta c h e d  in d ep en d en tly  to  a m agnetic  p u lsa to r  (4 f t  o f 0-31-in. bore  tu b in g ), th e  m ilk  
being  conveyed  b y  3 f t  o f 0-31-in. bore tu b in g  to  one vo lu m etric  ja r  o f a  q u a rte r  
m ilker. T he en tra n c e  to  th e  vo lu m etric  ja r  w as a b o u t level w ith  th e  t ip  o f th e  te a t .  
W ith  b o th  a rran g em en ts  th e  a m o u n t o f m ilk  in  th e  ja r  was recorded  a t  15 sec in te rv a ls  
so th a t  accu ra te  es tim ates  of flow rate w hen  p ressu re  m easu rem en ts w ere m ad e  could 
be o b ta in ed  graph ica lly .

A n e x tru d e d  n a tu ra l ru b b e r  liner w ith  a  m ou thp iece  fo rm ed  b y  in se rtin g  a  ny lon  
rin g  w as used. I ts  m ain  dim ensions w hen  u n d e r ten sio n  in  th e  te a t  cup  a re  g iven  in

Fig- L
T he cond itions u n d er w hich th e  various ex p erim en ts  w ere conduc ted  are  g iven  in  

T ab le  1.
R E S U L T S

P re lim in ary  m easu rem en ts  show ed th a t  pressures m easu red  inside th e  te a tc u p  
liner a t  a  position  1-1-5 in . below  th e  te a t  f lu c tu a ted  w idely  d u rin g  each  p u lsa tio n  
cycle. I t  seem ed possible th a t  th e  w hole o f th e  space u n d e r th e  te a t  m ig h t n o t, a t  
a n y  p a r tic u la r  tim e, be a t  th e  sam e pressure. T his a sp ec t w as therefo re  first exp lo red  
a n d  su b seq u en tly  th e  re la tio n sh ip  o f p ressu re  change an d  liner w all m o v em en t 
in v estig a ted .

P r e s s u r e  p r o b e s  a t  3 l e v e l s  i n s i d e  th e  l i n e r  [ e x p t .  1)

A te a tc u p  assem bly  w as equ ipped  w ith  3 capped  side e n try  p ressu re  probes close 
to  th e  ax is o f th e  liner (Fig. 1). T he low est one opened  a b o u t 0-5 in. above th e  m ilk  
o u tle t hole an d  in  th is  position  rem ain ed  o u t o f co n ta c t w ith  th e  liner even w hen 
th e re  w as a  pressu re  difference of 25 in H g  closing th e  liner. T he second p robe w as
1-25 in . h igher th a n  th e  first. T he th ird  w as a d ju s ta b le  an d  w as se t du ring  m ilk ing 
w ith  th e  opening 0-25-0-5 in . belowr th e  t ip  o f th e  te a t. T he d is tan ce  from  th e  t ip  of 
th e  te a t  to  th e  b o tto m  o f th e  liner v aried  from  4-25 to  3 in . w ith  th e  3 cows. T he pressure  
records o b ta in ed  w ere sim ilar to  tho se  in  F ig . 4n. O nly b a re ly  discernible differences 
in  phase a n d  am p litu d e  w ere show n b y  th e  sets o f 3 p ressu re  traces, th e  2 u p p er 
probes n o t, a p p a re n tly , being occluded by  th e  closed liner. S ubsequen t m easu re 
m en ts  w ere m ade w ith  probes a t  th e  m idd le  position  (abou t 1-1-5 in . below  th e  te a t) .

P r e s s u r e s  i n  th e  t e a t c u p  a s s e m b l y  u n d e r  c o n d i t i o n s  l i k e l y  t o  b e  f o u n d  i n  p r a c t i c e

{ e x p t .  2)

T he chief charac teris tics  of th e  m ilk ing  conditions used  w ere no leakage of a ir  p a s t  
th e  te a t  or in to  th e  claw piece, little  e levation  o f th e  m ilk  (ab o u t 1-5 f t  in to  th e  w eigh
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Fig. 1. D iagram  of a  liner assem bled in a  glass te a tcu p  w ith  probes for pressure m easurem ent 
a t  3 levels un d er th e  te a t  a n d  in  th e  pu lsa tion  cham ber. T he lower end of th e  stre tch ed  liner 
w as folded over th e  end of th e  glass te a tcu p  an d  re ta in ed  b y  b inding w ith  th in  cord. T he m eta l 
end  piece carry ing  th e  cen tra l probes fitted  snugly over th e  ru b b er an d  was re ta in ed  in  p lace by  
adhesive tap e . T he longest o f th e  3 probes consisted of po ly thene  tu b in g  th ru s t  th ro u g h  a  m eta l 
guide tu b e  w ith  a  sh o rt leng th  of rub b er tu b in g  used as a  seal. This probe could be ad ju s ted  
during  m ilking, guide m arks a t  0-5 in. in te rvals on th e  visible p a r t  ind ica ting  th e  heigh t w ith in  th e  
liner. D im ensions are given in  inches.

ja r) , a  p u lsa tio n  ra te  o f 54 c /m in , fa irly  slow pressure  change in  th e  p u lsa tio n  cham ber 
(0-15-0-2 sec fo r th e  p ressu re  change to  be su b s ta n tia lly  com pleted) a n d  a  w ide ra tio . 
T he resu lts  fo r th e  3 cows w ere sim ilar, th e  d a ta  show n for one an im al in  F ig . 2 
being ty p ica l. P ressu re  changes inside th e  liner w ere as ex p ec ted  w hen m easu rem en ts 
w ere m ad e  before m ilk ing  began  w ith  th e  m o u th s o f th e  liners closed w ith  bungs, an d  
also w hen  th e  c lu ste r w as rep laced  on th e  cow a f te r  m ilk ing, th e  system  h av in g  been 
cleared  o f  m ilk  b y  a d m ittin g  a ir  th ro u g h  th e  liners. O pening  an d  closing o f th e  lin e r
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T able 1. E x p e r i m e n t a l  c o n d i t i o n s  w h e n  p r e s s u r e s  i n  th e  t e a t c u p  a s s e m b l y  a n d  

m o v e m e n t  o f  th e  l i n e r  w a l l  w e r e  r e c o r d e d

(Extruded narrow bore liner under tension; milking vacuum 15-3 inHg.)

Expt. 1. Expt. 2. Expt. 3. Expt. 4. 
Slow and fast

Expt. 6.

Probes at 3 levels Common Fast change pulsation and Pulsator stopped

Experimental conditions
under teat milking

conditions
of r.C. 

pressure
P.C. pressure 

change
Expt. 5. 
Airbleeds

open and 
closed'

Cow no. Y  64 Y  65 Y  67 Y  64 Y  65 Y  67 Y  67 Y  65
Single teatcup or whole cluster Whole cluster Whole cluster Single cup Whole cluster Whole cluster Single cup

Weight of assembly suspended in 5-6 5-6 0-7 5-6 5-6 0-6
milking position, lb 

Length and bore of milk tube, in. 39 x 0-5 39x0-5 36x0-31 39x0-5 39 x 0-5 36 x 0-31
Length and bore of pulsator tube, in. 56 x 0-375 48 x 0-375 48x0-31 48 x 0-375* 54x0-375 48x0-31
Pulsation rate, c/min 65 64 64 64 & 32 64 64
Ratiometer reading %  liner open 
timet

Yield at milking:

49 571 53 49 49 48

Quarter, lb —  —  — — 4-8 — — 5-2
Whole udder, lb 

Flowrate during recording:
9-1 18-5 19-0 100 18-5 16-5 17-6 18-3

Quarter, lb/min _ _  —  — — 2-9 — — —
Whole udder, lb/min 2-8 9-3 7-0 3-4 — 9-5 7-3 —

p.C. =  Pulsation chamber.
*  An 0-125 in. diam. restrictor was inserted when required into the pulse tube close to the pulsator. 
f  Method described by Thiel & Akam (1964).
X  The pulsation control system consisted of an electric master pulsator controlling a pulse relay line with a pneumatic relay at the milking unit.

Time, sec Time, sec

Fig. 2. Pressures m easured  in th e  p u lsation  cham ber (P.C.) an d  inside th e  liner ( I.L.), a n d  liner 
wall m ovem ent (L.) m easured  in  one tea tcu p  assem bly of a  c luster: (a) liner m ou ths closed w ith 
ru b b e r bungs: (b ) during  peak  m ilk flow; (c) a fte r  clearing th e  c luster o f  m ilk an d  replacing it  
on th e  cow a fte r m ilking. V acuum , 16*7 in H g ; pu lsation  ra te , 64 c /m in ; ra tio m eter reading, 57 % ; 
%  of cycle tim e th a t  liner was m ore th a n  h a lf  open, (a) 56 % , (b ) 39 % , (c) 63 %.



3 0 9

follow ed accu ra te ly  th e  pressure  change in  th e  p u lsa tio n  cham ber, th e  h a lf  open  
position  occurring  a t  a  p ressu re  difference across th e  w all o f th e  liner o f  3 -5  inH g. 
H ow ever, m easu rem en ts m ade d u rin g  th e  period  o f m ax im um  m ilk  flow (Fig. 2 b )  

show ed w ide p ressu re  flu c tu a tio n s inside th e  liner. Closing o f th e  liner w as som ew hat 
delayed , b u t  its  opening  w as m uch  delayed . T he h a lf  open  positions again  co rre 
sponded  to  a  p ressu re  difference across th e  liner w all o f 3 -5  in H g  fo r a ll 3 cows. 
P u lsa tio n  ra tio  defined as p ercen tage  o f  th e  p u lsa tio n  cycle th a t  th e  liner w as m ore 
th a n  h a lf  open  changed  from  a b o u t 60 %  w ith  no m ilk  p re sen t to  38 %  a t  fu ll flow'.

M echan ics o f  m achine m ilk in g . I

Time, sec Time, sec

Fig. 3. Pressures measured in the pulsation chamber (P.C.) and inside the liner (I.L.), and liner 
wall movement (L.), with fast change of pulsation chamber pressure. A single teatcup assembly 
with a 0-31-in. bore milk tube was used: (a) liner closed with a bung; (h) during peak flow. 
Vacuum, 15-3 inHg; pulsation rate, 64 c/min; ratiometer reading, 53 %; % of cycle time that 
liner was more than half open, (a) 53 %, (b) 54 %.

T h e  e f f e c t  o f  r a p i d  p r e s s u r e  c h a n g e  i n  t h e  p u l s a t i o n  c h a m b e r  (e x p t . 3)

W hen  th e  ra te  o f p ressu re  change in  th e  p u lsa tio n  cham ber w as increased  to  
15 in H g  in  0-02 sec or less d u rin g  m ilk ing  b y  using a  single te a t  cup  assem bly , th e  
p ressu re  inside th e  liner a tta in e d  a tm o sp h eric  p ressu re  or h igher (Fig. 3, for confirm a
tio n  see F ig . 6). T he p eak  o f h igh  v acu u m  seen in  F ig . 2 sep a ra ted  in to  2 peaks, th e  
first occurring  w hen th e  liner was fu lly  closed a n d  th e  second as th e  p u lsa tio n  cham ber 
w as ev acu a ted . T here  w as a  v e ry  p ro n o u n ced  tro u g h  d u rin g  th e  m ilk ing  phase . The 
p ressu re  g rap h s re la tin g  to  th e  p u lsa tio n  cham ber a n d  th e  space b e n e a th  th e  te a t  
show ed ty p ica l d am p ed  n a tu ra l frequencies. W hen  th e  cine film was p ro jec ted  a t  
24 fram es/sec, f lu tte rin g  o f th e  liner could  be seen. O pening an d  closing o f th e  liner 
d u rin g  m ilk ing  w ere som ew hat d e layed  com pared  wdth w hen th e  liner w as em p ty , 
b u t  th e  p u lsa tio n  ra tio  (liner m ore th a n  h a lf  open) w as a b o u t th e  sam e (53 % , liner 
e m p ty ; 5 4 % , m ilk ing), th e  liner again  passing  th ro u g h  th e  h a lf  open positio n  w hen  
th e  pressure  difference across its  w all w as in  th e  region o f 3 -5  inH g. F ig . 36 sho\vs 
p a r tic u la r ly  wTell th a t  liner w'all m o v em en t reflected  th e  ex trem es o f pressu re  d if
ference across it, closing v e ry  t ig h tly  w ith  th e  p eak  vacuum  inside th e  lin er a n d  
ballooning  d u rin g  th e  m ilk ing  phase w hen  th e  p ressu re  inside w as g re a te r  th a n  th e  
p ressu re  ou tside.
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P r e s s u r e  c h a n g e s  u n d e r  th e  t e a t  w i t h  p u l s a t i o n  r a t e s  o f  32 a n d  64 c / m i n  a n d  

f a s t  a n d  s l o w  r a t e s  o f  c h a n g e  o f  p r e s s u r e  i n  th e  p u l s a t i o n  c h a m b e r  (expt. 4)

A sh o rt len g th  o f pu lse  tu b e  w ith  a n  0-75 in . long re s tr ic to r  o f 0-125 in . bore w as 
connected  in to  th e  long pu lse  ~ube n ea r to  th e  p u lsa to r  b y  2 T-pieces. B y  m a n ip u 
la tin g  2 p in ch  clips con tro lling  th e  a lte rn a te  ro u te s  i t  w as possible to  a lte r  qu ick ly  
th e  ra te  o f change o f p ressu re  in  th e  p u lsa tio n  cham bers o f th e  c lu ste r from  fa s t to  
very  slow. As th e  p u lsa tio n  ra te  could  also be changed  rap id ly , i t  w as possib le to  
ta k e  records o f all 4 com binations of p u lsa tio n  ra te  a n d  p u lsa tio n  ch a rac te ris tic  
du ring  th e  course of a  single m ilk ing. R esu lts  for one cow are  sum m arized  in  F ig . 4.

T he m in im um  a n d  m ax im um  pressures m easured  inside th e  liner w ere n o t g rea tly  
affected  b y  e ith e r p u lsa tio n  ra te  or ra te  o f change of pressu re  in  th e  p u lsa tio n  
cham ber. H ow ever, i t  is n o tab le  th a t  th e re  w ere 2 peaks o f h igh  v acu u m  a t  th e  
slow ra te  o f p u lsa tio n  (cf. F ig . 3 b ) .  Also th e  p ro p o rtio n  o f  th e  cycle tim e  th a t  th e  
liner w as m ore th a n  h a lf  open  increased  from  a b o u t 30 %  a t  th e  fa s t p u lsa tio n  ra te  
to  a b o u t 50 %  a t  th e  slow ra te .

Time, sec Time, sec

Fig. 4. Pressures measured in the pulsation chamber (P.C.) and inside the liner (I.L.), and liner 
wall movement (L.) at pulsation rates of 64 and 32 c/min,and with fast and slow pressure change 
in the pulsation chamber: (a) 64 c/min, fast pulsation pressure change; (6) 32 c/min, fast pulsa
tion pressure change; (c) 64 c/min, slow pulsation pressure change: (d ) 32 c/min, slow pulsation 
pressure change. Vacuum, 15-3 inHg; ratiometer reading, 49 %; % of cycle time that liner was 
more than half open: (as) 34%, (b) 84%, (c) 31 % ,  {d ) 54%.

T h e  e f f e c t  o f  b l e e d i n g  a i r  i n t o  th e  i n d i v i d u a l  l i n e r s  o r  i n t o  th e  c l a w p i e c e  ( e x p t .  5) 

T he 4 liners of a  w hole c lu ste r w ere equ ipped  w ith  0-018-in. d iam . x 0-09-in. long 
a ir in le t nozzles carried  on th e  in n e r ends o f 0-125 in . ou tside  d iam . tu b es  in se rted  
th ro u g h  th e  base o f th e  liner. T he nozzle inside th e  liner o f  th e  glass te a tc u p w a s
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a tta c h e d  to  a  sh o rt piece o f po ly th en e  tu b e  in se rted  th ro u g h  th e  base  o f th e  liner as 
show n for th e  a d ju s ta b le  p ro b e  in  F ig . 1. T he h e ig h t o f  th e  nozzle w as a d ju s te d  fo r 
each  cow to  a d m it a ir  a b o u t 0-5 in . below  th e  t ip  o f th e  te a t .  T he ra te  o f flow o f a ir 
th ro u g h  each  nozzle fo r a  p ressu re  difference of 15 in H g  w as 0T 2 f t3/m in  m easured  
a t  a  p ressu re  o f 0 5  a tm . These a ir  in le ts  could  he qu ick ly  closed b y  covering w ith  
adhesive ta p e  a n d  a  single large a irb leed  hole in  th e  claw piece, 0-037 in . d iam .. 
uncovered . I t  a d m itte d  0-52ft3 o f a ir/m in  m easu red  a t  a p ressu re  o f 0-5 a tm .

M echanics o f m achine m ilk in g . I

Time, sec Time, sec

Fig. 5. Pressures measured in the pulsation chamber (P.C.) and inside the liner (I.L.) of one 
teatcup assembly of a cluster during milking, and liner wall movement (L.): (a) separate airbleeds 
to each liner each admitting 0-12 ft3 air/min measured at 0-5 atm; (6) single airbleed into the 
clawpiece admitting 0-52 ft3 air/min measured at 0-5 atm. Vacuum, 15-3 inHg; pulsation rate, 
64 c/min; ratiometer reading, 49 %; % of cycle time that liner was more than half open, (a) 50 %, 
(b) 49%.

