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The influence of liveweight at calving on m ilk

production in Friesian heifers

By B. RIDLER, W. H. BROSTER and D. R. WESTGARTH

National Institute for Research in Dairying, Shinfield, Reading

(Received 26 October 1964)

summary. Records of 81 heifers, daughters of 6 bulls, were examined to determine
the regressions of milk yield, corrected for lactation length, on initial liveweight and
age at calving.

Age was found to have no significant effect and was discarded in the final analysis.

The regression equations were similar for the different groups of half-sibs, except for
one group whose members had not been fed according to milk yield. After removal of
this group, a highly significant positive relationship between lactation yield and live-
weight at calving was found ‘within bull groups ’. The mean values of groups of half-
sibs did not show this relationship, and significant differences in milk yield still
persisted between groups after adjustment for liveweight differences.

It was concluded that herd improvement by choosing heifers solely on the basis of
liveweight shortly after calving appears unlikely to be effective unless the sire’s
potential is known and the feeding during lactation takes into account the greater
maintenance requirements of heavier animals.

While the existence of a positive relationship between liveweight shortly after
calving and total milk yield in subsequent lactation, within a population, has fre-
quently been demonstrated (see Clark, 1960; Erb, 1962; Reid etal. 1964, for references)
its practical value in terms of herd selection has yet to be established. Thus Bailey &
Broster (1954), dealing with the Shorthorn section of the Institute herd, showed that
while the relationship existed for the data as a whole and for ‘within groups’ of
paternal half-sibs the mean milk yields of the progeny groups were independent of
their mean liveweights.

This finding has been partially confirmed by Mason, Robertson & Gjelstad (1957)
who, in a study of Danish progeny station data, analysed initial liveweight and lacta-
tion milk yield data and found a positive but non-significant correlation between
these factors for both ‘between ”and ‘within ’ progeny groups.

In view of the paucity of the data on the milk yield and liveweight relationship
when applied to progeny groups, and its possible importance in relation to large-scale
breeding programmes, and also the desirability of confirming the findings of Bailey &
Broster (1954) with data from another breed, it was decided to examine the appro-
priate records of the Friesian section of the Institute herd.

The relationship of milk yield with liveweight immediately after calving has been
expressed mathematically by Brody (1942) and Kleiber (1947) in the equation
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136 B. Ridler, W. H. Broster and D. R. Westgarth

Y = cwhb, where v is 4% fat-corrected lactation yield in Ib, w is the initial live-
weight in Ib, and b and c are unknowns to be determined. While the exponent, b,
shows considerable variation between species when determined from the experimental
data analysed by these authors, they have suggested an average value of b = 0-75.
A comparable figure, b = 0-82, was obtained by Bailey & Broster (1954).

METHOD

The general management of the milking herd has been described by Bailey (1952)
and by Bailey & Broster (1954). All the heifers calved in the autumn. They were milk-
recorded twice daily, and their milk was sampled monthly for butterfat estimation by
the Gerber method. The heifers were weighed on the 2nd and 3rd day after calving,
and the mean of these weights used as the initial liveweight. All the heifers were
included in feeding trials in early lactation (Bailey, Broster, Brown & Foot, 1954;
Broster, Ridler & Foot, 1958; Broster, Tuck & Balch, 1964). Animals were allocated
to blocks according to date of calving and liveweight. With the exception of one
group of half-sibs noted below, the heifers were fed for milk production according to
Woodman’s (1957) standards, or fixed proportions of these standards, but the main-
tenance ration was constant for all the animals of an experiment. They were not used
experimentally in the later stages of lactation, and were subjected to normal herd
management until the next calving. They were served at the 1st heat after the 90th
day in milk.

Records of 81 Friesian heifers sired by 6 different bulls and having their 1st lacta-
tion during the period 1952-61 were used for a study of the inter-relationship of the
following factors: (1) age at calving in days; (2) initial post-calving liveweight in Ib;
(3) lactation length in days; (4) lactation yield of 4% fat-corrected milk in Ib. The
formula developed by Gaines (1947) was used to calculate lactation yield of 4% fat-
corrected milk. Mean values of liveweight, age, and milk production for the bull
groups are given in Table 1

The relationships between yield and the other factors were expressed as simple
regressions, and as a multiple regression fitted by the method of least squares (e.g.
Snedecor, 1956).

RESULTS

Simple regression equations of the logarithm of fat-corrected lactation yield (Ib) on
the logarithms of age at calving (days), initial liveweight (Ib) after calving, and lacta-
tion length (days) were calculated initially for all the data. The regression coefficients
were: 0-2502NS + 0-2367; 1-1577** + 0-2604; and 1-2781** + 0-1617,forageat calving,
initial liveweight after calving, and lactation length, respectively.

A multiple regression equation for the logarithms of these variables was then calcu-
lated for each group of half-sibs and a pooled estimate obtained. Similar multiple
regressions were fitted to group means and to the total data. The partial regression
coefficient of yield on age was non-significant for each individual bull group, and for
the ‘total’ data and ‘within group’ analysis. It just reached significance at the 5%
level of probability for the ‘between group ’analysis. The influence of age was judged
to be unimportant for the range of values in the present data and it was decided to
exclude this factor from the final analysis.
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The partial regression coefficients of fat-corrected lactation milk yield on initial
liveweight after calving, and lactation length, with age at calving disregarded, are
given in Table 2, for individual groups of half-sibs, for the total data, and for
‘between’and ‘within’ bull groups.

Table 1. Age (days), initial liveweight at calving (Ib), lactation length (days) and
4% fat-corrected milk yield (Ib) for the daughters of ¢ bulls

Mean lactation

yield of 4%
No. of Mean liveweight Mean age at Mean lactation fat-corrected
Bull daughters at calving, Ib calving, days length, days milk, Ib

A 11 1113 1053 347 8931
B 9 1083 950 335 9039
C 23 1097 1010 329 7651
D 21 1162 1026 343 10198
E 9 1096 936 324 8116
F 8 1186 1082 337 8606
Total 81 1124 1012 336 8786

Table 2. Partial regression coefficients showing effect of initial liveweight after calving
(IF, Ib), lactation length (L, days), on fat-corrected lactation yield (Y, Ib), all expressed as
logarithm,s to the base 10

Bull Fog Y logW . log L bogy logL .layw

A 0-9038** +0-1824 1-2938*** +0-1498
B 1-4883  +1-5737 2-9399* + 1-0768
c 0-6515* +0-3018 0-8353*** + 0-1772
D 1-0680* +0-4170 0-8091  +0-4144
E -1-5984  *1-1329 1-2311  +0-6300
F 0-7206  +1-1972 -0-1229  #1-1871
Total 0-7519*** + 0-2107 1-1288*** + 0-1566
Between 0-8201NS# 1-1563 3-2713NS + 1-5939
Within 0-6047** +0-2059 1-0633***+ 0-1452

*** Significant at P < €001. ** Significant at P < 0*01. * Significant at P < 0-05.

NS Not significant at P = 0%05.

Significant differences at the 5% level of probability were established between
individual group regressions. Of the 6 bull groups, the progeny of bull E had been
used in an experiment by Broster et al. (1964) in which a fixed ration was given to each
heifer regardless of its milk yield, in contrast with other heifers in the present study
whose rations varied according to the amount of milk produced. All the heifers on the
fixed ration experiment, including the daughters of bull E, showed a negative correla-
tion between initial liveweight and milk yield (Broster, 1962); this was considered a
sound reason for regarding them as distinct from the other 5 groups of half-sibs and
they were accordingly withdrawn from the analysis.

Recalculated values ofthe partial regression coefficients, with bull group E discarded
are given in Table 3 for total data ‘between groups’ and ‘within groups’. Dif-
ferences between the regressions of the 5 remaining groups were no longer signifi-
cant (Table 4), but there were significant differences in yield level between the groups.
The partial regression coefficients corresponding to ‘between groups ’were both non-
significant, those for ‘within groups’ and ‘total’ were highly significant. Hence the

9-2
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individual group regressions may reasonably be regarded as parallel but not coinci-
dent. The pooled regression equation was
log y = —0-8979 + 0-7537 log w + 1-0035 log L,
where Y is lactation yield of fat-corrected milk (Ib), IF is initial liveweight after cal-
ving (Ib) and L is the number of days in milk. Taking antilogs,
y = 0-iaesi'FO-B7" 1-00h
The partial regression coefficients 0-7537 and 1-0035 were pooled values representa-

tive of the individual groups; the constant term 0-1265 does not apply however to
the individual groups, which have been shown to have different levels of yield.

Table 3. partial regression coefficientsfrom Table 2 recalculated after excluding bull E

bog v log TT. lag L boor logr .lagir
Total 0-8834*** + 0-2079 1-0690*** +0-1577
Between 0-7175NS + 1-2725 3-9102 NS +1-9586
W ithin 0-7537*** £0-1974 1-0035*** +0-1416

*** Significant at P < 0-001. NS Not significant at P = 0-05.

Table 4. Analysis of variance of regressions of log lactation yield offat-corrected
milk (Ib) on log liveweight at calving (Ib) and log lactation length (days)

Source D.F. S.S. M.S.

Total 71 0-7660 -

Due to overall regression 2 0-4292 0-2146***

Residual 69 0-3368 0-0049
Between bulls 4 0-1860 -

Due to regression o 0-1534 0-0767 NS

Residual 2 0-0326 0-0163
W ithin bulls 67 0-5800 -

Due to pooled regression 2 0-3296 0-1648***
Residual 65 0-2504 0-0039
Differences between group regressions 8 0-0464 0-0058NS
Differences between group levels 4 0-0864 0-0216***

Combined group residuals 57 0-2040 0-0036

*** Significant at P < 0-001. NS Not significant at P = 0-05.

The variance of log lactation yields among individuals of a bull group was reduced
46%, on average, by adjusting for difference in log lactation length, 22% for dif-
ference in log liveweight after calving, and 55% by adjusting for both covariates
jointly. Similarly, the variance of means of bull groups was reduced by 36, 37 and
53%, by adjustment for log lactation length, log liveweight after calving, and for
these covariates jointly. This reduction in variance following adjustment for the
2 variables was appreciable. Nevertheless, the differences between bull group means,
adjusted for both covariates, remained highly significant. The effect of adjustment on
bull group means may be further illustrated as follows:

Log Iactsztion yield

mm———— e b Weighted
Bull group e A B C D F means
Original means 3-934 3-945 3-874 4-004 3-926 3-936
Means after adjustment by 3-931 3-959 3-897 3-982 3-907 3-936

multiple regression
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DISCUSSION

The present study confirms the findings of earlier workers that milk yield is directly
related to initial liveweight after calving. Of particular interest is the close agree-
ment of the present result with that of Bailey & Broster (1954), with animals of an-
other breed, though it must be remembered that both analyses were conducted on
data from 1lherd. Here the overall partial regression coefficient of log lactation yield
of fat-corrected milk on log initial liveweight was +0-88 (Table 3); the comparable

== Within

e
== Between
= F

40

30 31
Log 4o W

Fig. 1 Graphical representation of the partial regression equations of log fat-corrected milk
yield (F), adjusted to constant lactation length (equal to the grand mean), on log initial live-
weight (IF) after calving. Individual bull group (A-F) and, total, ‘between’ and ‘within’
group partial regressions are shown.

figure obtained by Bailey & Broster (1954) for 305-day fat-corrected milk yield was
+ 0-82. Whereas Bailey & Broster (1954) used a linear multiple regression equation,
here a multiple regression equation on the logarithms of the variates appeared to be
more justified. The present mathematical model is a convenient device for adjusting
for unequal periods of lactation. It is appropriate in the present range of lactation
lengths but would be inappropriate, for example, in estimating yields at early stages
of lactation. It should be noted that in the pooled multiple regression equation
quoted above the partial regression coefficient of log lactation length is very nearly
unity (1-0035). Hence the equation corresponds closely to a simple linear relation
between log mean yield and log liveweight at calving.

The equation for the pooled data shows that at initial liveweights of 800, 1000,
1200 and 1400 Ib, the 305-day fat-corrected milk yields are estimated as 6070, 7182,
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8240 and 0255 Ib; the increase per 100 Ib liveweight approximated to 530 Ib in all or
1-7 Ib/day of the 305-day lactation.

Fig. 1shows graphically the partial regression equations of log yield on log live-
weight corrected to a mean lactation length of 336 days, and indicates that while the
regressions are reasonably parallel (apart from bull E). they are not coincident. That
is. because of significant differences in group levels of milk yield due to factors other
than liveweight. the regression fitted ‘within groups *does not apply ‘between groups’.
As in the earlier study by Bailey & Broster (1954), there was no significant partial
regression of milk yield on liveweight among group means, and an effective study of
such relationship would require more bull groups than the present data provide.

Attempts to improve yields by choosing heifers by weight alone are likely to be
inefficient, as seen in Fig. 1, because heavier animals may be from sire groups of low
milk-vield potential, a conclusion also drawn by Bailey & Broster (1954). Choosing
the heavier heifers of proven sires of good yield potential could lead to a further
improvement in yield. However, the question not. broached here, but necessarily
considered in assessing the value of liveweight as a criterion for selecting animals for
milk production, is the efficiency of food conversion in lactation. A heavy animal
requires a greater supply of nutrients for maintenance than a light one. The effect
of this requirement on the efficiency of food conversion is seen in the negative partial
regression of milk yield on liveweight in the animals in bull group E. fed a fixed
amount of food daily. The other groups, showing a positive partial regression, were
given increasing amounts of food as their yield increased. The greater maintenance
requirement of the heavier animal is at least partially masked by a greater food
intake consequent upon its greater milk yield.

A further explanation for the positive relationship of milk yield and liveweight may
lie in the fact that liveweight represents a combination of physique and body condi-
tion. Animals in good condition at calving have a greater reserve upon which to
draw in lactation, particularly in the event of small rations after calving (Broster et al.
1958). This is supported by the negative relationships observed between milk yield
and change of liveweight after calving (Johannson, 1954; Mason et al. 1957; Broster,
1962).

It is possible that the small effect of age on milk yield observed here arises from the
limited range of the data. Other authors in Scandinavia and the U.S.A., dealing with
very much larger numbers of animals and herds, have shown a positive and highly
significant relationship between age at calving and milk yield (Johannson, 1954;
Clark & Touchberry, 1962; Erb, 1962).

It is obvious that further large-scale work on this subject is desirable, such as that
recently initiated by the Milk Marketing Board of England (1960) with the object of
studying the physiological efficiency at a given liveweight of the daughters of bulls of
proven production potential.

We are grateful for the interest shown by Dr C. C. Balch and Mr A. S. Foot in this
investigation.
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The effect of antioxidants on the keeping quality

of whole milk powder

Il. Tocopherols

By J. ABBOT and R. WAITE

The Hannah Dairy Research Institute, Ayr

{Received 24 November 1964)

summary’. Spray-dried whole milk powders were prepared containing o.o: % of
y-tocopherol and of a mixture ofa-, y- and 5-tocopherols. Control powders and pow-
ders containing . -o1 % of dodecyl gallate, an antioxidant of known effectiveness, were
also made. The powders were stored at 37 °C and examined at intervals for taste,
peroxide value and absorbed oxygen. The protection against oxidation afforded by
both the tocopherol additions was small, although y-tocopherol was more effective
than the mixture of tocopherols. Dodecyl gallate was again found to be a good anti-
oxidant for whole milk powder.

The widespread occurrence of tocopherols in plants and in the lipids of herbivores
makes them attractive substances for use as antioxidants in foods intended for
human consumption. In dairy research, tocopherols have been added to fresh milk,
cream, butter and whole milk powder in attempts to delay fat oxidation. Conflicting
results on their effectiveness have been reported. A mixture of tocopherols prevented
‘spontaneous ’ oxidation in susceptible milks for 24-48 h (Williams & Burgwald,
1941; Krukovski, Loosli & Whiting, 1949), but a-tocopherol was not only without
beneficial effect in cream and butter but appeared to be slightly pro-oxidative and its
presence led to the formation of a fishy flavour (Richardson, El-Rafev & Long, 1947,
Swartling, 1949; Nielsen etal. 1953). Findlay, Smith & Lea (1945) found it difficult
to decide whether mixed tocopherols in whole milk powder had any antioxidative
effect because of the development of oily flavours. Most of these earlier tocopherol
concentrates contained only 15-30 % of total tocopherols and the off-flavours observed
during the storage trials may have been derived more from the other constituents
of the preparation or their oxidation products than from the tocopherols themselves.
With the recent availability of more concentrated preparations, particularly of
individual tocopherols, it appeared worthwhile briefly to re-examine their effectiveness
as antioxidants in spray-dried whole milk powder.

EXPERIMENTAL
The preparation of the powders followed the system previously described (Abbot &

Waite, 1962). Milk was obtained from a 3000-gal batch at a creamery of the Scottish
Milk Marketing Board. It was preheated at 190 °F (88 °C) for approximately 15 sec
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and concentrated to 34% total solids under vacuum (28 inHg). Two tocopherol con-
centrates were available, DL-y-tocopherol of 80% purity and a mixture of a-, y- and
5-tocopherols (10:57:33) which had a total tocopherol content of 55%. The toco-
pherol concentrate in an amount sufficient to give 0-01 % tocopherol in the powder
was dissolved in 4 g of hydrogenated, deodorized coconut oil at 98 °F (37 °C) and
added with continuous stirring to the concentrated milk at the same temperature
during homogenization at 2500 Ib/in2 (The concentration of 0-01 % antioxidant was
chosen to conform with British legislation for other foodstuffs and because several
antioxidants were known to be effective at that concentration.) The homogenized,
concentrated milk was dried on a centrifugal disk type of laboratory-scale machine
operating at an inlet air temperature of 248 °F (120 °C), a mid-chamber temperature
of 176 °F (80 °C) and a flow rate of evaporated milk of 20 ml/min.

In previous work (Abbot & Waite, 1962) it was found that dodecyl gallate was the
most effective antioxidant of several tested. To allow comparison of the present
results with those of that earlier series, powders containing dodecyl gallate were made
in addition to control powders. Two powders for each antioxidant and 2 control
powders were prepared, the duplicate powders being made on different days. Im-
mediately after manufacture the moisture content, fat percentage, peroxide value
and ferricyanide reducing power of the protein were determined as previously de-
scribed (Abbot & Waite, 1962), and the taste ofthe powder reconstituted in water was
recorded by 5 experienced observers. The powders were packed on the day following
manufacture in tinplate cans in air and stored at 37 °C. Cans were withdrawn at
intervals of 28 days, the composition of the gas within the can was analysed and the
powder examined for the peroxide value of the fat and for taste.

RESULTS

The initial analyses showed that the powders were very similar in composition;
moisture contents lay between 2-4 and 2-9%, fat contents between 25 and 21%,
peroxide values between 0-5 and 0-8 m-equiv./kg fat and protein-reducing values
between 2-2 and 2-9 mg ferricyanide/g protein. The taste of all the reconstituted
powders was good and none ofthe antioxidant additions had imparted any off-flavour
to the powders. The powders thus appeared normal and the manufacturing process
unlikely to influence their subsequent performance during storage. This was borne out
by the agreement between the results for pairs of duplicate powders, and the values in
the tables are the means for each pair.

From the relationship between taste score and duration of storage, the times for the
powders to reach a taste score of 1, the first discernible oxidized flavour, and a score of
2, the limit of acceptable oxidized flavour, were obtained. These times are given in
Table 1 together with previous results for control powders and those containing
0-01 % of dodecyl gallate. In the present series, all the powders containing anti-
oxidant had a better keeping quality than the control powder, although the advantage
conferred by the mixed tocopherols was small; y-tocopherol was more effective than
the a-, y-, A-mixture, but considerably less so than dodecyl gallate. The results from
the earlier experiment show that the milk from which the present series of powders
were made was much more susceptible to fat oxidation.
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The general pattern of peroxide development in the fat of whole milk powders
during storage and the absorption of oxygen is well established (see, for example
Lea, Moran & Smith, 1943; White, Smith & Lea, 1947). The changes in peroxide value
and oxygen uptake in the present powders followed normal courses and need not be
shown in detail. A measure of the relative effectiveness of the antioxidants in delay-
ing these changes is given in Table 2 where the values after storage for 160 days at
37 °C are shown. This was the time which the best keeping powder, containing

Table 1. Flavour deterioration in whole milk powders stored at 37 °C
(Values are means of duplicate determinations.)

Days at 37 °C to reach

Antioxidant Score I* Score 2*

None (control) 15 48
Mixed tocopherols 23 60
ey-Tocopherol 40 95
Dodecjd gallate 65 160
From Abbot & Waite (1962)

None (control) 43 100

Dodecyl gallate 120 250

* Score 1, oxidized flavour only just discernible. Score 2, very slight oxidized flavour, powder on
borderline of acceptance. (Above score 2. definite oxidized flavour, powder not acceptable.)

Table 2. The effect of antioxidants on the keeping quality of whole milk poivder
stored for 160 days at 37 °C

(Values are means of duplicate determinations.)

