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D e stru c t io n  of B a c i l l u s  s u b t i l i s  sp o re s  w ith  
so lu t io n s  of so d iu m  h y d ro x id e

B y  R. L . W H ITEH O U SE a n d  L . F . L . CLEGG
Department of D airy Science, University of Alberta, Edmonton, Alberta, Canada

(Received 4 March 1963)

S u m m a r y . The rate o f destruction of Bacillus subtilis spores by sodium hydroxide 
solutions in the range of atmospheric temperatures 34-82 °E  was studied: (a) to 
provide information which might be used in practice for immersion cleaning of dairy 
utensils in sodium hydroxide solutions at low atmospheric temperatures, and (b) to 
examine the nature o f the disinfection curves by slowing down “he rate of disinfection. 
The results expressed as a  three-dimensional graph showed that an increase in 
temperature from 34 to 82 °F  had a  more marked effect on spore destruction than an 
increase in concentration of sodium hydroxide from 1-5 to 5-0%.  The overall effect 
could be expressed as

_  2-6 x 10s
' — Q1-~S GQ3-79

where t =  time in hours for the 99 % destruction of B . subtilis spores, C =  con
centration of NaOH (% , w/v) and 6 =  temperature, °F . Since the time for the 
99 % destruction of B . subtilis spores by a 2 % NaOH solution at 34 °F  is 5 times 
that of a 5 %  solution, immersion cleaning in cold climates might be assisted by 
increasing the concentration of NaO H  from the normal 2-3 to 5 %. Results in dis
infection tests at low temperatures were more variable than had been observed in 
previous work at higher temperatures. These surprising results prevented a  careful 
study of the nature of the disinfection curves and confirmed previous conclusions 
that such curves are basically sigmoid.

Chemical disinfection is influenced by many factors, the most im portant being 
concentration of disinfectant, temperature and time of contact. In  a process of 
cleaning and disinfection of milking equipment known as immersion cleaning, 
it has been recommended that the milking equipment should remain in contact with 
a 3 % solution of sodium hydroxide at atmospheric temperature for the whole of the 
time between milkings. Immersion cleaning was developed by Thiel, Clough & 
Clegg (1955) for use in a temperate climate where the temperature of the disinfectant 
solution is unlikely to be often below 0 °C. In the present work, experiments were 
undertaken to assess the disinfectant properties o f sodium hydroxide solutions a t 
low atmospheric temperatures which are likely to be experienced in unheated milk- 
houses on farm s in countries where winters are colder than in temperate climates. 
For this work, spores of B . subtilis were used to obtain a slow disinfection process 
and facilitate investigations.
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M E T H O D S

Test organisms. In  preliminary experiments, spores of B . subtilis N .I.R .D . 736 
were tested, but in the final experiments the more heat-resistant spores of B. subtilis 
SM 761 (Franklin & Clegg, 1956) were used.

Preparation of spore suspensions. The spores of B . subtilis SM 761 were produced 
on a solid medium containing 1 ppm  of manganese as recommended by Charney, 
Fisher & H egarty (1951). This medium was distributed in approxim ately 100 ml 
quantities in 150 R oux bottles and autoclaved at 115 °C for 20 min. The surface of 
the agar in each bottle was inoculated with a suspension of organisms from a 24-h 
culture on nutrient agar. The growth was harvested in sterile distilled water after 
7 days’ incubation at 33-36 °C. This crude suspension was first shaken for 2 \  h in 
bottles containing glass beads, and then heated a t 85 °C for 5 min to destroy vege
tative organisms. The suspension was centrifuged a t approxim ately 1000 rev/min 
(with a diameter of 18-5 in from the bottom  of one tube to the bottom of the opposite 
tube) for approxim ately 1 min to throw down any remaining clumps and large 
pieces of debris. The sediment was discarded, and the supernatant containing the 
spores was centrifuged at 3000 rev/min (with a diameter of 16 in) for 40 min to throw 
down the spores. The supernatant was decanted and, after microscopic examination 
indicated the absence of spores, was discarded. The sediment of spores was resus
pended in a small volume of sterile distilled water by mechanical shaking. The 
suspension in each tube was diluted to approxim ately two-thirds the capacity of the 
tube by the addition of sterile distilled water, and the centrifugation at 3000 rev/min 
repeated. The spores were washed in this manner 5 times and the final suspension 
adjusted to 100 ml with sterile distilled water.

Microscopic examination showed the concentration of spores to be approxim ately 
1010/ml. The volume of the suspension was adjusted to 150 ml giving a microscopic 
count of 7 x 109 spores/ml. The suspension was kept refrigerated at 4-5 °C in stoppered 
bottles.

Medium. Before choosing a culture medium for this work, three media were 
compared for their ability to stim ulate spore germination using both B . subtilis
N .I.R .D . 736 and B . subtilis SM 761. The media examined were: (a) starch milk 
agar (SMA), i.e. nutrient agar containing 1 % separated milk plus 0-1% soluble 
starch (Grinsted & Clegg, 1955); (b) nutrient agar containing 0-1% soluble starch 
(Williams, Clegg & Wolf, 1957); and (c) nutrient agar containing 0-5% L-asparagine 
plus 1 % caramelized glucose (Hachisuka, K ato , Asano & Kuno, 1955). L ittle dif
ference was found between the counts on the three media though media (a) and (c) 
gave counts generally slightly higher than agar. For convenience SMA was used for 
subsequent work.

Incubation period. Many workers, e.g. Franklin & Clegg (1956), have used extended 
incubation periods for the accurate estimation of surviving spores in liquid media. 
Comparison of incubation for 2, 3 and 7 days a t  37 °C on solid media was made with 
both strains SM 761 and 736. As there were no differences between these treatm ents, 
a  2-day incubation period was used subsequently.

Germination stimulation. Tw'o methods were investigated: (1) the effect of heating 
the spore suspension, and (2) the effect of subjecting the spore suspension to a short
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treatm ent with sodium hydroxide solution. Tests with strain 736 showed that heating 
at 93 °C for 15 min reduced the count of viable spores, while heating at 80 °C for 
10 min had no stim ulatory or other effect on the number of spores detected. With 
strain SM 761, heating the spore suspension at 100 °C for periods up to 90 min had 
no stim ulatory effect on germination. This spore suspension was heated a t 85 °C 
for 5 min in the early stages o f preparation and this m ay well have accounted for the 
absence o f heat stimulation with the final preparation.

In  preliminary disinfection trials with spores of B . subtilis SM 761 and 0, 1-5, 2, 3 
and 5 % sodium hydroxide solutions, the counts of viable organisms at 0 h (i.e. 
after a momentary contact with the test solution) were considerably higher using the 
solutions of sodium hydroxide than with the control using distilled water. The count 
was higher with the lower concentrations o f sodium hydroxide and for the 1-5% 
sodium hydroxide solution was occasionally as high as 100 times the count for the 
control.

Using a second suspension of spores of B . subtilis SM 761 in further preliminary 
disinfection trials, the counts at 0 h with the sodium hydroxide solutions were 
again higher than with the controls, though the differences were considerably less 
than those obtained with the first suspension of spores.

Disinfection tests. A modification of a method similar to that used by Franklin & 
Clegg (1956) and other workers was used. Ninety-ml quantities of the test solutions 
in sterile 300 ml conical flasks were placed in a water-bath at the temperature under 
investigation well before inoculation to ensure that the correct temperature was 
attained. Sterile glass beads were used in the flasks to facilitate mixing o f the con
tents. Closures were of cotton wool, but the plugs and necks o f the flasks were 
covered with aluminium foil to prevent evaporation since the duration of some treat
ments was up to 100 h. The diluted spore suspension (5 ml spore suspension plus 
50 ml sterile distilled water) was also allowed to attain  ~he temperature under 
investigation. In  preliminary experiments, 100-ml quantities of the test solutions 
were each inoculated with 1 ml o f the undiluted spore suspension. However, to 
ensure more even inoculation of the five test solutions in the final experiments, 
90 ml of each solution was inoculated with 10 ml of the thoroughly mixed diluted 
spore suspension. The concentrations of the test solutions were such that when 90 ml 
was diluted to 100 ml with the spore suspension in distilled water, the final con
centrations were 1-5, 2, 3 and 5 %  (w/v) sodium hydroxide.

Each solution was inoculated with 10 ml of the diluted spore suspension and, after 
thorough shaking by hand to mix the contents, a  10 ml sample was removed and 
added to a medical flat bottle containing 10 ml of hydrochloric acid of the same 
normality as the alkali and 10 ml of sterile phosphate buffer a t approxim ately 
pH  7 containing bromthymol blue indicator. After thorough shaking by hand, this 
neutralized solution was diluted serially using 99- and 9-ml quantities o f sterile 
distilled water. Preliminary experiments showed the desirability of greater replica
tion in order to increase the accuracy of the tests and so duplicate sets of dilutions 
were used in addition to duplicate estimations from each dilution. An Astell roll- 
tube apparatus was used to make the estimations o f the number o f viable organisms, 
and SMA containing 2 %  agar instead of the 1-3-1-5% as in m ost solid media was 
used to prevent slipping of the agar film in the roll-tube. Three to 3-5 ml o f medium

21-2
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3 1 8

were used per roll-tube. Each roll-tube was inoculated with 0-5 ml of the diluted 
suspension. The surface area of the agar layer in a  roll-tube is approxim ately half 
that o f the agar surface in a standard Petri d ish ; accordingly, only dilutions giving

R .  L .  W h i t e h o u s e  a n d  L .  F .  L .  C l e g g

F ig .  1. F o r  le g e n d  se e  o p p o s ite  p a g e .
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counts o f 15-250 colonies/roll-tube were used in estimating the number of viable 
organisms. Preliminary disinfection trials at 37, 50 and 82 °P  were made to deter
mine the dilutions to be cultured in the final trials. To be certain that the correct 
dilution was used, dilutions on either side of the predicted concentration were also 
cultured. For lower concentrations o f viable organisms, 10-mi quantities of the 
undiluted neutralized solution were added to SMA contained in R oux bottles. I f

D e s t r u c t i o n  o f  B a c i l l u s  s u b t i l i s  s p o r e s

Fig. la - / . The effect of different concentrations of sodium hydroxide solutions on B. subtilis 
spores at various temperatures. O , 0 % N a O H ;  □ , 1-5 % NaOH ; ■ ,  2 % NaOH ; A ,3 % N a O H ;  
« ,  5 % NaOH.

only one of the dilutions cultured was in the countable range, each estim ate of 
survivors was based on 4 separate counts since duplicate dilutions and duplicate 
roll-tubes for each dilution were used. I f  2 consecutive dilutions were in the count
able range, the arithmetic mean of the two estim ates was used and thus the final 
estimate was based on 8 individual determinations.
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Dilutions in test tubes were shaken mechanically with the aid of a Vortex Jr . 
mixer, and bottles containing the neutralized treatment solutions were shaken 
vigorously by hand. The roll-tubes were incubated at 37 °C for 2 days.

R E SU LT S

The disinfectant properties of 1-5, 2, 3 and 5%  sodium hydroxide solutions at 
34, 40, 50, 60, 70 and 82 °F  were investigated. The results are given in Fig. 1 «-/, 
where the logarithms of the numbers of surviving spores/ml are plotted against time 
for each concentration of sodium hydroxide and at each temperature. The times 
required to produce 99 % destruction of the spores are given in Table 1 for each

Fig. 2. The tim es required to produce 99 % destruction of B . subtilis  spores a t  different 
concentrations o f sodium hydroxide and a t  different tem peratures.

Table 1. The effect of concentration of sodium hydroxide solutions and temperature 
on the time required to produce 99%  destruction of B . subtilis SM 761 spores

Time o f treatm ent (h) required to produce 99 %  
destruction o f B . subtilis SM 761 spores at

Tem perature, °F
Concn ,-------------------------------------------»--- --------

X aO H , % 34 40 50 60 70 82

1 -5 1.50 120 49 26 , 13 7-5
2 120 76 32 16 8 3-2
3 62 44 15 5 3-2 ]-6
5 24 16 7 4 2 1-5



temperature and for each concentration, and these results are plotted in the form of 
a three-dimensional graph in Fig. 2. The overall effect can be expressed as

, 2-6 x 108
1 ~  (71-66^3-79 ’

where t =  time in h for the 99 % destruction of B . subtilis spores, C =  concentration 
ofN aO H  ( %, w/v) and 6 =  temperature, °F .

The disinfection curves obtained are generally concave, i.e. disinfection com
mences a t a rapid rate and then gradually and progressively slows down. There is a 
direct relationship between overall rate of disinfection and both (i) concentration of 
sodium hydroxide solution in the range of T5-5-0 %, and (ii) temperature in the 
range 34-82 °F .

The concentration of spores in the second suspension of B . subtilis SM 761 esti
m ated by microscopic count was approxim ately 7 x 109/ml. The concentration of 
viable spores for the control treatm ent (i.e. distilled water) estim ated on SMA was 
approxim ately 1 x 108/ml. The counts at 0 h for the treatm ent solutions were slightly 
higher than the counts for the control, suggesting a  treatm ent stimulation and indi
cating that the medium used did not induce complete germination of spores. The 
highest number of viable organisms estim ated was still less than 10%  of the direct 
microscopic count.

Over the range of conditions tested, the increase in temperature had a  more 
marked effect on spore destruction than did the increase in concentration of the 
disinfectant.

DISCUSSION

General
This work had two main purposes. One was to provide data on the effectiveness 

of disinfection by sodium hydroxide at low temperatures, and the other was to study 
the nature of the disinfection curves. I t  was hoped that by studying the slow rate 
of disinfection of spores at low temperatures the evidence of sigmoid death curves, 
observed in other work (see for example, F ig. 3 o f Franklin & Clegg, 1956), might 
be confirmed. In  earlier work it was also demonstrated that various shapes of dis
infection curves could be induced by an alteration of the conditions, particularly 
the rate of disinfection (Withell, 1942; Jordan  & Jacobs, 1945).

In  the present work greater variation in results was observed than in the work of 
Franklin & Clegg (1956), although the same organism was used and the conditions 
of test were similar. There were slight differences in the culture media, but the main 
difference was the much lower range of temperatures of disinfection used in the 
present work which slowed down the rate of disinfection. However, the possibility 
of differences due to the use of different preparations of the same organism m ust not 
be discounted. To elucidate this point would require more tests over a wider range of 
conditions than has been undertaken in the present project.

The relationship between the effect of temperature and the effect of concentration 
on rate of disinfection in the present work (Fig. 2) is similar to that previously 
reported (Fig. 8 of Clegg, 1956).

D e s t r u c t i o n  o f  B a c i l l u s  s u b t i l i s  s p o r e s  3 2 1
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Suggested application of the findings

I t  is known that in immersion cleaning a 3 % solution of sodium hydroxide at 
approxim ately 50-60 °F  produces a satisfactory bactericidal effect. In the present 
disinfection studies a 3 %  solution of sodium hydroxide at 50 ° F  took approxim ately 
15 h to produce 99 % destruction of B . subtilis SM 761 spores. Reducing the concen
tration of sodium hydroxide to 2 %  doubled the time required to produce the same 
degree of disinfection. With 3 % sodium hydroxide solution, reducing the temperature 
from 50 to 40 °F  trebled the time taken to produce 99 % destruction. With 2 % 
sodium hydroxide solution at 40 °F  the time required to bring about 99 % destruction 
was approxim ately 5 times that with a 3 %  solution at 50 °F .

The solution used for immersion cleaning ju st before it is changed at the end o f a 
month’s use is about 2 % sodium hydroxide. In farm trials Thiel et al. (1955) showed 
no difference between the effectiveness of 1 and 5 % sodium hydroxide during the 
warmer period of the year (spring-autumn). However, farm trials are not normally 
as sensitive as laboratory tests. Since the disinfectant properties of sodium hydroxide 
solutions are markedly affected by both temperature and concentration, it would 
seem possible in the light of our results that in cold weather an improvement in 
immersion cleaning might occur if the concentration of sodium hydroxide were 
increased to 5 %.

While it is generally held that milking utensils require (and receive) less care in 
cold weather, too much reliance should not be placed on this for immersion cleaning. 
I f  there should for any reason be a heavy contamination of spore-bearing organisms 
on the cow’s udder (e.g. from loafing barns) then the immersion solution should be 
effective under the coldest operating conditions. An alternative would be to increase 
the temperature o f the immersion solution either by direct heating or by heating 
the milk-house. While the latter is necessary in some cold areas to keep liquids from 
freezing, too much heat in a  milk-house is not desirable. I t  would be more con
venient and economical to increase the concentration of sodium hydroxide to 5 % 
than to apply heat directly or indirectly to the immersion solution.

The authors are grateful to the National Research Council of Canada for a grant 
for this work which provided a research assistantship for the senior author, and to 
Prof. E . S. Keeping of the M athematics Department, University of Alberta, for 
assistance with some of the mathematical calculations.
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L a c t ic  ca se in  w h e y  p o w d e r in  ra t io n s  fo r p ig s

I. The substitution of un-neutralized lactic casein whey powder for barley 
meal in an all-meal ration for growing pigs

B y  A. C. D U N K IN

M assey College, Palmerston North, New Zealand 

(.Received 28 September 1962)

S u m m a r y . The results of 2 experiments indicated that casein whey powder can 
successfully constitute a relatively high proportion of an all-meal diet for growing 
pigs. Pigs given a diet consisting of a basal meal allowance per day of J  lb m eat 
meal and 1 \  lb barley meal plus increasing amounts of casein whey powder took 
significantly less time and required significantly less food to grow from 50 lb to 
120-140 lb liveweight, than either the control pigs or those given diets containing 
smaller basal meal allowances but correspondingly more whey powder. In the best 
diet whey powder comprised approxim ately 40%  of the total food consumed. 
In  one experiment, diets containing more whey powder than this resulted in slower 
growth rates, relative to that o f the controls, from 110 lb liveweight onwards.

There was a  little more scouring on the diets containing the greater am ounts of 
whey powder ; but even where whey powder formed approxim ately 83 %  of the total 
food consumed, the incidence o f scouring was not of great practical importance. 
Moreover, there was considerable variation among animals within treatm ent groups 
in this respect.

A big increase in the production of casein in recent years has led to interest in the 
use of the resulting by-product, lactic casein whey powder, as a food for farm  live
stock, especially pigs.