T he resu lts  in  F ig . 5, com pared  w ith  sim ilar cond itions in  Fig. 4 a  w ith o u t a irb leeds, 
show  a  m ark ed  red u c tio n  in  p ressu re  flu c tu a tio n  u n d e r th e  te a t ,  an d  a m a rk e d  im 
p ro v em en t in  response o f th e  liner to  p ressu re  change in  th e  p u lsa tio n  cham ber. 
T he decline in  v acu u m  u n d e r th e  t e a t  as th e  liner closed w as p e rh ap s a  l i ttle  g rea te r  
w ith  th e  claw piece airb leed  th a n  w hen th e  airb leed  holes in to  th e  liner w ere open, 
b u t  th e  m ax im u m  vacuum  recorded  w as a b o u t th e  sam e.

T h e  d e m o n s t r a t i o n  o f  r e s o n a n c e  i n  th e  m i l k i n g  e q u i p m e n t  (e x p t . 6)

I t  ap p ea red  th a t  th e  m o st likely  cause o f th e  severe flu c tua tions in  p ressu re  inside 
th e  lin er w as m o v em en t o f m ilk  to  a n d  fro  a t  a  n a tu ra l frequency  d ep en d en t on th e  
m ass o f m ilk  a n d  th e  e la s tic ity  o f som e o f  th e  com ponen ts o f th e  system . T he o rig i
n a tin g  im p e tu s  w ould  p resu m ab ly  be th e  force ex e rted  on th e  m ilk  th ro u g h  th e  wall 
o f th e  lin er as a ir  en te red  th e  p u lsa tio n  cham ber.

I t  w as fe lt th a t  th is  hyp o th esis  w ould  be s tre n g th e n e d  if  i t  could be d em o n stra ted  
th a t  p ressu re  changes in  th e  p a tte rn  o f  a  d am p ed  n a tu ra l frequency  occurred  w hen 
in te rfe rin g  forces w ere rem oved . T he m o st fav o u rab le  ex p erim en ta l cond itions a p 
peared  to  be th e  single te a tc u p  assem bly  w ith  a ra p id  change of p ressu re  in  th e  
p u lsa tio n  cham ber, since th is  co m bina tion  h a d  given th e  s teep est p ressu re  changes 
inside th e  liner (Fig. 3). E x p t. 3 w as th ere fo re  rep e a te d  w ith  th e  difference th a t  
d u ring  peak  flow th e  p u lsa to r  w as s to p p ed  first w ith  th e  liner closed, a n d  a  l i ttle  la te r  
in  m ilk ing, w ith  th e  liner open. T he resu lts  o b ta in ed  w ith  one cow are  given in  F ig . 6.
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W ith  th e  liner he ld  closed th e  presence o f a  re so n an t frequency  a t  a b o u t 2-5 c/sec 
is clear. W ith  th e  liner h e ld  open th e  resonance w as less obvious, p resu m ab ly  b e 
cause o f in terference  b y  m ilk  flowing from  th e  te a t .  T he frequency  w as th e n  ab o u t 
2 c/sec.

C. C. T h i e l , P .  A . C l o u g h  a n d  D . N . A k a m
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Fig. 6. Pressure records of the dummy probe indicating errors due to vibration (upper curve), 
and pressures measured in the pulsation chamber (P.C.) and inside the liner (I.L.) of a single teat- 
cup assembly attached to a 0-31-in. bore milk tube: (as) liner closed with a thumb; (6) pulsator 
stopped during milking when the liner was closed; (c) pulsator stopped during milking when the 
liner was open. Vacuum, 15-3 inHg; pulsation rate, 64 c/min; ratiometer reading, 47 %.

DISCUSSION

T he flu c tu a tio n s in  p ressu re  inside th e  liner b e n e a th  th e  te a t  w ere la rg e r th a n  
expected . I t  seem s, how ever, th a t  th e y  w ere n o t a r tifa c ts  im posed  b y  th e  m easu ring  
e q u ip m en t, th e  b e s t in d ica tio n  o f th is  being  th e  m o v em en t o f th e  liner w all in  
accordance  w ith  th e  p ressu re  difference across i t ,  b o th  w hen  closing a n d  opening. 
As th e  dev ia tions from  th e  nom ina l m ilk ing  v acu u m  p ersis ted  for periods w hich w ere 
long com pared  w ith  th e  d u ra tio n  o f  each  p u lsa tio n  cycle, i t  follow ed th a t  th e  p e r 
cen tage lin er open  tim e  w as affected.

A  s trik in g  fea tu re , a p a r t  from  am p litu d e , of th e  p ressu re  v a ria tio n s  u n d e r th e  
te a t  is th e  len g th  o f tim e  th a t  a  v acu u m  g rea te r  th a n  th e  s tead y  m ilk ing  v acu u m  of 
th e  reco rder ja r  could endure . P ig . 2, for exam ple, show s a  tim e  longer th a n  0-4 sec. 
E v en  w hen  th e  liner w as, from  th e  cine film , closed a n d  a p p a re n tly  s ta tio n a ry  th e  
vacuum  could  rem ain  above 15 in H g  for as long as 0-35 sec (Eig. 4 b ) .  I t  w as also 
n o ted  th a t  fo r a n y  p a r tic u la r  ex p erim en ta l a rran g em en t o f th e  m ilk ing eq u ip m en t 
th e  p ressu re  curves w ere re m a rk a b ly  sim ilar fo r th e  3 cows a lth o u g h  th e ir  p e a k  m ilk  
flow ra te s  v a ried  from  a b o u t 3 to  over 9 lb /m in . T hus th e  a m p litu d e  a n d  d u ra tio n



3 1 3

of particular parts of the pressure fluctuations seemed to be much more related to the 
milking equipment than to the cow being milked. Finally, the pattern of pressure 
change, apart from the initial decline in vacuum as the liner was closing, almost 
disappeared when airbleeds were used.

The simplest explanation of these observations is that kinetic energy acquired by 
the milk as the liner closes is partly transformed to potential energy in the elastic 
parts of the system (gas bubbles and rubber), the minimum (or maximum) pressure 
measured corresponding to the moment when the milk becomes stationary. I t would 
then be expected that the stored potential energy would give rise to motion of the 
milk in the reverse direction, the frequency of the cyclical energy transformation 
(and hence static pressure change) being the natural frequency of the system. In 
Figs. 2-5 the frequencies of such pressure changes are masked by the regularly oc
curring pressure changes in the pulsation chamber. When, however, the pulsator was 
stopped during milking with the liner closed (Fig. 6 b )  the pattern of pressure change 
clearly indicated the damped natural frequency of the system. When the pulsator 
was stopped with the liner open the pattern was less clear, presumably because of 
interference by milk added to the system from the cow.

As the natural frequencies of the milking equipment used were apparently not 
much higher than the pulsation frequency, it is not surprising that the pressure 
differences controlling liner wall movement were seriously interfered with. Adding 
substantial amounts of gas to the system by means of airbleeds slowed down the rate 
of recovery of vacuum inside the liner after it had collapsed. This might be interpreted 
as the expected decrease in natural frequency with increase in ‘softness’ of the 
system.

The authors express their gratitude to Mr H. Burton, Dr F. H. Dodd and Mr L. J. 
Chantler (Reading Technical College) for much help and advice, and to F. A. Ravening 
and D. H. Cant for skilled technical assistance.
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BRUCELLA PHAGE

S o u rc e  a n d  is o la tio n  o f  p h a g e . Much of the recent work on brucella phage has been 
done using the Tbilisi (or Tb) phage isolated from liquid manure of a cowshed in the
U.S.S.R. (Popkhadze & Abashidze, 1955). Since then, reports, especially from the
U.S.S.R., have appeared on the isolation of phage from sewage, faeces and urine of 
cows, blood, urine, cerebro-spinal fluid, foetuses and internal organs of man and 
animals (Drozevkina, 1963), urine of infected goats (Lazuga & Renoux, 1960) and 
spleen of an infected mouse (Parnas, 1963 a).

The isolation of phage from old laboratory, as well as from recently isolated brucella 
cultures, has been widely reported in Soviet and European literature. Ostrovskaya 
(1961a) demonstrated phage in 126 of 197 brucella cultures but pointed out that the 
phages were only weakly virulent and their lytic effect could only be seen on solid 
media; not all the phages could be passaged. Similar phage isolations have been 
reported by Lazuga & Renoux (1960), Parnas (1963a), Lazuga (1962) and Renoux & 
Suire (1963). Renoux & Suire showed that 60 unselected brucella cultures (re
presenting B ru c e lla  a b o r tu s , m e li te n s is  s u is  and in te r m e d ia ) and containing cell types
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which gave rise to several morphologically distinct colonial types, were all naturally 
infected with phage. They concluded that smooth (S) and smooth-intermediate (SI) 
colonies do not carry phage and are phage susceptible. Rough (R) colonies do not 
carry phage and are phage resistant. Butyrous or sticky-white (P) colonies develop 
from carrier cells, carry phage and are phage resistant. The presence of phage could 
be demonstrated when plates were flooded with cultures but not when cotton-wool 
swabs were used for making lawns. However, in no case was phage propagated by 
these workers—the difficulty in doing so has already been pointed out (Ostrovskaya, 
1961a). However, the isolation of virulent phage from lysogenic or carrier cultures 
has been reported by Drozevkina (1963) and Parnas (1963a).

P h a g e  m o rp h o lo g y . Morgan, Kay & Bradley (1960) showed that the Tb phage 
particles were polyhedral, 65 m/tm across, hexagonal in plan view and bore a wedge- 
shaped tail 14 m/tm long attached to one corner. They were indistinguishable 
morphologically from coli phage T3 and were believed to be the first of this morpho
logical type outside the c o li- ty p h o id  group of phages. This morphology was confirmed 
by McDuff, Jones & Wilson (1.962) and Parnas & Chiozotto (1962). Ostrovskaya & 
Solov ’ev (1962) reported that the phage had a diverse morphology which was believed 
to be dependent on the stage of phage development. Many phage particles had no 
tail and others had a tail which, from their photographs, was longer than the head.

P la q u e  m o rp h o lo g y . Morgan et a l. (1960) showed that phage Tb gave rise to a 
mixture of large and small plaques, using R r . a b o rtu s  Strain 544 as propagating culture. 
Subculture of single, small or large plaques always gave rise to a mixture of large and 
small plaques. This was confirmed by McDuff et a l. (1962) and Edlinger (1962). 
McDuff et a l. (1962) further showed that, by limiting the period of adsorption to 
10 min by neutralizing free phage with phage antiserum, plaques of uniform size 
were obtained. The diversity of plaque-size was, therefore, a reflexion of the slowrate 
of adsorption of phage, phages adsorbed early producing large plaques and those 
adsorbing later producing small plaques. Jablonski (1962), working with Polish 
phages, described 3 plaque variants; neutralization tests with an antiphage serum 
gave identical K values against all 3 variants. Variations in plaque morphology were 
described by Jones, McDuff & Wilson (1962); the variations depended on the colonial 
morphology of the culture used as lawn.

R e p lic a t io n  o f  p h a g e . McDuff et a l. (1962) showed that phage had a slow rate of 
adsorption on to brucella cells (3-6 x 10 11 ml/min) with a latent period of 100 min 
and a burst size of 121 particles. They also showed that the latent period lengthened 
with the age of the bacterial culture. Edlinger (1962), using brucella phages 212 and 
371, assessed the latent period to be a t least 120 min, a burst size of 23 particles and 
a slow rate of adsorption. The changes occurring in bacterial cells after the addition 
of phage Tb have been studied by Ostrovskaya (19616), and Ostrovskaya & Solov’ev 
(1960, 1962) and consisted of swelling, differentiation of protoplasm, formation of 
protuberances, granularity and complete disintegration. They confirmed the slow 
rate of adsorption. A phenotypic change in the colonial morphology of a culture 
of B r .  a b o rtu s  of intermediate colonial morphology due to a phage carrier stage was 
reported by Jones et a l. (1962). Whereas phage produced complete lysis (at a 10-4 
dilution) and clear plaques on cultures of smooth or smooth-intermediate colonial 
form, no lysis at 10~4 dilution occurred on a culture of intermediate colonial morphology

Review s of the progress of dairy science
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after 24 h of incubation. After 48 h, sticky white growth occurred in the area of the 
phage drop. Evidence was brought forward to suggest that the sticky white colonies 
were carrier colonies in which lysis was delayed until after cell division resulting in 
the establishment of a colony containing some phage-free progeny. The relationship 
between phage susceptibility and colonial phenotype of B r .  a b o r tu s  was studied by 
Kessel & Braun (1961). Mucoid colonies of genotypically smooth, penicillin-resistant 
cells of B r .  a b o r tu s  on penicillin agar were lysed by phage suggesting that the changes 
responsible for phenotypic changes in colonial morphology had no effect on sites 
responsible for phage adsorption. Changes in biochemical properties, metabolism 
and virulence of cultures after the addition of phage have been reported by Ostrov
skaya (1960, 19616), Dubrovskaya & Ostrovskaya (1960), Parnas (1963a) and Ciuca, 
Dimitriu, Cerbu & Pop (1962). [See also reviews by Drozevkina (1963) and Parnas 
(1963a).] Kessel, Aronson & Braun (1960) showed that untreated or ultra-violet- 
treated phage inhibited the multiplication of B r .  a b o r tu s  either under extra-cellular 
conditions or after phagocytosis by guineapig mononuclear phagocytes; heat-treated 
phage had no effect. They furt her showed that the effect on intracellular bacteria could 
occur when exposure to phage was delayed 2 h after phagocytosis of the brucellae.

S ta b i l i ty  o f  p h a g e . Brucella phage appears to be quite stable over a wide range of 
temperature and pH values (Ostrovskaya, 19616; McDuff et a l. 1962). Chloroform 
destroys the phage (McDuff e t a l. 1962) but toluene has no effect on it (Morgan, 
1961, unpublished). McDuff et a l. also showed that at 60 °C, for 1 h, 18 % of the phage 
was inactivated, and a 100% was inactivated at 70°C for 1 h; it can be lyophilized 
without loss of titre. At 4°C the phage is stable for long periods (Ostrovskaya, 
19616; McDuff et a l. 1962; Morgan, 1961, unpublished).

U se o f  p h a g e  i n  ty p in g  a n d  c la ss ific a tio n . A large number of reports has appeared 
during the period under review on the susceptibility of brucella cultures to lysis by 
phage (van Drimmelen, 1960a; Drozevkina, 1963; Jones, 1960; Lazuga & Renoux, 
1960; Lazuga, 1962; Morgan et a l. 1960; Morgan, 1963; Miinter, 1963; Meyer, 
1961a, 6; Picket & Calderone, 1963; Parnas, 1960, 1962, 1963a; Parnas & Burdzy 
1963; Parnas, Burdzy & Miinter, 1963; Wundt, 1962; Ulbrich & Weinhold, 1962; 
Ostrovskaya, 19616). Many workers have used different phages and without reference 
to their titration. At the Round Table discussion on brucella phages, held in 1961 
as part of the 4th International Congress for Biological Standardization, the phage Tb, 
as well as phages 212/XV, 371/XXIX, and P were recommended to be used for 
routine typing.*

Morgan et a l. (I960), using phage Tb, and Jones (1960), using phage type a b o r tu s  
Strain 3, showed that at routine test dilution ( r .t . d . ) ,  the phage lysed cultures of 
B r .  a b o rtu s  including dye-sensitive (type 2) Strains, and cultures that are B r .  a b o rtu s  
culturally and biochemically and B r .  m e li te n s is  serologically but did not lyse cultures 
of B r .  s u is . However, the phage lysed some cultures of B r .  m e lite n s is  whereas other 
cultures of B r .  m e li te n s is  were not lysed. I t  was found that cultures with the bio
chemical and serological properties of B r .  m e li te n s is  isolated from cattle in Britain 
(British m e lite n s is )  were lysed by the phage, thereby distinguishing them from cultures 
of B r .  m e li te n s is  isolated from sheep and goats—the classical B r .  m e lite n s is .

* These phages, with their propagating cultures, can be obtained from the FAO/WHO Brucellosis 
Centre, M.A.F.F. Central Veterinary Laboratory, Weybridge.
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Jones also showed that cultures of B r .  m e lite n s is  isolated from cattle in Malta 
were not lysed by phage. Whereas the majority of cultures of B r .  m e li te n s is  
isolated from cattle, which had so far been studied, were lysed by phage, not all 
cultures of B r .  m e li te n s is  isolated from cattle were lysed. Recently, Payne (personal 
communication) isolated B r .  m e lite n s is  from human blood as well as from bovine 
milk samples from the supplying farm. All these cultures were lysed by phage (and, 
in the author’s laboratory were also shown to have the oxidative metabolic pattern 
of B r .  a b o rtu s). Therefore, cattle and humans can be infected with both the British 
and Mediterranean strains of B r .  m e l i te n s is ; this fact in no way invalidates the 
usefulness of phage typing of B rucella , as suggested by Parnas & Burdzy (1063). 
Ulbrich & Weinhold (1962), using phage F I  and F25 from South Africa, examined 
143 strains of brucella and also found that cultures of B r .  a b o rtu s  were lysed, B r . s u is  
were not lysed and some B r .  m e li te n s is  were lysed and some were not.