Peroxide Oxygen
value, absorption,
Antioxidant m-oquiv./kg fat mg/100 g powder

None (control) 4-0 19-5
Mixed tocopherols 4-2 190
y-Tocopherol 31 17-0
Dodecyl gallate 0-5 9-3
From Abbot & Waite (1962)

None (control) 2-0 8-0

Dodecyl gallate 0-3 40

dodecyl gallate, had taken to reach the limit of acceptable oxidized flavour. The dif-
ference between the 2 powders containing tocopherol additions was smaller by these
tests than by taste, although, again, y-tocopherol was more effective than the pre-
paration of mixed isomers. Dodecyl gallate was much superior to either of the toco-
pherol preparations. The greater susceptibility to oxidation of the milk used for the
present powders is again seen from the comparison of peroxide and oxygen absorption
values.
DISCUSSION

Using a variety of substrates Lea & Ward (1959) and Lea (1960) found that the
relative ability of 7 tocopherols to extend the induction period of peroxide formation
depended to some extent upon the degree of unsaturation of the substrates and the
temperature at which they were held, but in all systems y-tocopherol gave a consis-
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tently good performance. Of the other tocopherols, s- was usually an effective anti-
oxidant but a- was not, despite the fact that as vitamin E a-tocopherol is the most
active. Under the conditions of this experiment neither of the tocopherol prepara-
tions was particularly effective as an antioxidant for spray-dried whole milk powder.
Ofthe 2 preparations, that containing only y-tocopherol retarded the development of
an oxidized flavour in the powder appreciably longer than the mixture of the a-, y-
and Utocopherols but both preparations were much less successful in this than the
same concentration of dodecyl gallate. Neither of the tocopherol preparations
introduced any fishy or oily flavour into the powders as earlier concentrates had been
reported to do.

Although tocopherols appear to function best in low concentrations, 0-01-0-05 %,
and 0-01 % was sufficient to delay oxidation in some unsaturated methyl esters (Lea
& Ward, 1959), it may be that in whole milk powder, where the fat accounts for only
one-quarter of the material, a concentration of 0-01 % is insufficient. Tocopherols,
with a side chain of 13 carbon atoms, would be expected to be adsorbed preferentially
at the surface ofthe fat globules, but homogenization, which was necessary to disperse
the antioxidants through the concentrated milk, may at the same time have increased
too much the surface area of fat. Against this possibility, however, must be set the
much better results obtained with dodecyl gallate at the same concentration by
weight, although it provided a slightly greater molar concentration (3-1 x 10-5 moles
dodecyl gallate/100 g powder compared with an average of 2-4 x 10~5 moles toco-
pherol/100 g powder).

Mention has been made of the greater susceptibility to oxidation of all the present
powders compared with those made a year earlier. We have no certain explanation to
offer for this, as the farms supplying the milk and the creamery receiving and bulking
it were the same as before. Whatever the cause, it imposed a more stringent test on
the effectiveness of the antioxidants.

Using the powders containing dodecyl gallate as a basis for comparison with earlier
results (Abbot & Waite, 1962) it would appear that y-tocopherol was slightly less
effective than butyl hydroxyanisole, which, in turn, was less effective than propyl
gallate, nordihydroguairetic acid and dodecyl gallate, in that order.

The authors thank Dr J. Green and Messrs Vitamins Ltd for the gift of the toco-
pherol concentrates.
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Steam distillation of taints from cream

X . Vapour liguid equilibrium relationships for benzyl mercaptan

By F. H. McDOWALL

The Dairy Research Institute (N.Z.), Palmerston North, New Zealand

(Received 30 November 1964)

Summary. The vapour/liquid equilibrium coefficient for benzyl mercaptan, which is
the substance causing ‘landcress "taint in butter from the milk of cows grazing pastures
infested with the cruciferous weed coronopus didymus, was found by use of a con-
tinuous vaporization equilibrium still to be 105 from solution in water and 1-30 from
solution in cream of 30 % fat content. It was concludedthat complete removal ofheat-
developed landcress taint from cream would not be commercially practicable.

The ‘landcress’ taint caused in milk and cream by the consumption of the cruci-
ferous weed coronopus didymus by cows is accentuated by the heat treatment applied
in pasteurization of cream for the manufacture of butter. The taint appears to be
only slowly produced under the action of heat from a mother substance in the cream
(McDowall, McDowell, Morton, Singleton & O’Dea, 1951). The main constituent of
the taint has been shown to be benzyl mercaptan (Forss, 1951). The developed taint
can be destroyed by addition of hypochlorite. Experimental work on the treatment of
heated cress-tainted cream with hypochlorite (McDowall, unpublished results) has
indicated that heating to boiling point for 30 min is necessary to induce complete
conversion of the mother substance. Even ifthis long period of heat treatment could
be applied conveniently to cress-tainted cream, the need to remove the developed
taint would still remain.

The normal method of removing tainting substances from cream for butter-making
is by steam distillation in a Vacreator vacuum-pasteurizer or other suitable cream-
treatment equipment. The rate of removal varies with the vapour/liquid equilibrium
coefficient of the tainting substance being removed; and if the tainting substance is
more soluble in fat than in water the coefficient may be very much lower for distillation
from cream than for distillation from water (McDowall, 1959).

During the treatment of cress-tainted cream in a VVacreator the condensed water has
a strong odour typical of cress taint, showing that the tainting substance is to some
extent volatile in steam. In the present paper results are given of an investigation of
the vapour/liquid equilibrium relationships for benzyl mercaptan when steam-
distilled from water and from cream.

Since strong landcress taint in butter from a large vat of cream can result from the
inclusion of cream from the milk of a few cows that have consumed landcress foliage,
the concentration of benzyl mercaptan in landcress-tainted cream must be very low.
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It is known that benzyl mercaptan is detectable in butter at a concentration of 1pt in
2x 109pts. At such low’ concentrations normal chemical methods of estimation can-
not be used and it was. therefore, necessary to use concentrations of 1-20 ppm.
Although benzyl mercaptan is only slightly soluble in water, it is soluble over this
range of concentrations.

EXPERIMENTAL

The vapour/liquid equilibrium relationships were measured in the continuous
vaporization equilibrium still already described (McDowall, 1955). In the investiga-
tion of the vapour/liquid equilibrium coefficient from aqueous solution, the concentra-
tions of mercaptan in the liquid and vapour at time of partition, i.e. in both the con-
densate and the residue, were estimated by measurement of the absorption at
218m/im in a Beckman spectrophotometer. In the investigation of the coefficient
from cream the concentration in the condensate was measured in this way, and the
concentration in the residual cream was calculated by difference (McDowall. 1959).

As a check on the findings from estimations of the vapour/liquid equilibrium co-
efficient from cream, a quantity of cream containing 1pt of added benzyl mercaptan
in 10° pts cream was subjected to intense steam distillation treatment; 61b of steam
per gal of cream, in a tandem Vacreator vacuum-pasteurizer, 3 times in succession.
After each treatment a portion of the cream was set aside for conversion to butter,
and the butter was graded for intensity of landcress taint.

RESULTS

Distillation from water. The results are illustrated in Fig. 1. Over the range of con-
centrations 1-0-2-0 ppm. in the liquid the relationship was linear, crjcL = 105. At
lower concentrations the indications are that the vapour/liquid equilibrium coefficient
decreased. It is possible, however, that the curvilinear nature of the low#r portion of
the curve is to be attributed to errors in the method of estimation used. This aspect
was not further investigated, since the results were adequate to show7that benzyl
mercaptan is readily steam volatile and that it should easily be removable from an
aqueous solution by steam distillation.

Distillation from cream. The results in Fig. 2, over the range of concentrations 3-30
ppm. at time of partition in a cream containing 30 % fat, show’ that the relationship
was linear, crjcL = 1-30. The effect of the two-phase nature of cream is thus to
reduce the vapour/liquid equilibrium coefficient from 105 to 1-30. It is clear, there-
fore, that even partial removal of developed landcress taint from cream could only be
effected with expenditure of large quantities of steam, and that complete removal
would not be commercially feasible.

Repeated vacreator treatment of cream. Cress taint was still evident in the butter
from cream containing 1pt of benzyl mercaptan per 106pts cream treated 3times in
succession in the Vacreator using greater quantities of steam for each treatment than
would be economically possible commercially. These results thus confirm the above
conclusions from the estimation of the vapour/liquid equilibrium coefficient for
benzyl mercaptan in cream, that complete removal of this tainting substance from
cream by steam distillation would not be commercially practicable.
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Fig. 1. Vapour/liquid equilibrium relationship for benzyl mercaptan in water.
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Fig. 2. Vapour liquid equilibrium relationship for benzyl mercaptan in cream containing
30% fat.

The author is indebted to Mr A. K. R. McDowell of this Institute for assistance
with the analytical work.
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Survival of strains of lactic streptococci during frozen storage?*

By C. A GIBSON, G. B. LANDERKIN ana PAMELA M. MORSE

Research Branch, Canada Department of Agriculture, Ottawa, Canada

(Received 11 December 1964)

summary. Sixteen single-strain cultures, 10 of streptococcus cremoris, 3 of Sir. lactis
and 3 of str. diacetilactis were examined for their ability to withstand freezing and
storage at —17-8 and —23-3 °C. The numbers of surviving bacteria decreased as
storage time increased. For the majority of strains, the survival rate was greater at
the lower temperature. At both storage temperatures there were differences between
the percentages of surviving bacteria for different strains.

The results suggest that the relative proportion of strains in mixed cultures would
not remain constant under frozen storage.

Extensive studies have been made on the freezing and storage of micro-organisms,
including lactic streptococci used in the dairy industry. Heinemann (1958) found
that the addition of glycerine improved subsequent activity of ripened lactic cultures
after storage at 35, 5 and —20 °F. Richardson & Calbert (1959) found that the
activities for freeze-dried and frozen (dry ice-alcohol) cultures of str. Iactis were 0-34
and 0-25%, respectively, after storage at —18 °F for 6 months.

Johns (1956) observed that viability of commercial cultures was greater after
frozen storage if they were frozen at the normal pH of milk ; he neutralized ripened
cultures before freezing. Other investigators have successfully frozen cultures at the
normal pH of milk either by adding washed cells to skim-milk or by normal sub-
culture into skim-milk followed by freezing without incubation. Simmons & Graham
(1959) found satisfactory activity in a culture inoculated at the 1% level in skim-milk
after storage at —20 °F for 6 months. Moss & Speck (1962) reported that injury
and death after 28 days at —20 °C was greater in cells frozen in distilled water
than in cells frozen in skim-milk. Subsequent to the initiation of the present study,
Cowman & Speck (1963) stored cells of str. lactis suspended in skim-milk and
found that viability was greater after 30 days of storage at 3 or —196 °C than at
—20 °C.

Investigations on frozen storage of lactic streptococci have been confined mainly to
single strains of the str. Iactis group and to commercial starter cultures of unknown
composition. Strains of str. cremoris and str. diacetilactis used extensively in com-
mercial starters have not received the same attention. The object of this investigation
was to compare the viability of representative strains of lactic streptococci after
frozen storage, as a preliminary step in investigating the extent to which the equili-
brium of mixed-strain starters might be altered when similarly treated.

* Contribution no. 24 from the Food Research Institute, Canada Department of Agriculture.
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METHODS

Sixteen single-strain cultures of New Zealand and Australian origin were used (see
Table 1). Routinely all strains were subcultured twice weekly as 1% inocula in
sterile skim-milk containing calcium carbonate with an incubation period of 16 h at
21 °C. Three propagations were made on successive days immediately prior to
freezing.

Each culture was prepared for freezing by inoculating 1 ml of ripened culture into
99 ml of sterile skim-milk (10% T.S.; 101b/in2for 15 min) in each of 9 screw-cap
Pyrex dilution bottles. Immediately after inoculation, 1 bottle was sampled for
bacterial count and incubated for the activity test, 4 bottles were placed in storage at
—17-8 °C and the remaining 4 bottles at —23-3 °C. The storage rooms were equipped
with air circulating fans.

After 3 weeks, one bottle from each storage temperature was removed and thawed
for 12 min in a water bath at 37-5 °C. Samples were taken for bacterial counts, then
the bottles were incubated for 16 h at 21 °C before making activity tests. The same
procedure was followed after 6, 12 and 24 weeks of storage, taking one bottle from
each storage temperature each time.

The whole procedure was repeated for each strain, starting with different cultures
and milks. There were thus 18 bottles for each strain, 9 in each complete replication.

Numbers of viable organisms were estimated, using the lactic agar of Eliiker,
Anderson & Hannesson (1956): 2% tryptone; 0-5% yeast extract; 0-25% gelatin;
0-5% of each of dextrose, lactose and sucrose; 0-4 % sodium chloride; 0T5 % sodium
acetate; 0-05% ascorbic acid; T5 % (Noble) agar; pH 6-8. The minimal agar medium
of Moss & Speck (1962) was used in an attempt to estimate cell injury; its composi-
tion was the same as the lactic agar except that the tryptone and yeast extract were
reduced to 0-5 and OT %, respectively. By definition, injured cells were those that
grew on lactic agar but not on the minimal agar medium. Duplicate plates were
poured at 3 dilutions and the plates were incubated at 21 °C for 72 h.

The activity tests were made on duplicate samples, using the method of Horrall &
Eliiker (1947). Starter was added at the rate of 0-3 ml per 10 ml of sterile skim-milk
and titratable acidities determined after 3| h of incubation at 37-8 °C.

The bacterial counts were converted to logarithms for statistical analysis, in order
to stabilize the variance. Significance tests were made by reference to the appropriate
estimated variance between replicates.

RESULTS

The mean bacterial counts for the different strains and storage temperatures, are
shown in Fig. 1, plotted against storage time. Although there were some overall dif-
ferences between replicates, the relative disposition of the results remained fairly
consistent from one replicate to another.

The numbers of viable cells decreased with increasing time, and the form of the
relationship varied considerably among the different strains. In most cases, the log
count decreased approximately linearly with increasing time. For some organisms
(e.g. C2 R§, K), the higher temperature gave a more rapid early decrease in viable
cells, the log count bearing a linear relation to log time, while a linear relation with
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time held for the lower temperature. Strains MLXand KH gave a linear log count/log
time relationship for both temperatures, while strain E8at the higher temperature
gave an even sharper initial decrease in viable cells.

The higher storage temperature led to an appreciably lower bacterial count for
many of the cultures. Comparisons are summarized in Table 1. For the cultures with
a linear regression on time at both temperatures, the overall temperature effect was

Sir. lactis
10 -
107 F
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10°

107
10¢
10°

|_Slope ratio 0-62*%* |_Slope ratio 0-45**
L ! DRC | 4 | I DRC, |

Str. cremoris

& o nt/ml
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;
x

107
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Fig. 1. Numbers of str. lactis, Str. diacetilactis and str. cremoris after various periods of frozen
storage. O -— O, storage at —23-3 °C; 9 --—--—- - ,storage at —17-8 “C; *, 0-05 ~ p > 0-01;
** 0-01 ~ P > 0-001. t. see text for method of determining slope ratio.

assessed by slope-ratio techniques, fitting a pair of straight lines intersecting at zero
time. The slope ratios are given in Fig. 1; in 5of the 9 cases, the difference from unity
was significant, reaching a probability level of 2%, or less. Parallel regressions on log
time for both temperatures could be fitted to the results for MLj and KH; in both
cases the mean vertical distance between the lines (i.e. mean difference in log count)
was significant, 0-12 + 0-030 for ML1and 0-26 + 0-100 for KH. Strains C2 K6and E8
gave obvious differences with temperature. This left only strains C6 C1;, C13 C3and
HP giving no clear evidence of a consistent effect of storage temperature.

As seen from Fig. 1,the strainsvaried in their percentages ofsurvivors, and in the rate
of decrease with time. Even after only 3 weeks of storage at —17-8 °C, they ranged
from 27% survivors for KH to 90% for C1, while at —23-3 °C, they ranged from
51% for MLXto 92% for 1% For simplicity, the percentage values presented in
Table 2, with their standard errors, are restricted to those resulting from 24 weeks
of storage. Differences among strains were highly significant (¢ < 0-001) at both

10-2



154 C. A. Gibson, G. B. Landerkin and P. M. Morse

temperatures, ranging from almost 0to 29 % survivors at the higher temperature, and
from 2to 38 % survivors at the lower. The 3 strains of str. diacetilactis gave similar
results throughout, but large differences occurred among the 3 strains of str. lactis
and among the 10 strains of str. cremoris.

Table 1. Mean differences in log counts of cultures of lactic streptococci stored at

-17-8 and -23-3 °C.

(Mean at lower temperature minus mean at higher temperature.)

Initial
population
before Weeks of storage
freezing, S.E.
Culture millions/ml 3 6 12 24 (8 d.f.)

Str. lactis

G 35 0-01 0-04 0-03 0-12** +0-030

Cio 28 0-00 0-02 0-12 0-21% +0-071

G 15 0-25* 0-72%** 0-62*** 0-11 +0-087
Str. diacetilactis

DRC, 16 0-04 0-00 0-36*** 0-42*** +0-058

drc2 20 0-14 0-27 0-40 0-63* +0-219

drcas 27 0-16 0-19 0-22 0-43** +0-105
Str. cremoris

G 10 0-04 0-01 0-14 0-27** + 0-065

Ci 5 -0-04 - 0-12% 0-06 0-14** +0-041

~3 2 0-00 0-01 0-05 0-16 +0-084

G 12 0-02 - 0-01 0-17* 10-03 + 0-048

re 6 0-09 0-48*** 0-70*** 0-56*** +0-079

HP 8 - 0-01 0-01 0-10 0-08 + 0-140

K 6 0-32* 0-33* 0-51** 0-19 0-103

e8 17 0-14 1-08%%* 0-92%+x 1 + 0-078

ML, 4 0-26** 0-04 0-13 0-08 + 0-061

KH 9 0-53* 0-25 0-26 0-01 +0-200

* 005> P > o0-01. * 000 >P > o0-001. *** 0.001 SSP.

The results of activity tests agreed well with bacterial survival estimates. When the
number of surviving organisms became less than 5% of the initial population, activi-
ties under the standardized conditions of these experiments were usually less than
0-40 % titratable acidity. Such cultures, however, regained satisfactory activity after
serial transfer.

Preliminary work showed that most strains did not grow well on the minimal agar
medium at 32 °C when incubated for 48 h. However, when incubated at 21 °C for
72 h counts were comparable to those obtained with lactic agar. Cell damage, as
indicated by failure of the organisms to grow on minimal agar medium, could be
clearly demonstrated with only 2 cultures, HP and KH. The percentage of injured
cells during the 24 weeks of storage (see Table 3) was from 3to 17 times higher with
cultures HP and KH than with other cultures under the conditions used for incuba-
tion in this study.
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Table 2. Percentage of survivors in lactic cultures after 24 weeks of storage at

-17-8 or -23-3 °C.
Storage temp. Storage temp.

—17-8 °C -23-3°C —178@ -23-3 @C

Survivors, mean log % *Survivors, %
Culture ; ' , ; *
Str. lactis
Cx 1-40 1-58 29 38
cM 1-34 1-56 2 36
c2 0-23 0-34 2 2
Str. diacetilactis
DRCA 0-78 1-20 6 16
drc?2 0-62 1-25 4 18
drc3 0-76 1-20 6 16
Str. cremoris
Ri 1-19 1-46 15 2
Ci 1-42 1-56 26 36
cB 114 1-32 14 2
c3 1-06 104 12 n
r6 019 0-76 2 6
HP 0-64 0-72 4 5
K 0-54 0-73 3 5
-0-37 0-82 0 7
MLj 0-71 0-78 5 6
KH 0-55 0-56 4 4
ts.E. (16 d.f.) +0-145 +0144

* Derived from mean log values.
f The standard errors given are for comparisons between strains. For comparisons between tempera-

tures, see Table 1.

Table 3. Percentage of viable cells showing injury as indicated by difference in
counts on lactic agar (LA)and minimal agar medium (MAM)

Weeks of storage

0 3 6 12 24

% injured cells*

Culture
HP 2 2 30 29 n
KH 2 60 26 35 36
All others 18 34 3-9 4-0 3-6

* Mean of both trials at the two temperatures of storage.
Percentage of injured cells = [(LA-M AM)ILA] X 100.

DISCUSSION

While all strains tested singly showed a decrease in surviving cells during frozen
storage in skim-milk, the differences among the strains in this respect indicate that
certain strains may be more suitable than others for frozen storage.

The findings suggest that the proportions of strains in mixed cultures would not
remain constant under frozen storage. The results cannot, of course, be used to pre-
dict the survival rates of the separate strains in mixed cultures but they do give some
indication of the differences to be expected, and of factors which may influence the



156 C. A. Gibson, G. B. Landerkin and P. M. Morse

results. The difference between —17-8 and —23-3 °C seems to be important for some
strains, but not for others.

When lower counts were obtained on minimal agar medium than on lactic agar,
Moss & Speck (1962) concluded that some cells of a strain of str. lactis were injured
during frozen storage. Similar results were obtained in this study only with strains
HP and KH of str. cremoris. With the other strains it would appear that different
media, such as the restricted lactic agar described in a later paper by Moss & Speck
(1963), or other methods may be necessary to demonstrate cell injury after freezing.

The lower incubation temperature of 21 °C employed in our studies as compared to
32 °C by Moss & Speck (1962) was selected because str. diacetilactis and Str. cremoris
have optimum growth temperatures below 30 G (Schulz, 1963). This difference in
temperature may explain in part our failure to demonstrate cell injury with the str.
lactis strains.

The authors wish to express their thanks to Dr D. B. Emmons and Dr J. A. Elliott
for their advice and interest during these investigations; and to Mr M. D. Johnson for
computational assistance.
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The recovery of sm all num bers of Staphylococcus aureus

infused into the bovine teat cistern

By F. H. S. NEWBOULD* ana F. K. NEAVE

National Institute for Research in Dairying, Shinfield, Reading

(Received 18 December 1964)

summary. Small volumes of milk each containing an average of less than 10 colony-
forming units of staphylococcus aureus were injected into the teat cisterns of 39
quarters of 10 cows.