No recent reports have been found in the literature regarding the use o f dried 
casein whey for pigs. Some reports are available on the value of dried cheese whey 
as a m ajor ingredient in rations for growing pigs, but it is known that this product 
differs considerably from casein whey powder in the amount and composition of the 
ash fraction and in the lactic acid content (Spellacy, 1953). Schmidt, Kliesch & 
Schmalenbach (1939) reported that up to T7 lb/day of dried whey could be given 
satisfactorily to fattening pigs in place of 75 % of the cereal normally fed in a mixture 
that also contained potato flakes, dried sugar-beet and fishmeal. Biinger (1940) 
stated that in quantities up to T7 Ib/pig daily, dried whey was a  useful food com
parable in nutritive value to barley meal. In contrast, Krider, Becker, Curtin & 
Van Poucke (1949) found that the inclusion of as little as 4 or 8 % of a dried cheese 
whey product in a  maize-sovabean oil meal ration given ad lib. to weanling pigs 
produced some diarrhoea and there was also some indication that growth rate and
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food intake were affected adversely. Results of another experiment reported in the 
same paper indicated that the lactose contained in the whey powder was probably 
responsible for the watery faeces. More recently, Becker, Terrill, Jensen & Hanson 
(1957) have presented results which indicate that the level at which cheese whey 
powder can be given without producing diarrhoea or reducing food intake and growth 
rate depends upon the age of the pig and on the other constituents of the ration. 
While 10 % dried cheese whey powder, as a partial replacement for maize in a  maize- 
soyabean oil meal ration given ad lib. to weanling pigs, gave results comparable 
with those of the control diet, the inclusion of 20 and 30 % whey powder resulted in 
significantly poorer growth. However, this was not associated with any increase in 
diarrhoea. On the other hand, with heavier pigs (approximately 85 lb initial live- 
weight) individually hand-fed to appetite with a semi-purified diet, no adverse 
effects occurred until whey powder formed at least 40 % of the diet (replacing an 
equivalent amount o f starch). A t a  level of 60%  of whey powder in the diet, food 
intake and growth rate were reduced substantially and marked diarrhoea occurred.

In view of the compositional differences between casein whey and cheese whey 
and the variable results that have been reported for the latter, there was clearly a 
need for information on the feeding value of casein whey powder for pigs a t  different 
stages of growth and when included in different types of rations. Two trials were 
therefore made in which casein whey powder was given in conjunction with different 
fixed daily meal allowances to growing pigs. This basis of feeding was adopted because 
it is commonly used in Hew Zealand in the feeding o f liquid whey. The results of 
further trials in which all-meal rations containing different fixed proportions o f whey 
powder were given to growing pigs and to early-weaned pigs are reported elsewhere 
(Dunkin, 1963; Palmer, 1961).

EXPER IM EN T A L

Experimental design and animals used. In both trials a  randomized block design 
involving 4 treatments and 7 replications was used. Seven blocks of 4 litter-mates 
of similar weight were selected from first-cross (Berkshire x Large White) litters 
a t  8-10 weeks o f age. One member o f each block was allocated randomly to each 
of the 4 treatments, the only limitations being that, as far as possible, all treatm ent 
groups contained the same number of castrated male and female pigs.

Experimental treatments and feeding. For trial 1, the daily meal allowances per 
pig for the respective treatm ents were:

Treatm ent Daily m eal allowance

1 \  lb m eat m eal 1 +  increasing am ounts
2 \  lb m eat m eal +  •£ lb barley m eal i■ o f whey powder to m ake
3 J  lb m eat m eal +  1 J lb barley meal up to feeding scale
4 |  lb m eat meal +  increasing am ounts o f barley m eal to 

m ake up to feeding scale.

Trial 2 was a repetition of the first trial except that for treatm ent 4 the barley 
meal was replaced by a  mixture of barley meal and whey powder in the ratio of 
7 parts by weight of barley meal to 1 part of whey powder.

For all the treatments, total daily food allowances were rationed according to the 
scale o f dry-matter (d .m .) intake shown in Table 1 and assuming that the d .m .
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contents of the meatmeal, barley meal and whey powder were 92, 86 and 95%  
respectively. The scale is essentially the same as the 1B  ’ scale o f daily ‘ meal ’ allow
ances given by Woodman (1960), assuming that the ‘ m eal’ contained 88%  d .m .

With the aim of avoiding a sudden drastic change in their diet, the pigs on treat
ment 1 were given the basal meal allowance of treatm ent 2 (1 lb daily) for the 
first week of the trial, after which the allowance was reduced to \  lb m eat meal daily.

Once weekly, all the pigs received 10 g of an emulsion containing 5000 i.u. v ita
min A and 500 i.u. vitamin Ds per g.

Whey powder in  rations fo r  pigs. I

Liveweight,
lb

41-44
61-64
81-84

Table 1. Feeding scale*

Dry matter, 
lb/day

2-06
2- 58
3- 10

Liveweight,
lb

101-104
121-124
141-144

Dry matter, 
lb/day

3- 61 
413
4- 59

*  Intermediate values obtained by interpolation.

Feeds. The whey powder used was an un-neutralized spray-dried product derived 
from lactic casein whey. I t  was very hygroscopic, quickly becoming sticky and then 
setting hard on exposure to air. Samples of powder from the consignments used in 
trials 1 and 2 respectively had the following composition (% , w/w) moisture 13-2 
and 7T, crude protein 15-0 and 12-8, lactose (by anthrone method) 59-0 and 60-3, 
ash 9-6 and 10-9 and lactic acid by titration 6-4 and 6-9.

The consignments of m eat meal used in the two trials were obtained from the same 
factory. Henneberg analysis of a sample of the m eat meal used in the second trial 
gave the following results (% , w/w): moisture 9-9, crude protein 57-3, ether extract 
14-4, ash 16-4 and nitrogen-free extract 2T . Samples of two lots of barley meal used 
in the second trial contained respectively (% , w/w): moisture 14-5 and 15-5, crude 
protein 10-3 and 10-3, ether extract 1-3 and IT , ash 1-6 and 2-5, crude fibre 3-8 and
3-7 and nitrogen-free extract 68-6 and 66-9.

Management. All the pigs used had been weaned when 3 weeks old. A t 8-10 weeks 
the selected animals were placed in individual pens in a totally enclosed, well- 
insulated Danish-type fattening house equipped with mechanical ventilation and 
with provision for thermostatic control of air temperature. Attem pts were made to 
m aintain a  uniform temperature of approxim ately 67-69 °F  within the house. 
Continuous thermograph recordings indicated that a t a height o f 4 ft 6 in from the 
floor the air temperature very rarely exceeded the range 60-70 °F .

From the time the pigs were placed in individual pens, until changed to their 
appropriate experimental rations at 48-51 lb liveweight, they each received \  lb 
m eat meal and J  lb whey powder daily plus sufficient barley meal to provide a total 
ration in accordance with the feeding scale used during the trial.

The pigs were weighed twice weekly before the morning feed and their rations 
adjusted accordingly. The day ’s food allowance for each pig was weighed into a 
plastic bucket and water was added at the rate of 3 parts of water to 1 part of meal. 
For the first trial, where some of the whey powder was in hard lumps as a result 
of being stored in multi-layer paper bags, the mixture of meal and water was allowed
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to stand overnight. This enabled the softened lumps of powder to be stirred in satis
factorily the following morning before the pigs were fed. For the second trial this 
procedure was unnecessary since the whey powder had been packed in plastic 
bags.

No additional drinking water and no bedding were provided. Each morning before 
the pens were cleaned, observations were made on the consistency of the dung 
voided by all the pigs during the previous 24 h period. The pigs remained in the 
experiment until they reached a minimum liveweight of 140 lb in trial 1 and of 
120 lb in trial 2.

RESULTS

Health. In  trial 1 all the pigs remained in good health. In trial 2, one pig (treat
ment 2) died 2 weeks after the trial began. Post mortem examination revealed 
evidence of excessive gas production in the small intestine and it appeared that death 
was due to an acute flatulent colic.

Table 2. Observations of the consistency of the dung of pigs on different feeds

(7 pigs per treatment except where indicated)

No. of daily observations x 2
(for 6 d.f., P  =  01 .

X2 =  16-8)

No. of pigs 
with at 

least three 
consecutive 

daily 
‘ scours ’Treatment ‘ Normal’ ‘ So ft’ ‘ Scour’ Total

1 397
Trial 1 (to 140 lb liveweight)

81 54 532 3
2 438 50 33 521 2
3 421 47 31 499 1
4 470 45 13 528 1

(control)
Total 1726 223 131 2080 45-8**

A 338
Trial 2 (to 120 lb liveweight) 

32 35 405 3
2f 336 26 32 394 3
3 372 33 13 418 1
4 453 14 1 468 0

(control)
Total 1499 105 81 1685 61-3**

* * P  <  0-01. t  Six pigs only.

Several members of 2 of the experimental blocks in the second trial grew appre
ciably more slowly than those in the remaining blocks. In particular, the 2 pigs 
on treatm ent 1 grew very slowly. A course of sulphamezathine injections given to 
these 2 animals at 80-90 lb liveweight had no noticeably beneficial effect and one 
of them stopped growing entirely at 108 lb liveweight. I t  was removed from the 
trial and the appropriate results were discarded.

Observation of excreta. The results of daily observations on the consistency of the 
dung are presented in Table 2.
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In both trials the incidence of scouring among the control pigs was negligible, 
but with the experimental animals it increased more or less progressively with in
creasing treatm ent levels o f whey powder, reaching a maximum of 9-10 % of all 
observations for the pigs on treatm ent 1.

Although a highly significant treatm ent difference was found in respect of the 
number of observations in each dung category, there was much individual variation

Whey poivder in  rations fo r pigs. I

Table 3. Growth and food consumption in each of the two trials 

Treatments

I 2 3 4
1 lb meal 1 lb meal 2 lb meal Control Standard Significance
+  whey +  whey +  whey (all error of of
powder powder powder meal) means difference

Xo. of pigs ............ 7 7 7 7

Trial 1
(a) 48-110 lb liveweightf
No. of days 59-2 59-6 58-6 68-8 1-042 1, 2, 3, <  4 * *
Average daily gain, lb 1-0S 1-03 1-06 0-90 — —
Total food con 183-2 185-2 186-3 227-4 3-4 1, 2, 3 <  4 * *

sumed, lb 
% whey powderf 81 67 37 0 —
lb food consumed/ 2-96 3-00 2-99 3-66 — —

lb gain
(b) 110-140 lb liveweight
No. of days 26-1 26-3 21-9 22-6 0-49 3. 4, <  1, 2 * *
Average daily gain, lb 1-15 1-14 1-37 1 33 — —
Total food consumed, 113-4 114-8 98-2 106-7 2-2 3 <  1, 2 * * ;
lb 3 <  4 * ; 4 <  1, 

2* * §
% whey powder J 89 77 56 0 — —
lb food consumed/ 

lb gain
(c) 48—140 lb liveweight

3-78 3-83 3-27 3-56

No. of days 85-4 85-8 80-4 90-6 1-30 3 <  4 * * ;  3 <  1,
2*- 1 2 <  4 * *

Average daily gain, lb 1-08 1-07 1-14 1-02 — —
Total food con 297-0 299-6 284-0 335-0 4-6 1, 2, 3 <  4 * * ;

sumed, lb 3 <  2*
% whey powderf 84 71 43 0 — -—
lb food consumed/ 3-23 3-27 3-08 3-64 — —

lb gain
Trial 2

49-120 lb liveweight 
No. of days 68-1§ 64-9§ 59-9 63-6 1-76 3 <  1 * * ; 3 <  2,

4*
Average daily gain, 1-04 1-10 1-18 1-07 — —

lb
Total food consumed, 214-3 208-2 194-9 224-0 61 3 <  4 * * ;  3 <  1*
lb

% whey powderf 82 70 39 19 _

lb food consumed/ 3-02 2-93 2-76 3-15 — —
lb gain

*  P  <  0-05. * *  P  <  0-1.
•j* D ata for this period comprise means adjusted to the same mean pre-experimental period,
f  Fresh weight basis.
§ Missing plot values calculated for one pig.
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within treatm ents and some also occurred between blocks. The individual pig 
variation was indicated by the com parative^ few pigs in each treatm ent group for 
which a period of scouring extending over 3 or more days was recorded, as distinct 
from an occasional ‘ scour’ observation (Table 2). Nevertheless, this second criterion 
also revealed a treatm ent effect similar to that based on the total number o f daily 
‘ scour ’ observations.

Very little scouring occurred on any treatm ent after liveweights of approxim ately 
100 lb had been attained. On the contrary, in the second trial from 80-90 lb live- 
weight, dung that was drier and harder than normal was sometimes voided by 4 pigs 
on treatment 1 (including the unthrifty pig) and 2 pigs on treatm ent 2. Although 
for the purposes of Table 2 these observations were included as ‘ norm al’, they 
constituted 12 and 3 % of the total dung observations for treatm ents 1 and 2, 
respectively.

Also in the second trial from the same stage of growth, 3 pigs from each of the 
groups on treatments 1 and 2 sometimes passed urine from which a  white am or
phous material was deposited. The material was analysed qualitatively and found 
to contain phosphates, sodium and calcium.

Growth rate, food intake and food conversion efficiency. In  trial 1 the whey powder 
appeared to be highly palatable and no food refusals were recorded. In  the second 
trial several pigs refused small quantities of food in the early stages and 4 pigs 
refused food more persistently. However, no obvious treatment differences were 
noted in this respect, and with the exception of the unthrifty pig that was with
drawn from the trial the total estim ated meal refusal for any pig did not exceed 
111b.

The growth rate and food consumption results of trials 1 and 2 were examined 
over several stages of growth.

A summary of the results together with the standard errors o f means and the 
significances of treatment differences are presented in Table 3. In trial 2 results 
were also calculated for the period 49-110 lb liveweight, but these are omitted from 
Table 3 since they were essentially similar to those for the slightly longer period.

For trial 1, significant regressions (P  <  0-01) were found of the time taken and the 
food required for the pigs to reach 110 lb liveweight on the length of the pre-experi- 
mental period in the trial pens. Accordingly, adjusted means were used in testing 
for individual treatm ent differences for this period of growth. Since the corresponding 
regressions for the overall trial period were not significant (P  <  0T5) the unadjusted 
means were used for the period and the period 110-140 lb liveweight.

From 49 to 110 lb liveweight the pigs in the 3 groups receiving whey powder had 
very similar performances and all 3 groups took significantly (P  <  0-01) less time and 
food than the control group. From  110 to 1401b, however, the control pigs and 
those given 2 lb meal daily (treatment 3) significantly improved their position rela
tive to those given the two highest whey powder diets. Overall, the pigs on treat
ment 3 took significantly less time and food to reach 140 lb liveweight than those 
given greater amounts of whey powder (treatments 1 and 2); while those on treat
ments 1 and 2, in turn, did significantly better than the control group.

In trial 2, the pigs on treatment 3 took significantly fewer days to reach 110 lb 
liveweight than the 3 remaining groups of animals which all grew at a similar rate.
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As in the first trial, the control pigs required more food than the remainder, while 
those fed the highest whey diet (treatment 1) also needed significantly more food 
than the pigs on treatm ent 3.

Whey powder in  rations fo r pigs. I

DISCUSSION

The satisfactory results which were obtained in the present trials in which relatively 
high levels o f casein whey powder were given to pigs during growth from 50 to 120- 
140 liveweight were in contrast to the poor growth reported by Becker et at. (1957) 
for weanling pigs given 20 and 30 % cheese whey powder in partial replacement of 
a maize-soyabean oil meal diet. There was more general agreement with their results 
for feeding cheese whey powder in semi-purified diets to finishing pigs. However, 
inasmuch as the pigs on treatm ent 3 in the present trials were significantly superior 
to the controls in terms of growth rate and food economy, casein whey powder 
appeared to give relatively better results under these particular conditions than those 
reported for cheese whey powder.

The occurrence of some scouring in the present trials, particularly by pigs fed the 
2 diets containing m ost whey powder, contrasted with the absence of scouring noted 
in the earlier trial (Dunkin, 1958) when condensed cheese whey was given in con
junction with basal meal allowances similar to those used in the present trial. On 
the other hand, an average incidence of scouring of 7 and 10%  for pigs given the 
two highest whey powder diets (which contained 58 % whey powder at 50 lb five- 
weight increasing to 75 and 88%  respectively at 110 lb liveweight) probably repre
sented a  lower incidence o f scouring than the ‘ marked diarrhoea ’ reported by Becker 
et al. (1957) when pigs weighing 85 lb initially were hand-fed to appetite a semi- 
purified diet containing 60%  cheese whey powder. If, as these authors have sug
gested, the mineral composition of the diet m ay influence the response to high levels 
of whey intake, differences in the mineral content and balance o f casein and cheese 
wheys and in the remaining constituents of the respective diets m ay have contributed 
to the differences in the degree o f scouring that occurred both between the earlier 
condensed whey trial and the present casein whey trials and between the latter and 
those of Becker et al. (1957).

In  considering the average incidence of scouring for the various treatm ent groups, 
the marked variation between individual pigs and between blocks of animals should 
not be overlooked. This variation, which has also been noted among pigs fed liquid 
whey (Dunkin, 1959), is perhaps a somewhat similar phenomenon to the variable 
ability of dogs and rats to adapt themselves to high lactose diets, which was reported 
by several authors in work reviewed by Fischer & Sutton (1949).

In  trial 1 the slow growth of the control pigs and the absence of any decline in 
growth rate with increasing whey treatm ent level up to about 110 lb liveweight 
contrasted both with the results obtained in trial 2 and also with those of the earlier 
trial with condensed cheese whey (Dunkin, 1958). There was no indication of possible 
causes of this difference. However, if  the barley meal used in trial 1 had been of 
inferior quality, such an effect would have operated differentially, the control group 
being penalized the most severely. In  spite of the better performance of the control 
pigs on the second occasion, replacement of some or all of the barley meal by whey 
powder on an estim ated dry-matter basis significantly reduced the amount of food
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required for pigs to grow from 48-49 lb to 110 lb in both trials. However, the results 
o f the second trial indicated that while the highest whey powder ration and the 
control diet gave comparable growth rates, some decline in rate and economy of gains 
would be likely relative to those obtainable with a basal meal allowance of 2 lb daily 
(treatment 3).

The results from trial 1 indicated that from about 1101b liveweight onwards, 
growth rate and efficiency of food utilization were affected adversely by high levels 
o f whey powder. Beyond this stage, apparently, whey powder cannot form more 
than about 55 % of the ration without impairing the rate and economy of weight 
gains to some extent.

Consideration of the overall results from both trials suggests that the best per
formance is m ost likely to be obtained when the amount of whey powder fed is 
limited to about 40 % of the total food consumed, as in treatm ent 3.

In  view of the frequent association between high intake of whey and scouring it was 
surprising that from 80 to 90 lb liveweight onwards scarcely any scouring occurred 
even though the proportions of whey powder in the diets were still rising. However it 
was a t about this stage that some of the pigs on treatm ents 1 and 2 started to pass 
abnormally dry dung or urine from which deposits separated. From  these observa
tions it seems that the supply of water was barely sufficient for the elimination of the 
large quantities of inorganic salts associated with the high intakes of whey powder 
by these groups, and that as much water as possible was being removed from the 
food residues for this purpose; this, in turn, was countering any laxative tendency 
arising from the high intake of lactose.

The author thanks the New Zealand Co-operative Dairy Company for supplies 
of whey powder; Messrs R . F . Brown and L. Baker for feeding and caring for the 
experimental animals and Miss E . Coxhead and the Chemistry Departm ent o f the 
D airy Research Institute (N.Z.) for carrying out the chemical analyses of the food 
used.
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II. A com parison of un-neutralized and neutralized lactic casein whey powders 
with barley m eal in all-m eal rations for growing p igs

B y A. C. D U N K IN

Ma-ssey College, Palmerston North, New Zealand 

(Received 28 September 1962)

S u m m a r y . From  50 to 140 lb liveweight pigs were given mixtures containing 25 or 
50%  of either un-neutralized or neutralized lactic casein whey powders in partial 
replacement of barley meal in a control ration.