The position was considerably clarified by the work of Meyer (1061a) (see also 
below under 'Classification of Brucella’) who showed quite clearly that cultures with 
the oxidative metabolic pattern characteristic of B r .  a b o r tu s , irrespective of their 
properties as determined by conventional tests, were lysed by phage type a b o rtu s  
Strain 3 at r .t .d . Morgan (1963) examined nearly 4000 brucella cultures using- 
phage Tb and 4 Polish phages at r .t . d . and 10000 x r .t . d . All cultures of B r .  a b o rtu s  
examined were lysed by all 5 phages at both dilutions. In addition, cultures with 
the oxidative metabolic pattern characteristic of B r .  a b o rtu s , irrespective of their 
properties as determined by conventional typing methods, were lysed by both phage 
dilutions. Twenty-two cultures of Br. s u is  were not lysed by phage at r . t . d . but all 
showed lysis by phage at 10000 x r .t . d . Cultures of B r .  m e li te n s is  and those with the 
oxidative metabolic pattern characteristic of B r .  m e lite n s is , irrespective of their 
properties as determined by conventional typing methods, were not lysed by phages 
at either dilution. Ail the 5 phages used displayed an identical host range; this close 
similarity was confirmed by neutralization tests with phage antiserum. Wundt (1962), 
using 8 Polish phages, found diat all cultures of B r .  a b o rtu s  were lysed by all the 
phages, whereas cultures of B r .  s u i s  were not lysed. Of 17 cultures of B r .  m e li te n s is  
isolated from cattle in Northern Germany, 13 were lysed whereas of 29 cultures of 
B r .  m e li te n s is  isolated in south-western Germany, only one was lysed. Miinter (1063) 
examined 133 cultures with 22 phages (from U.S.S.R., Poland and South Africa). 
All 22 phages had an identical host range. Cultures of B r .  a b o rtu s  and B r .  s u is  
showed complete lysis at 10000 x r .t . d . but, at r .t . d . only cultures of B r .  a b o rtu s , 
cultures that were culturally and biochemically B r .  a b o rtu s  but B r .  m e li te n s is  
serologically and British m e lite n s is , were lysed. Cultures of B r .  m e lite n s is  were not 
lysed. Parnas & Burdzy (1964) found that only a minority of cultures of B r .  s u i s  
were not lysed at r .t . d . but showed lysis at 10000 x r . t . d . Many cultures showed no 
lysis with either dilution or were lysed by both dilutions. This work was not supported 
by oxidative metabolism tests nor was it stated whether all the cultures—especially 
those not showing lysis with phage at 10000 x r .t . d . ,  were in the smooth phase. 
Picket & Calderone (1963), examining strains of B r .  s u is  including the B r .  s u is  type 3 
(the so-called American m e lite n s is ) , also found that they showed lysis at 10000 x r .t . d . 

Parnas (1963a) claimed that B r .  s u is  Strain 1330, was lysed by phage Tb but that 
this did not always happen.
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Meyer (1962) also showed that cultures of B r .  m e li te n s is  isolated from cattle, as 
well as cultures of B r .  m e li te n s is  producing H2S (see Stableforth, 1959) and those 
agglutinating in both a b o r tu s  and m e li te n s is  monospecific antisera, were lysed by 
phage at r .t .d . and had the oxidative metabolic pattern characteristic of B r .  a b o rtu s. 
Meyer & Morgan (1962) examined 87 cultures of brucella that showed conflicting 
identity by biochemical and serological methods and confirmed the previous observa
tion of Meyer (1961a) that cultures with the oxidative metabolic pattern of B r .  
a b o r tu s  were lysed. I t  was further shown that some cultures of B r .  in te r m e d ia  had 
the oxidative metabolic pattern of B r .  a b o r tu s  and were lysed by phage, whereas 
other cultures of B r .  in te r m e d ia  had the oxidative metabolic pattern of B r .  m e li te n s is  
and were not lysed by phage.

Drozevkina (1963) claims that all freshly isolated strains of brucella are susceptible 
to phage lysis because of the presence of a Vi antigen. This antigen—and therefore 
susceptibility to phage—is easily lost on subculture. Parnas (1960, 1963a) reported 
that, of a large number of phages studied, none was species specific. Lazuga & 
Renoux (1960) and Lazuga (1962) found similar results when testing 4 phages which 
they had isolated. Van Drimmelen (1960a) reported that he had obtained a host 
range mutant of phage Tb that also lysed B r .  s u i s  1330 as well as B r .  a b o rtu s  Strain 
544. B r .  m e li te n s is  16M was not lysed by either phage.

Cultures of B r .  r a n g ife r i  ta r a n d i (sp.nov. Davydov, 1961a), isolated from reindeer 
in the far north of Russia, as well as cultures of brucella isolated from caribou and 
from humans in Alaska (Huntley, Philip & Maynard, 1963), have been examined in 
the writer’s laboratory. They were not lysed by phage at r .t .d . but shoved lysis by 
phage at 10000 x r .t .d . Tins was also confirmed by Parnas & Sarnecka (1963).

CLASSIFICATION AND NOMENCLATURE

The use and value of the conventional methods for the classification of members 
of the genus B r u c e lla  have been given in excellent reviews by Huddleson (1961). 
Biberstein & Cameron (1961) and Stableforth & Jones (1963). [For earlier reviews, 
see Huddleson (1943) and Stableforth (1959).] The incidence of the types of brucella 
commonly found in various countries has been given by Alton (1960, 1963), Anderson. 
Pietz, Nelson, Ivimberling & Werring (1963), Chilev & Milanov (1962), van Drim
melen (19606), Doguer (1961), Gulasekharem & Cockburn (1961), Ivanov, Kirillov & 
Kolesnikova (1962), Jones (1960), Kamel & Abdel Fattah (1961). Mathur (1963a), 
Morgan (1963), Miinter (1963), Niznânsky (1962a, b), Picket & Calderone (1963), 
Robertson (1961), Report (1961), Stableforth (1960). Ulbrich & Weinhold (1962), Ver- 
shilova & Ostrovskaya (1960) and Wundt (1963). In Britain, Stableforth (1960) 
found that 78-3 % of 415 cultures isolated from all sources from cattle were typical 
of B r .  a b o r tu s , 10-4% were British m e lite n s is , 9-4% were dye-sensitive B r .  a b o rtu s  
type 2 and 0-7 % were B r .  a b o rtu s  biochemically and B r .  m e li te n s is  serologically. 
An interesting variant of this last type but which was dye sensitive B r .  a b o rtu s  
biochemically and B r .  m e li te n s is  serologically was reported by Morgan (1963). Alton
(1960) reported the isolation of dissociated strains of B r .  m e li te n s is  from goat milk 
in Malta.

Redfearn & Berman (1960), using extracts of brucella against positive brucella
21-2
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antisera, found that only those cultures which were agglutinated with monospecific 
B r .  m e li te n s is  antiserum, irrespective of their reactions in other differential tests, 
gave positive reactions in gel diffusion tests; precipitin lines were given with either 
anti B r .  a b o r tu s , B r .  s u i s  or B r .  m e li te n s is  sera. They suggested that this method 
could be used instead of agglutination with monospecific antisera for identification. 
The usefulness of the gel diffusion technique in identifying B r .  m e li te n s is  was con
firmed by Vivek (1961).

Moreira-Jacob (1963 a) found that medium containing 1/10000 dilution of Safranin 
O did not support the growth of cultures of B r .  s u i s  whilst allowing the growth of 
cultures of B r .  a b o rtu s  and B r .  m e li te n s is . This has been confirmed in unpublished 
work at the writer’s laboratory. Cultures of B r .  s u is  types 1, 2 and 3 as well as 
cultures isolated from reindeer and caribou (referred to earlier) did not grow on 
Safranin O medium with the exception of 3 cultures of B r .  s u is  type 1 that were 
dye-resistant (grew on basic fuchsin as well as on thionin and Safrarin O). Biihlmann, 
Vischer & Bruhin (I960) found that cultures of B r .  s u is  type 2 were more sensitive 
to phenazine dyes than cultures of B r .  s u is  type 1 and 5 other cultures of brucella, 
van Drimmelen (1962a) described a urease test recorded as ‘pH threshold values’ 
for characterizing brucella strains. Vivek (1961) confirmed the value of the urease 
test in detecting B r .  s u is . The importance of the catalase test in distinguishing 
B r . s u is  from B r .  a b o r tu s  and B r .  m e li te n s is  was stressed by Huddleson (1961) who 
also showed, on the basis of the catalase test, that cultures of ‘American m e li te n s is  ’ 
were in fact B r .  s u is . This was confirmed by Meyer & Cameron (1963) on the basis of 
oxidative metabolism tests. The high catalase activity of B r .  s u is  was also confirmed 
by Reusse (1960). Levaditi, Hult & Kchouk (1962) showed that triphenyl methane 
derivatives allowed the differentiation of B r .  s u is  from B r .  m e li te n s is  and B r .  a b o rtu s  
and that thiazine derivatives distinguished between B r .  a b o rtu s  and B r .  m e li te n s is  
and B r .  s u is . Renoux (1960a) divided 1086 cultures of brucella into 4 groups on the 
basis of growth on Janus green (1/80000) and erythromycin (15 /¿g/ml). The results 
did not agree with the conventional methods using basic fuchsin and thionin. He 
pointed out that, in any case, both methods were arbitrary.

The use of the thionin blue sensitivity test for distinguishing between B r .  a b o rtu s  
Strain 19 and field strains of B r .  a b o rtu s  was reported by Morgan (1961) who showed 
that sensitivity to thionin blue was not pathognomonic for Strain 19. Zorawski
(1962) found that Strain 19 was more sensitive to Furacin than were other cultures 
of brucella and Drazan & Niznansky (1962) confirmed the greater sensitivity of 
Strain 19 to penicillin.

Davydov (1961a) reported on the properties of cultures of brucella isolated from 
reindeer in the far north of Russia. All 38 strains were aerobic, did not produce H2S, 
grew on medium containing basic fuchsin and thionin and were antigenically distinct 
from B r .  a b o rtu s  and B r .  m e li te n s is . They were virulent for guineapigs and more 
virulent for reindeer than B r .  a b o rtu s  and were also of low pathogenicity for man. 
Davydov proposed the creation of a new species for these: B r . r a n g ife r i  ta r a n d i.  
Similar results were reported by Pinigin & Petukova (1962) and Cherchenko & 
Bakaeva (1962), who considered that they were stable variants of B r .  m e li te n s is .  
Huntley e t a l. (1963) isolated and described cultures of brucella isolated from caribou 
(R a n g ife r  ta r a n d u s )  and from the native population in Alaska. These cultures were
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aerobic, did not produce H2S, grew on media containing basic fuchsin and thionin 
and showed a closer relationship to Br. melitensis than to Br. abortus or Br. -suis.

Strains with the cultural, biochemical and serological properties indistinguishable 
from Br. melitensis have been isolated from cattle in Great Britain (Stableforth. 
1960) although such strains had a low pathogenicity for man. Morgan et al. (1960), 
Jones (1960) and Parnas (1962) showed that these cattle strains, often referred to as 
British melitensis', differed from the classical Mediterranean strains of Br. melitensis 

in that they were lysed by phage. Jones (1960) also showed that the British Br. 
melitensis strains were more sensitive to thionin than the Mediterranean strains 
when incubated in air.

Of considerable interest in this connexion is the work of Meyer & Cameron (1961 a. b). 
By using a series of amino acids and carbohydrates as substrates, they showed that the 
type 1 of each of the species Br. melitensis, Br. abortus and Br. suis had a characteristic 
metabolic pattern which was not influenced by dissociation and appeared to be 
independent of any change in dye tolerance. It was also shown that biotypes of 
Br. abortus displayed a pattern identical with that of the type 1 of the species, 
irrespective of their properties as determined by dye tests. All the biotypes of 
Hr. suis differed from the other 2 species by their ability* to oxidize L-arginine, d l - 

citrulline and DL-ornithine. The biotypes of Br. -suis could also be differentiated from 
each other by differences in the rate of oxidation of L-glutamic acid and L-lysine.

In an extension of this work, Meyer (19616) examined cultures that were atypical 
by conventional tests, including strains described as Br. intermedia (Renoux, 1952). 
Of 83 strains examined, 44 of Br. melitensis— which did not produce H2S or required 
added C02 for growth—displayed the metabolic pattern characteristic of Br. meli
tensis. No metabolic variety was found and it was concluded that Br. melitensis 
constituted a homogenous species. Of the 24 cultures of Br. intermedia studied. 
10 had the oxidative metabolic pattern of Br. melitensis, 13 of Br. abortus and 1 of 
Br. suis. I t  was concluded that Br. intermedia did not constitute a new species. 
Meyer (1961a) further showed that cultures with the oxidative metabolic pattern 
characteristic of Br. abortus, irrespective of their properties as determined by 
conventional typing procedures, were lysed by phage type abortus strain 3; cultures 
with the oxidative metabolic pattern of Br. melitensis were not lysed by phage. She 
also showed that cultures of Br. melitensis— including the British melitensis, had the 
oxidative metabolic pattern of Br. abortus and were lysed by phage; such cultures 
were, therefore, bio types of Br. abortus and not Br. melitensis. This observation on 
cultures of British melitensis was confirmed by Meyer (1962) who also showed that 
cultures described as Br. melitensis but producing II.,S, or requiring added CO, for 
growth or agglutinating in both abortus and melitensis monospecific antisera had the 
oxidative metabolic pattern of Br. abortus and were lysed by phage and those with 
the oxidative metabolism of Br. melitensis were not lvsed. Meyer & Morgan (1962) 
confirmed the work of Mever (1961 a) that cultures having the oxidative metabolism 
of Br. abortus were lysed by phage at r . t . d . They concluded that neither serological 
methods, using monospecific antisera, nor biochemical tests were a reliable guide to 
species identification in Brucella.

Wundt (1963) examined 98 cultures of brucella for their oxidative metabolism by 
methods essentially similar to those described by Meyer & Cameron (1961a). The
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cultures could be divided into 3 groups corresponding largely with the 3 classical 
species. He also confirmed that only cultures with the oxidative metabolism of 
Br. abortus were lysed by phage and that strains of Hr. melitensis isolated mainly 
from cattle in North Germany were similar to the British Br. melitensis strains in 
their phage susceptibility and their metabolic pattern.

At the 7th International Congress for Microbiology (Stockholm, 1958) a Sub
committee on Taxonomy of Brucella was appointed to study the question of species 
designation in the genus Brucella. In its report (Stableforth & Jones, 1963). the 
Subcommittee recommended the retention of the 3 species— Br. melitensis, Br. abortus 
and Br. suis—speciation being confirmed by oxidative metabolism test and phage 
susceptibility. The Subcommittee also proposed a number of biotypes within each 
species, biotype differentiation being based on the results of conventional typing 
methods. Accordingly, cultures of British Br. melitensis—which have the oxidative 
metabolism of Br. abortus and are lysed by phage at r .t .d .— were redesignated 
Br. abortus biotype 5. The Subcommittee was not satisfied that Br. ovis (Buddie, 
1956) was a member of the genus Brucella; with regard to Br. neotomae (Stoenner & 
Lackman, 1957), it was recommended that further studies should be made before 
a decision on its position in the genus could be made. Parnas disagreed with the 
proposals of the Subcommittee and published his views separately (Parnas, 19636). 
He advocated the creation of 4 species as follows:

Br. melitensis with 2 subspecies (B r. melitensis and Br. melitensis intermedia).
Br. bovis with 1 subspecies (Br. bovis intermedia).
Br. suis with 2 subspecies (Br. suis thomsen and Br. suis intermedia).
Br. atypicci—to include ‘species in the stage of development’ such as Br. ovis and 

Br. neotomae. Br. rangiferi tarandi was also placed in the species Br. atypica. by 
Parnas & Sarnecka (1963).

In the writer’s laboratory (Morgan, unpublished) cultures of Br. ovis isolated in 
different parts of the world have been examined for their oxidative metabolic rate 
using the substrates recommended by Meyer & Cameron (1961a). They all utilized 
L-alanine, L-asparagine and L-glutamic acid, thereby giving the same pattern as 
Br. melitensis. Cultures of Br. rangiferi tarandi, as well as a few cultures isolated 
from caribou in Alaska (Huntley et al. 1963) have also been examined. All the 
cultures had similar properties: aerobic; no H 2S produced; growth inhibited by basic 
fuchsin but not by thionin; agglutinated by both abortus and melitensis monospecific 
antisera and showing lysis with phage at 1 0 0 0 0  x  r .t . d . only; growth inhibited by 
Safranin O. On oxidative metabolism tests, they gave a pattern similar to that given 
by Br. stiis biotype 3.