Typical staphylococci were recovered from only 14 quarters following overnight
incubation of milk stripped manually from each quarter 10 min after injection. There
was an inverse relationship between the total leucocyte count of the milk taken from
the quarter before infusion and recovery of staphylococci.

From 4 of 8 quarters from which staph, aureus could not he recovered by enrich-
ment it was possible to recover the organism by centrifuging the milk and culturing
the deposit of leucocytes and bacteria.

It is suggested that release of ingested staphylococci from defunct phagocytes may
be important in initiation of infection, failure of antibiotic therapy and recurrence of
infection.

It isdifficult to determine whether or not micro-organisms which colonize the bovine
teat duct gain entrance to the teat cistern unless they produce recognizable reactions
in the cistern. It is also difficult to determine if and when micro-organisms from
either the teat skin or milking equipment are forced through the duct into the cistern
during milking as has been suggested by Plastridge (1958). A syringe collection of
milk by the teat wall puncture has been described by Murphy & Stuart (1954), and
McEwen & Samuel (1946) have given details of the aseptic examination of milk
obtained from the cisterns after the cows were killed. In the latter work it was
reported that no organisms could be isolated post mortem in the milk from 7 teat
cisterns into which from 300 to 30 000 Escherichia coli had been injected ante mortem,
and that organisms were isolated from only one of 3 cisterns infused with 300 000
organisms.

In an investigation of the mode of entry of staphylococci into the teat cistern
through the teat canal it was necessary to determine whether they could be recovered
regularly shortly after they had been introduced into the teat cistern.

This paper describes experiments in which staph, aureus was recovered from milk
samples stripped out manually 10 min after infusion of very small numbers of the
bacteria into the teat cistern via the teat canal.

* Present address: Department of Veterinary Bacteriology, University of Guelph, Ontario, Canada.
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MATERIALS AND METHODS

cows. The number of lactations and the lactation stage ofthe 10 cows used is shown
in Table 1. They were not secreting visibly abnormal milk and were not shedding any
organisms except non-haemolytic corynebacteria.

Management and, milking routine. The cows were housed in yards and milked as a
group in a milking parlour. The interval between morning and afternoon milking was
10 h. Milking units were operated at 15 inHg vacuum, a pulsation rate of 60 ¢/min,
and a pulsation ratio of 3:1. During the experimental period the udders were washed
before each twice-daily milking with a solution of a commercial iodophor detergent*
containing 100 ppm. available iodine and immediately after milking each teat was
dipped in a commercial iodophor disinfectant* containing 5000 ppm. available iodine
(Newbould & Barnum, 1960). After preliminary examinations of several aseptically
taken foremilk samples to establish that the animals were not secreting staph, aureus,
milk samples and orifice swabs were taken daily for 5 days and staph, aureus was
infused immediately after milking on the 5th day.

sampling procedure. Each morning, before milking, the udders were washed and
the teats and teat apices thoroughly scrubbed with a pledget of cotton-wool soaked in
70 % (w/v) alcohol. Orifice swabs (Neave & Oliver, 1962) were then taken followed by
a 1-oz sample of foremilk. Foremilk and orifice swabs were plated on nutrient blood
agar (8 % calfblood). Five mlofeach foremilk sample was transferred to a sterile bottle,
enriched by incubation for 18-24 h at 37 °C and 0-025 ml spread on salt (8% NaCl)
nutrient blood agar. Post-infusion samples (see infusion procedure) were all enriched.
Plates were incubated at 37 °C for 48 h. Total leucocyte counts were made on the
fresh foremilks by the method of Dodd, Oliver & Neave (1957).

Preparation of the culture for injection. Staph, aureus Strain/ (Sharpe, Neave &
Beiter, 1962) was used to infect a cow. The organism was recovered from the milk of
this infected donor animal and used as described below. When originally examined
this strain produced uniform growth in Lemco broth and in 18 h at 37 °C over 90 % of
the organisms were single or in pairs.

Initial trials had shown that the infusion of 0-25 ml of sterile milk caused no
obvious cellular reaction whereas 0-02 ml of Lemco broth could cause a marked
cellular response. When grown in milk staph, aureus produced little or no a-lysin.

In order to produce consistently a culture with about the same number of organisms
at a given time the technique was standardized. Cultures and suspensions of the
organism were in Lemco broth or antibiotic-free sterile whole milk in screw-cap
bottles containing 24 glass beads. The milk for sterilization was collected aseptically
and heated in boiling water for 30 min on 2 successive days.

The following procedure for growing the culture was adopted. Milk from the in-
fected donor cow was plated on blood agar which was then incubated at 37 °C for
24 h. Twenty-two hours before infusion, 3 colonies on the blood plate were taken up in
a loop and well triturated onthe inner surface of a 2-o0z bottle containing sterile milk.
The contents were shaken thoroughly, incubated 16 h at 37 °C, shaken for 2 min and
dilutions made in warm (37 °C) half-strength Lemco broth. After shaking 30 sec,
0-25 ml of the 10"2dilution was transferred to 50 ml of sterile whole milk and the

* losan and Wescodyne: supplied by the West Chemical Company.
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resulting suspension was incubated 5h at 37°C. At the end of this time (1 h before
infusion) the bottle was thoroughly wrapped in pre-warmed cotton wool and taken to
the adjoining farm laboratory. Ten minutes before infusion the culture was shaken
for 1 min and tenfold dilutions were made in warm sterile whole milk. Dilution bottles
were shaken 30 sec and 0-2 ml of a 10-6 dilution was infused into each teat cistern.
Simultaneously 0-2 ml of the 10 fi dilution was spread over the surface of each of
12 blood agar plates for estimation of the numbers of bacteria.
Infusion procedure: In outline the following operations were followed:

1. Orifice cleaned with alcohol swab.

Milk sample taken.

Orifice cleaned with alcohol swab.

Orifice swab taken.

Orifice cleaned with alcohol swab.

0-2 ml milk containing staphylococci infused.
Orifice cleaned with alcohol swab.

After 10 min milk sample taken.

One tube of antibiotic infused.

© oo NN

Infusions were made by means of sterilized 1-ml glass syringes graduated to 0-01 ml,
to each of which was attached a short (15 mm) cannula having an external diam. of
1-5mm and completely free of sharp edges. After filling, the cannula was carefully
wiped with a pledget of cotton wool soaked in 70% alcohol to remove any milk
residue and bacteria, and thus prevent their deposition in the teat duct.

Number of colony-forming units {CFU). The number of staph, aureus infused is
based on the numbers of colonies which developed on 9-12 blood plates. The 1st group
of 5 cows received 7-55+ 3-16 CFU in each cistern, the 2nd group of 5 received
6-25 + 1-94 units.

Table 1 The recovery of Staph, aureus 10min after infusion into the teat cistern

No. of quarters
f

Lactation Period in Staph, aureus
Cow no. milk, months Infused recovered
M 78 6 7 3 [
N 19 5 4 4 i
N 20 5 7 4 0
0 73 3 7 4 2
0 74 3 10 4 2
0 81 3 7 4 i
S 3 1 13 4 4
S0 1 n 4 2
Y 16 8 7 4 1
Y 48 7 <1 4 0
Totals 39 14
RESULTS

All pre-infusion milk samples and swabs were negative for Staph, aureus. Table 1
shows that staph, aureus was recovered from 14 of 39 quarters (35-9 %) 10 min after
infusion into the teat cistern. Non-haemolytic corynebacteria were shed from 29 of
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the quarters and recovery of Staph, aureus was made from 7 of these compared
with 7 of the 10 quarters not shedding these organisms. This difference is significant
(P < 0-02).

The 39 quarters were classified into 4 groups according to the leucocyte count of the
milk immediately before injection. From Table 2 it will be seen that the milk from
10 quarters contained less than 1x 106leucocytes/ml and Staph, aureus was recovered
from 9 of them, whereas only 1 quarter of 15 containing over 3 x 106 leucocytes/ml
yielded the organism. The difference in recovery rate between groups is highly
significant (P < 0-01).

Table 2. The effect of the number of leucocytes in the milk on the recovery of
Staph, aureus from the teat cistern

No. of quarters
Leucocytes in milk

before infusion, Staph, aureus
no./mi Total recovered
Less than 1x 106 10 9
1x 106—2x 108 6 2
2x 106—3 x 10® 8 2
More than 3x10s 15 1

x2= 12-49%5. P < 0-0L

Table 3. Recovery of Staph. aureus from leucocytes

Cell count/ml of milk
before infusion

Source [emmmmmmmmmmmmmmmm  mmmmmm—mmmmeee
(cow and Leucocytes Neutrophils  staph, aureus
quarter) X 10-« x 10“® recovered
M78LF >3 2 +
N20RH 1-2 12 _7
N20LH 2-3 1-2 +

0 74LH >3 2 +
081LH 2-3 15 —
S6LH <1 0-007 +
Y16LH >3 >3 —

Y 48LH >3 > 3 —

* Non-haemolytic micrococci recovered.

Of the total of 14 quarters from which staphylococci were recovered, 7 were shed-
ding corynebacteria and 7 were not. The leucocyte counts of the former were, on the
average, twice as high as those of the latter. Thus it seems that the number of leuco-
cytes in the milk had more effect on recovery of staphylococci than did the presence
of corynebacteria. Onthe assumption thatin the negative samples the organisms had
been phagocytized, attempts were made to recover them from the leucocytes. Eight
of these samples which, after the initial 18-h incubation at 37 °C had been stored in
the refrigerator for 2-3 days, were centrifuged to throw down the cells, and after
removal of the supernatant milk the sediment was resuspended in salt (8% NaCl)
nutrient broth, and incubated for 18 h at 37 °C. Where there was evidence of growth,
0-025 ml of the broth culture was spread on salt blood agar. The results are shown in
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Table 3. It will be seen that recovery of typical Staph, aureus strain/ was achieved
from 4 of the samples, a pure culture of non-haemolytic micrococci from a 5th, and no
organisms from the remaining 3 samples. Recovery by these means appeared to be
unaffected by the numbers of leucocytes present.

DISCUSSION

Data from these experiments indicate that recovery of Staph, aureus shortly after
infusion into teat cisterns was possible in the majority of cases when milk, withdrawn
immediately before the introduction of the organisms, contained less than 1 million
leucocytes/ml. The recovery rate rapidly diminished as the leucocyte count increased,
indicating phagocytosis of the organisms. The fact that organisms could be recovered
from centrifuged deposits suspended in salt nutrient broth, which lyses the leucocytes
(Retnasabapathy, 1962), further substantiates the importance of leucocytes in
ingesting staphylococci from milk. Because of the small numbers of organisms in-
volved, it was necessary to pre-incubate the milk before isolation on plates could be
attempted, and thus it is not known to what extent phagocytosis took place in the
udder before incubation of the milk. These results are markedly different from those
obtained with E. coli by McEwen & Samuel (1946) who had to infuse from 30 000 to
300 000 organisms in order to recover any from milk of the teat cistern shortly after-
wards. The only information about the cows used in their experiments was that they
were ‘cows at the abattoir’, which makes it reasonable to assume that they were
probably shedding large numbers of leucocytes. If this were so it might explain the
low rate of recovery which they experienced.

It is interesting to note the large numbers of leucocytes required to inactivate the
small numbers of organisms injected during the present experiments. This would
indicate that either there were few phagocytes among the leucocytes present or that
those present were grossly inefficient. The latter would appear to be the case as the
proportion of neutrophils in the total leucocyte count was high.

Murphy & Stuart (1952) concluded that the milk from normal glands does not
prevent the multiplication of Streptococcus agalactiae. The data reported here strongly
suggest that this is also true for Staph, aureus and Schalm, Lasmanis & Carroll (1964)
have shown that 100 Aerobacter aerogenes will readily infect glands containing few, but
not glands secreting many, leucocytes.

The fact that the organisms were able to multiply after release from the phagocytes
even several days after ingestion, may be important in the genesis of infection.
Recurrent infections might be explained by the release of ingested organisms from
defunct leucocytes entrapped in small occluded ducts in the milk secreting tissue.
Also, it might account in part for failures of antibiotic therapy, since intracellular
staphylococci are known to be unaffected by large concentrations of antibiotic
(Mackaness, 1960) in the suspending medium in vitro.

We wish to thank Mr D. L. Simpkin for his technical assistance, Mr W. A. Cuthbert
and Mr A. S. Foot for the provision of facilities for the work and Dr F. H. Dodd and
Mr N. Jackson for generous help and advice.



162 F.H. S. Newbould and F. K. Neave

REFERENCES

Dodd, F. H., Otiver,J. &Neave, F. K. (1957). J. Dairy Res. 24, 20.
Mackaness, G. B. (1960). J. exp. Med. 112, 35.

McEwen, A. D. & Samuel, J. McA. (1946). Fei. rec. 58, 485.

Murphy, J. M. & Stuart, O. M. (1952). cornell vet. 42, 133.
Murphy’, J. M. & Stuart, O. M. (1954). cornell vet. 44, 501.

Neave, F. K. & Oliver, J. (1962). 3. Dairy Res. 29, 79.

Newbould, F. H. S. & Barnum, D. A. (1960). 3. Milk Fd Technol. 23, 374.
Plastridge, W. N. (1958). J. Dairy Sei. 41, 1141,

Retnasabapathy, A. (1962). Thesis, University of Toronto.

Schalm, O. W., Lasmanis, J. & Carroll, E. J. (1964). Am. J. vet.Res. 25, 83.
Sharpe, M. E., Neave, F. K. & Reiter, B. (1962). J. appl. Bact.25403.

Printed in Great Britain



J. Dairy Res. (1965, 32 163 163

The response of the bovine mammary gland to an
infusion of staphylococci

By F. H. S. NEWBOULD* asd F. K. NEAVE

National Institute for Research in Dairying, Shinfidd, Reading

{Received 18 December 1964)

Summary. Small numbers of bovine staphylococci, usually less than 30, were infused
into the teat cistern of 17 cows secreting less than 100 000 leucocytes/ml milk.
Infection Mas assumed to have occurred if the organisms multiplied sufficiently to be
recovered in the foremilk and inflammation was regarded as demonstrated if there was
an increase in leucocytes. If the staphylococci were recovered at the 1st post-infusion
milking they were consistently recovered thereafter and inflammation always fol-
lowed butwas neverevidentatthe 1stpost-infusion milking. Inflammation was usually
evident by the 3rd but in one instance was delayed to the 11th post-infusion milking.
There was never inflammation in the absence of infection. When there was a high
probability that the infusion contained one organism or more, infection occurred in
2 of 10 quarters infused with coagulase-negative staphylococci and 23 of 25 quarters
infused with coagulase-positive staphylococci.

A significant positive relationship was found between the number of staphylococci
found at the 1st post-infusion milking and the number of leucocytes at the 3rd post-
infusion milking.

It is accepted that the main portal of entry of bacteria to the bovine mammary
gland is the teat duct (Dalling & Stableforth, 194S; Plastridge, 1958). It has been sug-
gested (Davis, 1935; McEwen & Samuel, 1946; Pier, Schalm & Hage, 1956) that suc-
tion during milking either by hand or machine, results in the pathogens being carried
through the duct to the teat cistern. Other evidence (Murphy & Stuart, 1953; Neave,
Oliver & Dodd, 1957) indicates that multiplication within the teat duct between
milkings enables pathogens to penetrate into the teat cistern. Assumingthat a natural
staphylococcal infection results from penetration to the teat cistern of small numbers
of organismes, it seems probable from the work of Klastrup (1960) that after implanta-
tion in the teat cistern there is usually a subclinical infection followed by a leuco-
cytosis and increase in the chloride-lactose ratio. Newbould & Neave (1965a) have
shown that the level of leucocytes in the milk isimportant in determining the survival
of small numbers of staphylococci implanted in the teat cistern. Diagnosis of infec-
tion would be much easier if we knew whether, in the presence of only small numbers
of leucocytes in the milk, organisms gaining entrance to the teat cistern always multi-
ply and produce a leucocytosis.

* Present address: Department of Veterinary Bacteriology, University of Guelph, Ontario, Canada.
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It is probable that when only small numbers of bacteria gain entrance to a quarter
significant bacterial multiplication would have to take place within the gland before
demonstrable changes in the milk occurred. Changes in milk composition in response
to infection (i.e. bacterial multiplication), may be measured chemically (e.g. by in-
creases in blood constituents, reduction in lactose and changes in pH and con-
ductivity) or microscopically by increases in leucocytes. The latter is likely to be the
most sensitive and reliable single test in the early stages of infection. Some workers
(Pattison & Holman, 1951; Howell, Pattison. Holman & Smith, 1954: Derbyshire,
1960) have counted neutrophils instead of total leucocytes, but this would seem un-
necessary as a clear positive correlation (r = 0-651) has been shown between total and
polymorphonuclear leucocyte counts (Waite & Blackburn, 1957; Waite & Blackburn,
1963).

We have investigated the effects of the infusion of small numbers of staphylococci
into the teat cisterns of a number of quarters as determined by the multiplication of
the staphylococci and the leucocyte response of the glands. Further work in which
small numbers of staphylococci were deposited in the teat duct is reported separately
(Newbould & Neave, 19656).

EXPERIMENTAL METHODS

Cows, management, milking routine and leucocyte count. Seventeen cows were used
in these experiments, including one set of monozygous triplets. One animal was in her
3rd lactation, one set of twins in their 2nd and all others were Ist-lactation heifers.
Thirteen animals were uninfected on calving. One heifer was infected in 2 quarters
with Streptococcus dy-sgalactiae and the triplets were infected in a total of 4 quarters
with Str. uberis. Except for one quarter which recovered spontaneously these 6 infec-
tions were eliminated by treatment. The 3rd lactation cow and the 2nd lactation
twins each carried a Micrococcus (coagulase-negative staphylococci) in one quarter
during their 1stlactation, 7 quarters, however, were shedding non-hacmolytic coryne-
bacteria at the time the cows were assigned to the experiment.

No quarter was secreting over 100 000 leucocytes/ml when challenged with
staphylococci and in most cases there were less than 50 000 leucocytes/ml.

In a few early experiments the cows were kept in yards and milked in a milking
parlour. In later experiments they were kept and milked in a cow house but exercised
outside for several hours each day. The interval between morning and afternoon
milking was 91 h. Milking units were operated at a vacuum of 15 inHg. a pulsation
rate of 60 ¢ min, and a pulsation ratio of 1:1. Udders were washed before milking
with an iodophor detergent and the teats were dipped immediately after milking in an
iodophor disinfectant (Newbould & Neave, 1965a). Before each cow was milked the
teat cup clusters were pasteurized by drawing hot water (85-90 °C) through them for
6-8 sec (Neave, Dodd & Kingwill, 1901).

Examination ofsamples. Foremilk samples were taken aseptic-ally from all quarters
at regular intervals from the day of calving and, commencing at least 4 days before
infusion. 1-oz foremilk samples were taken each morning before milking, as described
bv Newbould & Neave (1965a). When- samples could not be examined within 4 h of
taking they were stored at 4 °C overnight. Total leucocyte counts were made using
the strip method described by Dodd, Oliver & Neave (1957). A volume of 0-05 ml of
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the samples was spread on nutrient blood agar (8 % calf blood), but in addition post-
infusion samples were enriched by incubating at 37 °C for 18-24 h and 0-025 ml was
then streaked on salt (8% NaCl) nutrient blood agar. Plates were incubated at 37 °C
for 48 h and examined for staphylococci.

Infusion of staphylococci. The preparation of the cultures, the infusion procedures
and the estimation of the number of colony forming units (CFU) infused were as
described by Newbould & Neave (1965a).

Strains of Staphylococcus aureus. Three bovine strains were used in these experi-
ments. Strainsd and/were typical Staph, aureus and have been described by Sharpe,
Neave & Reiter (1962). Strain ah, from a mild udder infection, was coagulase-positive
in bovine plasma but coagulase-negative in human plasma (from several donors) and
fermented mannitol only slowly (1 week). It was considered to be representative of
the weakly pathogenic staphylococci that commonly infect the udder and was chosen
for this reason and because it was not found associated with any of the cows used in
these experiments. All 3 strains were easily distinguished on blood agar plates.

Plan of experiment. Ten quarters of 5 cows were infused with strain ah, one quarter
of each cow being used at a time. Infected quarters were treated and the organism
eliminated before another quarter in the same cow was infused. Forty-three quarters
of 15 cows were inoculated with strain/, all individually as above, exceptin the case of
cow P 92 in which 2 quarters were infused simultaneously. To determine the within-
cow variation in response to 2 different strains, while eliminating the effects of genetic
and time differences and of previous infection, strain / and strain d were infused
simultaneously into separate quarters of each of the triplets.

RESULTS

Table 1 shows the number of organisms infused into the teats and the number of
infections caused by each strain. Two of 10 infusions with strain ah, 23 of 46 infusions
with strain/, and 3 of 3infusions with strain d resulted in infection, i.e. multiplication
and recovery of the organisms followed by inflammation as indicated by an increase
in numbers of leucocytes in the milk. In no case did inflammation develop without
infection or infection without inflammation and whenever organisms were recovered
inflammation developed.

Examination of the results of individual quarters infused with strain / revealed
that the organism was recovered from the foremilk at the 1st post-infusion milking,
either on direct plating (13) or by enrichment only (10), or not at all (23).