Those animals that were given rations containing 25 and 50 % un-neutralized 
whey powder and 25 % neutralized whey grew significantly faster and more efficiently 
up to 1101b liveweight than the controls and those given the ration containing 
50 % neutralized whey powder. For the overall trial period, only differences between 
the last-named group and each of the 3 other groups that received whey powder 
were statistically significant.

W ater intake increased with level of whey powder in the diet and was significantly 
greater a t both levels with the mixtures containing the neutralized powder than with 
the other diets.

Carcass measurements did not indicate any significant difference in treatment.
Both whey powders were sticky and unpleasant to handle, the neutralized m aterial 

being worst in this respect.

In trials with growing pigs previously reported (Dunkin, 1963), rations containing 
un-neutralized lactic casein whey powder and supplemented with different fixed 
daily amounts of m eat meal and barley meal permitted slightly faster growth than 
the control mixture up to 110 lb liveweight. However, from 110 to 140 lb liveweight, 
rations containing less than 2 lb meal daily resulted in significantly slower growth 
than the control ration.

During 1960-61 at least one New Zealand dairy company produced considerable 
quantities of casein whey powder that had been neutralized with caustic soda. This 
treatment resulted in the addition of about 3 % by weight of sodium to the material, 
and since the high content of soluble salts is thought to be a possible limiting factor 
to the nutritive value of whey (Daniel & Harvey, 1947; Wegelin, 1952), informa
tion was required as to how the neutralized whey powder compared in feeding value 
with the un-neutralized product.

A trial was made during the winter of 1961 to compare the relative feeding values 
of the two casein whey powders and to obtain further information on the value of 
casein whey powder relative to that of barley meal in all-meal rations.

22 Dairy Res. 30
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EXPERIMENTAL

Experimental design and animals used. The pigs were drawn from 4 first-cross 
(Large White x Berkshire) litters which had keen weaned at 3 weeks of age. Five 
experimental blocks, each consisting of 5 litter-mates matched for weight, were 
selected a t 8 weeks o f age. The allotment of treatments among the members of each 
block was a t random, except for the restriction that each treatment group contained 
3 females and 2 castrated males.

Table 1. The pre-experimental and experimental meal mixtures

Treatment

(i)

Pre-
experi-
ment-al

(2) (3)
Un-neutralized 

casein whey 
powder

(4) (5)
Neutralized 
casein whey 

powder

Treatment A Control 25% 50% 25% 50%
o/7o 0-'/o ¡0/0 0 //o 0//O %

Dried buttermilk 15 74 71 71 74 - 1
Meat meal — 74 71 74 74 74
Barley meal 85 85 60 35 60 35"
Un-neutralized casein — — 25 50 — —

whey powder 
Neutralized casein 25 50

whey powder
100 100 100 100 100 100

Steamed bone flour 1 1 0-5 — 0-5 —

lb,TOO lb
Vitamin A and D3 1 1 1 1 1 1

supplement, oz/100 lb*

*  Stated to contain 10000 i.u. vitamin A and 2000 i.u. vitamin D3 per g.

Experimental treatments and feeding. The 5 treatments consisted of a  control 
mixture and 4 mixtures which contained either 25 % or 50 % of un-neutralized or 
neutralized casein whey powder in place of an equivalent amount of barley meal in 
the control mixture.

Details of these five meal m ixtures are given in Table 1 and the percentage com
position of samples of the foods in Table 2. Daily meal allowances were regulated 
according to the feeding scale given in Table 3 which was the same as the ‘ B ’ scale 
suggested by Woodman (1960) and used in the earlier trial (Dunkin, 1963).

At 8 weeks of age, the experimental animals (average weight 41 lb) were placed 
in individual pens in the same fattening house as that used for the earlier trials 
(Dunkin, 1963). From  7 weeks old the pigs had been given mixture A (see Table 1). 
This mixture continued to be given, in amounts indicated by the feeding scale, until 
each pig reached a weight of 49-51 lb, when the appropriate experimental meal 
mixture was introduced. The change-over was completed after 1 week.

The meal for each pig was weighed each morning and water was added in the ratio 
of 2 parts by weight of water to 1 part meal. Approximately half o f the stirred slop 
was given at the morning feed and the remainder in the afternoon. After the latter



feed had been tipped into the troughs, 1 lb o f water was added to each bucket and 
any residual meal was washed into the trough.

Because of the high soluble salt content of the whey powders, all the pigs were 
provided with an unrestricted supply of drinking water in separate troughs. Recorded 
quantities o f water were added as necessary and residues were weighed twice weekly. 
The pigs were weighed once weekly. In order to obtain comparable weights, all 
drinking water was removed a t  5.00 p.m. on the day before and the troughs were not 
replenished until after the pigs had been weighed at 6.30 a.m.

Table 2. The percentage composition of the feeds

Acidity
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Dry
Crude
pro

Ether
ex

N-free
ex Crude Total

(lactic
acid Cal Phos

Manga
nese,

Food matter tein tract tract fibre ash equiv.) cium phorus ppm
Barley meal 86-2 11-3 M 65-3 4-0 3-5 — 0-03 0-24 20-0
Dried buttermilk 95-4 35-9 8-2* 43-5 — 7-8 — 0-94 0-82 1-9
Meat meal 91-8 611 150 — — 15-7 — . 2-86 2-02 21-2
Un-neutralized 87-1 12-5 0-9 63-1 — 10-6 7-02 1-59 0-95 1-8

casein whey 
powder

Neutralized 89-5 15-0 1-0 58-5 — 15-0 1-62 1-82 0-91 1-9
casein whey 
powder

Bone flour 96-6 — — — — — — 23-5 11-6 5-6

*  F at content determined by Gerber test.

Table 3. Feeding scale

Liveweight, Amount of meal Liveweight, Amount of meal
lb given, lb/day lb given, lb/day

40 2-1 120 4-6
60 2-9 140 5-1
80 3-5 160 5-6

100 4-2

Throughout the trial, daily observations were made on the consistency of the 
dung voided by each pig.

Carcass measurements. The pigs were despatched to the factory on a fixed day each 
week at the first opportunity after they had reached 1401b liveweight. Their 
last feed was given at 4.00 p.m. on the day before despatch and at this time the 
drinking water was removed and weighed.

The following morning the pigs were weighed at 6.30 a.m. and despatched to the 
factory. They were slaughtered between 10 and 11 a.m. With the exception of 3 pigs 
the carcasses were not singed. The eviscerated carcasses were sawn or chopped 
down the mid-line and placed in a chiller room for approxim ately 3 h, after which they 
were taken out and measured.

Measurements were taken from both sides with the carcasses hanging, and the read
ings averaged. The sites of measurement of back fat thickness at the shoulder, loin 
(mid-back) and rump, and of belly thickness were the same as those used by H am 
mond & Murray (1937). Length of side was measured from the anterior edge of the 
symphysis pubis bone to the vascular impression in the anterior edge of the first rib.

22-2
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RESULTS

Physical properties of mixtures containing whey powder. All the 4 m ixtures con
taining whey powder ‘ caked ’ and were sticky and unpleasant to handle. Both 
mixtures containing 25 % whey powder set into a solid m ass within a  week or so 
even when stored in plastic bags. The mixtures containing 50%  whey powder 
did not set during storage in plastic bags but quickly caked on the surface when 
exposed to the air. The neutralized whey powder was appreciably more hygroscopic 
than the un-neutralized powder. As a result the mixture containing 25 % neutralized 
powder caked more than the one containing twice as much un-neutralized powder. 
However, the caked meals quickly formed a normal gruel or slop when water was 
added to them.

Table 4. The number of pigs in each treatment group that exhibited handiness 
of the hind legs at 70-90 lb liveweight

Treatment

1 2 3
Un-neutralized 

casein whey 
powder

4 r>
Neutralized 
casein whey 

powder

Degree of abnormality Control ' 25 % 50 % ’ 25%  50%

Slightly bandy 2* — 1 1 —
Bandy — 3 — 1 -
Very bandy — 1 — — 2

Total 2 4 1 2 2

*  Showed at 140 lb liveweight only.

Health. At 70-90 lb liveweight several pigs given the whey powder diets showed 
signs of bandiness of the hind legs to a varying degree. Subsequently a  gradual re
covery took place and by 140 lb liveweight the condition was no longer apparent 
except in two of the most severely affected pigs. One of these showed improvement, 
but the other (in the treatment 5 group) became progressively worse and at 103 lb 
liveweight lost its appetite and had to be culled. Whereas no leg abnormalities were 
present in any of the control pigs in the early stages of the trial, 2 animals showed 
very slight signs of bandiness a t  1401b liveweight. The incidence and degree of 
bandiness among the 5 treatment groups are shown in Table 4.

The general health o f the pigs was good. Two pigs on treatm ent 3 were off their 
fcod for 2 days but were treated with sulphamezathine and soon recovered.

Very little scouring occurred and no pig scoured on more than a total of 3 days 
during the course o f the trial. The total number of ‘ scour’ observations for treatm ent 
groups 1-5 were 2, 0, 4, 1 and 9, respectively.

Growth rate, food and water consumption and, food conversion efficiency. The results 
for growth performance and food and water consumption are presented in Table 5. 
In order to enable treatment comparisons to be made at different stages o f growth, 
the results were tabulated from the start of the experiment (49-51 lb) to 110 1b 
liveweight, and from 110 to 140 lb liveweight as well as for the overall trial period.



Missing plot values were calculated for the treatm ent 5 pig which had to be with
drawn from the trial a t 103 lb liveweight.

The pigs on treatm ents 2, 3 and 4 took significantly less time and consumed 
significantly less meal to grow from approxim ately 50 to 110 lb than either the controls 
or the pigs on treatm ent 5. The small differences between groups from 110 to 140 lb 
liveweight were not significant.
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Table 5. Summary of groivth and food results

Treatment (T)

i 2 3 4 5
Un-neutralized Neutralized

casein whey casein whey
powder powder Standard Significance

error of of5
Control 9 O' 50% 25 % 50% means difference

No of pigs .................... 5 5 5 5 5 f — —
Start-110 lb liveweight

Initial liveweight, lb 49-8 50-1 49-5 49-5 49-9 — —
No. of days 54-6 49-2 50-8 50-2 55-6 1-04 T2, 3, 4 <  T 5 * *

T2 <  T l * * ;  
T3, 4 <  T l *

Average daily gain, lb HO 1-22 1-19 1-21 1-08 — —

Total food consumed, lb 180-6 164-1 169-3 166-6 185-3 3-53 T2, 3, 4 <  T 5 * * ;
T2 <  T l * * ;  
T3, 4 <  T l *

110-140 lb liveweight 
No. of days 20-8 22-2 22-0 21-4 22-8 0-74 N.S.
Average daily gain, lb 1-44 1-35 1-36 1-40 1-32 — —
Total food consumed, lb 97-3 103-3 100-5 99-7 106-3 3-32 N.S.

S ta rt-140 lb liveweight
No. of days 75-4 71-4 72-8 71-0 78-4 1-51 T2, 4 <  T 5 * * ;

T3 <  T 5 *
Average daily gain, lb 1-20 1-26 1-24 1-26 1-15 — —

Total food consumed, lb 277-8 267-3 269-8 266-2 291-6 5-99 T 4 <  T 5 * *  ;
T2, 3 <  T 5 * ;

Lb food eonsumed/lb 3-08 2-97 2-98 2-94 3-24 — —
gam

Total water consumed, 76-4 79-3 115-6 99-8 175-5 7-0 T l ,  2, 3,
gal 4 <  T 5 * * ;

T l ,  2 <  T 3 * *  
T 1 <  T 4 *

t  Includes missing plot values for one pig.
*  P  <  0-05.
* *  P  <  0-01.

For the overall trial period, growth and food economy were significantly better 
for treatments 2, 3 and 4 than for treatm ent 5 (50%  neutralized whey powder). 
The treatment 1 group (controls) was intermediate.

Mean water intake was increased significantly and progressively with the amount 
o f whey powder in the diet, with the exception that the difference between treatm ents 
1 and 2 ju st failed to reach the 5 % level o f significance. A t both feeding levels 
pigs fed the neutralized whey powder consumed appreciably more water than those 
fed the un-neutralized powder (P  <  0-01).
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Carcass measurements. The mean killing-out percentages and carcass measurements 
for the treatment groups are presented in Table 6.

Analysis of the results failed to show any significant regression of the variables 
measured on deadweight. No significant treatm ent differences were found in respect 
of any of the variables measured. There was a slight indication that the pigs given 
neutralized whey powder, especially at the 50%  level, had thinner backfat in the 
mid-back region and over the ‘ rum p’ than those on the remaining treatments.

Table 6. Treatment means and standard errors of means for carcass data

Treatment

Un-neutralized Neutralized
casein whey casein whey

powider pow<1er Standard Significance
error of ofl

Control ¿o /o 70% Ok 0/ ZO /o 50 % means difference

No. of pigs ........... 5 5 5 5 5*

Ccld dead weight, Ibf 10G 0 106-4 104-6 108-8 107-0 — —

Killing-out percentage 740 75-2 73-5 75-1 74-7 0-33 N.S.
Length of side, mm 
Btckfat thickness, m m :

704 706 715 717 714 6-01 N.S.

Max. shoulder 36-3 33-1 33-8 33-4 35-3 2 2 N.S.
Min. mid-back 18-6 18-5 19-3 17*5 15-3 1-9 N.S.
Av. of 3 rump 221 21-9 22-4 21-0 18-9 1-8 N.S.
measurements

Thickness of belly, mm{ 26-0 25-9 26-0 25-7 26-5 1-0 N.S.

*  Missing values calculated for one pig. 
t  Hot weight less 6 %. 
t  Average of three measurements per side.

DISCUSSION

A comparison of the incidence of leg abnormalities with the growth data did not 
suggest that growth was adversely affected, except in the pig that had to be cullec 
and, even then, it gained normally until its appetite became affected 10-14 days 
before removal from the trial.

The results confirmed previous findings (Dunkin, 1963) that, a t  least until approxi
m ately 100 lb liveweight, rations containing appreciable amounts of casein whey 
powder resulted in faster and more efficient growth than the control diet. I t  was of 
interest that these results were obtained even when the control diet contained 
additional milk protein as provided by the inclusion of 7 |%  dried buttermilk. It 
seemed, therefore, that at this stage of growth the pigs were able to utilize the 
nutrients from the casein whey powder more efficiently than those from an equiva
lent weight of barley meal.

The very low incidence of scouring in the present trial was similar to the results 
obtained previously and again contrasted with the incidence rate of diarrhoea 
noted by Becker, Terrill, Jensen & Hanson (1957) at Illinois, when finishing pigs 
were hand-fed to appetite semi-purified diets containing 40 and 60 % cheese whey 
powder. In the latter experiment, food intake and growth rate declined substantially 
at the 60 % whey powder level. Similar adverse effects occurred when whey powder



formed as little as 20 % of a maize-soyabean oil meal ration fed ad lib. to weanling 
pigs.

The fact that in our trials high levels of casein whey powder produced less m arked 
adverse effects than those obtained in the experiments of Becker et al. (1957) m ay 
have been due to qualitative differences between cheese and casein whey powders 
or between the basal rations employed. However, the fact that in the Illinois experi
ments whey powder was assessed in relation to a higher plane o f energy nutrition 
m ay also have been a contributory factor.

No reason can be given for the handiness which occurred in some pigs. While 
its low incidence among the control pigs suggested that the condition was related 
in some way to the casein whey powder diets, the incidence among pigs given the 
various casein whey powder rations did not conform to any obvious pattern. The 
calcium and phosphorus contents of the 4 casein whey powder m ixtures were all in 
excess of the levels recommended by the N ational Research Council, U .S.A . (1959), 
whereas the calcium content of the control diet was slightly less than the recom
mended level.

The dietary levels o f manganese varied from 18 ppm in the control diet to 8- 
13 ppm  in the casein whey powder diets. I t  is not clear from the literature whether 
these levels were adequate. Grummer, Bentley, Phillips & Bohstedt (1950) found 
that increased growth occurred when a ration containing 12 p p m  manganese was 
supplemented with additional manganese, but that no response was obtained when 
the basal ration contained 20 ppm  manganese. No skeletal abnormalities were 
reported for the animals given the low manganese diets. On the other hand, Plumlee, 
Thrasher, Beeson, Andrews & Parker (1956) reported the appearance of skeletal 
abnormalities and other deficiency sym ptom s when pigs were given a ration contain
ing 0-5 ppm  manganese from an early age, and also in 1 experiment out of 3 when 
pigs from 35 to 43 lb liveweight were fed rations containing 1-0-3-4 ppm manganese. 
However, in none of these 4 experiments, in which the experimental levels of m an
ganese were much lower than those in Grummer et al. (1950), was growth rate affected 
significantly.

I t  appears, therefore, that a marginal manganese deficiency m ay have been respon
sible for the leg abnormalities that occurred in the present trial but the evidence is 
inconclusive.

The physical properties of both the un-neutralized and neutralized casein whey 
powders left much to be desired. Their extreme stickiness on exposure to air would 
render impracticable their inclusion in concentrate m ixtures in quantities in excess 
of 10-15% .

The neutralized powder was even more hygroscopic than the un-neutralized pro
duct and in view of the significantly poorer results obtained in terms of rate and 
efficiency of gains when it formed 50 % of the ration, it was clearly inferior to the 
un-neutralized powder as a  concentrate for pigs.

I t  is concluded that in an all-meal ration lactic casein whey powder compares 
favourably in feed value with barley meal and can form at least 50 % of the diet for 
pigs from approxim ately 50 lb to 1001b liveweight: from this stage of growth on
wards a slightly lower level m ay be desirable. However, such high levels are unlikely 
to be used in practice unless the physical properties of the powder can be improved.
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F a t t y  a c i d  c o m p o s i t i o n  o f  s o w ’ s  c o l o s t r u m ,  m i l k  a n d  b o d y  f a t  

a s  d e t e r m i n e d  b y  g a s - l i q u i d  c h r o m a t o g r a p h y *

B y  J .  M. d eMAN and J .  P. BOW LAND

Departments of D airy Science and Animal Science, University of Alberta, 
Edmonton, Alberta, Canada

(Received 11 Jan u ary  1963)

S u m m a r y . A s  determined by gas-liquid chromatography, the mean fa tty  acid 
composition (weight percentages of total fa tty  acids) of milk fa t from sows fed a 
diet to meet U .S. N .R.C. nutrient requirements was: oleic, 35-3; palmitic, 30-3; 
linoleic, 13-0; palmitoleic, 9-9; stearic, 4-0; myristic, 3-3; linolenie, 2-5; unidentified 
0-7 and 0-5, presum ably w-odd chain and branched fatty  acids; lauric, 0-3; and capric, 
0-2. The corresponding fa tty  acid composition of colostrum fa t was: oleic, 41-7; 
palmitic, 22-5; linoleic, 20-9; palmitoleic, 5-0; stearic, 5-7; myristic, 1-4; linolenie, 
2-4; and unidentified acids, 0-3 and 0-1. D ietary fat increased fat levels in the milk 
and influenced fa tty  acid composition of the milk fat. Backfat resembled colostrum 
fat more than milk fat.