G E N E R A L  B A C T E R IO L O G Y

Transformation and stability of the species. Closely related with the question of 
taxonomy and classification of Brucella is the stability of the species. Clearly, if 
transformation from one ‘species’ to another occurs, either in vivo or in vitro, then 
any system of classification that ignores this would be of limited value. The whole 
question was discussed in an excellent article by Huddleson (1961). Some confusion 
has been caused (e.g. Karsten, 1960), since brucella isolated from pigs in the U.S.A 
were named Br. melitensis or American melitensis. They have since been correctly
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classified as Br. suis type 3. Todorov (1962), by making multiple reseedings on 
peptone agar with 10 % glycerine or on Lowenstein-Jensen egg medium in 10 % C02 
found that some cultures of Br. suis formed variants which superficially resembled 
Br. melitensis, and Sprockhoff (1960) claimed that, after repeated subculture of 
4 strains of Br. melitensis, one reacted with immune serum against Br. abortus and not 
against Br. melitensis and all 4 produed H 2S. Mutations from Smooth (S) to rough 
(R) and R & S, after prolonged storage in sealed ampoules at room temperature 
were recorded by Jacotot & Vallee (1962a).

Variation of Br. abortus from type 2 to type 1 was shown to occur by Shibata, 
Isayama & Shimizu (1962) who showed that the mutation rate per cell division of 
type 2 was 6-9 x HP10 thionin fast and 2-2 x HP10 fuchsin fast. Type 2 organisms 
were found in milk predominantly with type 1 organisms. Large-scale species trans
formation was reported by Moreira-Jacob (19636) as well as type changes within the 
species Br. abortus. In the writer’s laboratory, 9 cultures of Br. abortus (3 of type 1, 
3 of type 4 and 3 of type 5) have been repeatedly subcultured on medium containing 
either brucella negative or a positive bovine serum and, over a period of 12 months, 
there has been no change in biochemical, phage or serological properties except that 
cultures grown on the brucella positive serum medium were autoagglutinable. After 
1 subculture on a brucella negative serum medium, the cultures behaved normally.

Huddleson (1961) attempted to change the biochemical and antigenic characteristics 
of brucella cultures by laboratory procedures, exclusive of animal inoculations. 
Cells of the different species could be adapted to grow on dye media which normally 
inhibited their growth but this was not considered to be a mutation. The only enzyme 
system which showed alteration was the one which forms H2S from sulphur-containing 
compounds. The other biochemical and antigenic properties remained unchanged.

Antigenic structure. Barber, Dimitriu, Vasilesco & Cerbu (1961, 1962), extracted 
M antigen from cultures of Br. abortus, Br. melitensis and Br. suis using 90 % phenol, 
which gave characteristic precipitation lines in gel diffusion tests with homologous 
and heterologous antisera. Similar extracts, but weak in M antigen, were prepared 
using sodium deoxycholate. Parnas, Burdzy & Cegielka (1963) found that extracts 
of Br. melitensis 16 M, Br. abortus 544 and Br. suis 1330 gave 6 precipitation lines 
with homologous and heterologous antisera, but that 2 atypical strains gave fewer 
lines. Studies on DNA-sensitive antigens have been reported (Plescia, Noval, 
Palczuk & Braun, 1961; Palczuk, Plescia & Braun, 1961; Palczuk, Braun, Plescia & 
Cora-Figueroa, 1963; Olitzki, 1960). The latter author found that DNA-conjugated 
proteins from Br. abortus, Br. -melitensis and Br. suis were highly antigenic but 
DNA-protein was not specific for any single species. Roux & Serre (1963), working 
with cytoplasmic and cell wall fractions of the 3 species, could not find species- 
specific fractions and Glenchur, Briand & Renoux (1962) and Glenchur, Seal, 
Zinneman & Hall (1963) showed that insoluble cell wall fractions of Br. melitensis 
provoked the production of agglutinins, precipitins, blocking antibodies and skin 
sensitivity. The soluble antigens were capable of producing all the secondary im
munological phenomena. Smith, Keppie, Pearce & W itt (1962), using Br. abortus 
544, also found that cell wall preparations were immunogenic for mice and guinea- 
pigs but that the soluble cytoplasmic content, although containing a number of 
precipitating antigens, had negligible immunogenic activity although capable of



provoking delayed hypersensitivity in infected guineapigs. Fleck & Evenchik (1962) 
described a technique for detecting small quantities of brucella antigen in biological 
materials by the inhibition of latex agglutination, and Shimizu & Shibata (1962) 
were able to get stable suspensions of rough forms of brucella using Menzel’s buffer 
at pH 9-1. Such suspensions did not agglutinate in anti S sera.

Media for the primary isolation of brucella. A selective medium, consisting of 
antibiotics incorporated in a serum dextrose agar basal medium, was reported by 
Morgan (1960) to be the only one capable of supporting the growth of all the cultures 
studied using small inocula. Although Tween 80 could replace serum for the growth 
of Br. abortus type 2 strains in an unselective medium, it could not support their 
growth when antibiotics were added to the medium. A ' semi-synthetic ’ solid medium 
but also containing chick embryo extract, tryptose and trypticase soy broth, anti
biotics and ethyl violet, was reported by Hejzlar & Duniewicz (1962) to be superior 
to other media for the isolation of brucella. A liquid medium for the mass cultivation 
of Br. ovis was described by Lawrence & Jones (1961). [See also review by Lawrence
(1961) for various media for the growth of Br. ovis.] Other media have been described 
by Nikolaeva & Voitsekhovskii (1962), Entel (1960a, 1962) and Korotich, Kucherova, 
Mol’chenko & Netrebko (1960), who added seitz-filtered bovine amniotic fluid, and 
Perzadaev & Zhirkova (1960) who added testicular and ovarian extracts to basal 
media. Many batches of medium seem to be variable and should be tested for their 
ability to support the growth of fastidious organisms (e.g. Br. abortus type 2) from 
small inocula. The presence of negative serum enhances the growth of such strains.

Fluorescent antibody. There are numerous reports on the use of fluorescent antibody 
for the detection of brucella. Biegeleisen, Moody, Marcus & Flynt (1962) labelled the 
globulin fraction of Br. suis antiserum with fluorescein isothiocyanate, which stained 
58 cultures of Br. melitensis, Br. abortus and Br. suis but not heterologous Gram
negative and Gram-positive bacteria. I t  was also found that the technique could 
detect brucella or antigen in animal tissues. Janney & Berman (1962) also found tha t 
a brucella fluorescent antibody specifically stained brucella cells and antigens in 
guineapig peritoneal exudate cells in tissue culture. Fluorescent antibody stained 
smears containing as few as 2500 brucella organisms/ml (Moody, Biegeleisen & 
Taylor, 1961), and 5000 organisms/ml (Chistov, Pesina & Voronova, 1961). The 
latter authors also found that the fluorescent antibody did not stain dissociated 
strains and, of 33 species of other bacteria studied, Staphylococcus aureus fluoresced 
after treatment with the labelled serum. Ignat’eva (1961, 1962) used the fluorescent 
antibody technique to follow the distribution of brucella in the tissue of guineapigs 
after experimental inoculation with Strain 19 and Strain 54 of Br. abortus. Brucella 
could be detected in lymph nodes and spleen 20 h after injection and in almost all 
organs after 3-5 days. Axt & Jentzsch (1962) and Jentzsch & Axt (1963) used
l-dimethylamino-naphthalen-5-sulphonyl chloride for labelling brucella serum and 
confirmed its specificity. Stolbikov (1961) used Rivanol (6,9-diamino-ethoxyacridine 
lactate) for obtaining gamma globulins for labelling with fluorescein isocyanate and 
found this easier than using ammonium sulphate to obtain gamma globulins.

Virulence. The biochemical properties of virulent and avirulent strains of brucella 
were ably discussed by Wilson & Dasinger (1960) who noted that 3 known biochemical 
differences between smooth strains of high and low virulence had been described:
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1, Huddleson & Stahl (1943) reported that the catalase activity of Brucella spp. was 
directly related to virulence but this relationship held only within the species as 
each species had a different range of catalase activity (see also Huddleson, 1961);
2, Levine (1949) showed that the oxidative rates of strains of high virulence were 
stimulated by caprvl alcohol over the endogenous rate whilst strains of low virulence 
showed an initial stimulation followed by a subsequent depression to a level below 
that of the endogenous rate; 3, Wilson & Dasinger (1960) and Dasinger & Wilson
(1962) showed that Br. abortus strains of low virulence oxidized glutamate at a high 
rate whilst strains of high virulence oxidized glutamate at a relatively low rate. The 
latter observation was shown to be unrelated to differences in the pathway of gluta
mate oxidation or to differences in total enzyme activity. Of special interest also is 
the work of Ralston & Elberg (1961) and Ralston, Baer & Elberg (1961) [see also 
Elberg, I960], who showed that brucella cells exposed to sufficient amounts of 
glycine were rendered susceptible to lysis by a lysozyme-like enzyme extractable from 
rabbit monocytes. Rough bacterial cells were more susceptible than smooth cells 
and a virulent strain of Br. melitensis was more resistant than the less virulent 
Rev. 1 variant strain. Their results suggested that glycine was taken up by monocytes 
and altered the intracellular bacteria so that the lysozyme-like factor could inhibit 
bacterial growth. Vershilova & Grekova (I960) showed that the amount of glycogen 
in the protoplasm of macrophages was proportional to their phagocytic activity. 
After inoculation with Strain 19, phagocytic activity was greater during the phase 
of generalization than after inoculation with Br. melitensis. Inclusions which 
reacted to a stain for polysaccharides was present between 12 h and 8 months after 
inoculation.

The cytotoxicity of nucleoprotein fractions from brucella was studied by Heilman, 
Rice, Howard, Weimer & Carpenter (1960). The nucleoprotein had no effect on 
splenic cells from normal guineapigs but had a pronounced effect on splenic cells 
from brucella-infected guineapigs; brucella antibody had no effect on this specific 
cytotoxic activity. Nucleoproteins from the 3 species of Brucella did not display 
species specificity when tested in a heterologous system. Carpenter, Fukuda & 
Heiskell (1962) also showed that brucella antigen caused lysis of spleen cells from 
brucella-infected guineapigs but had no effect on spleen cells from normal guineapigs. 
Lysis of 10-30% of lymphocytes and neutrophils was also observed by Feeley & 
Pickett (1962) when brucella antigen was added to heparinized blood from infected 
guineapigs and rabbits. Freeman, Kross & Circo (1961) reported that smooth, 
virulent brucella had little or no cytopathogenic effect on guineapig macrophages 
whilst rough brucella were rapidly destroyed. They postulated that, in vivo, rough 
cells killed the macrophages and were then liberated and destroyed by the host 
defences whilst smooth cells, being intracellular, were not so destroyed. Stinebring
(1962) found that Br. abortus grown within guineapig mononuclear phagocytes 
showed an enhanced resistance to bovine serum bactericidins and enhanced ability 
to multiply in animals and Braun, Kessel & Pomales-Lebron (1962) found greater 
multiplication of Br. abortus in monocytes from guineapigs vaccinated with formalized 
organisms than in monocytes from guineapigs that had survived infection with 
virulent Br. abortus. Furthermore, Kessel, Boughton & Braun (1961) found that 
Br. abortus did not multiply in monocytes from guineapigs treated with meprobamate
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and that it was due to an indirect action of the drug. Aronson & Elberg (1962) 
reported that rabbit peritoneal histiocytes labelled with titrated thymidine did not 
lose any thymidine to Br. melitensis Rev. 1 which they had ingested, although 
histiocytes and brucella multiplied. Of considerable interest also is the work of 
Kessel, De Petris & Karlsbad (1963) and Pearson, Freeman & Hines (1963) who 
found that both smooth and rough brucella, ingested by guineapig monocytes, were 
enclosed in a vacuole in the host cell. The progeny of phagocytosed bacteria remained 
within the original ingestion vacuole, and it was suggested that this spatial separation 
of brucella inside the cell could be responsible for the resistance of intracellular brucella 
to inimical agents.

The presence of a spreading factor in cultures of brucella, irrespective of their 
virulence, was described by Mamatsashvili (1960). A simple and accurate micro
colony technique for brucellicidal antibodies was described by Bienvenu, Rode & 
Schuhardt (1961) who also reported (Bienvenu, Jr. & Young, 1962; Bienvenu Jr., 
Hyde, Young, Gibson & Peerv, 1963), that the brucellicidal mechanism in non- 
vaccinated virgin heifers depended on the serum level of ionized magnesium. A 
lowering of the renal threshold for magnesium occurred in early pregnancy with a 
lowering of serum magnesium to a level below that required for protective brucelli
cidal activity. Simon & Berman (1962) found that streptomycin-dependent mutants 
of Br. abortus and Br. suis were avirulent for guineapigs whether selected in the 
presence of streptomycin only or streptomycin plus normal or immune serum. The 
pathogenicity of Br. neotomae was studied by Cameron (1963) who found that large 
doses failed to produce acute brucellosis in sheep or abortion in goats.

Resistance of Brucella. The effect of X-rays (Beutel, 1962), beta irradiation 
(Ryaguzov & Litvinov, 1960), disinfectants (Boden. 1963) and antibiotics (Agius 
& Mifsud, 1962; Agius, 1963; Rozansky & Sulitzeanu, 1961; Dimitriu, Cerbu & 
Vasilesco, 1961) have been reported. The synergistic action of streptomycin with 
other antibiotics on intracellular Br. abortus in vitro was studied by Richardson & 
Holt (1962) who found that streptomycin alone did not prevent multiplication but 
was bactericidal when combined with penicillin and tetracycline; penicillin and 
tetracycline alone were bacteriostatic.

A number of reports has also appeared on the survival of brucella in meat, soil, hay , 
water and after pickling and salting (Kosilov & Seletskaya, 1962; Ivanova, 1960; 
Zhurnakova, 1961; Ogarkov. 1962; Lerche, Entel & Mossdorf, 1960; Cedro, Cisale. 
de Benedetti & Gil, 1962).

Reviews of the progress of da iry science

P A T H O L O G Y  A N D  P A T H O G E N E S IS

Cattle. Considerable advances in the knowledge of the pathogenesis of brucellosis 
in cattle have been made by Smith, Kcppie, Pearce, Fuller & Williams (1961). 
[See also Williams, Pearce & Smith (1961); Williams, Keppie & Smith (1962); 
Pearce, Williams, Harris-Smith, Fitzgeorge & Smith (1962) ; Smith, Williams, Pearce. 
Keppie, Harris-Smith, Fitzgeorge & Witt (1962).] These workers showed that the 
fulminating infection, after experimental inoculation of pregnant cows, was confined 
almost entirely to the foetal cotyledons, fluids and chorion ; over 90 % of the total 
yield of organisms in each pregnant cow (0-3—1-5 x 1014) were found in those tissues. 
From the foetal fluids, erythritol was isolated and was shown to be the compound



Brucellosis 3 2 7

responsible for the ability of these fluids to stimulate the growth of Br. abortus in 
bovine phagocytes and also for the preferential growth of Br. abortus in foetal tissue. 
Furthermore, erythritol was found in normal bovine foetal fluids, in placental extracts 
from goats, sheejj and pigs and extracts of bovine seminal vesicle and testis but not 
in significant amounts from human, rat, rabbit and guineapig placentas. Very small 
amounts of erythritol stimulated, in vitro, the growth of Br. abortus. Br. melitensis 
and, to a lesser extent Br. suis, and injections of erythritol to calves 1-5 days old 
enhanced infection with Br. abortus and also enhanced the degree of infection in 
guineapigs challenged with Br. melitensis and Br. suis. It was also shown that, 
whereas erythritol stimulated the growth of virulent strains of Br. abortus, it bad 
little or no effect on the growth of attenuated or avirulent strains (Williams, 1963). 
Anderson & Smith (1963) showed that erythritol was used as an energy source by 
a virulent strain of Br. abortus and that the yield of the organism was increased 
twofold. In conclusion, erythritol, which is a growth stimulant for members of the 
Brucella species, is concentrated in those tissues of animal soecies which are most 
heavily infected with brucellosis and its presence in those tissues may explain the 
predilection of Brucella for those sites.

Wagener, Bisping & Schulz (1963) reported that, after previous specific sensitiza
tion, abortion and retained placentas occurred in cows by the reinjection of killed 
brucella and that the macro and microscopic changes in the placenta were similar 
to those occurring after abortion caused by living organisms. [See also Urbaschek. 
Baurle & Kotowski (1961).] The histopathological changes in foetus and foetal mem
branes were described by Wenzel (1960). using serologically positive cattle and non
reactors as controls. Payne (1960«) working with virgin heifers, found that proge
sterone had no effect on the pathogenesis of the disease. In non-pregnant heifers, 
the disease was milder and less progressive than in pregnant animals. The isolation 
of brucella from placentas which were microscopically negative for brucella was 
reported by Biirki (1962) and from herds free from clinical brucellosis by Seelemann, 
Borger & Meyer (1961).