In Table 1an association can be seen between the number of CFU of strain/infused
and the number of quarters infected. Where the lower limit of the range on 12 plates
was 0, i.e. when there was a low degree of probability that the infusion contained
organisms, infection developed in only 3 of 24 quarters (13-4%), whereas when the
lower limit was 2 or more colonies, there was a high probability of some organisms
being infused and infection developed in 20 of 22 quarters (91 %). This difference is
highly significant (P < 0-001). Also, from Table 1it is evident that in one quarter an
infection was established with probably only 1-3 CFU.

Table 2 gives for strain/ the mean leucocyte count obtained from individual cows
at the 2nd and 4th pre-infusion and the 1st, 2nd, 3rd and 7th post-infusion milkings.
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In no case was an increased leucocyte count obtained at the 1st post-infusion milking.
In the 23 infections which developed, inflammation, as evidenced by an increase in
leucocytes, was seen in 17 quarters at the 3rd post-infusion milking, in 4 quarters at

Table 1. Effect of numbers of staphylococci infused, into the udder on the incidence

of infection
Number of quarters
No. of Developed
CFU infused ¢ -— A : No infection
Mean + s.d. Range Total Infection  Inflammation nor inflammation

Strain ah
S84+ 358 3-14 3 1 i 2
11-25+ 4-43 6-20 2 0 0 2
15-59 + 4-22 8-23 5 1 1 4
10 2 9 8

Strain/

0-33+0-78 0-2 5 0 0 5
1-0 +0-85 0-3 5 1 | 4
1-0 +0-95 0-3 5 0 0 5
1-5 +1-60 0-5 4 0 0 4
2-25+1-55 0-5 4 1 1 3
2-92 + 1-51 0-5 1 1 1 0
50 +1-76 2-8 4 4 4 0
9-25+ 3-90 4-16 4 4 4 0
12-82 + 3-07 8-22 5 3 3 2
191 +8-01 11-37 2 2 Y 0
22-8 +3-92 17-30 4 4 4 0
52-5 +9-69 40-67 3 3 3 0
46 23 23 23

Strain d
23*75+ 5*70 15-34 3 3 3 0

Table 2. Inflammatory response of individual cotes to infusion of small numbers
of Staph, aureus strain f

Leucocyte counts*

Pre-infusio& milkings Post-infusion milkings
No. of A

Cow infections 4th 2nd Ist 3rd 5th Tth
29 2 6 19 5 19 87 172
S59 2 4 5 4 156 53 23
S60 2 1 3 7 7 452 355
SOl 2 1 6 3 I 5 25
S62 2 7 6 3 10 71 123
87 2 7 6 0 123 269 78
88 2 6 9 2 2144 2710 870
P92 2 18 13 18 1615 1660 402
P77 i 2 15 12 115 146 107
P95 i 4 6 10 238 58 R
P9G i 2 0 6 2300 1450 480
s43 i 2 10 4 1500 2760 —
S44 i 4 0 4 4900 3580 —
S44T i 6 0 S 4960 4080 —
074 i 9 © 15 40 42 17

* Sum of colls in 1strip across each of 2 Breed films. Multiply by 3850 to convert to cells/ml. Where
2 infections occurred, counts were averaged.
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the 5th and in one quarter at the 7th. In one quarter of cow S61 no increase in leuco-
cyte count was found until the 11th milking. There were marked differences in
inflammatory response to infection among the cows, the minimum and maximum
occurring in cows S61 and S44T.
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Fig. 1. Leucocyte response in a single cow to infusion into the teat cistern of 2 strains of staph,
aureus at different times. Each curve the mean of 2 quarters. O, strain/; ¢, strain ah.
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Fig. 2. Leucocyte response in monozygous triplet heifers infused simultaneously in 2 quarters
each with equivalent small numbers of 2 strains of staph, aureus. Each curve the mean of
3quarters. O, strain/; e, straind. Antibiotic treatment was started after the 3rd post-infusion
milking.
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There was also a marked difference in the response of individual cows to infection
by different strains. This is shown in Figs. 1and 2. Fig. 1shows the mean leucocyte
response curves of cow P92 to 2 infections with strain ah and 2 infections with strain
/, the 4 quarters having been infused at different times with similar numbers of
organisms. Fig. 2 shows the mean response curves of the monozygous triplets S43,
S44 and S44T to simultaneous infusion of similar numbers of strains/ and d in dif-
ferent quarters. Quarters of the same cow infused with any one strain responded
similarly and the within-cow variation in response to different strains was apparent
whether the infections were produced at the same or different times.

The response ofthe triplets was nearly identical. In each ofthe animals the quarter
infused with strain/ produced no visually abnormal milk but the 3 quarters infected
with strain d became extremely hard and swollen and the secretion very abnormal in
appearance. In spite of prompt and frequent antibiotic treatment these 3 quarters
did not return to normal function.

It appeared from the results obtained that there was some relationship between the
number of organisms recovered at the 1st post-infusion milking and the total leuco-
cyte count at the 3rd post-infusion milking. The number of quarters at the 1st post-
infusion milking yielding less than and more than 100 CFU, respectively, were 13 and
10, while the corresponding numbers for 250 0001eucocytes/ml at the 3rd post-infusion
milking were 4 and 9 (y2 = 5-839, P < 0-02).

The results of infusion were not obviously related to quarters that had been pre-
viously infected and treated, nor to the number of CFU infused within the range used,
i.e. 1-70.

W ith one exception no infections occurred in uninfused quarters. This exception
involved a quarter, with a severely eroded teat canal, of a cow that had been artifi-
cially infected in one other quarter. Both infections were with strain /.

DISCUSSION

While only 3 strains of staphylococci have been used in this study it is evident that
they differed greatly in pathogenicity for the bovine udder. Strain d was more patho-
genic than strain / (this is in agreement with the report of Sharpe et al. 1962) and
both these typical Staph, aureus strains were more pathogenic than the atypical
Staph, aureus strain ah.

When small numbers of typical Staph, aureus were infused into the teat cistern the
organisms were recovered at the 1st post-infusion milking or not at all. In those
quarters in which infection did not follow infusion there was no inflammation. In this
case either no organisms were in the inoculum or they were prevented from multiply-
ing presumably by some additional antibacterial factor present in the quarter, al-
though their destruction by leucocytes cannot be ruled out completely. However,
when there was a high probability that the inoculum contained organisms, infection
occurred in all but 2 quarters. This supports our previous conclusion (Newbould &
Neave, 1965a) that milk in normal uninfected glands would be unable to prevent
multiplication of Staph, aureus. In contrast to this the atypical Staph, aureus strain
ah caused infection in only 2 of 10 quarters so infused.

Infection was always followed by inflammation ; in one quarter inflammation was
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delayed as long as the 11th post-infusion milking, although generally it was present by
the 5th and usually by the 3rd post-infusion milking. No inflammation was recorded
at the 1st post-infusion milking and this disagrees with the results published by
Klastrup (1960) in which 3 quarters showed large increases in leucocyte count at the
1st milking after infusion. It is possible that differences between strains could account
for this, but even in the 3 cows infected with strain d, despite very severe general
toxaemia and nephritis developing later, no increase in leucocyte count was found at
the 1st post-infusion milking.

Wide differences were shown in the response of individual cows to infection. It is
not clear whether this is due to the more rapid and perhaps more extensive multipli-
cation of the organisms in some cows as is suggested by the relationship between the
number of bacteria at the 1st, and the number of leucocytes at the 3rd post-infusion
milking. An alternative explanation could be the differences in efficiency of phago-
cytosis in leucocyte from different cows as suggested by the observations of Ward
(1938), Lush (1950) and Young, Legates & Leece (1960).

Initial multiplication could be affected either by inhibitory or stimulatory sub-
stances. Since in quarters showing delayed inflammation a marked increase in bac-
terial numbers was noticed 24 h before an increased leucocyte count was observed,
there is a possibility that the initial delay in this increase in bacteria resulted from
lack of some essential metabolite, which was overcome either by adaptation or
mutation.

The fact that no bacteria were recovered from 8 of the quarters infused with strain
ah indicates that small numbers of some types of bacteria may gain entrance to the
teat cistern and be eliminated without being detected, as claimed by McEwen &
Samuel (1946).

In genera], the data support the conclusion of Spencer & McNutt (1950) that dif-
ferentiation between infection and inflammation is difficult, since the latter always
follows the former. Our data show that any inflammation may be delayed by as little
as 10 h or as much as 130 h after challenge with small numbers of Staph, aureus. This
observation that bacteria can be present for at least 5 days without detectable
inflammation is of considerable interest. However, it is known that in natural infec-
tions with streptococci or staphylococci often there are periods when the number of
leucocytes decreases from millions/mlto lessthan 50 000/ml and remains low for several
days or weeks before rising again (Neave, unpublished).

Tire data indicate that in addition to strain of organism, the individuality of an
animal is a major determining factor in the establishment of an infection and inflam-
mation; of 5 cows challenged each in 2 quarters with about 12 CFU of strain ah, one
cow only became infected and this in both quarters. Neither the leucocyte count nor
the udder history of the animals differed significantly prior to infusion. It is thus
most important in studies of the pathogenicity of different strains to make within-
COW comparisons.

We wish to thank Mr D. L. Simpkin for his technical assistance, Mr W. A. Cuthbert
and Mr A. S. Foot for the provision of facilities for the work, Dr F. H. Dodd and Mr N.
Jackson for generous help, and Mr B. Reiter and Dr M. Elisabeth Sharpe for
criticisms.
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The effect of inoculating the bovine teat duct with small
numbers of Staphylococcus aureus

By F. H. S. NEWBOULD* and F. K. NEAVE
National Institute for Research in Dairying, Shinfield, Reading

{Received 18 December 1964)

Summary. Fifty-seven inoculations of a strain of Staphylococcus aureus were made
into the outer 4 mm of the teat ducts of 8 cows. The inocula ranged from 10 to 600
colony-forming units (CFU) and were made with a stainless steel instrument designed
to overcome the disadvantages of glass rods and cotton swabs hitherto used.

A single inoculation resulted in either no colonization of the duct, in temporary
colonization for up to 7 days, or in colonization followed by intramammary infection.

The recovery of the organisms depended on the size of the inoculum. When 70-100
CFU were placed in the teat duct no organisms were recovered from 12 of 24 quarters
after the 1st post-inoculation milking. When 500-600 CFU were used, organisms were
recovered from all of 31 quarters for at least 3 milkings, and from 61 % for 6 milkings
or more, in spite of dipping the teats in a strong disinfectant twice daily.

Intramammary infection developed in 1 of 12 quarters (8 %) inoculated in the teat
duct with about 600 CFU when the animals were milked twice daily, and in 5 of 19
(23 %) quarters if the 1st post-inoculation milking was omitted.

There was no evidence of sensitization resulting from previous infection.

Inoculation of small numbers of Staph, aureus into the teat cisterns of a number of
lactating cows (Newbould & Neave, 19656) nearly always resulted in infection, i.e.
multiplication ofthe organisms as shown by their recovery from foremilk drawn at the
1st post-infusion milking. Infection always produced inflammation, i.e. leucocytosis,
hut the time between inoculation and inflammation and the severity of inflammation
varied with the cow and with the strain of organism within cows.

Inoculation of the teat duct with Streptococcus agalactiae on glass rods (Jones &
Little, 1934) and on cotton swabs (Hadley, Frost, Gumm & Welsh, 1930; Hopkirk,
1934; Murphy & Stuart, 1953) has been reported to cause intramammary infection,
but we are not aware of any experiments with Staph, aureus. The technique of using
glass rods gives some control over the number of organisms introduced into the duct,
but cotton swabs do not permit even approximate estimation of the number of
organisms. Also, organisms may be forced into the teat duct further than intended by
both methods, particularly if there is milk in the duct.

A stainless steel instrument designed to overcome some of the disadvantages noted
above is described here together with experiments in which the first 4 mm of the teat
duct were inoculated with relatively small numbers of staphylococci.

* Present address: Department of Veterinary Bacteriology, University of Guelph, Ontario, Canada.
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METHODS

Management of cows and milking routine. Eight cows were used, all of which had
been previously infected with staphylococci in 2 quarters by infusion into the teat
cisterns. Their housing, management and milking hygiene routine have been de-
scribed previously (Newbould & Neave, 19656).

Instmment for teat duct inoculation. One end of a stainless steel rod approximately
7in. long and 4 mm in diam. was reduced to 2 mm diam. for a distance of 5mm and a
transverse channel 1 mm wide and 0-5 mm deep was made in the reduced section, as
shown in Fig. 1 The shoulder prevented the instrument being inserted into the teat

Fig. 1 Details of the inoculator, with syringe in position for filling the channel
(all measurements in mm).

duct more than 5 mm, and the 1 mm head in front of the channel reduced the likeli-
hood of organisms from the inoculum being introduced into the duct further than
4 mm. The inoculum was held in the channel, and by inserting and withdrawing the
instrument a film of inoculum was left on the epithelium of the outer 4 mm of the teat
duct and orifice.

Organisms and preparation of culture for inoculum. Staph, aureus strain/ (Sharpe,
Neave & Reiter, 1962) was grown in milk as previously described (Newbould & Neave,
1965a) and diluted as required in sterile milk.

Filling and callibration of inoculator. The channel of the inoculator was filled care-
fully using a syringe and fine needle so that the inoculum did not protrude beyond the
level of the shoulder (Fig. 1). The number of CFU was estimated by washing
thoroughly the end of the inoculator in 0-5 ml of half-strength nutrient broth in a
Petri dish into which was then poured 10 ml of nutrient blood agar (8 % calf blood).
The agar plate was incubated at 37 °C for 24 h. The charging and estimation of the
number of CFU was repeated 5times. Between chargings, the inoculator was washed
well in sterile water and placed in 70% ethanol for at least 30 sec after which the
excess alcohol was shaken off and the inoculator allowed to dry.

Use of inoculator. Immediately after an evening milking the teats were dipped in
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disinfectant (Newbould & Neave, 19656) and, about 30 min later, the ends of the teats
to be inoculated were rubbed with cotton wool soaked in 70 % ethanol and allowed
to dry. The filled inoculator was then gently inserted into a teat duct, rotated 10-12
times and withdrawn while being rotated. Teats were not dipped in disinfectant
immediately after inoculation but were dipped after each subsequent milking.

Some teat ducts were inoculated more than once but only after the leucocyte count
on the foremilk had fallen to pre-inoculation level and the milk was consistently free of
Staph, aureus and other pathogens.

Estimation of numbers of organisms left in teat dud. After withdrawal of the inocu-
lator from the teat duct it was washed in 0-5 ml of half-strength nutrient broth and
the number of bacteria estimated. The difference between this count and the mean
calibration count was taken as the approximate number of CFU of staphylococci left in
the duct. Preliminary trials in which each of 2 inoculators was filled 15times from each
dilution showed mean counts of 12-14+ 3-72 and 10-53 + 3-9 when filled from a 10~4
dilution oftheculture, and 186-5 + 44-19and 178 + 43-67 when filledfrom a 10-3dilution.

Milk samples and swabs. Foremilk samples (first 10z) were taken aseptically as
described by Newbould & Neave (1965a) immediately before every morning milking
and also before the evening milking on the day after each inoculation. At the end of
each experiment, i.e. 12 days after inoculation, 1 o0z of foremilk was taken by cannula
and 1oz manually, from those quarters with an intramammary infection or which had
been shown to contain Staph, aureus in their foremilk.

Orifice swabs (Neave & Oliver, 1962) were taken immediately before the teat ducts
were inoculated but not afterwards so as not to interfere with the growth of the
organisms.

Erosion round the opening of the teat canals was in all cases either very slight or
absent.

Examination of samples and swabs. Each morning sample was examined for the
total leucocyte count (Newbould & Neave, 1965a) and 0-05 ml streaked on nutrient
blood agar (8 % calf blood). The samples were then enriched by incubation at 37° C for
24 h and again examined by plating. Cannula samples and afternoon foremilks were
examined by plating only. Orifice swabs were streaked on the surface of nutrient
blood agar.

Peak milk flow. This was determined by the method of Griffin & Dodd (1962) but
because the milk yields were low the determination was made after a 24-h interval
between milkings.

Intramammary pressure. A relatively high intramammary pressure was obtained in
5 cows by leaving the animals unmilked for 24 h. The teat ducts were inoculated before
the 24-h milking interval but foremilk samples were taken at the same intervals as
stated above.

RESULTS

No staphylococci or corynebacteria were recovered from pre-inoculation orifice
swabs, i.e. the external 2-3 mm of all teat canals were free of bacterial infection.

In 6 experiments in which a total of 56 inoculations were made (Table 1), only
8 intramammary infections resulted as determined by a leucocyte count. Confirma-
tion that only 8infections existed was obtained from the 2 successive foremilk samples
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taken on the 12th day. The infected quarters yielded similar numbers of staphylococci
in both samples whereas the non-infected quarters, with a teat duct infection, yielded

staphylococci only in the sample drawn by hand.

Table 1. The persistence of Staph, aureus when placed in the teat duct and the
number of quarters becoming infected
No. of quarters that did not become

infected but from which staph,
aureus Was recovered before the

Staph. No. of quarters following number of milkings
Expt. placed No. of No. ofducts that became  r~ — A --
no. in duct* QN6 inoculated infectedf i 3 5 7 9 11 13
i a 1 2 0
2 71 1 2 0 1 1
3 108 0 10 1 3 1 2 1
4 72 3 12 1 4 3
5 580 5 12 1 2 3 3 3
6 520 51 19 5 1 6 4 3
Total 57 8 7 S 1 7 6 2

* Average number of colony-forming units for all ducts inoculated in each experiment,

t staph, aureus recovered at all milkings. A leucocytosis was observed in the milk of these quarters
only.

t Not milked for 24 h after inoculation.

Table 2. The failure of 90-130 colony-forming units of Staph, aureus to cause
intramammary infection after implantation in the teat duct

(All teat ducts inoculated after p.m. milking on oth day. Normal twice-daily milking.)

Cow and

quarter ... S59RF S60RH 87RH 88RF
am. t v A Vo ' Vo *

or Staphylo- Leucocyte Staphylo- Leucocyte Staphylo- Leucocyte Staphylo- Leucocyte

Day p.m. cocci count* countf coccicount  count coccicount count coccicount  count

1 am. 0 3 0 2 0 3 0 5

2 am. 0 1 0 7 0 3 0 1

3 am. 0 1 0 3 0 7 0 2

4 am. 0 3 0 2 0 1 0 2

5 am. 0 3 0 1 0 4 0 4

6 am. 0 2 1 0 4 0 2 2

p.m. 0 — 0 — 14 — 5 —

7 am. 0 0 0 7 30 0 14 2

8 am. 0 3 0 2 1 5 250 2

9 am. 0 3 0 3 0 8 500 6

10 am. 0 2 0 3 0 7 > 500 1
1 am. 0 3 0 1 0 7 200 3
2 am. 0 3 0 2 0 8 350 3

* Number in 0-05 ml foremilk,
f Multiply by 7700 to convert to cells/ml.
t Recovered from incubated milk only.

In 41 ofthe remaining 49 teat duct inoculations staphylococci were recovered in the
foremilk taken 12 h after inoculation. In 26 of these the organisms were detected in
foremilk for 5 or more milkings and in 2 cases for at least 13 milkings.

There was a relationship between the number of organisms placed in the duct and
the length of time for which they were recovered from the foremilk (Table 1). In
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those experiments in which about 70-100 CFU were used no organisms were recovered
from 50% of the quarters after the 1st post-inoculation milking, whereas in the 31
quarters where 500-600 CFU were used, organisms were recovered from all quarters
for at least 3 milkings and from 61 % for 6 milkings or more.

W ith normal twice daily milking, the size of the inoculum had no marked effect on
the number of intramammary infections developing.

Table 2 shows the leucocyte counts and staphylococcus counts of 4 representative
quarters in which under normal milking conditions no intramammary infection
resulted from inoculation of the ducts. No staphylococci were recovered from the
right fore quarter of S59, whereas the other 3 cows yielded staphylococci in the fore-
milk at 1-8 successive milkings.

Table 3. The development of intramammary infections following inoculation of the
teat dud with small number of Staph, aureus

(All teat ducts inoculated after p.m. milking on 5th day. Normal milking.)

Cow and
quarter ... S59RH 87RF 88LF
a.m. or Staphylococci Leucocyte Staphylococci  Leucocyte  Staphylococci  Leucocyte
Day p.m. count* countf count count count count
1 am. 0 3 0 3 0 2
2 am. 0 1 0 2 0 1
3 am. 0 2 0 2 0 3
4 am. 0 7 0 2 0 1
5 am. 0 0 0 5 0 1
6 am. t 1 9 4 8 1
p.m. 7 - 62 - 23 -

7 am. > 500 2 300 6 160 1
8 am. 300 177 235 1330 > 500 5
9 am. 350 87 100 501 75 3050
10 am. > 500 72 250 246 18 2458
n  am. > 500 51 8l 149 51 990
2 am. > 500 21 64 57 4 271

* Number in 0-05 ml of foremilk,
f Multiply by 7700 to convert to cells/ml.
J Recovered from incubated milk only.

The staphylococci and leucocyte counts for the 3 quarters in which intramammary
infections developed under normal milking conditions, following teat ducts inocula-
tion, are shown in Table 3, and those for the 5 quarters which became infected when
the first post-inoculation milking was omitted are shown in Table 4. It isevident that
while Staph, aureus was recovered from all post-inoculation milk samples, a leucocy-
tosis was observed in 36 h in 2 of the 5 quarters shown in Table 4, but in none of the
quarters shown in Table 3 was an increase in leucocytes detected until 60 h.