Cow’s milk fat contains several minor fa tty  acids which have straight chains of 
odd numbers of C-atoms or odd and even numbers of C-atoms in branched chains 
(Shorland & Hansen, 1957). They occur in quantities of less than 2 %  of the total 
fa tty  acids. On gas-liquid chromatograms of the methyl esters these minor constitu
ents appear as peaks between those o f myristic, palmitic and stearic acid methyl 
esters (Smith, 1961). Herb, Magidman, Luddy & Riemenschneider (1962) have re
cently identified 27 minor fatty  acids in a cow’s milk, including a homologous series o f 
mono-unsaturated w,-acids with odd numbers of C-atoms from 15:1 to 23:1.

A recent review by von Neuhaus (1961) summarizes studies that have been 
conducted since the 19th century on the composition of sow’s milk. Among the 
more extensive investigations which have included fat analyses of sow’s milk are 
those of Braude et al. (1947), Bowl and, Grummer, Phillips & Bohstedt (1949a, b) 
and Perrin (1954).

Despite the numerous reports dealing with fa t levels of sow’s milk, few have 
dealt with the fatty  acid composition of the fat, and all were published before gas- 
liquid chromatographic analysis of fa tty  acids had been developed. A partial analysis 
of the fatty  acids in sow’s milk fat was given by L ax a  (1931), and a more complete 
analysis of one sample o f sow’s milk fa t was reported by de la Mare & Shorland
(1944). Sheffy, Phillips, Dymsza, Grummer & Bohstedt (1952) determined iodine 
and saponification number of sow’s milk fat, colostrum fa t and lard, and concluded 
that the fatty  acid composition of sow’s milk fat and lard are similar.

*  This work was supported in part by a grant from the National Research Council of Canada.
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The results presented here compare the fatty  acid composition of fa t in sow’s 
colostrum with that in milk later in lactation. Lim ited data are given on fa tty  acid 
composition of backfat from some of the same sows and of commercial lard.

EXPER IM EN T A L

Milk samples between the 4th and 5th weeks of lactation and colostrum samples 
at 5-12 h after farrowing were obtained from Yorkshire or Lacom be x Yorkshire 
cross sows. Milk let-down was induced by injection of 10 i.u. of oxytocin (Pitocin, 
Parke-Davis and Co.) (Howland, Grummer, Phillips & Bohstedt, 1949c). The colo
strum  and milk were obtained by milking the entire udder after the young pigs 
had been removed from the sow for at least 2 h. F a t  samples were taken by biopsy 
from the mid-back region of 2 sows of Lacom be x Yorkshire breeding, one receiving 
the standard ration and one receiving the high fat, high protein ration.

A standard lactation diet based on barley, wheat, oats and a  mixed protein supple
ment of soyabean meal, m eat scrap, linseed meal and fishmeal and containing 4-2% 
crude fat as determined by extraction with n-hexane, was formulated to meet 
National Research Council Nutrient Requirements for Swine (Beeson, Crampton, 
Cunha, Ellis & Luecke, 1949). This diet was fed to the 5 sows from which milk was 
obtained and to 5 sows from which colostrum was obtained. Colostrum and milk 
were obtained from the same sow in 4 of the 5 cases. Three sows from which milk 
samples were obtained were fed a diet containing 15%  stabilized tallow and 18%  
protein, but otherwise based on the same ingredients as the standard diet. These 
latter sows were restricted in feed intake to a  level 20 % below the other sows to 
equalize digestible energy and protein intake. All sows had been on similar diets 
from the time that they were 40 lb in weight and had no access to pasture from the 
time of birth.

Table 1. Factors for the correction of peak areas of fatty acid methyl esters, 
retention volumes of methyl esters relative to methyl myristate

Fatty  acid ester Correction factor Relative retention volume

Caprylic 0-81 0-33
Capric 0-86 0-44
Laurie 0-91 0-64
Myristic 0-96 1-00
Unidentified __* 1-19, 1-26, 1-44
Palmitic 1-01 1-64
Palmitoleic __* 1-87
Unidentified __* 2-08, 2-53
Stearic 1-06 2-70
Oleic MO 313
Linolic 1-14 3-69
Linolenic 1-20 4-62

*  Xo correction factors were used for palmitoleic and the unidentified fatty acids.

The milk fat was extracted from the milk with a  50/50 (v/v) mixture of ethyl ether 
and petroleum ether. Methyl esters o f the fa tty  acids were prepared as outlined by 
deMan (1961). The pentane solution of the methyl esters was injected directly on 
to ~he column of the gas chromatograph. The instrument was a Wilkens Aerograph
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model 110 with thermal conductivity detector. The column was 10 ft long, of 1/4 in
o.D. stainless steel, packed with 20 % diethyleneglycol succinate on 50-80 mesh 
firebrick. The column was held at 205 °C and the helium flow rate was 50 ml/min. 
The filament current was 250 mA. The areas under the peaks were measured by 
planimeter and converted to weight percentage methyl ester by using correction 
factors established with pure compounds under identical conditions. These correction 
factors are listed in Table 1 and are almost identical with those determined by Smith
(1961) under similar conditions.

F a t  and total solids contents of the milks were measured by the Mojonnier method, 
nitrogen by the K jeldahl method. Protein was calculated from K jeldahl nitrogen 
content by using the factor 6-38.

RESULTS AND DISCUSSION

The gross composition of the 5 milk samples from sows fed the standard die" 
averaged 18-3% total solids, 6-2% fat, 12-1% solids-not-fat and 5-8% protein 
(Table 2). There was an average of 8-4 % fat in the milk of the 3 sows receiving 15 % 
supplemental tallow in their diets but solids-not-fat and protein levels were similar 
to those in milk of the control group. W illett & M aruyam a (1946) have reported 
that the fat content of sow’s milk was increased to 10 %  when a diet containing high 
levels of garbage (27T % ether extractable material in the diet) was fed as compared 
to 6 % milk fat for other sows receiving a standard diet containing 2-8 % ether extract- 
able material.

The colostrum contained a higher level of protein than the milk samples which 
is in agreement with previous observations, e.g. Bowland et al. (1949a, b). F a t  con
tent of the colostrum was variable but on the average it was lower than milk fat 
levels. The colostrum samples were more variable in overall gross composition than 
were the milk samples. The results of colostrum and milk analyses were within the 
range o f the averages reported in the literature (von Neuhaus, 1961).

The milk fat from the sows receiving the high fat diet contained on the average
13-3% more oleic, 7-7% less palmitic, 3-7% less linoleic and 2-77% less palmitoleic 
acid than the milk fat from the sows fed the standard diet. In the milk from the sows 
receiving 15 % stabilized tallow, lauric and myristic acids were also lower, although 
these 2 fa tty  acids were not of m ajor quantitative significance in the milk fat. There 
was also more of the unidentified acids with retention volumes between palmitoleic 
and stearic. The retention volumes are listed in Table 1. The stabilized tallow used 
in this diet (Table 2) contained 1-8% of its fa tty  acids with the same peaks. Also 
the concentration of these minor unidentified acids in the backfat from a  sow 
receiving 15%  tallow in her diet was high.

The fatty  acid composition of colostrum fat differed in several respects from 
that of milk fat. Colostrum fa t contained no capric and lauric acids and only 
small amounts of myristic and palmitoleic acids. In colostrum fa t the unidentified 
fa tty  acids were present in lower concentrations than in the milk fat. The C18 fa tty  
acid content o f colostrum fat was relatively high (70% ). This contrasts with milk 
fa t obtained from the sows on the standard diet which contained less than 55%  
of C18 fa tty  acids. The high level of linoleic acid (20-9%) in colostrum fat was the most 
marked difference in any single fa tty  acid when compared with milk fat.
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The fa tty  acid composition of the sow’s backfat differed quite markedly from that 

of milk fa t and to a  lesser extent from colostrum fat. Backfat lacked capric and 
lauric acids, although traces of these acids were found in commercial lard. According 
to Maynard & Loosli (1962) lard contains traces of caprylic, capric and lauric acids. 
However, de la Mare & Shorland (1944) found no steam-volatile fa tty  acids (capric 
and lauric) in a  sample of p ig ’s backfat. These results are similar in m ost respects 
to those obtained in the present study. The backfat and milk fat from a sow given 
the diet containing 15 % of tallow showed the same differences in fa tty  acid composi
tion, i.e. lower in palmitic and linoleic and higher in oleic and in unidentified minor 
fa tty  acids.

Minor unidentified fa tty  acids with retention volumes between those of myristic 
and palm itic acids and between palmitoleic and stearic acids were present in the 
colostrum and milk fats, As it was not always possible to judge the number of these 
minor fa tty  acids, they have been listed together in two groups. The backfats of the 
two sows from which samples were taken contained no minor fatty  acids with reten
tion volumes between those of myristic and palmitic acids but did contain those 
with the higher retention volumes. The fatty  acid composition of the tallow used 
in these feeding experiments is also listed in Table 2. I t  contained both groups of 
minor fa tty  acids and also an unusually high proportion of oleic acid.

As with ruminants, the composition of the milk fat of the sow is more complex 
than the depot fat. This applies to the shorter chain fa tty  acids as well as to the 
unidentified groups. I t  is also evident from the results with milk from sows fed 
stabilized tallow, that some of the unidentified fa tty  acids m ay be of dietary origin.

The authors wish to acknowledge the assistance of Dr V. E . Mendel in performing 
the biopsies for obtaining the backfat samples and the technical assistance of Miss 
G. Buerger.
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S u m m a r y . A strain of Streptococcus lactis, C10, known to be resistant to lactenins, 
was found to be composed of 47 % resistant cells, 10% cells sensitive to lactoperoxidase 
and 43 %  cells sensitive to both agglutinins and lactoperoxidase. By subculturing a 
strain composed of 100%  resistant cells in different conditions of medium, tem pera
ture and incubation time, it was possible to obtain cultures composed of resistant 
and sensitive cells in various proportions. These findings help to explain how, 
after numerous subculturings in autoclaved milk, a resistant strain m ay become 
sensitive to the natural inhibitors o f milk.

When strains of lactic acid bacteria are subcultured daily in autoclaved milk they 
often lose all or part of their activity when reintroduced into raw milk. This loss of 
activity which results from an inhibition by the natural anti-bacterial substances of 
milk (lactenins) has been particularly demonstrated by Ja g o  & Swinbourne (1959).

We have confirmed these observations and shown that Streptococcus lactis C10, a 
‘ resistant stra in ’ which develops equally well in both raw and heated milk, loses 
after a few weeks of subculturing in autoclaved milk its ability to acidify raw milk 
but not reconstituted spray-dried m ilk: it becomes ‘ sensitive’ to lactenins. I f  sub
culturing in autoclaved milk is continued, the strain gradually loses all activity in 
both reconstituted and raw milk. On the other hand, another resistant strain of 
Str. lactis, C2, showed no sign of sensitivity to lactenins after 12 months o f sub
culturing in autoclaved milk.

We were interested in investigating the cause of a  resistant strain becoming sen
sitive. I t  could be assumed, as suggested by Ja g o  & Swinbourne (1959), that in a 
strain of resistant bacteria there would appear, after successive subculturings in 
autoclaved milk, sensitive variants which finally predominate through a mechanism of 
selection as yet unknown.

We therefore tried to find out whether a  resistant strain such as C10 contained, 
after several culturings, a certain proportion of sensitive cells and whether, in that 
case, the percentage o f sensitive cells in the total population varied when the strain 
was subcultured in different media a t various temperatures.

An examination was also made of another resistant strain C2 and of two strains, 
one (strain 760) sensitive to agglutinins and the other (strain 972) sensitive to both 
agglutinins and lactoperoxidase.
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m e t h o d s

Strains

The resistant strains C10 and C2 (Sir. lactis) were received as freeze-dried cultures 
fiom  Dr J .  Czulak o f the Commonwealth Scientific and Industrial Research Organ
ization, Melbourne, Australia. The sensitive strains 760 and 972 (Str. cremoris) were 
kindly provided as milk cultures by Dr J .  Tramer (United Dairies L td ., London); 
they were then freeze-dried in our laboratory.

Isolations

To study the relative proportion of resistant and sensitive cells in a  given culture, 
a  suitable dilution was inoculated on the surface o f a plate; of glucose agar (Lab- 
Lemco, 5 g ;  Difco yeast extract, 3 g ; E vans peptone, l o g ;  K 2H P 0 4, o g ;  
N aH P 0 4.1 2 H ,0 , 5 g ; glucose, I  g ; agar, 20 g ; water 1 1; pH 7-15).

One hundred colonies were picked at random and transferred to glucose broth. 
After incubation for 20 h at 30 °C the cultures obtained were kept at 4 °C until 
examined.

Determination of sensitivity to agglutinins and to lactoperoxidase

After incubation for 18 h the cultures to be tested were diluted ten thousandfold 
and 0-3 ml samples o f the diluted culture were inoculated simultaneously into:

(a) 3 ml of whey obtained by clotting raw skim-milk at 37 CC with rennet (0-5 ml 
of commercial rennet per 1 ml of milk) and sterilizing by filtration on an E K S  Carlson 
filter.

(b) 3 ml of whey prepared in a similar way but using milk which had been heated 
at 90 °C for 30 min and to which 0-02 % (w/v) C'aCL had been added to favour clotting. 
3 ml of the same whey as (b) to which was added 1 % of a  crude preparation of lacto- 
peroxide obtained by adsorbing lactoperoxidase from whey on resin IRC-50 (XE-64) 
and eluting with K 2H P 0 4 according to the method of Morrison, Hamilton & Stotz 
(1957) and Auclair & Portmann (1959).

After incubation for 18 h a t 30 °C the whey cultures (a) were examined for aggluti
nation. Cultures showing agglutination visible to the naked eye were considered to 
be derived from colonies of cells sensitive to agglutinins.

The p H ’s of the remaining cultures were measured using a glass electrode. A 
strain was considered to be sensitive to lactoperoxidase when the culture in heated 
whey plus lactoperoxidase was markedly inhibited compared with the culture in 
heated whey containing no lactoperoxidase: a difference of 0-8 pH  unit was considered 
as significant, the difference generally observed for the sensitive strains being 1-5— 
2 units.

RESULTS 

Strain Cu,

The first culture (A) of the resistant strain C10 obtained in glucose broth directly 
from the freeze-dried culture was found to contain 47 % of cells which were resistant 
to lactenins, 10 % of cells sensitive to lactoperoxidase only and 43 % of cells sensitive 
to both agglutinins and lactoperoxidase (Table 1).
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From  one of the resistant cultures obtained in th is  way (culture B), 100 colonies 
were isolated and studied as above. Isolations were made also from one of the cul
tures sensitive to lactoperoxidase (culture C) and from one of the cultures sensitive 
to both agglutinins and lactoperoxidase (culture D). The results (Table 1) show that, 
even in the first subculture of a colony of resistant cells (B), 1 % of the cells were 
sensitive to lactoperoxidase and in a culture derived from a single colony sensitive 
to lactoperoxidase (C), 4 % of the cells were sensitive both to agglutinins and to 
lactoperoxidase. All cells of culture I), derived from a  colony sensitive to both 
inhibitors, were sensitive to both inhibitors.

Sensitiv ity  of  S t r e p t o c o c c u s  la c t is  to lactenins

Table 1. Percentage of cells resistant or sensitive to lactenins in different 
cultures of Streptococcus lactis 6'10

Cells sensitive 
to both

Cells sensitive agglutinins Cells growing 
Resistant to and slowly

Cultures cells lactoperoxidase lactoperoxidase in whey

A 47 10 43 0
B 99 1 0 0
C 0 96 4 0
D 0 0 100 0
B . 98 1 0 1
B„ 100 0 0 0
b 3* 100 0 0 0
b 4* 35 40 0 25
b 5 0 0 100 0
Be 69 24 0 7
a * 90 10 0 0
b 8 98 2 0 0

*  20 colonies tested instead of 100.
A Original culture.
B Resistant culture isolated from A.
C Culture isolated from A and sensitive to lactoperoxidase.
D Culture isolated from A and sensitive to both agglutinins and lactoperoxidase.
B j, B 2, etc. Resistant cultures isolated from B and subcultured under the following conditions:
B j 16 wreekly subcultures in autoclaved litmus milk (1%  inoculum), the cultures being stored at 

4 CC before incubation at 30 °C for 16 h.
B 2 28 weekly subcultures in autoclaved litmus milk (10 ° 0 inoculum) the cultures being stored at 

4 °C after incubation at 30 °C for 6 h.
B3 32 twice-weekly* subcultures under conditions of B 2.
B4 28 weekly subcultures in glucose broth (10%  inoculum), the cultures being stored at 4 CC after 

incubation at 30 °C for 6 h.
B 5 200 twice-daily subcultures in autoclaved litmus milk (1 % inoculum), the cultures being incubated 

at 30 °C for 8 or 16 h, and scored at 4 °C during week-ends before incubation.
B6 100 daily subcultures in autoclaved litmus milk (1 % inoculum), the cultures being incubated at 

20 °C for 24 h and stored at 4 °C during week-ends before incubation.
B 7 32 twice-weekly subcultures in autoclaved litmus milk (10 % inoculum) the cultures being stored at 

4 °C after incubation at 20 °C for 16 h.
B8 Culture in autoclaved litmus milk (1 % inoculum) stored 3 months at 4 °C before incubation at 30 °C 

for 16 h.

One of the resistant cultures, derived from B , was then subcultured under different 
conditions and the sensitivity of the final subcultures to lactenins was tested (Table 1 ).

It can be seen that cultures B x, B 2 and B 3, which were subcultured once or twice 
per week in autoclaved litmus milk, still had at the end of 4 months nearly 100%

23 Dairy Res. 30



of resistant cells. On the other hand, culture B 4, which was subcultured weekly 
28 times in glucose broth, contained a high proportion of cells sensitive to lacto- 
peroxidase (40 %) and of cells growing slowly in whey (25 %). The latter are probably 
cells which have lost their ability to ferment lactose after continuous subculturing in 
glucose broth.

Culture B s, which was subcultured 200 times in 4 months (twice a day in auto
claved litmus milk) was constituted entirely o f cells sensitive both to agglutinins and 
to lactoperoxidase.

Cultures B 6 and B 7, maintained in autoclaved milk a t 20 °C, still had a m ajority of 
resistant cells after 4 months, but they contained a high proportion of cells sensitive 
to lactoperoxidase; the greater the number of subculturings, the higher was this 
proportion.

Finally culture B 8, kept in the refrigerator without incubation, was still almost 
entirely resistant after 3 months (98%  of resistant cells), like the original culture B.

In none of the cultures studied were any cells found sensitive to agglutinins 
which were not also sensitive to lactoperoxidase.

Strains 760 and 972

An examination of a culture of the resistant Str. lad is  C2 showed that it contained 
100%  of resistant cells. Similarly the agglutinin and lactoperoxidase sensitive Str. 
cremoris 972 was found to contain 100 % of cells sensitive to both inhibitors. On the 
other hand, although the agglutinin-sensitive Str. cremoris 760 contained 100%, 
of cells sensitive to agglutinins, 48 % were also sensitive to lactoperoxidase.