Data on the excretion of brucella in the milk of experimentally infected cow's have 
been given by Morgan & McDiarmid (1960), Rosaschino & Corsico (1960) and 
Schwerdtfeger (1963), the last author also giving details of the clinical, serological 
and pathological changes found in the udder and milk. Schwerdtfeger reported that 
the colony count varied from a few to 15000/ml of milk and were higher in strippings 
and in milk from the posterior quarters. Lambert, Amerault, Manthei & Goode (1961) 
studied the distribution and persistence of Br. abort us in cattle with complete clinical, 
serological and bacteriological histories before and after exposure. Calfhood vacci
nated and non-vaccinated cattle, which had been naturally or artificially exposed to 
virulent Br. abortus, were autopsied and cultured at intervals from 3 months to 
11 years. The tissues in which Br. abortus localized and persisted more frequently 
were (1) supramammary lymph node, (2) udder, (3) iliac lymph node, (4) retro
pharyngeal lymph nodes. The incidence of isolations was constant for 4 years after 
exposure and no differences were observed between naturally or artificially infected 
cattle. In addition to the persistence of infection for years in the supramammary 
lymph node, they also stress that calves fed on infected milk excrete Br. abortus in 
the faeces. The persistence of brucella in the udder and its associated lymph node



3 2 8

was also found by Entel (1961). The pathology and pathogenesis of udder infection 
in brucella-infected cows were also discussed by Jacob (1960) and by Renk (1962).

A high incidence of hygromas in infected cattle was found by Thienpont, Vander- 
vulden, Fagard & Mortelmans (1961); old (7-10 years) cattle were most commonly 
affected. Outbreaks of Br. melitensis infection in cattle which were traced to sheep 
were described by Moldavskaya, Lifshits-Vasil’chenko, Yanchenko, Polyakov & 
Uraleva (1960) and Salmakov (1962) and infection of sheep with Br. abortus was 
described by Bannatyne (1960) and Khristoforov & Sivovski (1962). Voroshilov (1960) 
reported that a high proportion of infected cows, when kept in isolation for up to 
3 years, became negative to the agglutination and complement-fixation tests; some 
of these were vaccinated and returned to negative herds with no evidence of any 
subsequent spread to healthy cows.

Studies on the persistence, clinical picture and post-mortem findings of 2 naturally 
infected bulls were reported by Lambert, Manthei & Deyoe (1963). They found that 
the serum and semen plasma agglutination tests persisted at diagnostic levels through
out the period of observation (5 and 2 | years) and Br. abortus was consistently 
recovered from the semen. When bred to one of the bulls, 7 of 15 cows conceived and 
2 later aborted. Boyd & Reed (1960) reported that, cows in infected herds had a 
poorer fertility than those in non-infected herds.

Goats. Detailed bacteriological and serological studies, over a period of 2J years, 
on Br. meliten.sis infected goats were made by Renoux (1961). Transmission from the 
experimentally infected to non-infected, in-contact goats occurred after 5 months. 
Eighteen of 59 infected goats made a spontaneous recovery and 33 became chronic 
carriers. Excretion in vaginal mucus often occurred before parturition and could 
persist for as long as 33 weeks; milk excretion was irregular and ¡persisted for as long 
as 5 months. Further, Renoux (1962 a) showed that reduced fertility in a goat herd 
suffering from acute brucellosis, was of greater economic importance than abortion. 
Also, infection of kids depended on the severity and stage of infection in the dam. 
About a third of apparently healthy kids were carriers without clinical or serological 
evidence.

Sheep. A detailed study of the placental lesions found in sheep experimentally 
infected with Br. melitensis and Br. abortus was given by Molello, Jensen, Flint & 
Collier (1963) and Molello, Jensen, Collier & Flint (1963). Br. melitensis infection was 
characterized by placental oedema with small amounts of brownish red exudate in 
the periplacentome and widespread necrosis and cellular infiltration of the septal 
tips. A minimal inflammatory reaction was seen. With Br. abortus infection, the 
pathological picture was indistinguishable from infection due to Br. melitensis 
except that the inflammatory reaction was more marked, and there was less placental 
oedema and more periplacentomal exudate.

Brucella ovis in sheep. Ovine brucellosis caused by Br. ovis has been reviewed by 
Lawrence (1961) and Niznansky (1961). The pathology of Br. ovis infection in the 
pregnant ewe has been described by Hartley (1961), McGowan, Biberstein, Harold & 
Robinson (1962) and Molello, Flint, Collier & Jensen (1963) and in young rams by 
Gdovin (1960), Gdovin, Vrzgula, Bogdan & Belak (1961), Bogdan (1960, 1961) and 
Tudoriu et al. (1961, 1963). In the pregnant ewe, infection was localized in the 
interplacentomes with abundant exudate and moderate inflammatory reaction.
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This localization in the interplacentome created no serious interference with metabolic 
interchange and was the essential difference between infection with Br. ovis. and w ith 
Br. melitensis and Br. abortus (Molello ft al. 1963). Further. Hartley (1961) found that 
60 % of lambs born in association with Brucella ovis infected membranes were alive 
at birth and also made the interesting observation that 50 % of lambs had calcified 
plaques on the walls of the hooves and accessory digits. McGowan et al. (1962) 
observed that ewes were more susceptible to conjunctival challenge in the second 
than in the third or fourth months of pregnancy. Clapp, Keogh & Richards (1962) 
showed that rams could be infected by shearing with artificially infected shears. 
Bogdan (1961) found that Br. ovis had an affinity for spleen, liver, lymph nodes and 
the vascular tissues especially of the kidneys and genital organs in rams. Periorchitis 
and epididymitis were common. This w as also confirmed by Gdovin (1960) and Gdovin 
et al. (1961).

Horses. The clinical aspects of equine brucellosis have been described by Cosgrove
(1961), Langenegger & Szechy (1963), Millar (1961), Poberezkin (1961), Ritscher
(1963), Fechner & Meyer (1960) and Vandeplassche & Devos (1960). Structures other 
than the ligamentum nuchae may be affected and symptoms similar to those of 
undulant fever in man may be seen. Ritscher considered that it wfas essentially an 
allergic disease.

Laboratory animals. A number of reports has appeared on the course of brucellosis 
in laboratory animals. Urbaschek (1961) found that a lipopolysaccharide fraction of 
Br. abortus cai ised contraction of the isolated guineapig uterus and abortion in some 
pregnant guineapigs and rabbits. The distribution of brucella in the tissues of guinea- 
pigs and mice has been described by Watanabe. Yamano, Onchi & Inui (1960), 
Gafni, Olitzki & Ickouicz (1960), Pini & Gambino (1961) and by Sulitzeanu, Bdolach 
& Sperling (1960). Harper & Hood (1962) studied the retention of Br. suis in the 
lungs of mice exposed to clouds of mainly single cell particles of P-32 labelled Br. suis 
and found a mean lung retention value of 6-8 ml/min representing about 27 % of the 
respiratory minute volume. Spink & Bradley (1960) found that tetracycline therapy 
suppressed the multiplication of brucella in infected mice but that the number of 
mice with persistent infection was the same as in the untreated controls and that the 
treatment had no effect on the pattern of agglutinination titres. Payne (19606) 
found that the ability of Br. abortus to infect the placenta of the pregnant rat de
pended on the route of infection and on the stage of pregnancy. Petzoldt (1961) 
was able to passively transfer the allergy produced by the injection of live brucella 
by intraperitoneal injection of serum. Knyazeva (1962) showed that the simultaneous 
injection of guineapigs with brucella and Q fever did not cause any interference but 
that the presence of Q fever enhanced antibody production. Bakaeva & Ostrovskaya
(1963), using the slow complement-fixation test, could detect the presence of antigen 
in sera of guineapigs as early as 12 h after infection with 100 or more cells of Br. 
melitensis.

Brucellosis in other animals. Brucellosis in camels was reviewed recently by 
Rutter & Mack (1963). Brucellosis in dogs and their importance as possible carriers 
have been stressed by Akhmedov, Mikailov & Bairamov (1960), Aleandri & Mannini 
(1962a, b). Cheremisin (1963) and Ehrlein, Schimmelpfennig & Bisping (1963). 
The importance of hares has been stressed by Bendtsen (1960), Rementsova & Levit
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( I960): Pavlov. Tchilev,Mateev Milanov,Tatarov & Krastev ( I960).  Willinger (1960), 
Hay (1960). Kardevan & Kemenes. (1961). Klahn (1962). Kauker & Zettl (1962) 
and Fenske (1963). in rats (Renoux, 1960 /0 :  in deer, (Davydov, 19616); Cherchenko, 
1961; Cherchenko & Samsonova, 1961; Orloff, 1963; Huntley et al. (1963); in Saiga 
antelopes (Shulyak & Borisovich, 1961); in mink (Bisping & Loliger, 1963); in deer 
in U.S.A. (Ferris, Hanson, Rhoades & Alberts, 1961); in rodents and East African 
game animals (Heisch, Cooke. Harvey & de Souza, 1963; Rollinson. 1962); and in 
fleas and ticks (Parnas, Zwolsxi. Burdzy & Koslak. 1960; Rementsova, 19 6 2 ; Khristo- 
forov, 1961 ; Ozsan, 1962). Xo serological reactor was found by Youatt & Fay (1961) 
in a survey of Michigan wild life. Sidorov & Gubina (1962) found that Strain 19 
lived in ticks (Ornithodorus lahorensis) for 22 months without any change in its 
properties. Reviews on brucellosis in wild animals by McDiarmid (1960d) and 
Rementsova (1962. 1963) are a so available.

Reviews of the progress of dairy science

D IA G N O S IS

G enera l. A number of reports has appeared on the properties of anti-brucella 
globulins in man and animals and on factors which influence antibody formation, 
and a brief review of these is pertinent here. Studies on the heat stability of brucella 
agglutinins have been made by Amerault, Lambert & Manthei (1962), White & 
Roepke (1962) and Lambert. Amerault & Rose (1963). Sera of calves vaccinated with 
Strain 19 contained both heat labile (macro) and a heat stable (micro) aiiti-Rr. 
a b o r tu s  globulins and could be differentiated by heat treatment at 65 °C for 15 min. 
The macro globulin was also found in the sera of cattle known to be free of brucellosis, 
in heifers with persistent post-vaccinal titres and in cattle recently exposed to 
B r . a b o rtu s . The microglobulin was found only in the sera of infected or exposed 
cattle and was an indication of past exposure to B r .  a b o rtu s . The characteristics of 
a 12S brucella agglutinin present in the milk of 2 cows which showed reactions to 
the milk ring test but were culturally negative, were described by Kenyon, Anderson 
& Jenness (1963). Shibata. Suzuki. Isayama & Shimizu (1961) also found that 
treating sera to 56 or 65 °C for 15 min reduced the titre. and that 1owt titred sera were 
more affected than those with high titres. The specificity of agglutinins in low' titred 
sera was also discussed by Guerra & Aleandri (1961). Blocking antibodies and pre- 
cipitins in sera of man and in experimental animals have been studied by Glenchur, 
Zinneman & Hall (1961). Glenchur. Seal. Zinneman & Hall (1962), Zinneman, Briggs, 
Hall & Glenchur (1960) and in rats by Wolf & Live (1961). In the rabbit, the results 
suggested that the presence of blocking antibody indicated active infection or 
continued antigenic stimulation. In the human, the blocking antibody consisted of 
protein molecules which were considerably smaller than the agglutinating antibodies. 
The transfer of brucella agglutinins across the gut of rats and mice has been studied 
by Brambell, Halliday & Hemmings (1961) and Morris (1963) who found that, in 
young mice, the rate of absorption of antibodies depended on the antigen used for 
their production rather than on the animal species in which they were pro
duced.

Hochstein-Mintzel (1962a, b) found that young rabbits, calves and a lamb, inocu
lated immediately after birth with Strain 19, developed positive serological titres.
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Contrary to what might be expected, he found that the titres persisted for nearly 
a year in the calves and the lamb. Nagy (1963) exposed young lambs daily to 
Strain 19 for the first 65 days of life. When challenged as young adults with Br. abortus 
544, there was a strong suppression of agglutinin formation but not of complement- 
fixing or of non-agglutinating antibodies. Renoux (19626) also found that antibodies 
were not demonstrable in kids or guineapigs born of infected dams and kept in an 
infected environment. Silverstein. Uhr, Kraner & Lukes (1963) found that the foetal 
lamb, in útero, was able to produce large amounts of specific antibody but that the 
response depended on the antigen used, e.g. it responded well to phage and horse 
ferritin but not at all to Salmonella typhosa or B.C.G.

Cattle. The serum-agglutination test, using either the tube or rapid plate tech
niques, is still the most widely used and generally the most accurate serological test 
for the routine diagnosis of brucellosis in man and animals. The antigen used must, 
however, be standardized against the International Standard ami-ik abortus serum and 
the antibody content of any serum can then be expressed in terms of International 
Units (i.u.) of anitbody/ml. Experience in countries where t_ie incidence has been 
reduced to low levels has shown that the test, especially the rapid plate test, misses 
a proportion of infected animals (see Anderson, Pietz, Nelson, Ivimberling & Werring, 
1963; Mingle, 19636) and the test does not differentiate between agglutinins produced 
as a result of infection and vaccination. Much work has been done recently on the 
properties of anti-jSr. abortus macro and micro globulins in order to help to both 
differentiate infection from vaccination and to aid in diagnosis especially in areas of 
low incidence.

Heuner (1961«. 6) found that the addition of various salts to the brucella antigen 
permanently affected its sensitivity. Ulbrich & Heuner (1960) found that a mixture 
of antigens of Br. abortus. Br. melitensis and Br. suis was no better than single antigen 
whilst Karkadinovskaya, Zubkov & Shirobokova (1961) found a higher proportion 
of positive reactors using 12% instead of 0-85% NaCl as diluent. The slow tube- 
agglutination test was also recommended by Neumann & Kahicke (1960). Entessar 
(1962«, 6) used sera and whey absorbed on to filter-paper for agglutination tests and 
also the surface fixation test (Ruiz Castañeda, 1961) and, in each case, obtained 
identical results with the rapid plate-agglutination test. The surface-fixation test, 
when properly standardized, could be very useful for the large-scale screening of sera. 
The latex-agglutination test (Wiedermann, 1961; Fleck & Evenchik, 1962) has the 
advantage that usually results can be read in 2 h. A technique for agglutination 
testing of haemolysed sera by precipitating the haemoglobin with phenol was 
described by Ferreira de Abren & Mário (1960). Panda, Misra & Acharya (1963) 
reported that inoculation of cattle with haemorrhagic .septicaemia vaccine led to 
an increase in brucella titres, whereas King (1961) observed no such effect.

A heat-inactivation (HI) test for differentiating specific from non-specific aggluti
nation reactions in cattle sera was described by Amerault, Manthei, Goode Jr. & 
Lambert (1961). [See also Amerault et al. (1962); Lambert & Amerault (1962a); 
Lambert, Amerault & Rose (1963).] Sera from artificially and naturally exposed 
cattle were compared using the HI and agglutination tests; positive HI reactions 
were obtained from all cattle with positive or suspicious agglutination titres from 
which Br. abortus was isolated; 74% of the sera with suspicious agglutination titres
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w e r e  negative to the HI in cattle from which B r .  a b o r tu s  was not isolated. Lambert & 
Amerault (1962a) also compared the HI. agglutination and complement-fixation 
(CF) tests using sera from artificially infected cattle.

Reactions to the HI test developed sooner than to the CF test but all 16 infected 
cattle gave reactions to both tests 140 days after exposure. In the group of animals 
which were challenged but did not become infected, some gave reactions to both the 
HI and the serum agglutination test shortly after exposure but all the animals 
except one were negative within 80 days after exposure. All these cows, however, 
remained negative to the CF test. The HI test has also been reported upon by 
Hellmann & Hein (1960) who essentially confirmed the results of Amerault et a t. 
quoted above and also by Beimhauer (1962). A modification of the HI test, where 
the serum-antigen mixture was tested to 56 °C for 24 h was reported by Westphal & 
Diekel (1960). The importance of non-specific titres was also discussed by Hellmann
(1961).

The use of acidified antigens in the plate-agglutination test has been reported by 
Rodabaugh & Elder (1961) and by Lambert & Amerault (19626) who found that the 
test was of little value as a supplemental test in cattle with ‘suspect' titres.

Since the last review, several papers have been published on the use of the comple
ment-fixation test (CF), first to differentiate vaccinal from infection titres. and 
secondly as a supplemental test in chronically infected cattle with low or suspicious 
titres to the agglutination test. Although it was known from the work of Blago- 
veschtschenskaya (1954) and Yuskovets (1956) that, in animals vaccinated before 
l year old, the CF titres became negative sooner than the agglutination test, much 
of the recent work has been concerned with the problems of standardization of the 
test, e.g. time and temperature of fixation of complement, the antigen to be used 
and the use of a reference serum for evaluating the significance of titres obtained by 
different workers. These problems have been discussed by Hill (1960, 1963a), Biirki 
(1961, 1963), Mackinnon (1963) and by Jones, Hendricks & Berman (1963), who 
also reviewed the earlier literature.