Although there was no clear relationship between peak milking rates and intra-
mammary infections resulting from teat-duct inoculations, it should be pointed out
that all but one animal were in a high peak rate group, i.e. over 6-1 Ib/min. However,
in cow 29 with the highest peak flow (11-0 Ib/min) only one intramammary infection
occurred from 19 inoculations. It was noted that the 2 cows with the lowest peak
flow rates were the only animals not leaking milk by 12.30 p.m. following the omission

1 ofthe morning milking, and neither ofthem became infected in any teat duct inocula-
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tion experiment. In cows S59 and S60 which had the next 2 lowest peak flow rates
(7-1 and 6-7 Ib/min, respectively) only one infection resulted from 10 teat-duct
inoculations in each.

DISCUSSION

The teat duct was considered to be colonized when organisms were detected in
successive foremilk samples without enrichment, but no increase in leucocytes could
be detected. On this basis it has been shown that a single introduction of about
10-600 CFU of Stapli. aureus, strain/, into the outer 4 mm of the teat duct may or
may not result in colonization. When colonization does occur it is only very rarely
followed by intramammary infection.

Table 4. The development of intramammary infections following inoculation of the
teat duct with small numbers of Staph aureus.

(Cows not milked for 24 h after inoculation. Teat duets inoculated after p.m. milking on 5th day.)
Cow and

quarter ... 29LH S61RF S61RH 87RF 87RH
< A Yoog A\ ¢ A \ ot A . f A
a.m. Staphylo- Staphylo- Staphylo- Staphylo- Staphylo-
or cocci Leucocyte cocci Leucocyte cocci Leucocyte cocci Leucocyte cocci  Leucocyte
Day p.m. count* countf  count count count count count count count count
1 am. 0 4 0 2 0 1 0 8 0 4
2 am. 0 2 0 2 0 1 0 6 0 3
3 am. 0 0 0 6 0 0 0 4 0 3
4 am. 0 9 0 2 0 3 0 2 0 4
5 am. 0 7 0 1 0 2 0 2 0 10
6 am. 1 n 4 4 13 1 > 500 3 28 2
p.m. 13 - 189 - 450 - > 500 - 134 -
7 am. 300 20 350 4 > 500 7 250 4200 85 18
8 am. > 500 29 300 5 > 500 104 44 3190 13 a
9 am. > 500 2580 200 93 120 10 200 880 250 8l
10 am. > 500 709 160 238 > 500 79 > 500 131 68 87
1 am. > 500 523 > 500 73 500 71 > 500 84 > 500 313
12 am. 400 2820 350 52 50 62 > 500 52 > 500 175

* Number in 0-05 ml of foremilk,
f Multiply by 7700 to convert to cells/ml.
% Recovered from enriched milk only.

These results confirm our unpublished findings that the presence of organisms in
aseptically taken foremilk is not necessarily an indication ofintramammary infection
unless the milk contains significantly higher numbers of leucocytes than the milk of
the normal quarters of the cow.

The colonization of the duct for at least 7 days (Table 1), even when the teats were
dipped twice daily in a strong disinfectant, demonstrates the importance of preven-
ting infectious organisms from contaminating the teat apex. Our other unpublished
studies showed that without teat dipping the teat ducts can often remain naturally
infected with staphylococci for many weeks before causing an intramammary in-
fection or the duct infection can spontaneously disappear. If, however, hygiene
including teat dipping is introduced most of these teat canals are freed of Staph,
aureus within a week.

It has been shown (Newbould & Neave, 19656) that at the start of an artificial
infection of the teat cistern, multiplication of the organism is clearly evident within
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12 h but an increase in leucocytes is not observed at this time and may be delayed for
more than 24 h. If we assume that this delay in cellular response is typical under
normal twice-daily milking then there was a delay of at least 24 h between inocula-
tion of the teat duct and penetration to the teat cistern, for as shown in Table 3 there
was no increase in leucocytes until after 36 h. Table 3 shows also a marked increase in
Staph, aureus before inflammation occurred, which is similar to the findings of
Murphy & Stuart (1953) with Str. agalactiae.

When, however, the 1st post-inoculation milking was omitted inflammation was
observed in 2 quarters 36 h after inoculating the teat duct (Table 4). It would appear
that penetration into the teat cistern of these 2 quarters took place in much less than
24 h. A high bacterial count was evident by the 1st post-inoculation milking in one of
them and by the 2nd milking in the other. Although the 5 cows involved were not
milked at the 1st normal milking time, let-down was stimulated by sampling and other
factors normally associated with milking; thus milk commenced leaking from some
quarters and this became more copious as time elapsed. If, as has been suggested, the
filling of the duct with milk under intramammary pressure facilitates the entry of
micro-organismsto the teat cistern, it seemshighly probable that organisms growing in
the inoculated teat duct would, under these conditions, be transferred into the cistern
by the normal movement of the udder and teats. Further support for this hypothesis
comes from the findings of Oliver, Dodd & Neave (1956) that higher internal udder
pressure, built up after the last milking in lactation, increases the incidence of new
early dry-period infection.

While most teat ducts are probably 7-12 mm in length (Murphy & Stuart, 1956)
some have been reported to be only 5 mm (Johnston, 1938). Therefore, once coloniza-
tion ofthe duct has occurred, rapid penetration into the teat cistern could be expected
even without movement of the duct caused by the act of milking, or by an increase in
internal udder pressure (Espe & Cannon, 1942). Furthermore, the studies of Neave,
Dodd & Henriques (1950) demonstrate that intramammary infection can be more
frequent when the animal is not milked. The explanation of why colonization of the
duct does not regularly lead to infection of the udder awaits further detailed experi-
mentation. It has not been established whether this colonization is confined to the
first few mm only nor has it been shown that udder infection is necessarily preceded
by colonization of the teat duct.

Whatever factors operated in establishing the organisms in the teat duct they
seemed to be variable, particularly in the case of cows 87 and 88 (Tables 2-4).
Murphy & Stuart (1953), working with Streptococcus agalactiae, recovered organisms
from the foremilk of all quarters for at least 2 milkings, but they used very much
larger numbers of bacteria which makes comparison with our results difficult. In our
experiments recovery of the organism from the fresh unincubated milk indicated that
some multiplication had occurred.

When no organisms were recovered, even from incubated samples, at the 1st post-
inoculation milking, one must assume that either the staphylococci were killed by
some bactericidal factor in the duct as postulated by Adams & Rickard (1963), or they
died out for lack of some essential metabolite. This, however, cannot apply to those
instances where multiplication took place at first and the organisms died out after a
few days, unless a growth factor was depleted or some delayed defence mechanism
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was involved. Such effects could result from a combination of the two hypotheses, i.e.
some factor or factors enable initial multiplication of the organisms in the duct, but if
this factor becomes depleted, or modified in some way, multiplication is slowed down
and bactericidal factors, which might themselves be variable, are able to act effec-
tively on the reduced numbers. In those teat ducts in which the organism became
established for relatively long periods, but did not always cause intramammary
infection, sufficient essential metabolites or stimulatory factors, must have been pre-
sent in the duct to enable the organisms completely to overgrow any antibacterial
factors present. These stimulatory factors could conceivably be associated with
erosion of the epithelium of the teat duct (Kennedy, 1943), a condition which, when
visible externally, was found to be related to the incidence of natural infection of the
duct (Report, 1959).

The data presented here do not support the hypothesis of Hopkirk (1934) that
leucocytes pour into the milk as the result of infection in the teat duct, but they con-
firm other findings (Report, 1959) that the leucocyte count does not increase in the
foremilk unless intramammary infection has taken place.

If previous intramammary infection had sensitized the quarters to further infection,
one would have expected more intramammary infections in the left side quarters than
the right side ones, as all quarters on the left side of all but cow S 43 had been infected
during the infusion experiments about 3 months earlier (Newbould & Neave, 19656).
Ofthe 8intramammary infections produced, 6 were in quarters on the right side and
2 on the left. In cow S61 when all 4 teat ducts were inoculated, both intramammary
infections occurred in the right side quarters. In cow 87 three occurred in right side
quarters and none in the left. In cow S59the RH quarter was infected in trial 4, but in
trial 6, in which this duct was again inoculated, no intramammary infection resulted.
While the number of quarters involved is small, these results indicate that previous
infection by Staph, aureus, strain /, produced no sensitization but rather, increased
resistance.

Neave, Oliver & Dodd (1957) inferred that infections occurred more frequently
during the interval between milkings than during milking. If it is supposed that the
organisms grow through the duct in the period between one milking and the next,
this seems unlikely, in view ofthe results reported in this paper, unless we presuppose
that the strains were more vigorous or the initial numbers were much greater.

We wish to thank Mr D. L. Simpkin for his technical assistance, Mr W. A. Cuthbert
and Mr A. S. Foot for the provision of facilities for the work, Dr F. H. Dodd and
Mr N. Jackson for generous help and Mr B. Reiter for criticisms.
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summary.Whole casein, /1-casein, /J-lactoglobulin and euglobulin were labelled with
13U. The conditions under which iodination was carried out were chosen so as to avoid
any modification of the original characteristics of the proteins. This was checked by
starch-gel electrophoresis and determination of sedimentation constants, apparent
molecular weights and, for euglobulin, the clustering effect on fat globules.

As was shown by autoradiograms of the starch-gel plates, the radioactivity was
incorporated in all zones of the electrophoresis pattern.

To enable experiments to be carried out on the creaming of raw milk, protein
complex formation and coagulation of serum proteins on heating, it was found neces-
sary to have labelled milk proteins available. In the present investigation 13l was
used as the labelling agent.

13U is a beta- and gamma-emitter, with a half-life of 8-04 days. Its radioactivity
can be detected by scintillation counting.

A number of methods for the labelling of proteins with iodine has already been
published, but in only a few cases has it been proved that they have no effect on the
properties of these proteins. The method described in this paper is based on the pro-
cedure of De Zoeten (1959) for the iodination of insulin.

EXPERIMENTAL
Materials and methods

All reagents used were of ‘Analar’ grade.

Whole casein was precipitated from fresh skim-milk by slowly adjusting the pH to
the isoelectric point (4-6) with HC1. The protein was washed with distilled water and
subsequently freeze-dried.

/1-Casein was prepared by the urea method of Hipp, Groves, Custer & McMeekin
(1952) (with some slight modifications of the alcohol method) and by Warner’s iso-
electric precipitation, as described by Payens & van Markwijk (1963).

Crystalline /1-lactoglobulin was isolated according to Larson & Jenness (1955) and
euglobulin was prepared by the method of Smith (1946).

Carrier-free Xal3ll without reducing agent was obtained from Philips Duphar,
Amsterdam, Holland.

Starch-gel electrophoresis was performed by the method of Smithies (1959), and
starch-gel electrophoresis in presence of urea by the procedure of Wake & Baldwin



182 H. A. Veringa and M. F. Kerkhof Mogot

(1961). After wrapping the starch-gels in non-porous transparent film, as proposed
by Smithies (1959), autoradiograms were made by exposing them to Gevaert X-ray
film Structurix D7-DW.

Sedimentation was studied with a Phywe air-driven ultracentrifuge. Apparent
molecular weights were determined by the Archibald method as described by Schach-
man (1959). All measurements were made at 2 °C.

Clustering times of the fat globules of ‘agglutinin-depleted’ milk were estimated
according to Dunkley & Sommer (1944) by visual observation of a thin, 0-5 mm layer
of the milk.

lodine was prepared by oxidation of KI and Nal3ll with K 103using a small excess
of the KI.

Reagents:

A. Dissolve 327 mg K1 in distilled water and make up to 100 ml.
B. Dissolve 85 mg K103in distilled water and make up to 100 ml.
C. Hydrochloric acid sp.gr. 1-18.

D. Na 13U with an activity of 1 mC.

To obtain a solution of 30 mg iodine, mix 11 ml of solution A and 10 ml of solution
B in a 50-ml volumetric flask. Inject 2 ml of this mixture into the rubber-stoppered
capsule which contains the radioactive iodide, and transfer the liquid to the volu-
metric flask. To rinse the capsule, the operation is repeated 4 times with 5 ml distilled
water. Acidify the solution with 0-5 ml of solution C, adjust the volume with distilled
water to 50 ml and cool to 4 °C.

General remarks

To prevent oxidation during iodination, the procedure should preferably be carried
out at pH values higher than 6 and at a temperature of 4 °C. The optimum concen-
tration of iodine is different for the various proteins. For instance, iodination of
[7-casein can be carried out with amounts of iodine up to about 6 mg/100 mg of
protein. When, however, only 1 mg ofiodine per 100 mg of/7-casein is used, the specific
activity of the iodinated protein becomes too low to ensure reliable results after the
dilution involved in the intended experiments. In contrast the addition ofiodine to
euglobulin in a quantity corresponding to 6 mg/100 g proteins leads to destruction of
the clustering effect on the fat globules in milk. Fortunately, however, 1 mg ofiodine
per 100 mg of euglobulin gives a specific activity high enough to permit counting at
a considerable dilution but does not destroy the clustering properties.

tit, . lodination of the various milk proteins

One gram of casein was dissolved in 50 ml of 0-01 m sodium tetraborate buffer at pH
9-2, and the solution was cooled to 4 °C. An iodine solution containing 30 mg of iodine
was added to the protein solution. Care was taken to keep the pH at a constant value
of 9-2. The solution was stirred for 15 min at 4 °C, after which the pH was adjusted to
4-5 by means of n-HCI. The precipitated casein was centrifuged and redissolved in
distilled water with N-XaOH. This acidification procedure was repeated twice, after
which the iodinated protein was dialysed against water until all free iodine was com-
pletely removed. This was checked by comparing the decrease in radioactivity of the
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protein solution with that of a standard. If the decrease in radioactivity is due only
to the decay of 13U, the protein solution contains no free iodine. The iodinated protein
was then freeze-dried and stored in a desiccator over P25 The yield was about
750 mg, and the specific activity amounted to 40 nC/mg casein.

Starch-gel electrophoresis revealed no difference between the iodinated and non-
iodinated casein, as is shown in Plate 1(1). An autoradiogram made from the starch
plate showed radioactivity for all zones of the iodinated casein (Plate 1 (2)).

Average molecular weight determinations showed no significant difference between
the iodinated and the original preparation of whole casein. The values of the molecular
weight found for both preparations were 239 000 £ 5000 and 241 000 + 5000, respec-
tively.

(j-Casein

One gram of //-casein was dissolved in 50 ml of 0-OIM-sodium tetraborate buffer at
pH 9-2. The amount of iodine used was 30 mg/g //-casein. The iodine-containing
protein solution was stirred for 1h at 4 °C before the pH was adjusted to 4-6. The
precipitated //-casein was centrifuged and redissolved in distilled water by adding
N-NaOH. This purification procedure was repeated 4 times, after which the protein
was dialysed and freeze-dried. The yield was about 750 mg, and the specific activity
was found to be 90 nC/mg //-casein. The starch-gel electrophoresis patterns of the
labelled and unlabelled /?-casein (Plate 2 (3)) were very similar.

An autoradiogram of the starch plate after electrophoresis showed one single zone
for the iodinated //-casein (Plate 2 (4)).

ji-Lactoglobulin

One gram of /Mactoglobulin was dissolved in 50 ml of sodium tetraborate-HCI
buffer at pH 8-0. The iodination was carried out with 60 mg of iodine. The solution
was stirred for 30 min at 4 °C. The iodinated lactoglobulin was purified by precipita-
tion with 3-3m-(NH4)2S04 solution at pH 8-0. This procedure was repeated twice.

The yield of iodinated /Mactoglobulin was about 750 mg, with a specific activity of
80 nC/mg.

The sedimentation constant of the labelled /Mactoglobulin was 3-00)8, whereas that
of the original preparation was 3-12)8. From these data and from the starch-gel
electrophoresis patterns (Plate 3) the treatment with iodine appeared to be harmless.

Euglobulin

One gram of euglobulin was dissolved in 50 ml of 0-01 M-NacCl solution and cooled to
4 °C. This quantity of protein was iodinated with 10 mg ofiodine. Care must be taken
to maintain the pH value of the iodine-protein mixture between 6-5 and 7-5. The
solution was stirred for 6 min at 4 °C, after which the pH was adjusted to 6 by means
of n-HCI. Ammonium sulphate was added until 0-4 saturation was reached, and the
precipitated protein was centrifuged, redissolved in distilled water and dialysed. The
water-insoluble euglobulin was collected and dissolved in distilled water with the aid
of ammonia, and subsequently freeze-dried.

The yield of iodinated euglobulin was about 650 mg, with a specific activity of
100 nC/mg.

12 Dairy Res. 32
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The values of the sedimentation constants of 13ll-labelled euglobulin and of normal,
inactive euglobulin are given in Table 1. In our opinion the observed differences are
due only to experimental error.

Table 1. Sedimentation constants of non-iodinated and iodinated euglobulin

Slow moving Fast moving
component component
. . gSOV\b (sSo.w)
Non-iodinated euglobulin -20 21- 5
lodinated euglobulin 8-17 22- 92

The clustering properties of the iodinated and non-iodinated euglobulin towards
the fat globules Avere compared in ‘agglutinin-depleted " milk at 5 °C. The results are
given in Fig. 1; no differences were observed.
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Fig. 1 Effect of added euglobulin on the clustering time of milk-fat globules of ‘agglutinin-
depleted’ milk at 5°C. 9, Non-iodinated euglobulin; O, iodinated ;ml) euglobulin.

DISCUSSION

From the literature it is well known that treatment of proteins with iodine mainly
results in substitution of iodine in the tyrosine rings of these proteins. Moreover,
dependent on the conditions under which iodination is carried out, side reactions may
occur, e.g. iodination of histidyl residues and oxidation of disulphide bridges,
sulphydryl groups and other residues such as tryptophane. It is assumed that these
oxidation reactions have a particularly detrimental effect on the electrophoretic and
sedimentation characteristics of the proteins. Consequently, the results of the
iodination ofthe milk proteins described in this paper indicate that the side reactions
probably do not take place to any great extent, in agreement with the results of the
iodination of insulin by De Zoeten (1959).

The possibility of labelling milk proteins without changing the characteristic pro-
perties enables investigations in dairy research to be carried out which would other-
wise be impossible.
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The authors are indebted to Mr B. W. van Markwijk of this Institute for the
determination of molecular weights and sedimentation constants.
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EXPLANATION OF PLATES
Plate 1

(1) Patterns of starch-gel electrophoresis in the presence of 7M-urea of non-iodinated (A) and iodinated
(B) whole casein.

(2) Autoradiogram of a starch plate, after electrophoresis in the presence of 7M-urea, of iodinated
whole casein.

Plrate 2

(3) Patterns of starch-gel electrophoresis in the presence of 7M-urea of iodinated (B) and non-iodinated
(A) /?-casein.

(4) Autoradiogram of a starch-gel plate, after electrophoresis in the presence of 7M-urea, of iodinated
[?-casein.

Prate 3

Starch-gel electrophoresis patterns of non-iodinated (A) and iodinated (B) /Mactoglobulin.
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A survey of the incidence of coagulase-positive staphylococci in
market milk and cheese in England and Wales

By M. ELISABETH SHARPE, B. GILLIAN FEWINS, B. REITER
and W. A, CUTHBERT

National Institute for Research in Dairying, Shinfield, Reading

{Received 6 January 1965)

Summary. The occurrence of coagulase-positive staphylococci in 954 samples of raw
or heat-treated market milk and in 910 samples of cheese of different varieties, taken
at 40 cheese factories or farms in England and Wales was determined. Only 9% of
the cheeses contained more than 500 000 staphylococci/g, and these were all made
from raw milk. All but the mildest of the heat treatments used were effective in
greatly reducing the numbers of staphylococci present in milk and usually resulted in
cheese virtually free from staphylococci. The effect of sublethal heat treatment on
multiplication of these organisms in cheese curd is discussed.

The increased incidence of staphylococcal mastitis and the resultant increase in
coagulase-positive staphylococci in raw milk over the last 10-15 years is well recog-
nized (Munch-Petersen, 1960). The occurrence of a number of outbreaks of staphylo-
coccal food poisoning attributed to cheese has led to studies of the conditions under
which staphylococci are likely to multiply during cheese-making and of methods of
preventing such multiplication (Takahashi & Johns, 1959; Thatcher & Ross, 1960;
Jezeski, Morris, Zottola, George & Busta, 1961; Roughley & McLeod, 1961; Reiter,
Fewins, Fryer & Sharpe, 1964). To investigate whether these organisms occur in large
numbers in commercial cheese sufficiently frequently to constitute a serious health
hazard, a survey was made of their incidence in cheese made in England and Wales.

At the same time milk used for cheese-making was examined and the pH of the
cheeses was measured, to determine whether there was the same correlation between
very large numbers of staphylococci and sweet, slow cheeses (high pH) as was ob-
served in experimental Cheddar cheeses (Sharpe, Neave & Reiter, 1962; Reiter et al.
1964). The work was carried out in collaboration with the Advisory Bacteriologists
of the National Agricultural Advisory Service (N.A.A.S.) in cheese-making areas of
England and Wales. One dairy laboratory also took part.

METHODS

During 1962 samples were taken over 3-12 months at 17 farms and 33 cheese
factories in 10 different N.A.A.S. regions. One farm and 26 factories used heat-treated
milk. Sampling was carried out at weekly intervals at each farm or factory, apart
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from 8 farms where sampling was only done once. Where coagulase-positive staphylo-
cocci were consistently absent over a period of 3 months, sampling was usually dis-
continued.