3 4 8  J .  A u c l a i r  a n d  Y v o n n e  V a s s a l

DISCUSSION

The presence, in a  bacterial strain resistant to lactenins (lactoperoxidase and 
agglutinins), of some cells which after isolation produce cultures sensitive to these 
inhibitors, m ay explain how, after numerous subculturings in autoclaved milk, a 
resistant strain m ay become sensitive. In the case of the resistant strain C10, variants 
sensitive to lactoperoxidase could be detected in the first subculture from a resistant 
colony. Variants sensitive to both agglutinins and lactoperoxidase only appeared 
later, after a certain number of subculturings.

On the other hand, it is interesting to note that weekly subculturing of a resistant 
strain B 2 (100%  of resistant cells) for 4 months in litmus milk, keeping the clotted 
cultures in the refrigerator between each subculturing, did not modify the charac
teristics of resistance of this strain. However, by subculturing the same strain twice 
a day for 4 months, a  culture was obtained consisting entirely of sensitive cells (B 5).

The method of subculturing, and also the culture medium used, have therefore 
a great influence on the characteristics of sensitivity of the cultures derived from a 
strain originally resistant (B).

In  the cultures derived from the resistant strain C10, none was observed which 
was sensitive to agglutinins only. However, a few inactive cultures (cultures unable 
to ferment lactose) were obtained particularly after subculturing for 7 months in 
glucose broth.
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The ease with which strain C10 gives variants sensitive to lactoperoxidase and to 
agglutinins is certainly one of the characteristics o f this strain. On the other hand, 
it was observed that the other resistant strain, C2, consisting of 100%  of resistant 
cells, was still resistant after several months o f subculturing.

Exam ination of the two sensitive strains 760 and 972 showed that neither of them 
contained resistant cells. However, strain 760, considered to be sensitive only to 
agglutinins (Wright & Tramer, 1957; Auclair & Portmann, 1959), contained cells 
sensitive both to agglutinins and to lactoperoxidase. As for strain 972, known to be 
sensitive to both agglutinins and lactoperoxidase (Wright & Tramer, 1958; Auclair 
& Portmann, 1959; Portmann & Auclair, 1959), it contained 100%  of cells sensitive 
to both inhibitors. The question arises whether a strain such as the latter differs 
from the cultures derived from C10 which presented the same characteristics of 
sensitivity. I t  has been observed in a previous study (Portmann & Auclair, 1959) 
that the sensitive strains 760 and 972 were inhibited by different agglutinins. B y  
using the method of adsorption of agglutinins then employed we have been able to 
show that the cultures derived from C10 and sensitive to agglutinins (and at the same 
time to lactoperoxidase), belong to an antigen group different from the 5 groups 
already described (Portmann & Auclair, 1959) and in particular from 972 and 760. 
I t  appears that a specific antigen has been unmasked on the surface of the cells of 
strain C10 during subculturing in autoclaved milk, an antigen whose homologous 
antibody exists normally in cow’s milk.

In  the case of strain C10 no differences in biochemical characteristics or phage 
sensitivity were found between the resistant cultures, the cultures sensitive to lacto
peroxidase and the cultures sensitive to both agglutinins and lactoperoxidase. They 
all had the typical biochemical characteristics of Str. lactis and were sensitive to the 
same phages.
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S u m m a r y . Transduction experiments w ere carried out using recipient strain Strepto
coccus lactis C2Ss (streptomycin-sensitive) and virulent phages prepared on donor 
strain Str. lactis C2S r (streptomycin-resistant). At a high multiplicity of infection of 
10, transduction to streptomycin resistance occurred at a  frequency approxim ately 
1 in 30 surviving cells and the recombinant character exhibited a  delayed expression. 
Transduction did not occur when phages propagated on Str. lactis C2SS were used or 
when phage antiserum was added to the transducing phage suspension. The trans
ducing phage manifested an altered lytic cycle following passage through the 
Str. lactis C2Sr donor which rendered it incapable of reinfecting the donor but did not 
alter its virulence for the Str. lactis C2Ss recipient.

Recent studies o f enteric and other bacteria have produced evidence of the occur
rence of culture variation as a consequence of genetic exchange. While several 
types o f exchange have been described (Jacob & Wollman, 1961), it is likely that 
transduction, i.e. the bacteriophage-mediated transfer between bacteria of deoxy
ribonucleic acid (DNA), plays an im portant role in causing variations in mixed cul
tures of strains of lactic streptococci. Such a phenomenon has not previously been 
reported in lactic acid bacteria. Indeed, the only Gram-positive bacteria w'hich have 
been reported to undergo transduction are Bacillus subtilis (Thorne, 1961), B. 
licheniformis (Thorne, pers. comm.) and Staphylococcus aureus (Ritz & Baldwin, 
1958; Morse, 1959).

I t  is the purpose of this paper to report the transduction of streptomycin resistance 
in Str. lactis and to describe some of the properties of this transducing system ; a 
preliminary report has already been made (Sandine, Elliker, Allen & Brown, 1962).

METHODS 

Bacterial cultures

Str. lactis prototroph strain C2, obtained from the stock culture collection m ain
tained in the Department of Microbiology a t Oregon State University, was used as 
the recipient. I t  was sensitive to 250 pg/ml of streptomycin and was therefore desig
nated C2Ss ; a m utant (C2S r) of this strain isolated by Brown (1962) and resistant to 
2000 pg/ml of streptomycin served as donor in the transduction of streptomycin 
resistance.

*  Technical paper no. 1633, Oregon Agricultural Experiment Station, Corvallis, contribution of the 
Department of Microbiology.



Cultures were maintained by weekly transfer of a 1 % inoculum into the lactic 
broth of Elliker, Anderson & Hannesson (1956) containing only glucose as the added 
sugar (LG broth); incubation was a t 30 °C for 18-20 h. In  preparation for each 
transduction experiment, cultures were maintained in the log phase of growth by 
transferring 4-5 h-old cultures into fresh, sterile LG  broth. Sir. lad is  C2S r and 
C23s were periodically screened for reversion to streptomycin sensitivity and m uta
tion to antibiotic resistance, respectively, by inoculation into LG  broth containing 
streptomycin at final concentrations of 250, 500, 1000 and 2000 pg/ml.
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Preparation and assay of phage suspensions

Bacteriophage c2, capable of infecting both donor and recipient organisms, was 
obtained from Dr E . B . Collins, University of California at Davis. Transducing 
phage lysates were prepared on Str. lad is  C2S r and control lysates were prepared on 
Str. lad is  C2Ss. One ml of the appropriate phage preparation was delivered into a 
sterile 18 x 150 mm test tube, to which was added 0-5 ml of the appropriate sen
sitive indicator bacterium in the log growth phase, and the mixture was incubated 
for 15 min. The mixture was then inoculated into 50 ml of LG  broth containing 
2 >: 10_3M-CaCl2 and incubated at 30 °C for 4 h. In  a second 50 ml control flask 
of broth, 0-5 ml of the sensitive host bacterium was substituted for the phage m ix
ture. After 4 h, the phage-containing culture was lysed, in contrast to the uninfected 
control culture. The lysate was adjusted to pH  7 and found in repeated trials to 
contain approxim ately 108 plaque-forming units (pfu) per ml when assayed by the 
overlay method (Adams, 1959) using a semi-solid agar seeded with 107 host cells.

Concentration of phage suspensions
Since a direct proportionality exists between the number o f transductants and 

amount of phage (Morse, 1959), the transduc-ing-phage preparations were concen
trated ; 50 ml portions of lysate were poured into dialysis tubing (12 x |  in) which 
had been previously boiled for 10 min in a 2-0% (w/v) solution of ethylenediamine- 
tetra-acetic acid. The tubing was then submerged in 50 g of polyethylene glycol 
4000 (Union Carbide Chemical Co., Charleston, X . Va.) and the lysate was permitted 
to concentrate by dialysis over a period of approxim ately 3 h a t room temperature. 
The concentrated lysate was filtered through a sterile millipore filter with an average 
pore diameter of 0'3/r and the filtrate assayed for pfu. Preparations exhibiting at 
least 109 pfu/ml were used as transducing lysates. They were streaked on LG  agar 
to ensure sterility.

Transduction technique
A modification of the procedure of Lennox (1955) was used to effect transduction. 

Recipient culture, grown in 40 ml of LG  broth until in the log phase of growth and 
containing approxim ately 4 x 10° cells, was centrifuged at 12000 rev/min in a  Sorvall 
Model SS-1 centrifuge for 20 min. The pellet was resuspended in 2 ml of LG  broth 
to provide approxim ately 2 x 109 cells/ml. A 0-2 ml sample o f the suspension, 
containing approxim ately 4 x 108 cells, was combined with 1-8 ml of the transducing 
phage containing about 109 pfu/m l; this provided a  final phage to host ratio of



approxim ately 10:1. In experiments where a phage to host ratio of 1:1 was desired, 
the phage lysates were used without concentration.

As a control to measure the frequency of spontaneous m utation to antibiotic 
resistance, LG  broth was substituted for the phage lysate in another tube. Also in 
order to establish the necessity that transducing phage be prepared on the strepto
mycin-resistant strain to bring about the transfer of streptomycin resistance, phage 
lysate prepared on the Str. lactis C2Ss recipient strain was substituted for trans
ducing phage in a third tube.

Following a  20 min period at 30 °C, the transduction mixtures were centrifuged, 
washed twice in 5 ml portions o f LG  broth, and finally suspended in 2 ml of the 
same medium. The bacterial kill by virulent phages was estim ated by comparing 
bacterial plate counts before and after phage infection.

Preliminary screening for streptomycin resistance was conducted in broth. 
Samples (0-2 ml) from each of the control and experimental suspensions were inocu
lated directly into 1 tube of LG  broth and 6 tubes of the same medium supple
mented with 1000 pg/ml of streptomycin. In quantitative experiments, an agar 
medium was substituted for the broth; samples (0-2 ml) from the control and experi
mental suspensions were spread over the surface of previously prepared LG  agar 
plates. The plates were incubated for 5 days at 30 °C then replicas prepared (Leder- 
berg & Lederberg, 1951) on LG  agar plates containing 250 pg/ml of streptomycin. 
The replica plates were incubated at 30 °C for 5 days and observed for the develop
ment of colonies.

Colonies growing on the replica plates were picked into LG  broth. Following 
incubation for 24 h at 30 °C, transfers were made into the same broth containing 
250 pg/ml o f streptomycin. From  these mature cultures (18 h), 0-01-ml samples 
were removed with a loop, stained and examined microscopically. Gram-positive 
streptococci, morphologically and culturally indistinguishable from Str. lactis, were 
observed.

Antiserum preparation

Antiserum was prepared in rabbits by intravenous injection of phage c2, which 
had been collected by high-speed centrifugation (144 000 g ), washed once with a solu
tion containing 0-15M-NaCl and 0-001 M-MgS04, and re-suspended to a  concentration 
of about 1012 pfu/ml. Each of 4 rabbits was injected with 0-5 ml of the phage sus
pension and injections were repeated every second day for 2 weeks. Sera were 
collected a week after the last injection.

Deoxyribonuclease preparation
A stock solution of sterile deoxyribonuclease (DNase) containing 45000 Dornase 

units/mg (California Corporation for Biochemical Research) was prepared by dis
solving 200 mg of the enzyme in 10 ml of distilled water and filtering through a 
millipore filter with an average pore diameter of 0-3 p. This stock solution was diluted 
1:10 with sterile distilled water to obtain a concentration of 2 mg/ml.

Transduction  in  S t r e p t o c o c c u s  la c t is  3 5 3
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r e s u l t s

Effect of high and low multiplicities of infection

Transduction of streptomycin resistance by virulent phage c2 was examined using 
as the recipient Str. lactis C2Ss, which has never been observed to m utate spon
taneously to antibiotic resistance. Recombinants which were screened in broth con
taining 1000 pg/ml of streptomycin immediately following transduction were unable 
to grow. However, those which were allowed a period of time for delayed expression 
in LG  broth grew on repeated transfer in broth containing 1000 pg/ml of strepto
mycin. From results of a typical experiment in Table 1, it m ay be seen that a low 
multiplicity of infection (moi—the ratio of number of phage particles to number of 
bacteria) proved ineffective, while a high moi resulted in the production of recom
binant progeny. The frequency of transduction at a high moi was at least 1 in 103 
surviving cells.

Table 1. Effect of low and high multiplicity of infection (moi) on the transduction of 
streptomycin resistance from  Str. lactis C2S V to Str. lactis C2S s mediated by phage c2

]Experiment I. Experiment II.
moi =  1 moi = 1 0

Phage tit re (pfu/ml) o x IO9 1 x IO9
No. of surviving cells/ml 1 x IO3 1 x IO3
Growth of survivors No Yes

in Lg broth containing 
103 units/ml of streptomycin 

Minimum frequency of 0 1/103
transduction 'ml*

* Controls without added phages or with phages propagated on Str. lactis C2Sa revealed no growth in 
streptomycin-containing broth.

Table 2. Frequency of transduction of streptomycin resistance mediated by phage c2 
propagated Str. lactis C2S X and used to infect Str. lactis C2S s as revealed by the replica 
plating technique

Host for phage propagation

Control (no phage] Str. lactis C2SS Str. lactis C2S.r

Phage titre, pfu/ml 0 1 x 109 1x111s
No. of surviving cells/ml 1 x 10s 1 x 102 S x IO2
Mean no. of colonies/ Uncountable 50 186
master plate

Mean no. of transductants/ 0 0 6*
replica plate

Frequency of transduction 0 0 l/2?t
*  6 colonies/0*2 ml of transduction mixture, 
t  Based on 800 survivors/ml.

Frequency of transduction

The frequency of transduction was determined by plating the surviving cells on 
LC- agar, and replica plating on agar containing 250 pg/ml of streptomycin. Scoring 
the plates after 5 days of incubation at 30 °C for recombinant clones indicated 1 in 
27 survivors were transduced; typical results appear in Table 2.
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Experiments with antiserum and deoxyribonuclease (DNase)

To ensure that the recombinational events resulting in the transfer of streptomycin 
resistance were phage mediated and not caused by DNA present in the phage lysate, 
experiments were done using phage antiserum and DNase. The antiserum inhibited 
plaque formation (Table 3) and was tested for its effect on the ability of phage 
lysates to produce recombinants. Table 4 shows the inability o f antiserum-treated 
phage to produce recombinants while phage pretreated with pre-immune serum 
exhibited a recombinational frequency approxim ately equal to that obtained with an 
untreated C2Sr phage suspension. Control samples without phage produced no 
recombinants, indicating that none of the cells mutated. When phage suspension 
prepared on Str. lactis C2Ss was substituted for one prepared on Str. lactis C2Sr, no 
recombinants were observed, indicating that the genetic exchange was only mediated 
by the latter preparation.

Results o f DNase experiments are also shown in Table 4. The inability of the 
enzyme to lower the recombinational frequency is evident.

Table 3. Effect of pre-immune and phage antiserum on plaque formation 
by phage c2 assayed on Str. lactis C2S s

Plaques/plate
Dilution of ,----------------------- *-----------------------,

phage With pre-immune serum With antiserum

10-2 Confluent lysis >  300
10~3 Confluent lysis 30
10~4 Confluent lysis 3
10~5 Confluent lysis 0
10-6 Near confluent lysis 0
10-’ >  1000 0
10-« 8 0

One ml of pre-immune serum or antiserum plus 1 ml of phage suspension prepared on Str. lactis 
C2Sr was held 20 min at 30 °C. The samples were then diluted in LG broth and plated with Str. lactis 
C2Ss in a semi-solid overlay on prehardened solid LG agar base.

Table 4. The effect of DNase, phage antiserum and source of phage on transduction 
of streptomycin resistance in  Str. lactis

c2Sr phage Normal Phage
DNase
solution

c2Ss
phage

No. of re
combinants/ 

ml of
suspension, LG  broth, serum, antiserum, (2 mg/ml), suspension, transduction

ml ml ml ml ml ml mixture

0 2-0 0 0 0 0 0
10 1-0 0 0 0 0 26
1-0 0 1-0 0 0 0 30
1-0 0 0 1-0 0 0 0
1-0 0 0 0 1-0 0 31

0 1-0 0 0 0 1-0 0

Cells (0-2 ml of 4-h culture) of Str. lactis C2S” were incubated for 30 min at 30 °C with the constituents 
given in the table. Samples were plated on LG agar, incubated for 5 days at 30 °C and replica plated 
on solid LG agar plates containing 250 /ug/ml of streptomycin sulphate. The c2Sr phage (1010 pfu/ml) was 
propagated on Str. lactis C2Sr; c2S8 phage (1010 pfu/ml) was propagated on Str. lactis C2SS.

i



356 L o i s  K .  A l l e n , W .  E .  S a n d i n e  a n d  P .  R .  E l l i k e r

Lytic cycle of the transducing phage

During the course of this study it was noted that the c2 phage exhibited an altered 
lytic cycle following propagation on the Str. lactis C2S r donor. This phage, when pro
pagated in LG  broth, would repeatedly lyse the Str. lactis C2Ss strain, yielding a phage 
lysate containing about 108 pfu/ml. The phage particles present in such a culture 
lysate also were able to lyse the Str. lactis C2S r strain, resulting in lysate of equally 
high titre. The phage particles produced in this latter propagation, however, were 
incapable of lysing a second time the Str. lactis C2Sr host from which they were 
originally obtained; also, plaques were not produced on this indicator in semi
solid overlay. However, this altered phage was capable of lysing the original Str. 
lactis C2SS strain, but with production of only about 106 pfu/ml. The particles formed 
in the recycling of the Str. lactis C2S r phage through Str. lactis C2Ss host were found 
again to be capable of m aturation on the Str. lactis C2Sr victim. Reasons for the 
inability of the c2 phage to propagate on the streptomycin-resistant host are not 
clear, and this phenomenon is being studied further.

DISCUSSION AND CONCLUSIONS

The demonstration of phage-mediated genetic exchange in Str. lactis brings to 
light another factor which m ay contribute to variability in mixed strain lactic 
acid starter cultures. The prevalence o f bacteriophages for lactic streptococci 
provides ample opportunity for transduction to occur under commercial conditions, 
especially since this process has been found to occur also in milk (Allen, Sandine 
& Elliker, unpublished data). I t  is likely that any character which cells express m ay 
be conferred upon other cells by this exchange; for example, transduction of a 
nutritional marker (tryptophan independence) in Str. lactis has been shown recently 
(Sandine et al. 1962). Consequently, it m ay be seen how a normal starter culture 
m ay assume, in only a  few transfers, an undesirable flavour or body characteristic. 
This would be especially true if  transduction under natural conditions occurs a t the 
high frequency observed in this study.

The occurrence of lysogenic lactic streptococci (Reiter, 1949; Sandine et al. 1962), 
which spontaneously release phages that m ay infect other strains in a mixed strain 
culture, establishes a condition for culture variation which seems impossible to 
prevent a t the present time. While precautions m ay be exercised to prevent intro
duction of phages from the outside environment, or the adsorption and proliferation 
c f these phages once they do gain entry (United States Departm ent of Agriculture,
1962), it would appear that little can be done to prevent transduction by phages 
released from a lysogenic cell. One possible approach to this problem, however, 
which is being used in the United States, is to avoid the transfer of mother cultures; 
lyophilized cultures are used to inoculate as much as 5 gal of milk, thus providing 
sufficient m ature culture to inoculate 500-1000 gal of bulk starter, cultured butter
milk, or sour cream. When such lyophilized mixed strain starter cultures are used, 
the decrease in number o f transfer operations in the dairy provides additional in
surance against phage contamination.