A description of the technique and the results obtained in the Netherlands were 
given by Hill (1960, 1963a, 6) and also by Bertschinger (1961) who used Hill’s method 
in Switzerland. Hill (1963a) considered that sera showing TVth the CF antibody 
content of the International Standard Serum should be considered positive. Burki 
(1960a, 6. 1961. 1963) recommended that sera showing J jth  the CF activity of the 
International Standard Serum should be considered suspicious and, if higher, as 
positive. Mackinnon (1963) used the CF and agglutination tests on cattle sera of 
known brucella status. Under the condition of his test, he recommended that calf- 
hood vaccinated animals whose sera showed ^Uth the CF antibody content of the 
International Standard Serum should be considered positive; for non-vaccinated 
animals or those of unknown status, it should be Jjt.h of the content of the Inter
national Standard Serum. Lambert & Amerault (1962a) found that cattle reacted 
sooner to the HI than to the CF test but all the infected cattle reacted to both tests 
by 140 days after exposure. Except for one test on one animal, none of the cattle 
that did not become infected reacted to the CF test. Jones et a l. (1963) found that, 
in several herds with recent infection, cattle reacted to the CF test before the aggluti
nation test. These workers, using cold fixation, obtained 50% fixation at 1:80
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dilution of the International Standard Serum. The use of the CF test has also been 
reported by Andersen (1961), Kocowicz, Ratomski & Wisniowski (1960), Wisniowski 
& Drozdzynski (1961) and van der Schaaf & Jaartsveld (1962). Hill (19636) used 
several tests for diagnosis in cattle and concluded that the agglutination test at 
56 °C, the CF and Coombs tests were especially useful in distinguishing between 
infection, vaccination, non-specific antibody and chronic infection and gave diagrams 
to illustrate their use and the interpretations of the results.

A comparison of the opsonin and agglutination tests has been reported by Seele- 
mann, Czerniki, Meyer & Klepp (1960a, 6) and by Bisping (1960) who found that 
the opsonin test indicated recent infection earlier than the agglutination test.

Antigen extracts for the CF test have been used by Khristoforov & Sorokin (1961), 
Trbic (1960) and by Gargani & Aleandri (1960), Aleandri & Gargani (1963). Pash- 
kovskii & Zinenko (1961) found that the CF antigen was specific after 2 \  years of 
storage.

The vaginal mucus agglutination test has been used by Boyd & Reed (1960), 
Roberts & Philip (1960), Dubansky (1962), Anzcykowski, Murat & Walkowski
(1962), Hubrig, Kielstein & Wohanka (1962) and Hignett (1963). Roberts & Philip
(1960) confirmed tha t vaccination with Strain 19 led to the appearance of agglutinins 
in vaginal mucus, especially if mucus was collected by the tampon method.

The Coombs (antiglobulin) test has been reported upon by Fritzsche & Kohl (1960), 
Buchmeiser (1961), Schuster (1961), Hajdu (1963a) and Hill (19636). The test is 
specific and of considerable value in the assessment of non-specific reactions and for 
early diagnosis. Its use is not recommended in vaccinated herds.

The milk ring test (MRT) is still widely used especially as a presumptive or screening 
test for bulk or can milk samples in order to locate infected herds and also in the 
maintenance of progress towards eradication. Further details of the preparation and 
standardization of the stained antigen were given by Anczykowski (1960). I t  is 
important, of course, that the antigen should be standardized against the International 
Standard Serum. Improved sampling procedures in creameries w'ere advocated 
(Anon, 1961).

Blum & Kuhlmann (1961) found that, if the milk-antigen mixtures were incubated 
at 10 or 4°C, a high proportion of both false positive and false negative reactions was 
obtained. No difference ŵ as seen between incubation at 37 and 20 °C provided the 
latter tests were read after 2 h (and not after 1 h as for the 37 DC test). An excellent 
account both of the mechanism of the ring-test reaction and on the effect of time and 
storage of milk on the test was given by Pietz, Anderson & Werring (1963). The 
formation of a cream layer is dependent on a fat globule agglutinin to aggregate the 
fat globules in clusters. This globule agglutinin is a lipoprotein and is both heat and 
agitation labile. Both the fat globule agglutinin and brucella agglutinins are asso
ciated in the MRT reaction. Salts of metals (used for preservation of milk samples) 
decrease the creaming ability of milk and, hence, of the MRT reaction. Milk samples 
containing preservative (0-52 g Hg Cl2) showed extensive loss of reactivity to the 
MRT when stored at room temperature, which was associated with loss of the fat 
globule and brucella agglutinins. There was a moderate loss of reactivity in samples 
stored at refrigerator temperature, which was associated with the loss of brucella 
agglutinins, but the samples were satisfactory for routine tests.
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The MRT dilution test is recommended by Hill (19636), Anderson et a l. (1963) 
and Mingle (1963a, 6). In an excellent account on the diagnosis of brucellosis in 
problem herds, Anderson et a l. (1963) showed that 90 % of 42 infected cows in ‘group 
1 problem herds’ had MRT titres of 1/25 or more and 78% of 67 infected cows in 
‘group 2 problem herds’ had MRT titres of 1/25 or more. Hill (19636) considered 
MRT titres of 1/10 or over to be probably due to infection. Ferguson & Robertson
(1960) made the interesting observation that infected cows with high MRT titres on 
composite milk showed considerable variations in the titres of milk of individual 
quarters. Recently vaccinated cows had low MRT titres on composite milk with 
no variation in the titres of milk of individual quarters (see also Hill, 19636).

The effect of vaccination with Dessau-killed vaccine on the milk serological tests 
has been reported by Hubrig (1961), Weser (1962) and also by Wilkowa (1960) using 
Strain 19 vaccine. Ugorski & Strojna (1960) obtained identical results when com
paring the standard ring test and a capillary tube method. Schonberg & Lochmann
(1962) used the MRT stained antigen for detecting antibodies in meat.

An evaluation of the various milk serological tests and of factors influencing them 
has been made by Boyd & Reed (1960), Hahn (1961), Biberstein, Cameron & Meyer
(1961) , Mackinnon, Lawson, Morgan, Lapraik & Williams (1962), Brus & Jaarstveld
(1963) , Hignett (1963) and Panda & Mishra (1963). All the milk serological tests are 
affected to some degree, by adult vaccination, stage of gestation and presence of 
mastitis.

Close agreement between the results of biological and cultural examinations of 
foetal stomach contents was reported by Prati & Gualandi (1961). The isolation of 
brucella from placenta pre-treated with slaked lime has been reported by Bouvier 
(1960a, 6) (see also section on ‘Media’).

The use of the allergic skin test for diagnosis in cattle has been reported by Pleva & 
Beninghaus (1960), Schaetz, Busch & Kruger (1960), Jefabek (1962), Duniewicz
(1962) and Woloszyn (1962). In general, it has been concluded that the test is un
reliable because of the large number of doubtful reactions and the occurrence of 
positive reactions in cattle with tuberculosis but free of brucellosis. However, 
Duniewicz (1962) considered the allergic test superior to the other serological tests 
and Woloszyn (1962) recommended its use to differentiate between infection and 
vaccination. Renoux (1962 c), using guineapigs, found that the use of adjuvant 
vaccines did not lead to the development of allergic reactions and found that allergic 
reactions were produced only in those guineapigs harbouring brucella organisms.

S h e e p  a n d  goats. The effect of vaccination on the serological response of sheep has 
been reported. Gulyaev (1961) found that the serum-agglutination test became 
negative before the CF test (75 and 315 days, respectively), after vaccination with 
Strain 19 and that they did not give reactions to the intradermal test. Cheremisin 
(1960, 1962) found that the milk of sheep gave positive reactions to the MRT and 
whey tests for about 3 weeks after vaccination with Strain 19.

Cedro, Cisale & Maubecin (1960) and Cedro, Cisale, Maubecin, de Benedetti & 
Vizio (1962) obtained satisfactory results using a whole blood plate agglutination 
test for goat bloods and that the Coombs test was the most sensitive for individual 
diagnosis. Vukelic & Bastalic (1960) obtained more positive reactors using 0-85% 
saline for the serum-agglutination test, compared with the use of a 15 % saline
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solution, but Ugorski (1962) found that the use of 10% saline gave better results 
than 0-85% saline. He also found that the use of the CF test markedly increased 
the number of positives. The use of a B r .  m e li te n s is  antigen, standardized against 
the International Standard Serum was advocated by Strauch (1960) for diagnosis in 
sheep. An analysis of cultural and serological tests in experimentally infected goats 
was given by Renoux (1961). Some goats, although culturally positive, never 
developed antibodies. Serum antibody levels of at least 50 i.u. or over, CF titres of 
1:4 or over and incomplete antibody titres of 1:10 or over were considered significant 
and a combination of the 3 tests was diagnostic in 90% of cases. He also made the 
interesting point that goats infected at, or soon after birth, gave negative serological 
reactions. The use of the CF test for diagnosis in goats was also advocated by Alton 
(1961a) and the Coombs test by Gaumont (1963). The use of allergic tests has been 
reported by Entel (19606), Mayer (1961) and Ostertag, Bihr & Beck (1961). The 
importance of standardizing the brucellin used was stressed and the fact that some 
preparations were in themselves antigenic, leading to complications on re
testing.

The diagnosis of B r . o v is  infection has been reviewed by Lawrence (1961). Methods 
employed are genital palpation of the ram, CF test, allergic test and the microscopic 
and cultural examination of semen and foetal membranes. No single method is 
completely reliable especially for individual animals.

Clapp (1961) found that the anti complementar}' activity of B r .  o v is  antigens could 
be removed by using soluble antigens free of cells or cell debris and that such antigens 
were also more sensitive. Cedro, Cisale & de Benedetti (1963a, b) also used a soluble 
antigen both for the CF and allergic tests and obtained good correlation between 
the results of these tests and clinical symptoms. Ris & Te Punga (1963) described an 
indirect haemagglutination test and found that it was satisfactory and specific. 
Van Drimmelen, Botes, Claassen, Ross & Viljoen (1963) used the fluorescent antibody 
technique for demonstrating B r .  o v is  in semen smears and claimed that it was 
superior to any other staining technique.

P ig s . The serum agglutination test is satisfactory for herd diagnosis but not so for 
individual animals. Caldas (1962) recommended a minimum diagnostic titre of 
1:100; lower titres should be regarded as non-specific in the absence of herd infection 
but as suspicious when other pigs in the herd have titres of 1:100 or more. The use 
of a 5 % saline solution for the serum-agglutination test has been recommended by 
Badnjevic (1963) and Mateev & Krustev (1963). Mateev, Tsonev, Krustev & 
Lyutskanov (1963a, b) found the CF test gave the most positive reactions. Stirling- 
Mócsy (1961) also recommended the use of the CF and agglutination test. He also 
advocated the addition of zymosan to pig sera to neutralize the high concentration 
of the third component of complement normally present in pig sera. A modified 
Coombs test, using sera heated to 65 °C for 10 min, was recommended by Trumic, 
Majstorivic & Panjecic (1960). Kriiger (1963) found 77% of pigs positive by sero
logical testing, compared with 11 % by microscopical examination, 7 % by cultural 
and 51% by biological tests. The allergic test gave better results than serological 
tests (Ivanov, Pashkovskii & Kapustin, 1961; Ercegovac et a l. (1963).

M a n .  The diagnosis of human brucellosis has been reviewed by Dalrymple- 
Champneys (1960) and Ruiz Castañeda (1961). The tests used depend on whether they
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are to be applied for diagnosis in individual cases or for screening and mass surveys 
to determine the incidence in an area.

O ther a n im a ls . Diagnosis in horses is based on clinical symptoms, serum-aggluti
nation test and brucellin eye test (Ritscher, 1963; Poberezkin, 1961; Cosgrove, 1961). 
The CF and allergic tests were recommended for diagnosis in dogs (Nazar, 1961).
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G enera l. An apparatus for the continuous growth of Strain 19 was described by 
Hauschild & Pivnick (1961). Denser growth was obtained when continuous growth 
was combined with continuous dialysis. Perreau (1962) obtained good growth by 
using a fermenter, confirming the results of other workers. A liquid medium for the 
preparation of vaccines for the treatment of human infection was described by 
Zaitseva (1961). Pivnick & Crawley (1962) found that Strain 19, grown by con
tinuous culture, was as safe and immunogenic in guineapigs as the vaccine grown on 
solid medium.

Diluents for the freeze-drying of brucella vaccines have been described by Heckly, 
Faunce & Elberg (1960), Semcheva & Goryunova (1960), Ivanov & Kovsh (1961), 
Ciortea, Birzu, Ionescu & Tigasru (1962). Generally, those containing sucrose gave 
best results. Renoux (1962d) obtained satisfactory results using a 5% solution of 
polyvinylpyrollidone. Hulse, Hopkins & Hebert (1961) obtained more consistent 
results using the graduated pipette technique than the dropping method of Miles & 
Misra (1938) for counting viable cells of Strain 19. A technique for enumerating the 
live brucella in Strain 19 vaccine, using the rate of reduction of methylene blue, was 
described by Ivanov & Datsevich (1962). The keeping qualities of liquid and freeze- 
dried Strain 19 were described by Utojo, Girindra & Soeroso (1961) and Teklinski, 
Kochanski, Tereszczukowa & Denis (1961).

Human infection with Strain 19, involving a bacteriologist, was described by 
Revich, Walker & Pivnick (1961) and the treatment following accidental inoculation 
of Strain 19 in man was discussed by McCullough (1963).

E x p e r im e n ta l  v a c c in a tio n  o f  la b o ra to ry  a n im a ls . Vershilova & Chernysheva (1961) 
reported that the inflammatory lesion produced by subcutaneous injection of live 
tularaemia vaccine rendered guineapigs resistant to subcutaneous challenge with 
either B r .  m e li te n s is  or B r .  a b o rtu s  1 day later, but not at 5 and 15 days after im
munization. Sulitzeanu, Bekierkunst, Groto & Loebel (1962) also found that mice 
vaccinated with living or killed BCG resisted challenge with B r .  a b o rtu s  and, similarly, 
guineapigs immunized with living .Listeria m o n o cy to g en es  showed increased resistance 
to challenge with B r .  a b o r tu s  (Eellmann, 1962). Orlov & Kas’yanov (1961) compared 
the degree of protection in guineapigs and sheep given by the American and Russian 
Strain 19 and a rough variant of the American Strain 19. Although the numbers of 
animals used were small, best protection was given by the American Strain 19 and 
the least protection by the Russian Strain 19. The rough variant occupied an inter
mediate position, although Jacotot & Vallee (1960) found that rough forms of 
Strain 19 and of the Russian BA variant did not protect rats. Tests on the residual 
virulence of Strain 19, Strain 19BA, and Strain M l04 which are used for human 
immunization in the Soviet Union, using guineapigs and mice have been reported



by Braude (1961), Shmuter, Lopatukhina, Sosunova, Yastrebova (1960a, b), Taran. 
Polyakova, Nelyapin & Lunina (1963); Taran, Polyakova <fe Chernysleva (1963), 
Koturga (1963) and Kurdina (1963). Strain M104 has a greater residual virulence 
than Strain 19 or its variant. The origin of the 19BA variant of Strain 19 is given in 
an excellent article by Vershilova (1961). Ivanov, Ulasevich, Borisovich & Klochkov
(1961) also reported that Strain 19 and B r .  s u i s  strain 61 were more immunogenic 
in guineapigs than B r .  a b o r tu s  strains 1, 68 and 112. The effect of multiple inoculations 
of Strain 19 in guineapigs was studied by Shmuter, Koturga, Lopatukhina, Sosunova, 
Uzbekova & Yastrebova (1962) and of streptomycin-dependent mutants of B r .  s u is  
and B r .  a b o r tu s  by Simon & Berman (1962). Boyakhchyan, Agababyan, Vardanyan 
& Melikyan (I960), using P32 labelled Strain 19, found that labelled antigen persisted 
longer after subcutaneous injection than after either intravenous or intradermal 
injections. Borod’ko & Sansonovich (1962) found that the immunity of guineapigs 
given a combined live vaccine against plague, tularaemia, anthrax and brucellosis 
was much weaker than in guineapigs given a single vaccine but no such difference was 
found by Silich & Shevtsova (1962) using a combined brucellosis and Q fever vaccine. 
The possibility of aerosol immunization has been studied by Aleksandrov et a l.
(1962) , Aleksandrov, Gefen & Gapochko (1963) and Zhovanik, Maiboroda, Serdyuk & 
Primak (1961); oral immunization by Korolev & Ivonstant (1960) and intrauterine 
immunization by Payne (1961). The possibility of using B r .  neo tom ae  as a vaccine 
was suggested in work by Stoenner (1963) and Cameron (1963).

The question of cross and species immunity in brucellosis was studied by Vershilova 
& Kurdina (1963). Guineapigs, vaccinated with either B r .  a b o rtu s  Strains M104, 
19BA, or B r .  m e li te n s is  Rev. 1, were challenged with B r .  m eliten -sis , B r .  a b o r tu s  and 
B r .  s u is . They found no evidence that cross immunity was weaker than the immunity 
to the homologous type. Similarly, Keppie, Witt & Smith (1953) vaccinated guinea- 
pigs with crude, cell-wall preparations from B r .  m e lite n s is , B r .  a b o r tu s  and B r .  s u is  
and found considerable cross protection against heterologous and homologous 
challenge. The cell-wall preparation from B r .  s u is  was the most promising in 
protecting against any of the 3 species.