M ilk samples

Heated milk samples were obtained either directly from the pasteurizer or from the
vat. Thermograph charts were checked at each sampling. Raw milk samples (667)
and heat-treated milk samples (287) were examined.

Cheese samples

Cheeses (910) were tested approximately 14 days after making. For each cheese
two samples bored from closely adjacent positions were minced together: one portion
was homogenized in warm 2% citrate for bacteriological examination, the other
portion was homogenized with distilled water and the pH determined electrometric-
ally. The varieties of cheese and the number of farms and factories at which they
were sampled is showm in Table 1. Most of the creameries were primarily making
Cheddar and Cheshire cheese, but other varieties were sampled at 14 centres. At some
places more than one type of cheese was manufactured so that comparisons within
factories could be made; as there was no evidence of any tendency for higher numbers
of staphylococci to occur in any one variety, results on all cheeses were combined.

Table 1L Number of creameries at which different types of cheese were examined

Variety of cheese

Wenslcy- Derby- Caer- Double
Cheddar  Cheshire dale Lancs. Leics. shire phillv  Gloucester
Factory 12 10 4 2 3 i 3 i

Farm 5 8 - - - - - -

Isolation and enumeration of staphylococci

Coagulase-positive staphylococci were isolated and enumerated on the selective and
diagnostic egg-yolk glycerine pyruvate tellurite medium of Baird-Parker (1962), pre-
viously showm by Sharpie et al. (1962) to be suitable for this purpose. For milk
samples, duplicate 0-1 ml amounts of milk and of serial dilutions were spread on the
surface of well-dried agar plates. For cheese samples, the portion homogenized in
citrate was plated in serial dilutions using the Miles & Misra (1938) technique but
spreading each drop out on a quarter of the plate. All plated samples were incubated
at 37 °C for 40-45 h before counting. Representative diagnostically positive colonies
were picked into nutrient broth and after incubation at 37 °C for 18 h their identity
confirmed by tube coagulase test. Stocks of basal medium, additives to it, and of
human plasma for coagulase test were all issued to the different laboratories from this
Institute and standard techniques were adopted throughout.
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RESULTS
Numbers of staphylococci in raw and heat-treated milks

Table 2 shows the numbers of staphylococci in the raw and heat-treated milks. Of
the heat-treated samples, approximately 90 % contained less than 103staphylococci/ml
whilst only 30% of the raw milks contained less than this number.

Table 2. Numbers of coagulase-positive staphylococci in raw and heat-treated milk

- he . No. of
<10 10-102 102103 103-104 104105 105106 samples
Raw milk
.Factory 54 2-3 231 40-8 191 9-6 550
Farm 34 59 23-2 359 231 85 117
Heat-treated milk
Factory 739 44 12-0 59 29 0-37 272
Farm 93-3 0 0 6-7 0 0 15

Total 954

Table 3. Numbers of coagulase-positive staphylococcifound in milks at a single
creamery, after different heat treatments

No. of samples having staphylocoeci/ml within the range of

Heat treatment < 10 Q.o 10=-103 103104 104106 Total
150 °F, flash 1 0 6 5 1 13
150 °F, 17-19 sec n 3 4 2 1 21
155 °F, flash n 3 4 2 1 21
101 °F, flash 4 0 0 0 0 4
161 °F, 17 sec 3 0 0 1 0 4

28 7 12 n 3 63

Heat treatment varied considerably, not only from one creamery to another but
also sometimes from day to day. The range recorded in the whole survey was from
145 °F flash to 165 °F for 17 sec, so that some of the heat treatments were milder and
others more severe than required for normal pasteurization. The few samples of
heated milks which contained more than 103staphylococci/ml were isolated samples
from centres where the heat treatment was only flash-heating to 145-155 °F. At one
creamery, where sometimes flash treatment and sometimes holding treatments at dif-
ferent temperatures were used, the effect of the different heat treatments on the
numbers of staphylococci was studied in some detail (Table 3). Previous work
(Reiter et al. 1964) indicated that staphylococci were destroyed by a heat treatment
well below 161 °F for 17 sec, so that in the one sample where > 103ml survivors were
found after this treatment, it is likely that post-pasteurization contamination
occurred.

Numbers of staphylococci in cheeses made from raw and heat-treated milks

The effect of heat treatment of the milk on the numbers of staphylococci in the
cheese is shown in Table 4. 92 % of the cheeses made from heated milk contained less
than 104g. There was a difference between the numbers of staphylococci found in the
raw milk cheeses made at factories and those made at farms; a higher proportion
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containing less than 104g occurred in factory (46%) than in farmhouse cheeses
(10%). Asthe numbers of staphylococci in farm raw milks were almost identical with
those in factory raw milks, more rapid multiplication or further contamination must
have occurred at the farms. This suggests less active starters or poorer hygiene.

Table 4. Numbers of coagulase-positive staphylococci in cheese made from raw and
heat-treated milks

% of cheese samples having staphylocoeci/g within the range of
* i , No. of

< 500 500-103 103104 104105 ©=0© O~NT  TE samples
Cheeses made from raw milk

Factory 230 50 17-8 26-5 209 6-6 0 286
Farm 4-27 0-6 57 333 39-5 153 1-8 162

Cheese made from heat"-treated milk
Factory 82-3 2-3 88 51 14 0 0 430
Farm 65-6 0 250 94 0 0 0 32
Total 910

Table 5. The effect of heat treatment of milks on the numbers of coagulase-positive
staphylococci found in cheeses made from these milks

% of samples having numbers* ofAstaphylococci within the range of

No. of

Cheese made from < 500 102103 103104 104105 105106 10c107 107109 samples'
Raw milk

Milk 22 192 40-0 27-5 92 1-7 0 116

Cheese 41 0 0-85 332 42-6 17-7 1-6 120
Heat-treated milk

Milk 0 33-3 2%2 333 111 0 0 9

Cheese 44-4 44-4 0 0 1M 0 0 9

* Numbers are expressed as /ml milk or /g cheese.
t Numbers of samples of milk do not exactly correspond to numbers of cheeses as occasionally more
than one cheese from a single vat was sampled.

Cheeses made from milks previously sampled

It was only possible at 14 factories and 9 farms to follow the milk samples to the
cheeses made from them, so that the numbers of staphylococci in the milks could be
related to those in the cheese. At 8 ofthese 14 factories where the milk was heated no
staphylococci were found in the milk or in the cheeses made from them. At 2 others,
although no staphylococci were found in the heated milk, staphylococci were found in
numbers of 103104/g in the cheese, indicating that post-pasteurization contamination
had occurred. Atthe 4 other factories where heat treatment was used, the 9 samples of
milk examined contained 102106 staphylococci/ml after heat treatment, but in all
but one of these the numbers were considerably lower in the corresponding cheeses
(Table 5), particularly allowing for the fact that organisms are concentrated 8-10
times in the cheese curd. In cheeses made from raw milk, however, there was an
increase in numbers of staphylococci during cheese-making of 60-100-fold, indicating
that multiplication had occurred. This suggests that the heat-shocked cells were not
able to multiply under the unfavourable conditions in the curd, whilst the unheated
organisms were not retarded in the same way.
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Cheeses containing large numbers of staphylococci

Of the 910 cheeses examined only 82 (9-0%) contained more than 500 000
staphylococci/g. These cheeses were all made from raw milk and came from 4 farm-
houses and 5 factories. The numbers of staphylococci varied from 5 x 105to 6 x 108g.
Five of them contained more than 10"/g and all came from one farm where conditions
of hygiene were poor.

pH of cheeses

There was no correlation between the pH of the cheeses and the numbers of
staphylococci occurring in them. Only 3 ofthe high count cheeses had a pH as high as
5-5-5-7. In the others the pH varied between 4-7 and 5-5. In some of the cheeses
containing only small numbers of staphylococci the pH was as high as 5-7, whilst in
others it was only 4-8. However, as far as could be ascertained, no really slow cheeses
were included in the survey. Although a particular lookout was kept for them, any
reported slowness entailed a delay of only an hour or two.

Table 6. Numbers of coagulase-positive staphylococci in cheeses of different ages

Ago of % of cheeses having staphylococci/g within the range of
choose, ; A , No. of
days < 500 500-103 103104 10s105 103106 106107 10710s 10209 samples
6-11 36 71 179 71 21-4 71 35 0 28
12-18 50-4 26 110 16-4 14-0 46 iV 12 815
19-27 34-2 2-9 8-5 28 171 85 2-9 29 35
28-42 50 6-3 15-6 6-3 156 6-3 0 0 32
Total 910

Variation in numbers of staphylococci with age of cheese

Although it was intended that cheeses should be sampled when approximately
2 weeks old, this was not always practicable and the age ofthe cheeses sampled varied
from 6 to 42 days. Whilst most of the cheeses were sampled when 12-18 days old,
sampling when the ages were outside these limits did not appear to afFect the numbers
of staphylococci; there was no tendency for the older cheeses to contain lower
numbers of staphylococci (Table 6). However, when a few (10) commercial cheeses
with high counts were sampled after 14 days and again after 45 weeks maturation,
half of them showed no reduction in numbers over this period, whilst the others
showed a considerable decrease in numbers. In our own work with experimental
Cheddar cheese (Reiter et al. 1964) an approximate fivefold decline in numbers
occurred over this period.

DISCUSSION

The numbers of staphylococci found in raw milks are likely to vary under different
conditions. McPhillips & Cunningham (1962) found the maximum number of
coagulase-positive staphylococci in grade B raw tanker milk to be 104ml. Murray
(1963) found no staphylococci in 30% of raw milks used for processing, and only
1-6% contained 103¥ml or more. Seeleman, Obiger, Rachov & Welz (1963) found no
staphylococci in 68% of raw milks examined and > 103ml in only 11 %. These are
lower numbers than reported in our survey where only 5% of the samples contained
< 102Zml and 30% contained >104ml; however, Thatcher, Comtois, Ross &
Erdman (1959) found 68% of the cheese milks at one factory to contain > 104ml.
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In young Cheddar and Cheshire cheeses Murray (1963) found a low incidence of
staphylococci, 94% containing < 104g. Thatcher et al. (1959) observed that high
count raw milk cheeses might contain > 106g, and Takahashi & Johns (1959) found
that over 6% of 2-3 weeks old commercial raw milk cheeses contained > 500 000/g.
These last authors also found a marked seasonal variation, much higher numbers
occurring in June-August than in other months. No such variation was observed in
our survey.

Our findings show that raw milk may contain large numbers of staphyococci which
by multiplication and concentration in the curd during cheese-making may reach a
level of 1051069 in the curd and in the young cheese. Large numbers were only
found in raw milk cheeses. Under normal conditions of cheese-making an initial
infection in the milk of 10¥ml would result in a cheese containing about 5 x 10%4g.
Only 9% of heated milks contained more than this number of staphylococci, occur-
ring only sporadically and usually when flash heating at low temperatures was used.
Other workers have also found that heat treatment of the milk greatly reduced the
number of staphylococci present (Zottola & Jezeski, 1963) and that heat treatment
which is not severe (Takahashi & Johns, 1959; Murray, 1963; Reiter et al. 1964)
usually results in milk virtually free from staphylococci. The low incidence of
staphylococci in cheeses made from milk exposed to sublethal heat treatment (only
8% contained more than 104g) confirms our previous finding with experimental
Cheddar cheese that in the unfavourable conditions of low pH. high salt concentration
and starter competition in cheese curd, the surviving lieat-shocked cells of staphylo-
cocci fail to multiply and that even a heat treatment of 150 °F fcr 15 sec is adequate
(Reiter et al. 1964). The suggested use of a higher heat treatment of 154 °F for 15 sec
(Milk and Milk Products Technical Advisory Committee, 1964) which destroys them
in the milk would give an ample margin of safety.

The authors wish to thank the Advisory Bacteriologists of the N.A.A.S. for their
valuable contributions to this work; the many dairies who made facilities available
and members of the Dairy Department, Reading University for helpful discussions.
This survey and the previous studies were supported in part by a grant from the
National Association of Creamery Proprietors.
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The action of rennin on casein: the effect of modifying
functional groups on the casein

By R.D. HILL and RAIONE R. LAING
Division of Dairy Research, C.S.I.R.O., Melbourne, Australia

(Received 18 January 1965)

summary. /c-Casein and whole casein when photo-oxidized in the presence of methyl-
ene blue lose the ability to clot when treated with rennin. Two effects are involved—
first the photo-oxidation alters the /c-casein fraction so that the rennin is unable to
split offthe glycopeptide fragment, and secondly, in whole casein the photo-oxidation
interferes with the aggregation in the presence of Ca®+ that normally follows rennin
action. As a result of amino acid analysis and specific treatments which affect other
photo-oxidizable side chains, it is concluded that both of these effects are caused by
the alteration of histidines.

The action of rennin on casein has both an industrial and a theoretical interest, and
this no doubt accounts for the numerous studies of the reaction. These studies have
established that the substrate for the reaction is the /c-casein fraction (Waugh &
von Hippel, 1956; Wake, 1959) and that this action releases a glycopeptide having a
molecular weight of about 8000 (Jolles, Alais & Jolles, 1961); the composition of this
glycopeptide has also been determined (Nitschmann & Beeby, 1960; Alais & Jolles,
1961). After the release of the glycopeptide, rennin-treated milks gel because func-
tional groups exposed by the removal of the glycopeptide can take part in a poly-
merization reaction. The information regarding the nature of these groups is, how-
ever, not certain. Because casein isaphospho-protein and Ca++isrequired for gelation
to occur, it has been suggested that Ca++ forms intermolecular links between phos-
phate groups (McEarlane, 1938). However, Hsu et al. (1958) showed that, although
dephosphorylation resulted in marked increases in clotting time at a Ca++ concentra-
tion of 0-01m, enzymieally dephosphorylated casein would clot following rennin
treatment if the Ca++ content were sufficient (0-02m). This suggests that, in addition
to the postulated links of Cat++ to phosphate groups, other types of intermolecular
bonds are involved in the clotting reaction. In this connexion Bargoni (1963) has
reported that casein in which the carboxyl or the amine groups are blocked is not
acted on by rennin; these treatments however cause such extensive alteration of the
protein that the results are difficult to interpret. To obtain a less drastic alteration of
the protein, we have used the technique of photo-oxidation with methylene blue as
sensitizer (Weil & Seibles, 1955). Our initial tests showed that /c-casein and whole
casein treated in this way would no longer clot on treatment with rennin. Since this
work was commenced Zittle has reported that /c-casein photo-oxidized in the presence
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of methylene blue lost its ability to stabilize as casein, and did not precipitate on
treatment with rennin (Zittle, 1964): the photo-oxidation resulted in the destruction
of mainly histidine and tryptophan, and to a lesser extent tyrosine, side chains. How-
ever, the fact that this treatment simultaneously affects several different types of side
chain causes uncertainty in interpreting the experimental results. We have, therefore,
combined this technique with that of photo-oxidation in the presence of proflavine
(Sluyterman, 1962), which allows a greater control of the effects of the treatment. At
pH 3 tryptophan and methionine are oxidized while histidine and tyrosine are not
affected below pH 4 and pH 7, respectively. We have also used treatments that
specifically affect a given side chain such as the modification of tryptophan with
2-hydroxy-5-nitro-benzyl bromide (Koshland, Karkhanis & Latham, 1964), the
oxidation ofthe methionine with peroxide at pH 3 (Schachter & Dixon, 1964), and the
oxidation of tyrosine with tyrosinase (polyphenoloxidase) according to the method of
Lissitzky & Rolland (1962).

The purpose of the study was to determine which of the photo-oxidizable side
chains of the casein was instrumental in the failure of the casein to clot, and whether
the effect was exerted on the reaction between the rennin and the casein, or on the
subsequent aggregation of the casein itself. To this end, K-casein, whole casein and
para-casein were used as substrates and the effects of the treatments were followed by
analysis of the modified proteins; their clotting behaviour and NPN release on
treatment with rennin were also compared with those of controls.

MATERIALS AND METHODS
Materials

All reagents were of analytical grade, and deionized or glass-distilled water was
used throughout. Tyrosinase was obtained from Worthington Biochemical Corpora-
tion, New Jersey, and pronase (proteolytic enzyme from Streptomyces griseus) was
supplied by the Kaken Chemical Co., Tokyo. Sephadex was the product of Phar-
macia, Uppsala. Rennin was prepared from Benger’s powdered rennet using at least
threefold precipitation with NaCl (cf. Berridge & Woodward, 1953). Assayed amino
acids were supplied by Mann Research Laboratories, New York. Whole casein was pre-
pared from fresh raw milk by double precipitation at pH 4-5with HC1 and re-solution
at pH 7 with NaOLI. x-Casein was prepared as described in Hill & Hansen (1963) and
also by the method of alcohol fractionation of McKenzie & Wake (1961). Micellar
casein was prepared by gel filtration on G100 Sephadex (Hill & Hansen, 1964). These
materials were preserved by freeze-drying.

Photo-oxidation with methylene blue

Solutions containing 50-100 mg of protein in 20 ml of phosphate buffer (I = 0-1,
pH 7-4) were equilibrated at 30 °Cin the Warburg apparatus (Braun, type V 185). At
equilibrium, 0-08 ml of methylene blue solution (2-5 mg/ml) was allowed to flow into
the reaction vessel, the taps were closed and the lights switched on. One vessel con-
tained the control solution without methylene blue, and another contained buffer. All
vessels had 1 ml 1N-NaOH in the central well. Uptake of oxygen was followed mano-
metrically. In these conditions the rate of photo-oxidation was independent of the
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concentration of methylene blue. When the reaction had proceeded sufficiently the
vessels were removed from the bath and the methylene blue removed by adsorption
on a short column of glass micro-beads (100-150 mesh). The methylene blue adsorbs
firmly on the glass but it can be removed by boiling in 1n-HCI. When necessary phos-
phate buffer was removed by dialysis against sodium acetate buffer (0-03n, pH 6-25)
and the samples either used immediately for analysis and tests or preserved by
freeze-drying.
Photo-oxidation with proflavine

The protein was dissolved in distilled water and the solution made 0-05n in acetic
acid, pH 3-2. The temperature of the Warburg bath was 30 or 37 °C. When the con-
tents of the reaction vessels had reached the temperature of the bath, 0-5 ml of pro-
flavine solution (2-5 mg/ml) was injected into the vessel through a rubber (Suba) seal
by means ofa hypodermic syringe. A few minutes were then allowed for the contents
to reach temperature equilibrium before switching on the high pressure mercury lamp
(Phillips 57131 G/92, 400 W). After completion ofthe photo-oxidation, the proflavine
was separated from the protein by adjusting the solution to pH 6-5 and passing it
through a Sephadex G25 column, in 0-05isr-sodium acetate buffer also at pH 6-25.

Modification with tyrosinase

Twenty ml of phosphate buffer (I = 0T, pH 7-4) containing about 50 mg protein
was heated to 37 °C in the Warburg bath. The central wells of the reaction vessels
contained 1ml 1x-NaOH. Tyrosinase solution (0-5ml, 0-5mg/ml) prewarmed to
37 °C was injected by hypodermic syringe into the reaction vessel, which was shaken
for a short time, the taps closed, and the uptake of oxygen followed manometrically.
The samples were freeze-dried for analysis.

Modification with 2-hydroxy-b-nitro-benzyl bromide

The reagent was synthesized as described by Koshland et at. (1964). Its m.p. was
145 °C (lit. 145 °C). The solid reagent (6-20 mg) was stirred at room temperature
with 10 ml of solution (pH 6-25 in sodium acetate buffer or pH 3 in 0-001 HC1) con-
taining 0-5-1 % protein. In some cases the solution also contained 20 % formamide in
which the reagent was rather more soluble. Stirring was continued for periods of up to
5 h as the reaction was rather slow. The separation of the uncombined reagent and the
formamide from the modified protein was accomplished by passing the solution
through a column of G25 Sephadex previously equilibrated with a solution of the
same pH. The eluting solutions were monitored with a LKB Uvicord which recorded
transmission at 253 m/<m. The eluted protein was used in tests with rennin and
analysed to determine the extent of modification of tryptophan.

Oxidation with H20 2in perchloric acid

Protein solutions (0-5%) at pH 3-2 in HC104 (approx. 1nm). EDTA (0-5 mw) and
H.A (0-38m, added last) were incubated for 2 h at 30 °C. Control solutions contained
no H2 2 This treatment is reported to result in the specific oxidation of methionine to
methionine sulfoxide (Schachter & Dixon, 1964). After incubation the solutions were
freeze-dried to remove the H20 2, and the freeze-dried samples were used for tests with

rennin.
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Analysis

The contents of tryptophan, tyrosine and histidine were estimated by methods
applicable to the intact protein. However, it was found that more reproducible
results could be obtained ifthe protein were given a preliminary digestion with pronase,
presumably because the side chains became more available for reaction. A solution
(3-4 ml) containing about 15 mg of protein was adjusted to pH 9with Isr-NaOH and
0-5-1 ml of pronase solution (0-25 mg/ml) added. The digestion was continued for
at least 4 h at 37 °C. Samples of the digest were used for determining nitrogen by a
semimicro-Kjeldahl method, and for the amino acid estimations. Histidine was
determined by a modified Pauly method (Greenstein & Winitz, 1961), tyrosine by the
method of Cobbett, Kenchington & Ward (1962) and tryptophan by that of Saifer,
Gerstenfeld & Vecsler (1961).