The existence of lysogenic lactic streptococci provides opportunity for another
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genetic exchange phenomenon to occur, namely phage conversion. This process, like 
transduction, is phage mediated. In  this case, the DNA of the phage particle is 
integrated with that of the lysogenic cell, which, as a  result, exhibits new charac
teristics. This so-called conversion, as exemplified by acquisition of a  new character 
upon lysogenization, is a well-documented contributor to bacterial variation (Free
man, 1951; Groman, 1960), but has not yet been shown to occur in lactic acid bacteria.

Recently, Moller-Madsen (1962) reported transformation of the ability to produce 
a m alty aroma between strains of Str. lactis; DNA isolated from aroma positive 
strains, when added to milk cultures of aroma negative strains, conferred upon them 
the ability to produce a  m alty aroma. Autolysis and lysis o f cells by antibiotics, 
phages and lysozyme-like substances m ay permit such a process to occur. However, 
whether this method of genetic exchange plays a significant role in starter culture 
variation under plant conditions remains to be determined.

We are grateful to Dr C. B . Thorne for his interest and advice during this work. 
The excellent technical assistance of Miss Carole Mahaney is also acknowledged. 
The research was supported by research grant G 14703 from the National Science 
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S u m m a r y . The volatile components of milk have been isolated in a form suitable for 
application to a  gas chromatograph, using the simple rapid technique of entraining 
them in a gas stream and trapping in a syringe barrel cooled in liquid nitrogen.

The souring process in milk which occurred during incubation at 22 °C was followed 
by observing the differences between chromatograms of samples taken at intervals. 
Onset of souring was detected w ith a sensitivity similar to that obtained by measure
ment of pH , but the chromatographic method had the advantage o f being indepen
dent of the initial pH  and buffering power of the milk.

With suitable chromatographic apparatus the total analysis time including the 
preparation of the sample could be about 3 min. Modifications are discussed which 
would increase the speed of analysis, and thus form a basis for the development of a 
practical method of assessing the odour of milk before processing.

The advent of gas-liquid chromatography has opened a new chapter in flavour 
research. I t  has so far revealed the chemical complexity of various aromas, but, in 
general, the identification of all the separated components has not been completed 
and their contribution to flavour has not been assessed. In  less demanding situations 
the detailed analytical data  obtained by gas chromatography, and the ease with which 
the technique can be autom ated, have combined to make it a powerful method of 
controlling chemical processes (Bartle, 1960). Its  use for such purposes received a 
new impetus with the introduction of fast analysis capillary columns requiring only 
seconds for their operation (Scott & Cumming, 1960).

Until now the detection of off-flavours in milk, as received on the dairy platform, 
has been a subjective process based on smell. Where undesirable bacteriological 
changes are suspected more tests, e.g. reduction of resazurin, clot on boiling, bacterial 
counts, are employed, but these are time-consuming and often provide inadequate 
information as to the cause o f the defect. Analysis o f the volatile components of 
milk by gas chromatography should give objective and detailed information con
cerning their amount and identity. Also, since food taints and frequently bacterial 
products are of a volatile nature, both defects should be detectable in one operation.

The testing of all milk received at the dairy would be prac ticable only if  it could 
be done as rapidly as cans are handled. However, the swifter the test the more
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d if f ic u l t  i t  b e c o m e s  t o  o p e r a t e  m a n u a l ly .  T h e  a u t o m a t i c  n a t u r e  o f  g a s  c h r o m a t o 

g r a p h i c  a n a l y s i s  m a k e s  i t ,  th e r e f o r e ,  h ig h ly  s u i t e d  f o r  t e s t s  o f  t h i s  k in d .

P r e v i o u s  a t t e m p t s  t o  a p p l y  g a s  c h r o m a t o g r a p h y  t o  t h e  e x a m in a t i o n  o f  m i l k  h a v e  

b e e n  c o n c e r n e d  m a in ly  w it h  f e e d  t a i n t s  (W y n n , B r u n n e r  &  T r o u t ,  1 9 6 0 )  a n d  f l a v o u r s  

r e s u l t in g  f r o m  p r o c e s s in g  ( P a t t o n ,  1 9 6 1 ) , a l t h o u g h  a  r e c e n t  i n v e s t i g a t i o n  d e a l t  w it h  

t h e  n o r m a l  f l a v o u r  o f  m i lk  a n d  c r e a m  (W o n g  &  P a t t o n ,  1 9 6 2 ) . I n  n e a r l y  a l l  i n s t a n c e s  

d i s t i l l a t i o n  a n d  e x t r a c t i o n  p r o c e d u r e s  h a v e  b e e n  u s e d  t o  c o n c e n t r a t e  t h e  v o l a t i l e  

s u b s t a n c e s  a n d ,  a s  f a r  a s  p o s s ib le ,  t o  r e m o v e  w a t e r  f r o m  t h e  s a m p le .  S u c h  m e t h o d s  

a r e  l a b o r io u s  a n d  in t r o d u c e  t h e  p o s s i b i l i t y  o f  c h a n g in g  t h e  c o m p o s i t io n  o f  t h e  s a m p le  

b y  h e a t  t r e a t m e n t  ( L a w r e n c e ,  1 9 6 3 )  o r  s e l e c t iv e  e x t r a c t i o n .  A l s o ,  a  m u l t ip l i c i t y  o f  

t e c h n iq u e s  in c r e a s e s  t h e  d a n g e r  o f  c o n t a m in a t io n ,  w h ic h  i s  a  r e a l  h a z a r d  w h e n  

d e a l in g  w it h  s u b s t a n c e s  l ik e  m i lk  w h ic h  h a v e  a  lo w  f l a v o u r  le v e l  a n d  w h e n  t h e  m o r e  

s e n s i t iv e  d e t e c t o r s  a r e  b e in g  e m p lo y e d .

T o  a v o i d  t h e s e  d i f f i c u l t ie s  M a c k a y ,  L a n g  &  B e r d i c k  (1 9 5 9 ) ,  u s i n g  t h e  s e n s i t iv e  

a r g o n  d e t e c t o r ,  h a v e  s h o w n  t h a t  t h e  v a p o u r  a b o v e  b a n a n a s  in  a  c lo s e d  v e s s e l  c a n  b e  

s u c c e s s f u l ly  a n a l y s e d  b y  d i r e c t  in je c t io n  o f  a  5 - 1 0  m l  v a p o u r  s a m p le .  A  r e l a t i v e l y  

h ig h  f l a v o u r  le v e l  i s  r e q u ir e d  f o r  t h i s  t e c h n iq u e  t o  b e  s u c c e s s f u l .  I n  a d d i t i o n ,  t h e  h ig h  

s a m p le  v o lu m e  d im in i s h e s  c o lu m n  e f f ic ie n c y . N e v e r t h e le s s ,  a  r e c e n t  a t t e m p t  t o  

a p p l y  t h i s  t e c h n iq u e  t o  m i lk  h a s  s u c c e e d e d  in  d e m o n s t r a t i n g  c h a n g e s  in  c h r o m a t o 

g r a m s  a s  o x i d a t i v e  o f f - f l a v o u r s  d e v e lo p e d  ( J e n n i n g s ,  V i l jh a lm s s o n  &  D u n k le y ,  1 9 6 2 ) . 

H o w e v e r ,  t h e  v e r y  h ig h  s e n s i t iv i t y  o f  d e t e c t io n  r e q u ir e d  e n h a n c e d  t h e  d a n g e r  o f  

c o n t a m in a t io n  a n d  n e c e s s i t a t e d  t h e  p r e p a r a t io n  o f  s a m p l e s  o u t s id e  t h e  l a b o r a t o r y .  

I n  o r d e r  t o  o b t a i n  m e a n in g f u l  r e s u l t s  b y  t h i s  t e c h n iq u e  i t  i s  c le a r  t h a t  t h e  v a p o u r  

s a m p le  m u s t  b e  in  e q u i l ib r iu m  w it h  t h e  m ilk ,  a  r e q u ir e m e n t  w h ic h  w o u ld  b e  d i f f ic u l t  

t o  m e e t  i f  m i lk  in  c h u r n s  w e r e  u n d e r  t e s t .  A l s o ,  a l t h o u g h  t h e  c o m p o s i t io n  o f  t h e  

e q u i l ib r iu m  v a p o u r  i s  r e l a t e d  t o  t h e  c o m p o s i t io n  o f  t h e  v o l a t i l e  s u b s t a n c e s  in  t h e  

m i lk ,  i t  i s  r e l a t i v e l y  m o r e  c o n c e n t r a t e d  in  t h e  c o m p o n e n t s  w it h  h ig h  v o l a t i l i t y .  

F o r  t h e s e  r e a s o n s  i t  w o u ld  b e  p r e f e r a b le  i f  t h e  m i lk  i t s e l f  w e r e  e x a m in e d .

W ith  t h e  o b je c t i v e  o f  a  p r a c t i c a l  t e s t  f o r  m i lk  f l a v o u r  q u a l i t y  in  v ie w , i t  s e e m e d  

d e s i r a b le  t o  s e e k  a  m e t h o d  o f  p r e p a r in g  t h e  v o l a t i l e  c o m p o n e n t s  f r o m  m i lk  w h ic h  w a s  

s im p le  a n d  q u ic k  in  o p e r a t io n ,  i n v o lv e d  n o  t r e a t m e n t  w it h  s o lv e n t s ,  a n d  w h ic h  p r o 

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

T o  a s s e s s  t h e  t e c h n iq u e  w h ic h  w a s  d e v e lo p e d ,  i t s  a b i l i t y  t o  fo l lo w  t h e  s o u r in g  o f  

m i lk  w a s  d e t e r m in e d .  A  p r e l im in a r y  r e p o r t  o f  t h e  r e s u l t s  o b t a i n e d  h a s  a l r e a d y  b e e n  

p u b l i s h e d  ( M a b b i t t ,  1 9 6 3 ) .

L .  A .  M a b b i t t  a s d  G i l l i a n  M c K i n n o n

M A TERIALS AND METHODS

M i l k .  T h e  r a w  m i lk  u s e d  -was m i x e d  m o r n in g  a n d  e v e n in g  m i lk  h e ld  a t  4 0  ° F  

f r o m  t h e  I n s t i t u t e ’s  E x p e r i m e n t a l  D a i r y .  W h e n  r e c e iv e d  i t s  e v e n in g ’s  c o m p o n e n t  

w a s  17 h  o ld  a n d  t h e  m o r n in g ’s  c o m p o n e n t  3 h  o ld .  I t  w a s  s t e r i l i z e d  a s  r e q u ir e d  b y  

s t e a m i n g  f o r  \  h  in  1 0 0  m l  q u a n t i t i e s  o n  3 s u c c e s s iv e  d a y s .

I n o c u l a t i o n .  S t r e p t o c o c c u s  l a c t i s  ( N .C .D .O .  7 1 2 )  w a s  g r o w n  o v e r n ig h t  a t  2 2  ° C  in  

Y e a s t r e l - g l u c o s e  b r o t h ,  a n d  1 m l  o f  a  1 0 _ 7 d i lu t io n  o f  t h e  c u l t u r e  w a s  a d d e d  a s e p t i c -  

a l l y  t o  1 0 0  m l  o f  t h e  s t e r i le  m i lk .  B a c t e r i a l  g r o w t h  w a s  f o l lo w e d  b y  p l a t i n g  d i lu t io n s  

o f  t h e  m i lk  o n  Y e a s t r e l - g l u c o s e  a g a r  a n d  c o u n t in g  c o lo n ie s  a f t e r  3 - d a y s ’ i n c u b a t i o n  

a t  3 0  °C .
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C h r o m a t o g r a p h y .  A  P y e  C h r o m a t o g r a p h  w it h  a n  a r g o n  d e t e c t o r  c o n t a in in g  90S r  

a s  r a d i o a c t i v e  s o u r c e  w a s  u s e d .  I n  o r d e r  t o  c o p e  w it h  a q u e o u s  s a m p l e s  t h e  s e p a r a t i n g  

c o lu m n  w a s  m a d e  u p  o f  t w o  p o r t i o n s  ( S w o b o d a ,  1 9 6 0 )  c o n s i s t in g  o f  a  6 - in  le n g t h  c o n 

t a i n in g  2 0  %  d ig ly c e r o l  o n  C e l i te  ( 1 0 0 - 2 0 0  m e s h )  a t t a c h e d  t o  a  3 -f-ft  l e n g t h  c o n t a in in g  

1 0 %  p o ly e t h y le n e  g ly c o l  o n  C e l i te .  S a m p l e s  w e r e  in je c t e d  v i a  a  s i l ic o n e  r u b b e r  

s e p t u m  a t  t h e  t o p  o f  t h e  p r e - c o lu m n .  T h e  c o lu m n  w a s  o p e r a t e d  a t  a n  a r g o n  p r e s s u r e  

o f  5  l b / in 2 g i v i n g  a  f lo w  r a t e  o f  3 0  m l/m in .

E X P ER IM EN T A L AND R E SU L T S

I n i t i a l  a t t e m p t s  t o  i s o l a t e  t h e  v o l a t i l e  s u b s t a n c e s  f r o m  m i lk  e m p lo y e d  c o n v e n t io n a l  

d i s t i l l a t i o n  a n d  e x t r a c t i o n  t e c h n iq u e s .  T h e  r e s u l t s  w e r e  u s e f u l  o n ly  in  t h a t  t h e y  

e m p h a s i z e d  t h e  d a n g e r s  o f  c o n t a m in a t io n  f r o m  s o lv e n t s ,  l u b r i c a t e d  j o i n t s  in  a p p a 

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

f o r  m i lk  o d o u r s  w a s  v e r y  a p p a r e n t  a n d  s u g g e s t e d  t h a t  t h e  s u r f a c e  a r e a  o f  g l a s s  

a p p a r a t u s  s h o u ld  b e  k e p t  a t  a  m in im u m .

I f  t h e  c o n c e n t r a t io n  o f  v o l a t i l e  c o m p o n e n t s  in  t h e  e q u i l ib r iu m  v a p o u r  o v e r  

m i lk  w a s  s u f f i c ie n t ly  h ig h  t o  p e r m i t  d i r e c t  i n je c t io n  o f  v a p o u r  s a m p l e s  o n  t o  a  r e a s o n 

a b l y  s e n s i t iv e  c h r o m a t o g r a p h ,  m a n y  o f  t h e s e  d i f f ic u l t ie s  w o u ld  b e  a v o id e d .  H o w e v e r ,  

in  o u r  h a n d s  s u c h  s a m p l e s  g a v e  v e r y  w e a k  c h r o m a t o g r a m s ,  e v e n  w h e n  t h e  i n s t r u 

m e n t  w a s  r u n  a t  i t s  h ig h e s t  s e n s i t iv i t y .  C o n s e q u e n t ly  a  r a p i d  m e t h o d  o f  c o n c e n t r a t in g  

t h e  v o l a t i l e  c o m p o n e n t s  o f  m i lk  w a s  s o u g h t ,  w h ic h  r e q u ir e d  o n ly  s im p le  e q u ip m e n t  

w it h  a  m in im u m  o f  j o i n t s  a n d  a  s m a l l  a r e a  o f  g l a s s  s u r f a c e .

R e m o v a l  o f  t h e  v o l a t i l e  c o m p o n e n t s  o f  m i lk  b y  g a s  e n t r a in m e n t  s e e m e d  l ik e ly  t o  

b e  t h e  s i m p l e s t  m e t h o d  a n d  a t  t h e  s a m e  t im e  t o  c a u s e  m in im u m  c h a n g e  in  c o m p o s i 

t io n ,  b u t  i t s  s u c c e s s f u l  u s e  w a s  d e p e n d e n t  o n  a  s u f f i c ie n t ly  p u r e  g a s  s u p p ly  a n d  a  

s im p le  e f f ic ie n t  m e t h o d  o f  t r a p p i n g  t h e  e n t r a in e d  v a p o u r s .  S in c e  l iq u id  n i t r o g e n  w a s  

u s e d  a s  a  c o o l in g  a g e n t  f o r  t h e  t r a p ,  i t  w a s  c o n v e n ie n t  t o  u s e  n i t r o g e n  a s  t h e  e n t r a in in g  

g a s  ( a r g o n  i s  s o l id  a t  t h e  t e m p e r a t u r e  o f  l i q u id  n i t r o g e n ) .  I t s  p u r i t y  w a s  f o u n d  t o  b e  

s a t i s f a c t o r y  a f t e r  i t  h a d  p a s s e d  t h r o u g h  a  3 0  x  3 c m  c o lu m n  p a c k e d  w it h  L i n d e  

M o le c u la r  S i e v e  5 A  ( B r i t i s h  D r u g  H o u s e s  L t d . ,  E n g l a n d ) .

W h e n  t h e  d e s ig n  o f  a  s u i t a b l e  t r a p  w a s  c o n s id e r e d  t w o  c o n f l ic t in g  r e q u ir e m e n t s  

w e r e  a p p a r e n t .  T h e  t r a p  h a d  t o  b e  o f  lo w  t o t a l  v o lu m e ,  o t h e r w is e  t h e  v a p o u r  s a m p le  

p r e s e n t e d  t o  t h e  c o lu m n  w o u ld  b e  u n d e s i r a b l y  l a r g e .  O n  t h e  o t h e r  h a n d ,  a  t r a p  o f  s m a l l  

b o r e  t u b i n g  w a s  q u ic k ly  b lo c k e d  b y  ic e .  A  c o m b in a t io n  o f  w id e  a n d  n a r r o w  b o r e  

t u b i n g  s e e m e d  t h e r e f o r e  e s s e n t i a l ,  t h e  t r a p  b e in g  a r r a n g e d  s o  t h a t  m o s t  o f  t h e  w a t e r  

f r o m  t h e  g a s  s t r e a m  w a s  c o n d e n s e d  in  t h e  w id e  p a r t  o f  t h e  t r a p .  N e v e r t h e le s s ,  i f  a  

t r a p  b a s e d  o n  t h e s e  i d e a s  w e r e  o f  t h e  c o n v e n t io n a l  s in g le  o r  m u l t ip le  U  c o n s t r u c t io n  

a n d  if ,  a f t e r  t r a p p i n g  a n d  w a r m in g ,  t h e  s a m p le  o f  v o l a t i l e  s u b s t a n c e s  w a s  b lo w n  

d i r e c t ly  o n  t o  t h e  c o lu m n  ( S w o b o d a ,  1 9 6 2 ) , t h e r e  w a s  d a n g e r  o f  t r a n s f e r r i n g  l iq u id  

w a t e r .  O n e  s o lu t io n  w a s  t o  w a r m  t h e  c lo s e d  t r a p  t o  a  s u i t a b l e  t e m p e r a t u r e  a n d  t r a n s 

f e r  a  v a p o u r  s a m p l e  t o  t h e  c h r o m a t o g r a p h  b y  s y r in g e  (W o n g  &  P a t t o n ,  1 9 6 2 ) , 

b u t  t h i s  t e c h n iq u e  s e e m e d  c u m b e r s o m e  a n d  u n s u i t e d  t o  a u t o m a t io n .