A number of papers has appeared on the use of extracts for immunization. In an 
extension of their work, Smith, Keppie, Pearce & Witt (1962) found that crude cell- 
wall preparations from B r . a b o rtu s  were immunogenic for mice and guineapigs, 
in contrast to the cytoplasmic contents which were not immunogenic. Furthermore, 
appreciable amounts of the immunogen were shed into the external environment 
both i n  v iv o  and i n  v itro . The immunogen was not connected with any of the precipiti
nogens seen on gel-diffusion plates but appeared to be connected with the ability to 
inhibit the bactericidal effect of normal bovine serum against B r .  a b o rtu s . Both the 
immunogen and non-immunogens provoked delayed hypersensitivity in infected 
guineapigs. The immunogenicity of cell-wall preparations has also been confirmed by 
Roux (1962), Markenson, Sulitzeanu & Olitzki (1962) and Foster & Ribi (1962), who 
also found that aqueous ether extracts of B r .  a b o r tu s  gave better protection than 
either whole-cell or cell-wall preparations. Aqueous chloroform extracts of B r .  a b o rtu s  
and m e li te n s is  were used by Aleksandrov et a l. (1961) and soluble immunogenic 
antigen, which was liberated into the medium during the log death phase of growth, 
by Allen (1961). Suire (1960) reported good protection in mice using B r .  a b o rtu s
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Strain B112 plus cell-wall extracts of B r .  m elitensi-s and by Olitzki, Markenson & 
Margalith (1960) using DNA conjugated protein extracts.

Continuing their work on the Rev. 1 vaccine strain of B r .  m e li te n s is , McCamish & 
Elberg (1962) described in detail the bacteriological, serological and histological 
response of the guineapig to graded doses, and its degree of attenuation in monkeys, 
goats and guineapigs (Elberg & Faunce, 1962). The Strain Rev. 1 was passaged in 
pregnant goats, using pooled material from goats for inoculating the next series of 
goats and for viable counts and virulence tests in guineapigs. At the fourth passage, 
no brucella was recovered from the goats. These authors also examined Strain Rev. 1 
isolated from blood culture of humans vaccinated with Rev. 1 (Spink, Hall, Einstad 
& Mallet, 1962). Although they were dissociated, these primary isolates were still 
able to infect guineapigs although they showed no changes in characters used to 
differentiate Rev. 1 from virulent strains. The greater residual virulence of Strain 
Rev. 1 in guineapigs was also confirmed by Kurdina (1961). Hall, Spink, Finstad & 
Mallet (1961) and Spink et a l. (1962) also studied Strain Rev. 1 and the Russian 
Strain 19BA in human volunteers; 12 of 16 men inoculated with Rev. 1 and 4 of 16 
inoculated with with 19 BA developed clinical brucellosis.

Studies on the histological and serological response of rats to injections of Strain 
45/20 (McEwen) have been made by Jacotot & Vallée (19626), Pilet. Labié & Goret 
(1962) and Petit (1962). Both Pilet et a l. and Petit found no agglutinin production 
but a marked neutrophilia but Jacotot & Vallée, using living Strain 45/20, found 
specific agglutinin production in rabbits and rats but not in guineapigs and cattle. 
A comprehensive account of the properties of compounds required as adjuvants is 
given by Wilner, Evers, Trautman, Trader & McLean Jr. (1963).

C attle . A summary of controlled research with Strain 19 was given by Manthei
(1960) who stressed that the vaccine controls but does not eradicate brucellosis 
(see also Safford, 1960). As with any other vaccine, the degree of protection afforded 
is not absolute—65-70% of vaccinated animals are completely protected whilst 
the remainder have varying degrees of protection. I t  was also estimated that, 
where the majority of heifer calves are vaccinated, animal infection is reduced by 
SO %, and herd infection by 20 %. McDiarmid (1960a. 1961) also reported that 80 % 
of vaccinated animals are protected against light conjunctival challenge (15 x 106 cells 
of B r .  a b o rtu s  544) but about 50% against heavy (150 x 106) challenge. McDiarmid 
stressed the danger of vaccinating cattle under field conditions without taking steps 
to reduce the amount of exposure to infection. Stableforth (1960) reported that, in 
Britain, the use of Strain 19 had been followed by a reduction in the abortion rate 
to a little over 2 %, of which a sixth was due to brucellosis. Stuart, Bills, De Mattei & 
Mace (1960) reported that vaccination of calves had reduced the incidence of brucellosis 
in California from 17-18% to 2% in dairy cattle and from 7-9% to 0-7% in beef 
cattle.

The degree of protection given by Strain 19 in calves vaccinated at different ages 
was reported by King & Frank (1961) and Lambert, Amerault, Manthei & Goode 
(1962). King & Frank found no difference in calves vaccinated at 3, 6 or 9 months of 
age, although the numbers of animals used were small. Lambert et a l. vaccinated 
calves at 4. 6 and 8 months of age and similarly found no difference in the degree of 
protection given. They made the interesting point that vaccination at 4 months of
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age materially reduced the problem of persistent post-vaccinal titres. Zasedateleva 
et a l. (1962) also found no difference in immunity whether calves were vaccinated at
6-11 or 17-22 months of age but found that Strain 19 a gave better protection than 
Strain 19.

Van der Schaaf & Jaartsveld (1962) compared the degree of protection given by 
a mucoid strain of B r .  a b o r tu s  (Strain L) and Strain 19 in both guineapigs and cattle, 
and using a thionin-resistant strain of B r .  a b o r tu s  as the challenge strain. Strain L 
gave better protection than Strain 19 but it persisted longer in both guineapigs and 
in cattle and tended to be excreted in the milk of cattle. The avirulent Strain LM61 
was used on small numbers of cattle by Lembke & Meyn (1962).

The haematological and serological changes following Strain 19 vaccination have 
been described by Teute (1960), Krishna Murtv & Hajela (1962), Gorbunova, 
Islamov & Makarova (1961) and Woloszyn (1962). Hubrig, Kielstein & Wohanka 
(1962) found tha t uterine immunization with 20 ml of Strain 19 vaccine resulted in 
higher agglutinin titres in vaginal mucus than in the serum but it induced delayed 
conception. The effect of colostral immunity on the antibody response of calves to 
Strain 19 was studied by Bisping (1962): 2 of 4 calves which were still positive to 
the agglutination and Meinicke tests when 8-9 months of age did not develop an 
antibody response after injection with Strain 19; the 2 calves which were negative 
at the time of vaccination gave positive reactions. Death of 2 calves following 
vaccination with Strain 19 was reported by Roberts, Squire & Gilman (1962).

McDiarmid (1962) reviewed earlier work in guineapigs on the value of McEwen’s 
Strain 45/20 incorporated in a water-on-oil adjuvant (Falba and liquid paraffin) 
and also reported that 2 doses of this vaccine, given a t 6 weeks’ interval in cattle, 
gave good protection against a low challenge (15 x 106) of B r .  a b o r tu s  544; one dose 
of the vaccine gave little protection. This vaccine does not give rise to persistent 
antibody titres, but it did give rise to a severe and persistent reaction a t the point 
of inoculation. Strain 45/20 in a mineral oil has also been used successfully in France 
(Goret, Pilet & Goudot (1962), Pilet & Goret (1963), Pilet & Garrec (1963) and 
Leymonie & Serre (1963)). Berthelon, Royal & Rampin (1962), however, obtained 
poor results using Strain 45/20 in an unspecified adjuvant (‘NeoBrucel’) using small 
numbers of animals. I t  must be stressed that this adjuvant was different from the 
ones used by McDiarmid and Goret et a l. (see above), and it is obvious that a great 
deal depends on the nature of the adjuvant used. Unpublished work a t Compton 
(McDiarmid, personal communication) has showm that the degree of protection given 
by Strain 45/20 is influenced greatly by the adjuvant used, e.g. when incorporated 
in Falba-liquid paraffin, 2 inoculations gave good protection in cattle but when 
incorporated in a commercial adjuvant, it gave poor protection. This has also been 
confirmed in unpublished work at this Laboratory in guineapigs, using killed B r .  
m e lite n s is  cells incorporated in a number of different adjuvants. Based on ID 50 
estimates, guineapigs vaccinated with cells incorporated in a commercial vehicle, 
in AL(OH)2 (Alhydrogel) or in sodium alginate had poor immunity but good pro
tection was afforded when the cells were incorporated in a water-in-oil adjuvant 
(Falba and liquid paraffin or Bayol 55 + Arlacel A).

The degree of protection given by a killed vaccine adsorbed on to AL(OH)2 (as 
described by Frahm & Lembke (1955a, b)) and known as the Sielbeck adsorbed
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vaccine has been reported by McDiarmid (19606), Ulbrich & Wiegand (1960) and 
Meyn & Schrinner (1961a). The last-named authors, using older animals (9-15 months 
of age) and 2 injections of the vaccine, obtained protection in 9 of 13 animals. 
Ulbrich & Wiegand (1960) using young calves 3-4 months old and one inoculation of 
the vaccine, found that it gave appreciably less protection than Strain 19. McDiarmid 
found that one dose of the vaccine gave good protection against a low challenge 
(15 x 106) cells of B r .  a b o rtu s  544 but, against a high challenge dose (150 x 106 cells) 
all 8 animals became infected although 7 living calves were born. Furthermore, as 
pointed out by McDiarmid, it has also the same disadvantage as Strain 19 in producing 
post-vaccinal agglutinins.

Comprehensive reviews on the vaccination of cattle against brucellosis have 
appeared by Seelemann (1960), Pilet (1961), Goret & Pilet (1962, 1963) and the 
Report of the Annual Meeting of the French Society of Microbiology (Report, 1962).

G oats. Vaccination experiments in both goats and sheep have been reviewed by 
Renoux (1960c, 1962e) Jones (1962) and Berthelon & Royal (1962). Most of the 
work on goats has involved the use of the living Strain Rev. 1 vaccine or killed cells 
incorporated in various adjuvants. Alton (1961a, 6, 1962) reported on the use of 
both the Rev. 1 and adjuvant vaccines (using Bayol and Arlacel A as adjuvant) 
under natural conditions in goats in Malta. He found that the degree of protection 
given by both vaccines was about the same and that the degree of infection in both 
vaccinated groups was significantly less than in the control (non-vaccinated) group. 
He points out that antibodies persisted for much longer after vaccination with the 
adjuvant vaccine and that it also produced a significant but not necessarily un
acceptable local lesion at the point of inoculation. On the other hand, the Strain 
Rev. 1 vaccine must be given to goats at least 1 month before mating because of the 
danger of its excretion in milk and it cannot be used in pregnant goats (see also 
Elberg & Faunce, 1962). Alton (1962) also reported that vaccination of infected 
goats with the Strain Rev. 1 vaccine had no adverse effect and, indeed, seemed to 
prevent abortion which frequently occurred in goats infected but not vaccinated. 
Szyfres, Blood, Cedro & Mendy (1962) conducted field trials, using Strain Rev. 1 
vaccine in goats in Argentina and reported that it gave no apparent protection. 
However, it is possible that at least some of the animals were infected before vaccina
tion and the results were based on serum agglutination tests; Strain Rev. 1 vaccine, 
in any case, causes the appearance of reactions to the agglutination test.

Renoux has continued his work on the vaccination of both sheep and goats 
(Renoux, 1960c, 19626, e) based on ID50 estimates in vaccinates compared with 
controls. He found that a killed suspension of B r .  m e lite n s is  Strain 53H38 incor
porated in a water-in-oil adjuvant (Mayoline 2214 and Arlacel A) gave best protection 
which lasted for at least 18 and probably for 35 months. In order to minimize the 
local reaction, the vaccine is administered subcutaneously on the medial aspect of 
the thigh. Van Drimmelen (19626) found that the antibody response of sheep was 
greater when cells—either killed or living (Strain Rev. 1)—were incorporated in an 
adjuvant. The adjuvant itself had no effect on the viability of the Strain Rev. 1. 
In  unpublished work at this Laboratory, it was found that Strain 19 gave no pro
tection in goats against experimental challenge with B r .  m e lite n s is . The Strain 
Rev. 1 vaccine gave appreciable protection, especially against generalized infection.
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Brucellosis

S h e e p . Strain 19 has been widely used in the Soviet Union for vaccinating sheep 
(Orlov, 1962 ; Ivanov & Kirillov, 1962) but the immunity is relatively weak and short 
lived and annual revaccination is recommended (Ulasevitch, 1961; Ivanov, 19636). 
This may be due to the fact that Strain 19 is more rapidly eliminated from the 
tissues of sheep than, for example, Strain 104M which also produces a more intense 
cellular reaction and better immunity than Strain 19 (Abakin, Zamakhaeva & 
Chernysheva, 1962). Ivanov (1961, 19636) also found that the dose of Strain 19 
used was important and advised the use of 30-60 x 109 cells/iiijeetion. The degree of 
protection given by a number of vaccines, including B r .  a b o rtu s  Strains 19, 101M, 
B r .  s u is  Strain 61 and B r .  m e li te n s is  Strain Rev. 1 in sheep, have been reported by 
Orlov, Ulasevich & Ivanov (1962) and Ivanov (1963a, 6). Their results clearly 
showed that the Strain Rev. 1 vaccine, in a dose of 3 x 109 cells, gave the best pro
tection. Ivanov (19636) also made the interesting observation that there w7as some 
relationship between the allergic reaction and immunity but not between the 
serological response and immunity. Work at this laboratory in both guineapigs and 
goats has also indicated that such a relationship exists. Renoux (1960c) also found 
that the ID 50 in sheep vaccinated with Strain Rev. 1 was approximately a 100 times 
greater than in the controls.

Neeman (1963) exposed groups of sheep vaccinated with either Strain Rev. 1, 
Strain 19 or adjuvant vaccine (together with a control group) to contact with 15 
infected sheep. No infection was found in the groups vaccinated with either Strain 
Rev. 1 or Strain 19 vaccines; 2 sheep given the adjuvant vaccine were infected but 
only 8 of the 24 controls became infected, which makes it difficult to evaluate fully 
these results.

Aerosol immunization of sheep with Strain 19 was described by Selivanov (1963), 
and good immunity was produced. Pankratov, Tret’yakova & Smirnov (1960) found 
that sheep vaccinated with a combined anthrax, brucella and pox vaccine had 
good protection against sheep pox but not against brucellosis and anthrax ; Ivanov & 
Kirillov (1962) also found that simultaneous immunization against brucella and 
anthrax greatly reduced the efficacy of the brucella vaccine. B r .  s u is  Strain 61 was 
used successfully in sheep by Manukyan & Melikyan (1960) and Yuskovets & Ulase
vich (1960); Bulanov, Nauryzbaev & Myakushina (1961) also had good resultsusing 
Strain A6 which had been attenuated by passage in snakes. This strain persisted in 
the tissues for at least 57 days after inoculation.

The serological response of sheep vaccinated with different vaccines has been 
reported by Pankratov, Egoshin & Tret’yakova (1961), Lafenêtre, Carrère, Cortez, 
Vollhardt & Quatrefages (1962a), Kosilov (1963) and the c-ytological response by 
Cheremisin, Ivanova & Rastorgueva (1962). Lafenêtre et a l. (1961, 19626) compared 
the degree of protection given by a number of vaccines ; they confirmed that antibodies 
persisted for at least a year after vaccination with H38 adjuvant vaccine and claimed 
good results using Strain 45/20 in adjuvant (‘Neobrucel’).

Br. ovis i n  sh eep . Buddie (1962) and Buddie, Calvertry & Boyes (1963) found that 
two 1-ml doses of killed B r .  o v is  cells in water-in-oil adjuvant gave as good protection 
in rams as the simultaneous injection of Strain 19 plus killed B r .  o v is  cells. Water-in
oil adjuvants were superior to Alhydrogel (AL(OH)2). They also found that 1 ram 
inoculated with Strain 19 excreted Strain 19 in the semen for a t least 38 weeks.
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Biberstein, McGowan Jr., Robinson & Harrold (1962) also confirmed that combined 
vaccination with Strain 19 plus killed B r .  o v is  cells in AL(OH)2 adjuvant produced 
a solid immunity in rams; 4 of 8 rams vaccinated with the adsorbed vaccine alone 
became infected.

Peterson (1960) found that rams injected with Strain 19 via the intratesticular or 
intra-epididymal routes excreted Strain 19 in the semen but not after intravenous 
or intrapreputial inoculation. Severe lameness and stunting of growth were reported 
by Kater & Hartley (1963) in rams vaccinated with the combined Strain 19 and 
B r .  o v is  adjuvant vaccine. An osteomyelitis, affecting the distal ends of the tibia 
and radius was found and Strain 19 was recovered in one case. Van Drimmelen 
(1960c) and van Heerden & van Rensburg (1962) found that Strain Rev. 1 given to 
young rams gave complete protection against challenge with B r .  o v is , but much less 
protection was given when mature rams were vaccinated. They, therefore, recom
mended that young rams should be vaccinated with Strain Rev. 1 at weaning age.

P ig s . A reduced abortion rate was reported by Ionica, Tudoriu, Cambir, Predoiu, 
Garoiu & Amdrei (1961) in sows given a combined vaccine consisting of Strain 19, 
adsorbed B r .  s u is  and B r .  s u is  lysate. Similar results were reported by Cedro, Cisale 
& Barrantes (1961) using an a virulent strain of B r .  a b o rtu s  plus heat killed B r .  s u is .  
I t  is difficult to assess the significance of these results as reactors were culled before 
the vaccinations began.