Infra-red spectra were obtained on a Beckman IR 7 spectrophotometer to test for
the presence of oxidized methionine. Solutions containing 2-5mg of protein and
500 mg KBr were freeze-dried, and 400 mg of the dried powder used to make KBr
disks at 1400 kg/cm?2 pressure. Disks containing photo-oxidized methionine alone,
and protein plus photo-oxidized methionine were similarly prepared.

RESULTS
K-Casein

The relation between 02uptake and residual amino acid content for the /c-caseins
photo-oxidized with methylene blue are presented in Fig. 1. The different prepara-
tions of /c-casein showed similar behaviour in that in all of them the histidine was
photo-oxidized faster than the tryptophan, while the tyrosine reacted more slowly
again than tryptophan. In some cases the tyrosine was scarcely affected after 20 min
of photo-oxidation, when half of the histidine had been destroyed. It is also apparent
from Fig. 1that some of the histidine reacts much more rapidly than the rest. The
average histidine content was 2-4 % or about 18 moles/105g protein; from the graph
the rapidly reacting histidine may be estimated at 20-25 % of this or 3-4 moles/105g.

Photo-oxidized /c-casein samples were treated for \ h at 37 °Cwith 1pt ofrennin to
8-10 000 pts by weight of /c-casein, and the release of NPN determined by deducting
the amount of material soluble in 12 % TCA at the start of the rennin treatment from
that at the finish. The amount released from the photo-oxidized /c-caseins expressed
as a percentage ofthe amount released from the respective controls, is plotted against
residual histidine, tyrosine and tryptophan content in Fig. 2. The proportion of NPN
released decreases approximately linearly with residual histidine content, while the
relation between NPN release and tryptophan content is rather less regular. In a
number of cases, the tyrosine content is scarcely changed by the photo-oxidation. (In
these respects no difference was found between the /c-casein prepared by alcohol
fractionation and that prepared by chromatography on DEAE cellulose.) The decline
in NPN release and the observed failure of the /c-casein to clot with increasing photo-
oxidation is therefore most likely to be associated with destruction of the histidine.

To clarify this point /c-casein was photo-oxidized at pH 3 with proflavine as
sensitizer; in these conditions tryptophan and possibly methionine are oxidized
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(Sluyterman, 1962). In 2 treatments, tryptophan was destroyed to extents of 25 and
46 % . When the samples were treated with rennin there was no visible difference in the
clotting behaviour and the NPN releases of the controls and treated samples were
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Fig. 1. Effectofphoto-oxidation on the tyrosine, tryptophan and histidine content of /c-casein.
A, Tyrosine; O, Tryptophan; «, Histidine. Several preparations of K-caseinwere used in these
experiments.
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Fig. 2. Effect of photo-oxidation of K-easein on the NPN release by rennin. A, Tyrosine;
O, Tryptophan; <, Histidine. Several preparations of x-casein were used; they were not
identical with those used to obtain the results shown in Fig. 1.
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closely similar. From this it can be inferred that the reduced NPN release of the
/c-caseins photo-oxidized with methylene blue is not associated with destruction of the
tryptophan.

AnCasein was also incubated with tyrosinase in an attempt to determine the effect of
oxidizing the tyrosine side chains only. When more than 50% of the tyrosine was
destroyed, the treated /c-casein still clotted when treated with rennin but quantitative
comparison of the NPN releases in the control and treated samples was rendered
meaningless because the tyrosinase treatment also resulted in considerable degradation
of the casein, with consequent high zero time NPN values. This effect may have been
caused by proteolytic impurity in the tyrosinase or the tyrosinase may itself possess
such activity.

Whole casein

Sodium caseinate and micellar casein (prepared as in Hill & Hansen, 1964) when
photo-oxidized with methylene blue, show behaviour similar to that of /c-casein, in
that the tyrosine content is relatively unaffected while both histidine and tryptophan
are destroyed. After photo-oxidation, these samples were dialysed against sodium
acetate at pH 6-25 to remove phosphate buffer, and made 0-025m in CaCl2 The photo-
oxidized samples in which more than 65-70% of the histidine had been destroyed
either failed to clot, or clotted very feebly on treatment with rennin. At this stage
0-10 % of the tyrosine was destroyed and 30% of the tryptophan. This failure to clot
is to be expected, because the photo-oxidation of the /c-casein fraction results in
reduced NPN release by the rennin (Fig. 2), but another effect may also be present, viz.
that the photo-oxidation may destroy side chains required for the aggregation of the
casein which follows the rennin action. This possibility was investigated by treating
sodium caseinate with rennin at pH 6-5 and 30 °C for \ h prior to photo-oxidation.
Following the rennin action, the samples were adjusted to pH 8-8-5 with NaOH to
inactivate the rennin, and photo-oxidized with methylene blue. After photo-oxida-
tion, the methylene blue was removed, and control and treated samples adjusted to the
same volumes at pH 6-5. To a portion of each sample CaCl2was added with shaking to
0-025m . These portions were then warmed to 37 °C for 5 min, centrifuged, and the
nitrogen content of the clear supernatant determined. The proportion of para-casein
precipitated by the Ca++ was then calculated and is plotted in Fig. 3 against the
residual histidine, tyrosine and tryptophan content, determined on the other portions
of tlie solutions and expressed as a percentage of the content in the control.

The amount of casein precipitated decreases with increasing destruction by photo-
oxidation of tryptophan and histidine.

Treatment of casein ivith 2-hydroxy-5-nitro-benzyl bromide after rennin action

In order to distinguish between the roles of the tryptophan and histidine side
chains, para-casein was prepared as described above and after inactivation of the
rennin was treated with the tryptophan reagent 2-hydroxy-5-nitro-benzyl bromide at
pH 3in 20% formamide. By this means 82 % of the tryptophan on the para-casein
was destroyed without any effect on the precipitation of the para-casein by 0-025m -
CaCl2at pH 65, and 37 °C, after the removal of the benzyl bromide reagent and the
formamide. The experiment w-as repeated, and a more extensive destruction (87 %) of



Action of rennin on casein 199

tryptophan achieved. Again, there was no difference between the amount of casein
precipitated by Ca++ in control and treated samples. From this, it can be concluded
that the tryptophan side chains are not essential for the aggregation of para-casein in
the presence of Cat++.
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Para-casein precipitated, 9% of total

20

Residual amino acid content, % ofcontrol

Fig. 3. Effect of photo-oxidation of para-casein on its precipitation by Ca++.
A, Tyrosine; O, Tryptophan; ¢, Histidine.

Oxidation of casein with H2 2

Photo-oxidation with either methylene blue or proflavine may cause the oxidation
of methionine to the sulphoxide which remains undetected by amino acid analysis of
acid hydrolysates of the protein (Schachter & Dixon, 1964). We endeavoured to detect
the presence of methionine sulphoxide by means of the strong infra-red absorption
band at 1025-1050 cm-1 of the S=0 stretching vibration (Bellamy, 1958). This band
was strongly present in photo-oxidized methionine, but could not be detected in
photo-oxidized caseins. However, 1-6% by weight (expressed as residue weight) of
photo-oxidized methionine added to casein could readily be detected by this means.
As casein contains about 2-8 % of methionine (Tristram, 1949) this would suggest that
the methionine in casein was not greatly affected by the photo-oxidation.

The effect of oxidation of the methionine was investigated by treating casein with
H 20 2 according to Schachter & Dixon (1964) (see Methods). Solutions of approxi-
mately 9-4% of the treated and control caseins were made 0-025m in CaCl2at pH
6-5 and 37 °C, and incubated with rennin. The clotting times of control and treated
samples were identical (5 min), although more of the control sample (84 %) sedimented
on centrifuging (5 min at 2000 g) than did the treated sample (76 %). This result also

13 D airy Res. 32
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leads to the conclusion that the methionine side chains are not essential for either
the rennin action nor for the subsequent aggregation of the casein in the presence
of Ca++.

DISCUSSION

The results of the experiments with /c-casein and whole casein may usefully be
summarized.

(a) Photo-oxidation of /c-casein with methylene blue affected mainly the histidine
and tryptophan, and caused a reduction in the amount of NPN that can be released
by rennin.

(b) Photo-oxidation of /c-casein with proflavine affected mainly the tryptophan,
and had little effect on the amount of NPN released by rennin.

(©) When whole casein was photo-oxidized with methylene blue, histidine and
tryptophan were again the residues mainly affected, and the ability to clot in the
presence of Ca++ following rennin action was impaired. As well as effect (a) above,
photo-oxidation of whole casein also interferes with the casein-casein aggregation
which follows rennin action.

@) Extensive modification of the tryptophan in whole casein by 2-hydroxy-5-
nitro-benzyl bromide was without effect on the aggregation ofthe rennin-treated casein
in the presence of Cat+.

(e) Treatment of whole casein with H 20 2 in conditions in which methionine i

oxidized had relatively little effect on the clotting behaviour.

These results suggest strongly that the reduced NPN release in (a) above was
caused by the alteration of histidine, and this is supported by the approximately
linear relation between the NPN released and the residual histidine content (Fig. 2).
The effect may be a specific one such as would occur if a particular histidine residue
were part of the site on to which the rennin absorbs during its action, or may merely
be due to the change of charge on the casein as a result of the photo-oxidation. The
latter is less likely, as the change of charge which accompanied the destruction of the
tryptophan alone was without these effects.

The evidence also shows that effect (c)— the interference with the clotting ofrennin-
treated caseins— is to be attributed to the destruction of histidine. The histidine
involved here need not be on the /c-casein, and in this connexion Zittle (1963) has
shown that as-casein photo-oxidized with methylene blue is no longer sensitive to
Cat++. The particular side chain responsible for this effect was not determined. The
inference that histidine side chains play a part in the gelling of rennin-treated casein
is supported by unpublished observations made in this laboratory of the marked
change in the physical nature of the rennet curd between pH 5 and 6, at about the pK
of the histidine imidazole group. Higgins & Fraser (1954), on the basis of quite dif-
ferent evidence, viz. titration data and differences between the spectra of azo-deriva-
tives of casein and para-casein, also suggested the likely participation of histidine in
the gelling of the rennet curd.
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The compaosition of milk deposits in an
ultra-high-temperature plant

By R. L.J. LYSTER
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(Received 22 February 1965)

summary. Milkdeposits from an ultra-high-temperature (UHT) plant were analysed
for protein, fat and minerals. The physical appearance and composition of the
deposits was found to vary with modifications of the plant. For each particular
arrangement of the plant, a characteristic pattern of deposits occurred. Possible
mechanisms involved in the formation of the deposits are discussed.

The deposits formed when milk is exposed to heated surfaces can give rise to serious
problems in plant used for the processing of milk. The mechanism of formation of
these deposits is not known and there is only a small amount of published information
on their composition. Samples of ‘milk stone " from plant used for holder pasteuriza-
tion were analysed by Parker & Johnson (1930), but since the samples included
accretions from the alkaline solutions used for cleaning, the results were rather
variable. However, protein, calcium and phosphate were recognized as major com-
ponents. A similar conclusion was reached by Ito, Sato & Suzuki (1962a, b) who
analysed deposits from a UHT plant. In addition, they observed the presence of fat
and found considerable differences in the composition of the deposits from different
parts of the plant.

An opportunity arose recently to examine the deposits formed in a commercial
UHT plate heater arranged in 3 different ways, but heating the milk to the same
maximum temperature of 280 °F in each case. To assist in studies on the factors
affecting deposit formation, the deposits were analysed for protein, ash and fat, and
the ash was analysed for calcium and phosphate.

The results of the analyses, together with a description of the physical appearance
of the deposits, are discussed briefly in relation to possible factors involved in deposit
formation.

METHODS

The UHT plant, manufactured by the A.P.V. Co. Ltd and operated by Express
Dairies Co. Ltd, was used to process milk at the rate of 474 gal/h. Details of the
arrangements ofthe plant are given, for convenience, with the results. After the milk
had been heat treated, the plant was rinsed briefly with cold water to remove residual
milk and then opened. Individual plates were removed as required for examination
and collection of samples ofthe deposits. The samples were dried at 100 °Cand ground
to a fine powder. Ash was determined as the residue after heating for 16 h at 530-

13-3



204 R.L.J. Lysteb

550 °C. Protein content was taken to be 6-38 times the nitrogen content, as deter-
mined by Kjeldahl analysis. Fat was determined by a solvent extraction procedure
based on the British Standard (1963) method for the analysis of casein for fat. Calcium
in the ash was determined by precipitation as the oxalate, followed by permanganate
titration (1stand 2nd arrangement of the plant), or by the direct titration method of
Ntailianas & Whitney (1964), using the sodium salt of ethylenediamine tetraacetic
acid as titrant and calcein as indicator (3rd arrangement of the plant). Phosphate in
the ash was determined by a colorimetric method using a vanadate-molybdate re-
agent (Simonsen, Wertman, Westover & Mehl, 1946). Determinations were done in
duplicate, except occasionally when insufficient material was available; the results
have been expressed as % of the dry weight of the deposit or % of the ash.

RESULTS

In the first arrangement ofthe plant the milk was heated to 185 °F in a regenerative
heating section, then held in a tank for 6 min, homogenized at 3000 Ib/in.2 and
rapidly heated to 280 °F in a steam-heating section. After the steam section the milk
entered a water-cooled section where the temperature fell rapidly to 215 °F, and
finally passed to the hot side of the regenerative section. On both the occasions when
deposits from the plant in this arrangement were studied only two kinds of deposit
were found. One kind was present in the last 2 passes of the cool side of the regenera-
tive section and in the pipe from there to the holding tank, and consisted of white
tufts of material attached to an almost clear membranous film. This type of deposit is
shown in Plate 1, in which the appearance of the tufts can be seen. The other type of
deposit occurred in the steam section and the pipe leading to the cooling section, and
was quite different in appearance, being compact, gritty to touch, and yellow to pale
brown in colour; these deposits were thickest on the last pass of the steam section.

Table 1 shows representative values of the composition of both these types of
deposit, and since the deposits from the regenerator clearly consisted of two quite dif-
ferent components, values are given for the composition of the membranous material
separately. As can be seen from Table 1, the composition of deposits from the steam
section varied slightly from one pass to another. The results are very similar to, and
may be compared with, the figures given by Ito et al. (1962a, b). Some of the fat
extracted from deposits in both the regenerative and steam sections was analysed for
fatty acid composition by gas chromatography, and found to resemble normal milk
fat in this respect, indicating that no preferential inclusion of the phospholipid frac-
tion of milk fat into the deposits had occurred. Since so much ofthe deposits from the
steam section was mineral in nature, 2 samples were submitted to *he Warren Spring
Laboratory of D.S.I.R. for examination by X-ray diffraction. Both samples were
found to contain /?-Ca3(P04)2as very small crystallites (10-14 x 10 6mm) with a dis-
torted lattice. This mineral has a Ca/P atom ratio of 1-5; however, it is noticeable that
the samples of ash from the steam section have a consistently lower Ca/P atom ratio.

The 2nd arrangement of the plant differed from the 1st only in the omission of the
holding tank, sothat milk passed directly from the regenerative heating section to the
homogenizer and then to the steam section. Since extensive denaturation of the whey
proteins occurs when milk is held at 185 °F for 6 min, the main effect of this change
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was to increase the amount of native whey protein in the milk entering the steam
section from about 15 % to about 84 % of the whey proteins in unheated milk. Con-
sequently, the change in arrangement of the plant had a considerable effect on the
character and composition of the deposits in the steam section but left the deposits on
“he cool side of the regenerative section unchanged. The appearance of plates from the
steam section is shown in Plate 2. The 1st pass carried a deposit of moderate thick-
ness, but the most noticeable feature is the deposit on the lower half of the 2nd pass.
This deposit, which in many places bridged the gap between the 2 plates forming the
pass and is, therefore, referred to as the blocking deposit, was composed of a brown
brittle material in contact with the plates and supporting a soft curd-like mass. The
later passes carried a brittle gritty deposit showing a progressive decrease in thickness,
the 5th pass carrying virtually no deposit at all.

Table 1. Composition of deposits from a UHT plant working in the 1st arrangement
described in the text

% of dry weight % of ash CalP

atom

Source Protein Fat Ash O ther Ca PO, Other ratio
Regenerative section

Last pass 60 12 25 3 36 57 7 1-50

Last pass, membranous film 46 — 53 — — 54 — —

Steam section

1st pass 19 3 71 7 33 59 8 1-32

3rd pass 15 9 72 4 34 60 6 1-33

5th (last) pass 12 8 71 9 33 60 7 1-31

Table 2. Composition of depositsfrom a UHT plant working in the 2nd arrangement
described in the text

% ofdry weight % of ash CalP
atom
Source Protein Fat Ash Other Ca P04 Other ratio
Steam section
Ist pass 56 4 34 6 35 54 h 1-55
2nd pass 51 8 34 7 35 56 9 1-46
3rd pass 27 6 59 8 35 61 4 1-36
4th pass 19 — 71 — 35 — — —
W ater cooler
Upper part 95 — 2 — — — — —
Lower part 90 — 6 — - — — —
Regenerator, hot side
Ist pass 87 - 5 — - — — —
2nd pass 91 — 4 _ _ _ _ _
3rd pass 82 - 4 — - _ _ —

Unlike the 1st arrangement, the 2nd arrangement gave rise to deposits in the cooling
sections. The upper part of the water-cooled section carried a clear deposit, rather
slimy to the touch, while the lower half and the first 3 passes of the hot side of the
regenerative section contained a white deposit with long strings developing from its
surface. The compositions of the deposits are given in Table 2. The blocking deposit
was rather variable in composition. The deposits from the cooling passes contained so
little ash that reliable analyses could not be obtained.
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In the 3rd arrangement of the plant, the holding tank was again omitted and the
steam section was partially replaced by a hot-water section of 6 passes which heated
the milk to 250 °F. The milk was then brought to 280 °F in the steam section which
was shortened from 5 passes to 3. The other parts of the plant were left unchanged.
All plates of the hot water and steam sections carried deposits, and the composition of
some of these deposits is given in Table 3. The slower rate of heating in this arrange-
ment gave deposits with no sign of the browning seen in the other arrangements. The
first 4 passes of the hot water section carried firm white deposits of increasing gritti-
ness and ash content. Part of the 6th and last pass carried a soft curd-like deposit,
the remainder of which had obviously become detached from the plate; this deposit
contained more protein than the similar blocking deposit in the second arrangement.
In the steam section, deposits were gritty and high in ash content; as in the 2nd
arrangement, they became progressively thinner, with so little deposit on the last pass
that no sample for analysis could be taken. As in the 2nd arrangement, deposits also
occurred in the cooling sections, but they were so similar in appearance that they were
not examined further.

Table 3. Composition of deposits from a UHT plant working in the 3rd arrangement
described in the text

% ofdry weight % of ash CalP
r atom
Source Protein Fat Ash Other Ca P04 Other ratio
W ater-heater
1st pass 81 4 8 7 — 56 - —
3rd pass 61 — 30 — 38 56 6 1-61
6th pass 77 4 11 7 32 49 19 1-55
Steam section
1st pass 72 35 57 8 1-43
2nd pass — — 68 — 35 59 G 1-41
DISCUSSION

The formation of deposits always lowers the efficiency of processing and eventually
limits the length of time that a plant can be operated without cleaning. It is to be
expected that the presence of deposits will lead to an increase in the resistance to the
flow of heat from the heating medium to the milk, and to an increase in the resistance
to the flow of milk through the plant. Although both these effects must occur simul-
taneously whenever deposits are formed, it is found in practice that one effect or the
other predominates. Thus, in the 1st arrangement, the length of run was limited by
the rising pressure of steam necessary to maintain a constant rate of heating. In the
2nd arrangement, however, the length of run was limited by the rising pressure needed
to maintain a constant flow of milk through the steam section.

The appearance and composition of the deposits indicated clearly that they did not
consist simply of dried milk solids but that different parts of the plant had charac-
teristically different deposits in them. Since the changes in arrangement had such a
marked effect, it is concluded that the nature of the deposits at any particular point
in the plant depended both on the temperature of the milk at that point and on the
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heat treatment received by the milk before reaching that point. Deposit formation is
clearly a complex process involving several of the many components of milk.

The mineral part of the deposits has been found in one case to contain /?-Ca3(P 04)2,
and since the ash from all types of deposit is remarkably constant in composition, this
mineral is probably present in all deposits, except those from the cooling sections. If
the milk becomes supersaturated with respect to /?-Ca3(P04)2as the temperature rises
towards 280 °F, this would account not only for the high-ash deposits on the plates of
the steam section but also for the similar deposits present on the walls of the pipe
leading from the steam section to the cooling section in the 1st arrangement Un-
fortunately, the solubility of /?-Ca3(P04)2 in hot milk at various temperatures is
unknown.

Protein was present in all the samples analysed and vias the major component of
most of the deposits. The principal origin of the protein in the deposits is believed
to have been the whey protein fraction of milk, because deposits start to form at
temperatures at which these proteins begin to denature. The whey protein fraction
contains a number of components, including /?-lactoglobulin and a-lactalbumin. with
different heat stabilities and it is likely that different proportions of these proteins
provide the protein part of deposits in different parts of the plant. The deposits with
a high protein content formed at relatively low7temperatures, i.e. the deposits found in
the regenerative heating section and in the cooling sections, tend to occur as tufts or
strings, suggesting that their rate of formation depends more on velocity gradients
and turbulence in the milk than on the temperature gradient at the walls. It is known
that the whey proteins tend to aggregate on heat-denaturation and it is probable that
the processes involved in this aggregation are involved in the formation of at least
some of the deposits; however, little isknowm ofthe kinetics of such aggregation. There
appears to be considerable interaction between mineral and protein in deposit forma-
tion; this is suggested by the fact that although a deposit of high ash content was
present in the steam section in all 3 arrangements, it became progressively thicker
only in the 1st arrangement; in the other 2 arrangements, this type of deposit became
progressively thinner once the milk had passed through the blocking deposits. Two
possible mechanisms for such an interaction can be envisaged; either denatured pro-
tein becomes absorbed on the surface of the mineral crystallites, or denatured protein
might act as nuclei for crystal growth; however, these possibilities remain purely
speculative.