A n  a l t e r n a t i v e  m e t h o d  w a s  d e v i s e d  w h ic h  u s e d  a  s y r in g e  b a r r e l  a s  t h e  t r a p  i t s e l f .  

F o r  t h i s  p u r p o s e  a  1 -m l A g l a  s y r in g e  b a r r e l  f i t t e d  w it h  a  g l a s s  c a p i l l a r y  t i p  w a s  

f o u n d  t o  b e  s u i t a b l e .  I t  w a s  c o n n e c te d  t o  a n  a p p a r a t u s  f o r  e n t r a in in g  t h e  v o la t i l e

Gas chromatography of m ilk volatiles
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c o m p o n e n t s  o f  m i lk ,  a s  s h o w n  in  F i g .  1. A l l  t h e  f le x ib le  jo i n t s  in  t h e  a p p a r a t u s  w e r e  

m a d e  w it h  s i l ic o n e  r u b b e r  t o  d im in i s h  t h e  d a n g e r  o f  c o n t a m in a t io n .

T h e  fo l lo w in g  p r o c e d u r e  w a s  u s e d  t o  o b t a i n  a  s a m p le  o f  t h e  v o l a t i l e  c o m p o n e n t s  

f r o m  m ilk .  T h e  s in t e r e d  g l a s s  p l a t e  w a s  f i r s t  m o i s t e n e d  w it h  w a t e r  a n d  t h e  n i t r o g e n  

p r e s s u r e  a d ju s t e d  t o  a  p r e d e t e r m in e d  v a lu e ,  j u s t  in s u f f ic ie n t  t o  o v e r c o m e  t h e  r e s i s 

t a n c e  o f  t h e  p l a t e  t o  g a s  f lo w . A  2  m l  m i lk  s a m p le  p i p e t t e d  on  t o  t h e  p l a t e  n o w

c

Fig. 1. Apparatus used to trap the volatile components of milk. A , Rotameter; B , sintered 
glass disk; O, and D , screw clips; E ,  Agla syringe barrel; F .  Dewar flask.

s t a y e d  o n  t h e  s u r f a c e  w it h  m in im u m  t e n d e n c y  t o  r u n  d o w n  in t o  t h e  p o r e s  o f  t h e  

s in t e r e d  g l a s s .  I t  f o r m e d  a  l a y e r  a b o u t  2  m m  t h ic k .  C l ip  C  w a s  n o w  c lo s e d  a n d  c l ip  D  

o p e n e d  s o  t h a t  t h e  s y r in g e  b a r r e l  c o u ld  b e  p u r g e d  w ith  g a s  a s  i t s  t i p  w a s  lo w e r e d  t o  

t h e  r e q u ir e d  le v e l  b e lo w  t h e  s u r f a c e  o f  l i q u i d  n i t r o g e n  c o n t a in e d  in  t h e  D e w a r  

f l a s k ,  F .  C l ip  D  w a s  t h e n  c lo s e d  a n d  c lip  C  o p e n e d ,  a n d  t h e  n i t r o g e n  p r e s s u r e  in 

c r e a s e d  t o  o v e r c o m e  t h e  r e s i s t a n c e  o f  t h e  s in t e r e d  p l a t e  a n d  t o  e s t a b l i s h  a  f lo w  r a t e  

t h r o u g h  t h e  m i lk  o f  SO m l/m in .  A f t e r  a  s u i t a b l e  p e r io d  o f  b u b b l i n g  ( 1 - 1 0  m in )  

t h e  g a s  f lo w  w a s  s t o p p e d ,  t h e  s y r in g e  b a r r e l  d i s c o n n e c t e d  a n d  t h e  b a r r e l  p lu n g e r  

in s e r t e d  in t o  t h e  b a r r e l  a s  f a r  a s  p o s s i b l e ;  t h i s  p o s i t io n  w a s  u s u a l l y  j u s t  s h o r t  o f  t h e  

i c e  l in e  in  t h e  b a r r e l .  A  h y p o d e r m ic  n e e d le  w it h  t h e  p o i n t  e m b e d d e d  in  a  s m a l l  

p ie c e  o f  s i l ic o n e  r u b b e r  w a s  n o w  h e ld  r e a d y ,  t h e  s y r in g e  w a s  r a p i d l y  r e m o v e d  f r o m  t h e  

c o o l in g  a g e n t ,  a n d  t h e  n e e d le  w it h  o n e  e n d  s e a le d  w a s  f i t t e d  t o  t h e  b a r r e l  t ip .  T h e  

t e m p e r a t u r e  o f  t h e  a s s e m b l y  w a s  r a p i d l y  r a i s e d  t o  r o o m  t e m p e r a t u r e  (a n  in c r e a s e  in  

v o l u m e  o f  a b o u t  5 0  %  o c c u r s )  a n d  t h e  v a p o u r  s a m p l e  ( a b o u t  1 m l)  i n je c t e d  o n  t o  t h e



c h r o m a t o g r a p h  b y  p ie r c in g  in  o n e  m o v e m e n t  t h e  s i l ic o n e  r u b b e r  w h ic h  s e a l e d  t h e  

n e e d le  a n d  t h e  s i l ic o n e  r u b b e r  s e p t u m  a t  t h e  in je c t io n  p o r t  o f  t h e  c o lu m n .

T h e  e f f ic ie n c y  o f  t h e  s y s t e m  f o r  t r a p p i n g  v o l a t i l e  s u b s t a n c e s  w a s  f i r s t  s t u d ie d  b y  

f i t t i n g  a n  i n je c t io n  p o r t  in  t h e  l in e  c o n n e c t in g  t h e  m i lk  v e s s e l  a n d  s y r in g e  b a r r e l ,  

a n d  i n je c t in g  a  0-5  m l  s a m p l e  o f  a c e t o n e  v a p o u r  d i l u t e d  in  n i t r o g e n  ( a b o u t  1 p ,g a c e 

t o n e ) .  A f t e r  p a s s i n g  g a s  a t  8 0  m l / m in  f o r  2 m in  t h e  a c e t o n e  c o n d e n s e d  in  t h e  s y r in g e  

b a r r e l  w a s  t h e n  i n je c t e d  o n  t o  t h e  c h r o m a t o g r a p h ,  u s in g  t h e  t e c h n iq u e  d e s c r ib e d  

a b o v e ,  a n d  t h e  i n t e g r a t e d  p e a k  w a s  c o m p a r e d  w it h  t h a t  o b t a i n e d  b y  d i r e c t  i n je c t io n  

o f  a n  i d e n t i c a l  s a m p le  o f  t h e  s a m e  v a p o u r  m ix t u r e .  D u r i n g  t h e s e  t r i a l s  t h e  r e l a t i v e  

p o s i t io n  o f  t h e  s y r in g e  b a r r e l ,  t h e  D e w a r  f l a s k  a n d  t h e  l i q u i d  n i t r o g e n  le v e l  w a s  f o u n d  

t o  b e  o f  s o m e  im p o r t a n c e .  T h e  b e s t  r e s u l t s  w e r e  o b t a i n e d  w h e n  t h e  m a x im u m  le n g t h  

o f  b a r r e l  w a s  b e lo w  t h e  r u b b e r  b u n g  o f  t h e  D e w a r  f l a s k  a n d  w h e n  t h e  t i p  o f  t h e  b a r r e l  

w a s  a b o u t  1 in  b e lo w  t h e  s u r f a c e  o f  t h e  l iq u id  n i t r o g e n  ( F ig .  1). A l s o  t h e  g a s  f lo w  

r a t e  h a d  a n  i m p o r t a n t  in f lu e n c e , a  m a x im u m  r e c o v e r y  b e in g  a c h ie v e d  in  t h e  r a n g e  

8 0 - 1 2 0  m l /m in .  U n d e r  o p t i m a l  c o n d i t io n s  t h e  r e c o v e r y  o f  a c e t o n e  w a s  5 7  +  6 %  

in  8 d e t e r m in a t io n s  b a s e d  o n  a  m e a n  v a l u e  d e r iv e d  f r o m  8 c o n t r o l s  in  w h ic h  a c e t o n e  

v a p o u r  w a s  i n je c t e d  d i r e c t l y  o n  t o  t h e  c h r o m a t o g r a p h .  A  r e c o v e r y  o f  a b o u t  6 0  %  

w a s  r e p e a t e d l y  o b t a i n e d  in  n u m e r o u s  i s o l a t e d  c h e c k s .  T h e  a c c u r a c y  w it h  w h ic h  

0 -4  m l  o f  v a p o u r  c o n t a in in g  a c e t o n e  c o u ld  b e  in je c t e d  o n  t o  t h e  c o lu m n  u s in g  t h e  

A g l a  s y r in g e  w a s  n o t  b e t t e r  t h a n  ±  6 % ,  s o  t h a t  v a r i a t i o n s  in  t h e  r e c o v e r y  f ig u r e  w e r e  

a t t r i b u t e d  m a in ly  t o  i n a c c u r a c ie s  a t  t h e  i n je c t io n  s t a g e .  T h i s  w a s  c o n f ir m e d  b y  t e s t s  

w h ic h  s h o w e d  t h a t  n o  d e t e c t a b l e  lo s s e s  o c c u r r e d  d u r in g  f r e e z in g  a n d  t h a w in g  o f  t h e  

s y r in g e  b a r r e l .

I n  o r d e r  t o  a s s e s s  t h e  d e g r e e  o f  c o n c e n t r a t io n  e f f e c t e d  f r o m  a q u e o u s  s o lu t io n s  

a n  a c e t o n e  s o lu t io n  in  w a t e r  w a s  p r e p a r e d ,  w h o s e  e q u i l ib r iu m  v a p o u r  c o n t a in e d  

s u f f ic ie n t  a c e t o n e  t o  g iv e  a  m e a s u r a b l e  c h r o m a t o g r a m  w h e n  in je c t e d  d i r e c t ly  o n  t o  

t h e  c h r o m a t o g r a p h .  T h i s  w a s  t h e n  c o m p a r e d  w it h  t h e  r e s u l t  o b t a i n e d  b y  b u b b l i n g  

a  2 m l s a m p le  u n d e r  t h e  o p t im u m  c o n d i t io n s  d e s c r ib e d .  F r o m  t h e  r e s u l t s  o f  s u c h  

e x p e r im e n t s  i t  w a s  d e d u c e d  t h a t  a b o u t  a  5 0 - fo ld  c o n c e n t r a t io n  w a s  a c h ie v e d .

T h a t  s i g n i f i c a n t  c o n c e n t r a t io n s  w e r e  b e in g  o b t a i n e d  w a s  f u r t h e r  c o n f ir m e d  w h e n  

t h e  t e c h n iq u e  w a s  a p p l i e d  t o  m i l k ;  c h r o m a t o g r a m s  o f  m i lk ,  w h ic h  w 'ere v e r y  s u p e r io r  

t o  t h o s e  o b t a i n e d  b y  d i r e c t  in je c t io n  o f  t h e  v a p o u r  in  e q u i l ib r iu m  w it h  m ilk ,  w e r e  

c o n s i s t e n t l y  p r o d u c e d .

T h e  s e n s i t iv i t y  o f  t h e  m e t h o d  f o r  fo l lo w in g  t h e  n a t u r a l  s o u r in g  o f  m i lk  w a s  t e s t e d  

b y  in c u b a t i n g  p o r t io n s  o f  r a w  m i lk  a t  2 2  °C  f o r  d i f fe r e n t  p e r io d s ,  a n d  p r e p a r in g  

c h r o m a t o g r a m s  a t  t h e  e n d  o f  t h e  i n c u b a t io n  t im e .  C h r o m a t o g r a m s  o f  o n e  s u c h  

s e r ie s  o b t a i n e d  w it h  t h e  s e p a r a t i n g  c o lu m n  a t  65  °C  a r e  p r e s e n t e d  in  F i g .  2 . T h e  m o s t  

s t r ik in g  f e a t u r e  w a s  t h e  p r o g r e s s iv e  in c r e a s e  in  p e a k  4 . A  c h a n g e  in  t h e  s iz e  o f  t h i s  

p e a k  w a s  a p p a r e n t  in  t h e  2 6  h  s a m p le  w h e n  n o  c h a n g e  in  p H  w a s  r e c o r d e d .  I t  

l a t e r  b e c a m e  c le a r  t h a t  t h e  c o m p o n e n t  r e p r e s e n t e d  b y  t h i s  p e a k  w a s ,  in  f a c t ,  m a in ly  

p r o d u c e d  b y  t h e  g r o w th  o f  c o l i fo r m  b a c t e r i a  w h ic h  a l s o  c o n t r ib u t e d  t o  p e a k s  1 a n d  2.

S in c e  t h e  e a r l y  p e a k s  w e r e  in c o m p le t e ly  s e p a r a t e d  w h e n  t h e  c h r o m a t o g r a m  w a s  

r u n  a t  6 5  °C , t h e  t e m p e r a t u r e  o f  t h e  c o lu m n  w a s  lo w e r e d  t o  4 5  °C  t o  i n c r e a s e  t h e  

r e s o lu t io n .  A l s o ,  t o  f a c i l i t a t e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s ,  t h e  s o u r in g  o f  m i lk  w a s  

b r o u g h t  a b o u t  b y  in o c u la t in g  s t e r i l e  m i lk  w it h  a  p u r e  c u l t u r e  o f  S t r .  l a c t i s .  F o r  

t h i s  p u r p o s e  m i lk  w a s  s t e a m - s t e r i l i z e d  in  s c r e w - c a p p e d  4 -o z  b o t t l e s .  T h i s  p r o c e d u r e  

24 Dairy Res. 30
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in c r e a s e d  t h e  v o l a t i l e  c o n t e n t  o f  t h e  m i lk  a n d  t h e  c h r o m a t o g r a m  w a s  c o n s e q u e n t ly  

u n d e s i r a b l y  l a r g e  e v e n  b e fo r e  g r o w t h  o f  S t r .  l a c t i s  h a d  b e g u n  ( F i g .  3 ) . D u r in g  

g r o w th  o f  t h e  c u l t u r e  c h r o m a t o g r a m s  w e r e  p r e p a r e d  a t  a b o u t  h o u r ly  i n t e r v a l s  a n d  a  

s e le c t io n  o f  t h e m  a r e  r e p r o d u c e d  in  F i g .  3 . A l l  c h r o m a t o g r a m s  c o n t a in e d  a t  l e a s t  

5 e a s i ly  r e c o g n iz e d  p e a k s  w h ic h  h a v e  b e e n  d e s i g n a t e d  A ,  C , D ,  E ,  F ,  in  o r d e r  o f  t h e i r  

e m e r g e n c e  f r o m  t h e  c o lu m n . H o w e v e r ,  in  c h r o m a t o g r a m s  p r e p a r e d  d u r in g  t h e  l a t e r

Incubation 
time, h 0 

pH of milk 671
26 29 31

6 69 6-58 6 55
37

6-31

Fig. 2. Gas chromatograms of raw milk held for different times at 22 °C. Column, 10 % 
polyethylene glycol on 80-100 mesh Celite with a pre-column of 20 % diglycerol on 80-100 mesh 
Celite; temperature of column, 65 °C.

s t a g e s  o f  i n c u b a t io n ,  a n  in f le x io n  w a s  o b s e r v e d  in  t h e  f i r s t  p e a k  w h ic h , a l t h o u g h  i t  h a s  

b e e n  l o s t  in  t h e  r e p r o d u c t io n  o f  F i g .  3 , w a s  c le a r ly  v i s i b l e  in  t h e  o r ig in a l  t r a c e .  T h u s  

t h e  f i r s t  p e a k  c o n t a in e d  a t  l e a s t  2  c o m p o n e n t s ,  c a l le d  A  a n d  B .

T h e  in c r e a s e  in  s iz e  o f  t h e  f i r s t  p e a k  a s  in c u b a t i o n  c o n t in u e d  a p p e a r e d  t o  b e  d u e  

m a in ly  t o  a n  in c r e a s e  in  p e a k  B .  B e c a u s e  o f  t h e  p o o r  r e s o lu t io n  t h e  a r e a  o f  t h i s  p e a k  

c o u ld  n o t  b e  e s t i m a t e d  a n d  s o .  in  o r d e r  t o  o b t a i n  a  q u a n t i t a t i v e  m e a s u r e m e n t  o f  t h e  

c h a n g e s  in  t h e  c h r o m a t o g r a m ,  t h e  a r e a s  o f  p e a k  (A  +  B )  a n d  p e a k  E  w e r e  m e a s u r e d  

a n d  t h e i r  r a t i o  c a l c u la t e d .  T h e  v a lu e  p e a k  (A  +  B ) / p e a k  E  in c r e a s e d  r a p i d l y  f r o m  

C-25 t o  T 4 0  a s  t h e  p H  o f  t h e  m i lk  d e c r e a s e d  a n d  c o u ld  b e  e a s i l y  d e t e c t e d  ( r a t io  =  0 -6 2 ) 

w h e n  a  f a l l  o f  0 T 5  p H  u n i t s  w a s  n o t e d  a t  t h e  f i r s t  s a m p l in g  t im e  (1 9  h ) .

I n  a n  e x p e r im e n t  t o  c o n f ir m  t h e s e  r e s u l t s  m i lk  w a s  s t e a m - s t e r i l i z e d  in  4 -o z  b o t t l e s  

f i t t e d  w it h  c o t t o n  p l u g s  w h ic h , a f t e r  s t e r i l i z a t io n ,  w e r e  r e p la c e d  a s e p t i c a l l y  w it h  

s i e r i l e  s c r e w  c a p s .  T h e  v o l a t i l e  c o n t e n t  o f  t h e  m i lk  a f t e r  t h i s  t r e a t m e n t  w a s  f o u n d  t o



b e  v e r y  lo w  a n d  c h a n g e s  in  c h r o m a t o g r a m s  d u e  t o  g r o w t h  o f  b a c t e r i a  w e r e  m o r e  

e a s i l y  d e t e c t e d  ( F ig .  4 ). A f t e r  in o c u la t io n  a n d  in c u b a t i o n  o f  t h e  m i lk  a  s m a l l  i n 

c r e a s e  in  p e a k  B  w a s  o b s e r v e d  e v e n  b e fo r e  a  p H  c h a n g e  c o u ld  b e  d e t e c t e d  ( 1 7 J  h ) . 