M a n .  Vaccination of man against brucellosis is widely used in the U.S.S.R., 
using Strain 19 or its variant Strain 19BA. A comprehensive account is given by 
Vershilova (1961). Only the population at risk is vaccinated either by the sub
cutaneous or intra-cutaneous routes. This last route has been shown to be effective, 
especially for re-vaccination to avoid sensitization. Re-vaccination is done a year 
later and is so arranged that maximum immunity is obtained at the time of greatest 
risk, i.e. at the lambing season. The whole programme is strictly controlled and the 
dangers of vaccinating infected persons is stressed. I t  is also recognized that this is 
a temporary measure pending the eradication of animal brucellosis.

T r e a tm e n t in animals. The use of ‘Pecudin’ (IV'-dichloroacetyl-iV'-phenylsemi- 
carbazide) in the treatment of bovine brucellosis has been reported by Buri & Wupper
(1960),Borger (1960), Kauker & Zettl (1960), Diernhofer (1961) andMeyn & Schrinner 
(19616). Given over prolonged periods it seemed to reduce abortion but not infection.
‘ Menaphthone5 was used by Rosaschino & Perini (1963) and luteinizing hormones 
and vitamin E by Bordogna (1960).
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In an extension of their previous work Ferguson & Robertson (1960) found that
3- 5, 5-3 and 9 % of herd milk samples in different areas in South Scotland contained 
B r .  a b o rtu s . The Public Health Laboratory Service (Report, 1961) reported that
4- 8% of herd milk samples in England and Wales contained brucella, but it was 
believed that the real herd incidence was about 15%. George & Payne (1961) 
found that 7-8% of 361 milk samples were biologically positive for brucella and 
Robertson (1961) found that 18-7 % of herds in Lancashire were infected. Robertson 
also makes the point that, whereas most milk sold in towns is pasteurized, only 
between 3 and 50% is pasteurized in some rural districts in Lancashire. Boyd &
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Reed (1960) found an incidence of 5-4 and 4-7 % of MRT reactors in Devon and 
Somerset, respectively. McDiarmid (I960«, c) found that 4-4% of farms in the 
Oxfordshire area were infected and 2-2% in the Isle of Wight (see also Brodigan, 
McDiarmid, Mann & Skone. 1961). These results were based on the biological testing 
of samples which had been initially screened by the MRT and then subjected to the 
whey tube test, only samples reacting to the whev tube test being tested biologically. 
I t  was believed that the real incidence in these areas were probably nearer 8-10%. 
In a survey of the incidence of the disease in dairy cattle carried out by the Ministry 
of Agriculture, Fisheries and Food in Britain in 1960-1961, it was estimated that 
about 25% of herds were infected and 2% of the cattle infected (Ritchie. 1962). 
The incidence of the disease in Northern Ireland is given in papers by Kerr (I960«, b).

In Canada (Anon. 1960), it was reported that 9-5% of herds and 1-3% of cattle 
were infected (see also Wells & Frank, 1963). Figures on the incidence in the U.S.A. 
are given in papers by Mingle (1963«. b). Brucellosis in sheep (due to B r .  m e lite n s is )  
was first recorded in Argentina by Ossola, Szyfres & Blood (1963), but is common in 
cattle (Morales, I960; C'edro, Cisale, Cacchione & de Benedetti, 1961) and in goats 
(Cedro, Cisale, Maubecin & de Benedetti, 1962). The presence of B r .  o v is  infection in 
rams was also confirmed for the first time by Szyfres & Chappel (1961). Brucellosis 
in goats was eradicated by a slaughter policy in Chile in 1961 (Cornejo Merino, 1963), 
although the incidence of bovine brucellosis is still about 20%. In Peru, Velasco
(1961) reported an incidence of 20, 10 and 12% in dairy cattle, pigs and goats, 
respectively. Estimates of the incidence in buffaloes and dogs in Brazil were given 
by Santa Rosa, Pestana de Castro & Troise (1961) and Batista & Hipoloto (1962); 
Villagomez (1962) estimated that 36-5 % of stock in Mexico are affected. Brucellosis 
was reported to be fairly common in sheep in Western Turkey (Alpar & Massie,
1962) and in Greece by Dragonas (1960). The disease was first recorded in sheep in 
Poland bv Chodkowski, Ugorski & Kowalski (I960) and in cows in North Vietnam 
by Spinu & Vasilesco (1962). The first recorded case of B r .  a b o rtu s  infection in swine 
in Japan was reported by Akaike, Ueda, Isavama & Shibata (1963).

Reports on the incidence of the disease in animals in the U.A.R. were given by 
Kamel & Abdel-Fattah (1961). Alton (1963) and Hamada El-Hidik, Slierif. El- 
Sawah & Yousef (1963); in South Africa by van Drimmelen (1961) ; in the Sudan 
by el Nasri (1960) and Dafaalla (1962); in India by Das. Panda & D utta (1961). 
Murthv & Gupta (1962), Anon (1962), Pargaonker & Raj (1162) and Mathur (1962. 
19636). and in Italy by Tasselli (1961), Rosati (1961) and Battelli (1962). Bovine 
brucellosis is common in France, variously estimated as at least 20 % (Berthelon. 1962: 
Pilet, Berthet & Goret, 1963). The incidence of brucellosis in cattle, sheep and goats 
was reported to be greatly reduced in the Soviet Union (Orlov, 1960; Korotich, 
Slesarenko, Isaenko & Shcherbak, 1960; Naimanov, 1962; Ivanov, 19636). Brodauf & 
Kruger (1961) found that the incidence in Baden had been reduced from 0-44% in 
1956 to 0-16% in 1960; 0-11 % infected herds was reported in Rhineland Palatinate 
in 1961 by Feils (1962). Brucella was reported to be the commonest cause of abortion 
in cows in Queensland by McTackett (1963). [See also Benning, 1960 and Mylrea, 
1961.]

The prevalence of brucellosis in pigs and its importance in causing human infection 
have been stressed by a number of workers e.g. in the U.S.A. by Hendricks (1962),
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Hendricks & Hausler (1962) Hendricks, Borts, Heeren, Hausler & Held (1962), 
Harris, Hendricks, Gorman & Held (1962), Stuart, Wixon & Vanderwagen (1963) 
and in other countries by de Iveyser, Spincemaille & Brone (1962). Mateev et a t. 
(1963a), Pavuna (1962), Wittig, Teichmann & Kunter (1962), Robin (1962), Neftya- 
nova & Kunev (1963). Pilot, Perron, Candeillan, Julienne, Ollivier & Goret (1963) 
and Cal das (1963).

The incidence of B r .  o v is  infection was reviewed by Lawrence (1961), The incidence 
in Slovakia was given by H a d u  (1962) and in South Africa by van Drimmelen
(1961).

The majority of cases of human brucellosis arise either directly or indirectly 
through contact with animals or their products. Exact figures on the incidence are 
not readily available since the disease is not notifiable in many countries and because 
of difficulties in establishing a positive diagnosis. These were well discussed by 
Dalrymple-Champneys (1960). The incidence and epidemiology of brucellosis in 
Britain have been studied by Bothwell (1960a, b ,  1961, 1963) who found that the 
rural and urban ratio was 3-5:1. Figures on the number of cases reported to the 
Public Health Laboratory Service in England and Wales for the years 1945-1961 
were given by Bothwell (1963). The majority of cases appear to be due to the ingestion 
of raw, infected milk.

In the U.S.A. it is now estimated that 60% of the 700 human cases that occur 
annually are attributable to pigs (Hendricks, 1962) and an outbreak affecting em
ployees of a swine slaughtering plant was described by Harris et a l. (1962) and 
Hendricks et a l. (1962). Although most of the cases were due to the handling of 
infected carcasses, there was also evidence of airborne infection and B r .  s n i s  was 
recovered from the air. The percentage of cases contracted from cattle has decreased 
from 36-8 in 1957 to 15 in 1960 and, since 1947, there has been a steady decrease in 
the number of human cases reported—from 6321 in 1947 to 741 in 1960.

In France, Bcrthet (1963) found that 88% of human cases were due to direct 
contact with cattle, 5-5% to contact with sheep and goats and only 0-5% due to 
milk ingestion. Similarly, Pilet & Goret (1962) studying the epidemiology of brucel
losis in French veterinarians found that cattle were the source of infection in 310 of 
the 349 cases. Brucellosis was also found to be common in Belgian veterinary surgeons 
(Lafontaine, Andre, van Ove, Thomas & dc Berdt (1963) and in the Potsdam district 
by Schwartz (1962)).

Ter-Bartanov & Kozlov (1961) suggested that a fairer expression of the incidence 
of human brucellosis is in terms of the animal population and not of the human 
population. Brucellosis as an occupational disease was also discussed by Rozansky, 
Weber, Lehman & Bali (1961), Jindrichova (1962) and Suntych (1962). The role of 
meat in epidemiology was discussed by Leistner (1960) and Sadler (1960); the greatest 
danger is to people handling such material. Outbreaks of brucellosis due to B r .  
m e lite n s is  infection in cattle (and not sheep and goats) have been described by 
Moldavskaya et a l. (1960) and Shafershtein, Feoktistov, Pokrovskaya & Likhonos
(1961). Brucellosis is one of the most readily acquired of laboratory infections and 
accidental infections due to the vaccine Strain 19 have been reported by Revich et a l.
(1961) and McCullough (1963) who stressed that the damage was due primarily to 
an allergic response in subjects specifically and highly sensitized to brucella antigen.

Reviews of the progress of dairy  science
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Serious sequelae to human brucellosis were discussed by Dalrymple-Champneys 
(I960), Bothwell (19606) and Zinneman, Glenchur & Hall (1961). Peery & Belter 
(1960) reviewed the literature on heart disease associated with brucellosis and 
presented data on 44 deaths. The incidence of endocarditis was highest in B r .  a b o rtu s  
infections.

C O N T R O L  A N D  E R A D IC A T IO N

The need for the control and eventual eradication of animal brucellosis is based 
on the economic loss to the agricultural industry and consequent loss of valuable 
food for the human population—often in areas least able to afford such losses, and 
on the prevention of human infections which are invariably derived, directly or 
indirectly, from animal sources. Human to human spread of brucellosis is very rare. 
Forbes (1963) reported that the losses to the cattle industry, due to brucellosis in 
1934 in the U.S.A., were 125 million dollars and, at present, are 25 million dollars 
annually. Furthermore, whereas in 1934. there were 10000 human cases, this has 
now been reduced to around 700 cases a year. Berthelon (1962) estimated that loss 
of calves and milk to the French dairy industry amounted to 64 million francs a year 
and in the Argentine, to 2 | million dollars a year (Cedro, Cisale, Cacchione & de 
Benedetti (1961)). In Britain, McDiarmid (1960a) estimated the loss to be 16 million 
pounds sterling a year. In countries such as the U.S.A. and Scandinavia where 
brucellosis has been eradicated, or nearly so, there has been a marked decrease both 
in economic loss to the cattle industry and in the number of human cases of 
disease.

In Britain, the major brucellosis problem is in cattle (Stableforth, 1960). The 
control of the disease was reviewed recently by Ritchie (1962). Control is based on 
calfhood vaccination with Strain 19 with the object of building up a national herd 
well protected against the disease. On 1 May 1962 a free vaccination service was 
introduced, applying to female calves between the ages of 151 and 240 days; calves 
so vaccinated are identified by a tattoo mark. The statutory provisions were also 
reviewed by Ritchie (1962) and by Bothwell, McDiarmid, Bartram, MacKenzie- 
Wintle & Williamson (1962); suggestions for revising and simplifying the existing 
legislation were also made by Bothwell et a l. (1962) as well as the establishment of 
pilot control schemes in areas of known incidence.

In Northern Ireland, brucellosis was made a notifiable disease in 1959 and, in 
that year, an eradication scheme was started, initially to cover herds selling raw 
milk (Grade ‘A’ milk) to the public (Kerr, I960«, 6, 1963; Kerr & Rankin, 1963). 
At the same time, a Register of Brucella-free herds was established to cover all types 
of herds. The need for controlling indiscriminate vaccination and the movement of 
animals was stressed.

Van Waveren (1960) reported that 82-5% of herds in the Netherlands were then 
free of brucellosis. The progress towards eradication in the U.S.A. has been reported 
by Mingle (1961, 1962, 1963a) and Forbes (1963). The programme is designed to have 
the whole country ‘Modified Certified’ by 1965 and ‘Brucella-free’ by 1975. Good 
progress in the swine eradication programme in Georgia and California was reported 
by Mingle (1963 a) and experience had shown that it was best dealt with on a herd 
basis, the disposal of individual blood test reactors having a limited application.
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No date had been fixed for the completion of eradication in Canada (Anon, 1960). 
The level of infection then was estimated as 8-5% of herds and T3%  of animals 
infected.

A plan for the prevention of brucellosis in Europe was proposed by Woldike 
Nielsen (1961) (see also Senthille (1962) and Berthelon (1963)). Hess (1961) reported 
that a programme of eradication based on the slaughter of aborting cows and those 
excreting brucella in milk Aras started in the Canton of Zurich and had since been 
extended to the whole country. Strain 19 vaccination Avas used only exceptionally in 
infected herds. Although herds were screened regularly using the MRT, agglutina
tion testing of individual cattle sera was done every 2-4 years. In the absence of 
vaccination, this period may be too long. Hajdu (19636) reported the eradication of 
bovine brucellosis in 140 communities in Slovakia, based largely on the use of the 
Coombs te s t: calves reared in a disease-free environment Avere used as replacements. 
In Bulgaria, (Tchentchev et a l. 1962) eradication of bovine brucellosis Avas based on 
the use of State isolation farms to Avhich a selection of infected coaa's Avere sent and 
their progeny used for replacements, infected cows Avere then slaughtered. Rearing 
piglets in isolation and the slaughter of infected soavs Avas also used to control porcine 
brucellosis (Dimitrov, 1962). In the German Fedei’al Republic, vaccination of calves 
AAas recommended by Borger (1961). In the Ukraine Korotich, Slesarenko, Isaenko 
& Shcherbak, (1960) stated that brucellosis in sheep and goats might be eradicated by 
1962 and that the incidence of bovine brucellosis Avould also be further reduced (see 
also IvanoA’, 1963a, 6).

Methods of the control of animal diseases—including brucellosis, A\hich are in use 
in many countries, Avere presented recently at a meeting of the Office International 
des Epizooties (OIE) in Paris. The countries covered Avere Canada (Wells & Frank,
1963), Mexico (Ornelas, 1963), Chile (Cornejo Merino, 1963), U.S.S.R. (Ivanov, 
19636), Finland (Huhtala, 1963), Albania (Babameto, 1963), India (Sahai, 1963), 
Pakistan (Khan. 1963; Jabbar, 1963), Iran (KaAveh, 1963), Syria (Ladkany, 1963), 
Thailand (Subharngkasen, 1963); Angola (Dias & Nobre, 1963), Mozambique 
(Castro Amaro. 1963), Southern Rhodesia (May, 1963), and Senegal (N’Gom, 1963).

B r .  o v is  infection Avas eradicated from 13 flocks in Australia (Clapp et a l. 1962) by 
the slaughter of infected rams. Control of the disease in Australia is based on such 
a Test and slaughter’ policy which is successful provided all rams, including vas- 
ectomized rams, are regularly tested (see also Lawrence, 1961). In NeAV Zealand 
(Buddie, 1962) and in South Africa (van Drimmelen, 1960c; van Heerden & A'an 
Rensburg 1962) control of B r .  o v is  infection is by vaccination and this policy has been 
reported as being responsible for a marked reduction in ram A\rastage and perinatal 
losses in lambs.

In  conclusion, experience with cattle  has shoAvn th a t A'acci nation alone will not 
lead to  the  eradication of the disease. A program m e based on the  vaccination of 
young stock and  the  sim ultaneous slaughter of infected anim als is more likely to  
succeed. The dangers of re-introducing the  disease across national boundaries and 
the spread from  one species to  ano ther (e.g. sheep and  goats to  cattle) and from Avild 
anim als to  dom esticated anim als, m ust also be borne in mind.

R e v ie w s o f the p ro g re ss  o f  d a ir y  science
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SUMMARY AND CONCLUSION

During the 4-year period under review, much knowledge has been accumulated 
on pathology and pathogenesis of brucellosis, on supplemental diagnostic tests and 
on methods of classification of members of the genus B r u c e l la  by the use of phage and 
oxidative metabolism tests. Even so, brucellosis is still a serious problem—both in 
man and animals, in various parts of the world. Reservoirs of infection in wild animals 
have been reported and these could have an important bearing on eradicating the 
disease, e.g. in pigs which acquire infection from hares. Countries, in which active 
eradication programmes are in existence for the eradication of bovine brucellosis, 
report considerable economic saving as well as a marked reduction in human cases. 
In countries where control measures are based on a vaccination policy, the abortion 
rate has been significantly reduced, but the infection rate, as judged by excretion in 
milk, has not been so greatly reduced.

Brucellosis in sheep and goats still remains a serious problem in many countries 
and a test and slaughter policy alone is unlikely to succeed in eradicating the disease. 
Vaccination, together with the segregation and elimination of reactors, would appear 
to be a more realistic approach. Any such programme must be done on a national 
scale in order to have any measure of success.

A ‘test and slaughter’ policy or vaccination alone has been successfully used in 
controlling B r .  o v is  infection in sheep.
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