It appears that the fat is present in the deposits simply from being entrained by
other material. Since deposits are known to occur in plants working with skim-milk,
no direct role of fat in deposit formation seems likely.

From the results, materials other than protein, fat and mineral appear to be present
to the extent of 5-10 %. Nothing is known of their nature or possible significance.

It is a pleasure to thank the Express Dairies Co. Ltd, the A.P.V. Co. Ltd, and
members of their staff for their helpful co-operation; also to thank Miss P. Cowdey for
technical assistance, MrN. G. J. Gruber for help in photographing the deposits, Mr A.
Wagstaff for nitrogen determinations, Mr A. J. Hall for fat analyses by gas chromato-
graphy, the Warren Spring Laboratory of D.S.1.R. for analyses by X-ray diffraction
and Mr H. Burton for helpful discussions.
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EXPLANATION OF PLATES
Prate 1
Part of a plate from the last pass of the cool side of the regenerative heating section, with theplant
operating in the 1st arrangement. The milk flowed from right to left.
Prate 2

Plates from passes 1-5 of the steam section with the plantoperating in the 2nd arrangement. Milk flowed
np pass 1, down pass 2, up pass 3, etc. Note the heavy deposit on the lower half of pass 2.
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summary. The /?-lactoglobulin types of 812 individual cows of various breeds were
determined by paper and polyacrylamide gel electrophoresis. The results support the
hypothesis that /hlactoglobulins A and B are controlled genetically by codominant
autosomal alleles (LgA and LgB).

Milks from 5 heterozygous cows (LgA/LgB) were examined by free electrophoresis
and column chromatography to estimate the relative quantities of p-A and /?-B
produced by these animals. The results indicate that /?-A and /?-B are produced in
approximately equal amounts, with p-A being slightly in excess of /?-B.

Lacteal secretions were obtained from 2 castrated males and typed for /?-lacto-
globulin by means of paper electrophoresis. These animals were found to produce
/Mactoglobulins (B and AB) consistent with their expected genotypes as deduced
from pedigree analysis.

In 1955 Aschaffenburg & Drewry discovered the existence of 2 electrophoretically
distinguishable forms of /J-lactoglobulin, p-A and p-B, in cow’s milk. After studying
the /Mactoglobulins produced by individual animals, they reported that the observed
variation was genetically controlled by 2 autosomal alleles with no dominance. This
genetic hypothesis has been confirmed by workers in our group (Plowman, Townend,
Kiddy & Timasheff, 1959), by Moustgaard, Muller & Havskov Sorensen (1960), and
by Bell (1962) who discovered a 3rd allele producing /Mactoglobulin C which moves
even slower than p-B in electrophoresis.

This paper presents further extensive data confirming the genetic hypothesis. It
also presents the results of studies on the relative production of P-A and p-B by
heterozygous animals, and on the occurrence of /Mactoglobulins in lacteal secretions
from hormone-treated castrated males.

EXPERIMENTAL

The sample for electrophoresis was prepared from the portion of the whey soluble
in 20% (w/v) Na2S04; it was dialysed free of sulphate and concentrated tenfold by
pervaporation. The typing work was initially done by paper electrophoresis using
a modified technique of Aschaffenburg & Drewry (1955).
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Later, vertical polyacrylamide gel electrophoresis was used for typing and is now
used routinely (Peterson, 1963); it may be done directly on skim-milk (Aschaffen-
burg, 1964). Buffer was pH 8-6 veronal, ionic strength 0-025 and the polyacrylamide
gel 50 g/1 (Cyanogum 41]). One ml of skim-milk was diluted with 1 ml of the buffer
and 0-3 ml of amido black (0-2 % solution in 60 % ethanol) was added as an indicator
dye. Sucrose (about 150 mg) was added to increase the density and 20/tl of the
sample mixture was applied to the gel. Electrophoresis was for 4 h at 60-65 mA
(about 200 V) with circulation of cooling water at 10-15 °C.

Tiselius electrophoresis experiments were performed at 1°Cin a Spinco Model Hf
apparatus. Column chromatography was performed at room temperature using
carboxymethylcellulose (CMC) and diethylaminoethylcellulose (DEAE) resins.

RESULTS AND DISCUSSION

Plate 1(a) shows the results of electrophoresis in polyacrylamide gel of crystalline
preparations of /?-A, B, and C and their combinations in pairs. Plate 1(b) isa photo-
graph of a pattern obtained with skim-milk in routine typing. The /Mactoglobulin
types of 812 cows of various breeds are shown in Table 1; data for 145 cows, from a

Table 1. Distribution of /d-lactoglobulin types by breeds

Number of cows Gene frequency

Breed Total A AB B X2 P A B
Ayrshite (S everies a0 L B) ok o043 013 o087
Brown Swiss Eé)fsgg‘{gg 24 i-s o5 5.) 007 08 027 073
Guernsey Jlg)t(’sgrc‘{gg 0 B oo Ll e om om 0w
Holstein ngsgg‘{gg R ﬂgm'\ 009 077 046 054
Jersey “‘(stgg‘{gg 0L B, B om o o4 om
Cross-breds {2 oeried e oz R, L4 se o oz om
Over-all ‘Eé)fggg‘{gg sz . e g}?ﬁ)l 013 072 038 062

previous preliminary report (Plowman et al. 1959), have been included. For each of
the pure breed groups, as well as the over-all group of 812, the distribution of the
genotypes agrees well with that expected, assuming control by codominant autosomal
alleles and random mating (P ranges from 0-35 to 0-83). In the cross-bred group,
however, the difference between the observed and expected numbers of the various
genotypes is highly significant (P ~ 0-003). The reason for this is that the random
mating assumption is not valid for the cross-bred group. Of the 48 sires whose
daughters were represented in the group of 116 crossbreds, 4 had 57 of the daughters
in the group and these sires (2 Ayrshire and 2 Brown Swiss) were of the genotype

t Bis  implied that the U.S. Department of Agriculture recommends the above companies or their
products to the possible exclusion of others in the same business.
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LgB/LgB. The average size of the other 44 sire groups was 1-3 daughters. Chi-square
values for goodness-of-fit with the Hardy-Weinberg expectations were 7-9 (P ~ 0-005
for the 57 daughters of the 4 LgB/LgB sires and 1-9 (P ~ 0-16) for the remaining 59
cows in the cross-bred group.

The segregation data in Table 2 provide further evidence to support the genetic
hypothesis for the control of the /Plactoglobulin variants. The agreement with the
expected results is very good as it has been in other studies (Aschaffenburg & Drewry,
19576; Moustgaard et at. 1960).

Table 2. Segregation of fi-lactoglobulin alleles in female offspring
from certain mating combinations

Offspring by /Mactoglobulin genotype

Mating types AIA* A/B B/B
TAXATA | ERSENS o : 0
ATAXA'IB {EQBSE\{BQ 32-5 32-5 8
A/AxE/B {EREENEY 8 ﬁ 8
nexerd [RRRNE 0 o P
ABxA/B | ER5EMEY o o ez
s/exdre (R0 0 g T

* Shortened form for LgALgA

With the paper electrophoresis technique the /PC variant cannot be detected as its
mobility, under these conditions, is essentially that of /?-B. Therefore, the earlier
data (about 300 animals) may have an occasional /PC animal listed as /PB. The
chances of this are small, however, since most of the animals involved were Holstein-
Friesians and the occurrence of /PC has not been reported in this breed. Further-
more, the Lgc allele appears to be rare in the 2 breeds in which it has been found
(Bell, 1962). Bell reported the occurrence of Cin 24 of 135 Jersey cows and one of 85
Australian Illawarra Shorthorns. No gene frequencies were given, but a minimum
figure for Lgc in Bell’s Jersey sample would be 0-09 (if all 24 animals were heterozy-
gotes and assuming no technical error such as the acknowledged one which led to the
report that A, B and C could be found in milk from an individual cow). Since Bell’s
report, a few heterozygous Lgc animals and 2 homozygotes have been found among
Jerseys and Jersey-Brahman crosses in the United States (Kalan & Thompson,
personal communication). It remains to be seen if Lgc is present to any appreciable
extent in breeds other than Jersey.

A summary of gene frequency data reported by various workers is shown in Table 3.
It appears that LgB is definitely the most common allele in all but the Holstein-
Friesian (0-55 LgB) and Jersey (0-47 LgB) breeds. There is a possibility, as stated
above, that the figure for LgBin the Jersey breed may be slightly inflated as a result
of failure to distinguish between B and C in the early stages of the present study.
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The information summarized in Table 3 does not indicate much similarity between
related breeds. It must be remembered, however, that the Red Dane samples were
not random ones (Moustgaard et al. 1960); this is also probably true of most of the
other breed samples. Because of this and the small number of animals sampled in
some breeds and locations, many of these gene frequency figures should be considered
as preliminary estimates.

Table 3. Summary of fi-lactoglobulin gene frequencies in various breeds of cattle

Gene frequencies
A

No. of r
Breed cows A B Location and reference

Ayrshire 27 0-13 0-87 United States*

54 0-31 0-69 Great Britain (Aschaffenburg & Drewry, 19576)
Brown Swiss 24 0-27 0-73 United States*
Campine 66 0-33 0-67 Belgium (Préaux & Lontie, 1961)
Guernsey 200 0-30 0-70 United States*

27 0-22 0-78 Great Britain (Aschaffenburg & Drewry, 19576)
Holstein-Friesian 406 0-46 0-54 United States*

161 0-61 0-39 Denmark (Moustgaard et al. 1960)

87 0-40 0-60 Great Britain (Aschaffenburg & Drewry, 19576)

1056 0-43 0-57 Germany (Comberg, Meyer & Groning, 1964)

Icelandic Cattle 52 0'34 0-66 Iceland (Blumberg & Tombs, 1958)
Jersey 39 0-41 0-59 United States*

158 0-56 0-44 Denmark (Moustgaard et al. 1960)
Shorthorn 87 0-11 0-89 Great Britain (Aschaffenburg & Drewry, 19576)
Red Dane 293 0-14 0-86 Denmark (Moustgaard et al. 1960)
White Fulani 58 021 0-79 Nigeria (Blumberg & Tombs, 1958)
Zebu 138 0-09 091 India (Bhattacharya, Roychoudhury, Sinha &

Sen, 1963)

* Extracted from Table 1

Lacteal secretions of castrated males

As a check on the presumption that males would express their /Tlactoglobulin
genotype in lacteal secretions, 2 castrated males were treated with oestrogen and
progesterone. Treatment consisted of subcutaneous injections of the hormones in
com oil, 100 mg/day of progesterone for 4 days, alternating with 20 mg/day of
diethylstilbesterol for 4 days. Milk was obtained from the first animal, 4120, after
6 weeks on this regimen. This male had been castrated at the age of 2 months and
hormone injections were started at 1year of age. Milk was not obtained from the
2nd male, 4104, until 3 months of treatment had elapsed, and then in smaller
quantities than from 4120. This animal had been castrated at 18 months of age and
hormone treatment began 2 months later. One to three ml of apparently normal
milk was obtained each day from 4120 and was stored at —10to —15°C. The average
composition of four 20 ml pooled samples was 12-8 % total solids, 3-2 % milk fat, and
3-9 % protein. Thus, the milk seemed to be essentially normal for these components.

The ultracentrifugal pattern given by the whey (pH 6-5, phosphate buffer) could
not be distinguished from that given by normal cow’s milk. Tiselius electrophoresis of
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'he whey in pH 8-63 veronal buffer, 0-05 ionic strength, also gave a pattern very
similar to that of normal milk.

For the typing experiments 23 ml of the milk was worked up following the pro-
cedure of Aschaffenburg & Drewry (1957a). Paper electrophoresis on the pervapo-
rated NazS04whey (Plate 2(6)) gave a pattern essentially identical with that given by
*he milk of an A/B cow (Plate 2(a)) with a few extra bands running slower than
a-lactalbumin, and an unmistakable A/B /?-lactoglobulin. This result was as expected
since the dam of 4120 was A/A and the sire’s type had been deduced as B/B.

The milk production of 4104 was very poor, averaging about 1 ml/day. A sample
of the milk was freed of casein and fat by centrifugation and acid precipitation at
pH 4-4. After dialysis of the whey against water and pervaporation, a paper electro-
phoresis run was made using whey from a known A/B cow prepared in the same
manner as a control. These strips are shown in Plate 2(c) and 2(d). The milk can be
seen to be rich in components moving more slowly than a-lactalbumin and in the
range of mobilities known to be possessed by the immune globulins of milk (Larson &
Jenness, 1955). The /Mactoglobulin band is single, however, and occurs at the position
of j3-B. Again, this was as expected since 4104’s sire and dam were both B/B.

From these experiments it is concluded that the milk produced by such artificially
stimulated mammary tissue in bovine males does express the /J-lactoglobulin pheno-
type characteristic of the genotype deduced by pedigree analysis.

Table 4. Compositional changes during (i-lactoglobulin preparation

Sample Concentration, g'l % /?-B*
(XH,)ZS04ppt. 2-2 0-51
First supernatant 131 0-49
Second supernatant 7-6 0-60
Second crystal crop 12-6 036

= Electrophoretic analysis at pH oG (Timasheff < Townend, 1960).

Relative fractions of [i-A and fi-B in AB milk

Crystallization of the mixed /Mactoglobulin and subsequent electrophoretic
determination of its composition (Timasheff & Townend, 1960) was not the method
of choice for determination of the relative amounts of /i-A and /?-B synthesized by a
heterozygous animal. Observation has shown that [i-A by itself forms crystals much
more readily than /J-B. As a result of this, crystallization of the mixture might well
cause fractionation, as has been observed by Ogston & Tombs (1957), and a non-
uniformity of the crystals forming at the beginning and end of crystallization. This
was checked in a simple experiment as follows. An 800-ml sample of whey from an
A/B animal (X-617) was carried through the Aschaffenburg & Drewry (1957a)
preparation procedure and samples were taken of the ammonium sulphate-/?-
lactoglobulin precipitate, the first supernatant after crystals had just begun to form
(a single overnight dialysis), and the supernatant and a part of the crystal crop after
4 days dialysis with three changes of dialysate. The /Llactoglobulin B contents of
these fractions are given in Table 4.

It can be seen that some fractionation does occur, and the effect of this on the
final composition might well be a function of the volume of the last crystallizing
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solution, and other factors generally not reported. Other workers (Johannsen, 1958;
Yaguchi, Tarassuk & Hunziker, 1961) have reported separation of whey protein
fractions using chromatographic methods, and an attempt was made to apply
quantitatively the ion exchange cellulose resins of Sober & Peterson (1960) to this
system. Preliminary experiments using gradients of ionic strength at fixed pH on
DEAE or CMC were not satisfactory in separating the numerous components of milk
whey (Brunner et al. 1960), although under other conditions (Yaguchi et al. 1961;

20— T T T | T T

Absorbance 280 my

20 40 60 80 100 120 140

Tube number

Fig. L Whey proteins, unprecipitated by 20% (vriv) ka2soi, chromatographed on earboxy-
methylcellulose. Ascending pH gradient at 0-02 ionic strength; 11 ml fractions collected. Peak
d is /Maetoglobulin and contains both the A and B variant.

Table 5. Electrophoretic mobilities of the fractions obtained by
chromatography of whey proteins on carboxymethylcellulose

Tube Descending mobility,
Peak number cm2volt-sec x 105 Identification
a 30-38 -4-64 Unknown
b 41-48 -5-9 (40%) Probably blood serum albumin
-3-9 (60%) Unknown
c 52-67 -4-5 (90%) a-Laetalbumin
—8-3 (10%) Unknown

d 85-140 -6-3 /?-Lactoglobulins A and B
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Kalan, Greenberg & Walter, 1964) this approach is successful. The technique finally
arrived at was as follows: whole milk from a heterozygous animal (A/B) was warmed
to 40 °C and 200 g/1 of anhydrous Na2S04was added to precipitate the fat, casein, and
the immune globulins, as described by Aschaffenburg & Drewry (1957a). About
200 ml of the clear greenish filtrate was dialysed against distilled water until free of
colour and salt and then against an excess of 0-02 ionic strength NaAc buffer, pH 4-60.
In some instances a portion of the a-lactalbumin precipitated at this stage and was
removed by centrifugation. The clear solution was applied to a 1-9x 13 cm column
of CMC previously equilibrated with the buffer, and rinsed on with 50-100 ml buffer.

8T 7T T T T T T T T T T T T
£ 06 ~
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Fig. 2. Peaks of /?-A and /?-B lactoglobulin obtained by applying the /?-lactoglobulin fraction
from a carboxymethylcellulose column (Peak d, Fig. 1) to a dicthylaminoethylcellulose column
and eluting with acetate buffer at 0-02 ionic strength using a descending pH gradient. 11 ml
fractions collected.

Table 6. Proportion of ft-A in p-lactoglobulin AB from
individual Holstein cows

Animal /?-lactoglobul:n A,
number % total ;i-lactoglobulin
3082 52, 51*
3107 54, 56*
3827 57
3806 54
3858 57

* Two samples of the milk of each of these cows were studied.

No u.v. absorbing material was eluted. A continuous pH gradient was made in a
clcsed mixing vessel containing 250 ml of the pH 4-60 buffer, fed by a reservoir con-
taining 1800 ml 0-02M-NaAc, adjusted to pH 6-6-5 with a few drops of acetic acid.
A flow rate of 150 ml/h was easily obtained and a typical elution pattern is shown in
Fig. 1. The major peaks obtained were separated and their electrophoretic mobility
determined at pH 8-7 in 0-05 ionic strength veronal buffer, as shown in Table 5.
Peak d was the /*-lactoglobulin peak, containing both the A and B variants, which
are not resolved upon Tiselius electrophoresis at pH’s near 8-6 (Timasheff & Townend,
1960). The pH of the pooled material under this peak was between 5-2 and 5-4. This
entire cut (shown by the arrows on Fig. 1) was then applied to a DEAE column
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(1-9x 13-0 cm), previously equilibrated with a pH 5-2, 0-02 ionic strength NaAc
buffer. The /Maetoglobulins are quantitatively retained on this column. A downward
pH gradient was applied. A constant volume mixing vessel containing 1100 ml
pH 5-2 acetate buffer, 0-02 ionic strength was used with a reservoir containing pH 4-5
buffer of the same ionic strength. The /Maetoglobulins elute as shown in Fig. 2 with
better than 95% recovery. As both /?-A and /?-B have identical absorbancies (Tan-
ford & Nozaki, 1959) the integrated areas under the peaks may be used for quantita-
tion. This was checked using synthetic mixtures of recrystallized /?-A and /?-B, and
results were as follows— % A: 85, found 86; 50, found, 52; 40, found, 37; 15, found
18. Milks from 5 heterozygous animals were analysed by this technique, and the
results are given in Table 6.

W ithin the significance of the analyses, it seems that /?-A and /?-B are produced in
almost equal amounts by heterozygous animals. This result is in disagreement with
Lontie, van Goethem, DeWeer & Preaux (1964) who found by agar electrophoresis at
pH 8-6, followed by staining, that /?-Ais produced in much greater amount than /?-B.
This latter technique should be interpreted with caution, however, since /i-A and /?-B
have almost identical free electrophoretic mobilities at this pH (Timasheff & Townend,
1960) and the effectiveness of the separations obtained on fixed media (Aschaffenburg
& Drewry, 1955; Lontie et al. 1964) may be due to the differences in rate, and
possibly extent, of denaturation during the electrophoresis. Gough & Jenness (1962)
have shown that there is a difference in rate of denaturation of /j-A and /?-B in the
range 67-75 °C.

The authors wish to thank Mr Leon D. Cerankowski for his able performance of
the column fractionation experiments, Mr A. Kreft for carrying out the Tiselius
electrophoresis experiments, Mr John McGrath for the paper electrophoresis typing
runs, and Dr Marvin P. Thompson for supplying the /Mactoglobulin C used in the
preparation of Plate 1(a).
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EXPLANATION OP PLATES
Prate 1

Polyacrylamide gel electrophoresis of /M actoglobulins. (a), Six possible combinations (types)
obtained with recrystallized preparations of/?-A, /?-B and /?-C; left to right A, AB, B, BC, C and
AC; (6), routine typing rim obtained with skim-milk from individual cows; left to right the
/M actoglobulin types are A, AB, B, A, AB, A, B, and AB.

Plate 2

Paper electrophoresis patterns of milk proteins, (a), 20% (w/v) Na2S04-soluble proteins
from an AB cow; (6), 20% (w/v) Na2S04-soluble proteins from castrated male 4120; (c), whole
whey from an AB cow; (d), whole whey from castrated male 4104. Line ofapplication at left

edge of Plate.
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Symbolsand abbreviations. The symbolsand
abbreviations used are those of British Standard
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Abbreviations.

Descriptions of solutions. Normality and

molarity should be indicated thus: n-HCI,
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