T h i s  i n c r e a s e  b e c a m e  p r o n o u n c e d  w h e n  t h e  p H  o f  t h e  c u l t u r e  h a d  f a l l e n  O T u n i t
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Time of
incubation, h 0 19 24
pH of milk 6-5 6-35 575

Time, min

Fig. 3. Gas chromatograms of samples of pure cultures of S i r .  la c t is  in milk after incubation for 
different times at 22 °0. Column, 10 % polyethylene glycol on 80-100 mesh Celite with pre- 
column, 20% diglycerol on 80-100 mesh Celite; temperature, 45 °C; argon pressure 5 lb/in2; 
flow rate, 30 ml/min.

a n d  c o n t in u e d  w it h  g r o w t h  o f  t h e  c u l t u r e .  A s  in  t h e  p r e v io u s  e x p e r im e n t ,  t h e  g r o w t h  

o f  t h e  c u l t u r e  w a s  a l s o  a c c o m p a n ie d  b y  a  r e l a t i v e  d e c r e a s e  in  p e a k  E ,  s o  t h a t  a  r a p i d  

i n c r e a s e  in  t h e  r a t i o  p e a k  B / p e a k  E  w a s  o b s e r v e d  ( F ig .  5 ) . I n  a d d i t io n ,  h o w e v e r ,  

a n  in c r e a s e  in  p e a k  F  o c c u r r e d  in  t h i s  e x p e r im e n t .  T h e  t o t a l  v o l a t i l e  c o n t e n t  o f  t h e  

c u l t u r e ,  a s  m e a s u r e d  b y  t h e  t o t a l  a r e a  u n d e r  t h e  c u r v e  o f  t h e  c h r o m a t o g r a m ,  a l s o  

g e n e r a l ly  i n c r e a s e d  a s  s o u r in g  p r o g r e s s e d ,  t h e  r a t e  o f  in c r e a s e  b e in g  m o s t  r a p i d  w h e n  

t h e  p H  o f  t h e  c u l t u r e  w a s  f a l l in g  q u ic k ly ,  i .e .  w h e n  b a c t e r i a l  a c t i v i t y  w a s  a t  i t s  

h e ig h t  ( F ig .  5 ).
24-2
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A  f a l l  in  t o t a l  v o l a t i l e  c o n t e n t  w a s  n o t e d  f r o m  t h e  2 2  t o  21 -h  s a m p le  w h e n  t h e  c u l 

t u r e  w a s  c lo t t e d ,  b u t  n o  e x p l a n a t i o n  f o r  t h i s  i s  a v a i l a b l e .

Incubation 
time, h 0 
pH 6-45

0 4

17l 19j
6-45 6-36

Time, min

24
575

Fig. 4. Gas chromatograms of samples of milk inoculated with S t r .  la c t is  and incubated for 
various times at 22 °C. Column conditions as described under Fig. 3.
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Fig. 5. Changes in volatile components, pH and bacterial count of milk during growth of 
S t r .  la c t is . A, total volatile content; O, Ratio of chromatogram peaks A and E ; ▲ ,  pH; • ,  
number of bacteria.
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D ISCUSSION

T h e  r e c o v e r y  f ig u r e  o f  a b o u t  6 0  % ,  o b t a i n e d  w h e n  u s in g  t h e  s y r in g e  b a r r e l  fo r  

t r a p p i n g  a b o u t  1 p ,g o f  a c e t o n e ,  i s  n o t  u n e x p e c t e d  c o n s id e r in g  t h e  a m o u n t  o f  m a t e r i a l  

in v o lv e d  f o r ,  a l t h o u g h  t h e  a r e a  o f  g l a s s  s u r f a c e  w a s  k e p t  a s  s m a l l  a s  p o s s ib le ,  i t  w a s  

f o u n d  t h a t  a b o u t  10  %  o f  t h e  v o l a t i l e  s u b s t a n c e s  w o u ld  b e  l o s t  b y  a d s o r p t io n .  E n t r a i n 

m e n t  o f  s o l id  a g g r e g a t e s  o f  c o n d e n s a b le  m a t e r i a l  w h ic h  a r e  b lo w n  o u t  o f  t h e  c o ld  

s y r in g e  b a r r e l  w il l  c o n t r ib u t e  t o  t h e  r e m a in in g  lo s s .  M o d i f ic a t io n s  in  t h e  d e s ig n  o f  

t h e  s y r in g e ,  f o r  e x a m p l e  a n  in c r e a s e  in  le n g t h  o f  th e  c a p i l l a r y  t ip ,  m i g h t  m in im iz e  

t h i s  e f fe c t .

T h e  d e c is io n  t o  u s e  2 m l  s a m p l e s  o f  m i lk  w a s  d e t e r m in e d  b y  t h e  d i a m e t e r  c h o se n  fo r  

t h e  s in t e r e d  g l a s s  p l a t e .  T h e  l a y e r  o f  m i lk  w h ic h  r e s u l t e d  w a s  j u s t  s u f f ic ie n t  t o  a l lo w  

e f f ic ie n t  b u b b l in g  a t  t h e  g a s  f lo w  r a t e  u s e d .  S in c e  t h e  v o l a t i l e  m a t e r i a l  w a s  p r e s e n t  

in  e x c e s s  o f  r e q u ir e m e n t s  (2  m l c o n t a in e d  s u f f ic ie n t  v o l a t i l e  m a t e r i a l  f o r  a b o u t  5  

c h r o m a t o g r a m s )  d iv e r g e n c e s  f r o m  t h e  s t a n d a r d  r o u t in e ,  e .g .  a l t e r a t i o n  o f  t im e  b u b 

b l in g  o r  o f  g a s  f lo w  r a t e ,  o r  u n a v o i d a b l e  c h a n g e s  in  c o n d i t io n s  w h ic h  e f fe c t  t h e  

e f f ic ie n c y  o f  b u b b l in g ,  s u c h  a s  a  p a r t i a l  b lo c k in g  o f  t h e  s in t e r e d  g l a s s  p l a t e ,  w o u ld  

h a v e  a  c o r r e s p o n d in g  e f fe c t  o n  t h e  t o t a l  q u a n t i t y  o f  v o l a t i l e  c o m p o n e n t s  t r a p p e d  in  

t h e  s y r in g e .  T h e s e  f a c t o r s  m a y  c o n t r ib u t e  t o  t h e  o c c a s io n a l  u n e x p e c t e d  s iz e  o f  

p e a k s  o b t a i n e d  (e .g .  F i g .  4 , 2 4  h ) .  F o r  t h i s  r e a s o n  t h e  u s e  o f  a  s m a l l e r  q u a n t i t y  o f  

m i lk  a n d  t h e  r e m o v a l  o f  a  g r e a t e r  p r o p o r t io n  o f  i t s  v o l a t i l e  c o n t e n t  w o u ld  b e  b e t t e r .  

A n  a p p a r a t u s  s m a l l e r  in  s iz e  b u t  s im i la r  in  d e s ig n  t o  t h e  o n e  d e s c r ib e d  h a s  b e e n  u s e d .  

P r e l im in a r y  t r i a l s  h a v e  in d i c a t e d  t h a t  0-2  m l  o f  m i lk  w o u ld  g iv e  s a t i s f a c t o r y  r e s u l t s .

T h e  c o n c e n t r a t io n  m e t h o d  d e s c r ib e d  r e q u ir e s  a p p r o x i m a t e l y  3 m in  b e tw e e n  s a m p 

l in g  t h e  m i lk  a n d  i n je c t in g  t h e  s a m p le  o f  v o l a t i l e  c o m p o n e n t s  o n  t o  t h e  c h r o m a t o g r a m  

c o lu m n . U s i n g  h ig h - s p e e d  c h r o m a t o g r a p h ic  m e t h o d s ,  a n d  b e a r in g  in  m in d  t h a t  t h e  

c o m p o u n d s  i n v o lv e d  a r e  o f  h ig h  v o l a t i l i t y ,  i t  i s  r e a s o n a b le  t o  a s s u m e  t h a t  t h e  c h r o 

m a t o g r a m  w o u ld  t a k e  o n ly  a  f e w  s e c o n d s  t o  d e v e lo p .  T h u s  t h e  o v e r a l l  t im e  f o r  

a n a l y s i s  i s  p o t e n t i a l l y  o f  t h e  o r d e r  o f  3  m in  p e r  s a m p le .  T h i s  i s  s t i l l  t o o  s lo w  f o r  u s e  a s  

a  p r a c t i c a l  t e s t  f o r  m i lk  f l a v o u r  q u a l i t y  o n  t h e  d a i r y  p l a t f o r m ,  w h e r e  c h u r n s  m a y  

b e  h a n d le d  a t  r a t e s  o f  1 p e r  3 0  s e c  o r  l e s s .  T o  a c h ie v e  a  s i m i la r  s p e e d  in  a n a l y s i s  

i t  i s  c le a r  t h a t  t h e  c o n c e n t r a t io n  s t e p  m u s t  b e  e l im in a t e d .  T h i s  c o u ld  b e  d o n e  b y  

a p p l y in g  a  s a m p le  o f  v a p o u r  w h ic h  h a s  b e e n  e q u i l i b r a t e d  w it h  t h e  m ilk  in  w h ic h  

c a s e  a  v e r y  s e n s i t iv e  m e t h o d  o f  d e t e c t io n  ( J e n n i n g s  et a t .  1 9 6 2 ) . a n d  a  v e r y  r a p i d  

m e t h o d  o f  p r e p a r in g  a  v a p o u r  s a m p le ,  w o u ld  b e  r e q u ir e d .  A l t e r n a t i v e l y ,  s in c e  

a b o u t  0-1  m l  m i lk  c o n t a in s  s u f f ic ie n t  v o l a t i l e  m a t e r i a l  f o r  o n e  c h r o m a t o g r a m ,  a  r e l a 

t iv e l y  s m a l l  im p r o v e m e n t  in  t h e  s e n s i t iv i t y  o f  d e t e c t io n  w o u ld  a l lo w  t h e  u s e  o f  s u c h  

a  s m a l l  s a m p le  t h a t  d i r e c t  in je c t io n  o f  l i q u id  m i lk  o n  t o  t h e  c o lu m n  w o u ld  b e  p o s 

s ib le ,  i f  a  f la m e  io n iz a t io n  d e t e c t o r  w h ic h  i s  r e l a t i v e l y  in s e n s i t iv e  t o  w a t e r  v a p o u r  

w e r e  e m p lo y e d .  T h e  r e s u l t a n t  e l im in a t io n  o f  t h e  c o n c e n t r a t io n  s t e p  w o u ld  b e  o f  

p a r t i c u l a r  im p o r t a n c e  in  r e m o v in g  v a r i a t i o n s  in  r e c o v e r y  o f  t h e  v o l a t i l e  c o m p o n e n t s ,  

a n d  in  d e c r e a s in g  t h e  a n a l y s i s  t im e  p e r  s a m p le .
N o  a t t e m p t  h a s  b e e n  m a d e  t o  i d e n t i f y  t h e  c o m p o u n d s  f r o m  m ilk  r e p r e s e n t e d  b y  

t h e  p e a k s  o f  t h e  c h r o m a t o g r a m s .  O f  t h e  f e r m e n t a t io n  p r o d u c t s  o f  S t r e p t o c o c c u s  

l a c t i s  a b o u t  9 5  %  (w /w ) i s  l a c t i c  a c id ,  w h ic h  i s  in s u f f i c ie n t ly  v o la t i l e  t o  a p p e a r  in  

q u a n t i t y  in  t h e  t r a p p e d  s a m p le ,  a n d  a b o u t  3 - 5 %  (w /w ) i s  m a d e  u p  o f  a c e t ic  a n d
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f o r m ic  a c i d s  w h ic h  w o u ld  b e  l o s t  o n  t h e  c h r o m a t o g r a p h  c o lu m n  b e c a u s e  o f  a d s o r p t io n .  

T h u s  o n ly  a b o u t  1 %  (w /w ) o f  t h e  t o t a l  f e r m e n t a t io n  p r o d u c t s  a r e  a v a i l a b l e  fo r  

d e t e c t io n .  T h e y  in c lu d e  e t h a n o l ,  d i a c e t y l ,  ace t-o in , 2 , 3 - b u t a n e d io l  ( P l a t t  &  F o r s t e r ,

1 9 5 8 ) , a c e t o n e  a n d  a c e t a l d e h y d e  ( H a r v e y ,  1 9 6 0 ) . P e a k  B  w h o s e  i n c r e a s e  w a s  m o s t  

m a r k e d  d u r in g  g r o w t h  o f  t h e  c u l t u r e  c o u ld  n o t ,  b y  i t s  p o s i t io n ,  b e  a n y  o f  t h e s e  

s u b s t a n c e s .  P e a k  F ,  h o w e v e r ,  w h ic h  a l s o  i n c r e a s e d  d u r in g  s o u r in g ,  h a d  a  p o s i t io n  

id e n t i c a l  w it h  b u t a n o n e  a n d  p e a k  E  w it h  a c e t o n e .

T h e  q u a n t i t a t i v e  c h a n g e s  in  c h r o m a t o g r a m  a s  m e a s u r e d  b y  t h e  r a t i o  o f  p e a k s  B  

a n d  E  s h o w e d  a  c lo s e  r e l a t io n s h ip  w it h  t h e  c h a n g e s  in  p H ,  a s  w o u ld  b e  e x p e c t e d  i f  

t h e  s u b s t a n c e  r e p r e s e n t e d  b y  p e a k  B  w e r e  a  m e t a b o l i c  p r o d u c t  o f  t h e  c u l t u r e .  I n  

t h e  l a s t  e x p e r im e n t  t h e  n u m b e r  o f  b a c t e r i a  h a d  r e a c h e d  2-9  x  10 7/m l  b e fo r e  d e t e c t a b l e  

c h r o m a t o g r a m  c h a n g e s  w e r e  o b s e r v e d .  F o r  h e t e r o f e r m e n t a t iv e  b a c t e r i a ,  P u n c h ,  O ls o n  

&  T h o m a s  (1 9 6 1 )  r e p o r t e d  t h a t  d e p e n d in g  o n  s p e c ie s  2  x  10 6- 2  x  1 0 8 o r g a n i s m s / m l  o f  

m i lk  a r e  r e q u ir e d  b e fo r e  d e f in i t e  o f f - f l a v o u r s  c a n  b e  d e t e c t e d  o r g a n o le p t i c a l ly .  S in c e  

t h e s e  b a c t e r i a  w o u ld  b e  e x p e c t e d  t o  p r o d u c e  h ig h e r  c o n c e n t r a t io n s  o f  v o l a t i l e  

s u b s t a n c e s  t h a n  t h e  h o m o f e r m e n t a t iv e  S t r .  la c t is ,  i t  i s  p r o b a b l e  t h a t  t h e  g a s  c h r o m a t o 

g r a p h i c  m e t h o d  w ill  b e  e v e n  m o r e  s e n s i t iv e  f o r  d e t e c t i n g  o f f - f l a v o u r s  d u e  t o  b a c t e r i a  

e t h e r  t h a n  S t r .  la c t is .  T h a t  i t  i s  c a p a b l e  o f  d e t e c t in g  a  p r o d u c t  o f  t h e  g r o w t h  o f  c o li-  

f o r m  b a c t e r i a  h a s  a l r e a d y  b e e n  s h o w n .

A lt h o u g h ,  u n l ik e  t h e  p H  t e s t ,  t h e  c h r o m a t o g r a p h ic  m e t h o d  i s  in d e p e n d e n t  o f  t h e  

v a r i a b l e  b u f fe r in g  p o w e r  o f  d i f f e r e n t  m i lk s ,  i t  i s  p o s s ib le  t h a t  t h e  v a r y i n g  f l a v o u r  l e v e l s  

o f  d i f f e r e n t  m i lk s  m a y  c o m p l i c a t e  t h e  i n t e r p r e t a t i o n  o f  c h r o m a t o g r a m s .  I t  m a y  a l s o  

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

f l a v o u r  q u a l i t y .  N e v e r t h e le s s ,  i t  i s  c le a r  ( F i g .  4 ) t h a t  s u c h  a n  in d i c a t o r  g i v e s  a  g o o d  

m e a s u r e  o f  b a c t e r i a l  g r o w t h  in  a n y  o n e  m ilk ,  a t  l e a s t  w h e n  t h e  f l a v o u r  l e v e l  o f  t h e  

f r e s h  m i lk  i s  lo w .

T h e  e x a m in a t i o n  o f  a  l a r g e  n u m b e r  o f  m i lk  s a m p l e s  b y  t h e  g a s  c h r o m a t o g r a p h i c  

t e c h n iq u e s  i s  r e q u ir e d  t o  s e t t l e  t h e s e  p o in t s .  I t  w o u ld  b e  d e s i r a b le  a l s o  t o  t r y  a n a l y s e s  

o n  c o lu m n s  s u i t a b l e  f o r  t h e  s e p a r a t i o n  o f  a c i d i c  a n d  e s p e c ia l ly  b a s i c  s u b s t a n c e s  s in c e  

t h e  l a t t e r  a r e  c o m m o n  p r o d u c t s  o f  u n d e s i r a b l e  b a c t e r i a .
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T h e  o x i d a t i v e  s t a b i l i t y  o f  b u t t e r f a t  e x t r a c t e d  

f r o m  C h e d d a r  c h e e s e

b y  a . k . r . M c D o w e l l

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

(.R e c e iv e d  19  F e b r u a r y  1 9 5 3 )

S u m m a r y . C h e e s e s  c o l le c te d  m o n t h ly  f o r  6 m o n t h s  f r o m  6 f a c t o r i e s  in  t h e  s a m e  

d i s t r i c t  w e r e  s t o r e d  f o r  a  p e r io d  o f  12  m o n t h s .  A t  i n t e r v a l s  t h e  c h e e s e s  w e r e  s a m p l e d  

a n d  t h e  f a t s  e x t r a c t e d  f o r  o x i d a t i o n  t e s t s .  T h e r e  w a s  n o  i n c r e a s e  in  p e r o x id e  v a l u e ,  

n o  d e c r e a s e  in  in d u c t io n  p e r io d  a n d  o n ly  a  s l i g h t  in c r e a s e  in  f r e e  f a t  a c i d i t y  d u r in g  

s t o r a g e  o f  t h e  c h e e s e s .

C h e d d a r  c h e e s e ,  w h e n  p l a c e d  o n  t h e  r e t a i l  m a r k e t  w it h in  7 - 8  m o n t h s  o f  m a n u f a c 

t u r e ,  i s  g e n e r a l ly  o f  g o o d  q u a l i t y  a n d  f r e e  f r o m  m a jo r  f a u l t s .  C h e e s e  s t o r e d  f o r  lo n g e r  

p e r io d s ,  h o w e v e r ,  o c c a s i o n a l l y  d e v e lo p s  t h e  o b je c t i o n a b l e  d e f e c t  k n o w n  a s  t a l l o w y  

d i s c o lo r a t io n .  T h i s  i s  d u e  p r im a r i l y  t o  e n t r y  o f  a i r  t h r o u g h  s l i t s  w h ic h  e x t e n d  t o  

t h e  r in d  o f  t h e  c h e e s e .  O x id a t i o n  o c c u r s  in  t h e  f a t  o n  b o t h  s id e s  o f  t h e  s l i t ,  w it h  

c o n s e q u e n t  b le a c h in g  o f  t h e  c a r o t e n e  a n d  p r o d u c t io n  o f  t a l lo w y  f l a v o u r s  ( R i d d e t ,  

W h it e h e a d ,  R o b e r t s o n  &  H a r k n e s s ,  1 9 6 1 ) .

I t  h a s  b e e n  s h o w n  r e c e n t ly  t h a t  in  t h e  p r e s e n c e  o f  o x y g e n  a l l  c h e d d a r  c h e e s e  i s  

l i a b le  t o  o x i d a t i o n  d u r in g  lo n g  s t o r a g e  ( R o b e r t s o n ,  1 9 5 9 ) . H o w e v e r ,  a c c e l e r a t i n g  

f a c t o r s  d u e  t o  b a c t e r i a l  a c t io n ,  s u c h  a s  t h e  f o r m a t i o n  o f  s l i t s  o r ,  p o s s i b l y ,  t h e  p r o d u c 

t io n  o f  a  f a t - o x i d i z i n g  e n z y m e  s y s t e m  c o u ld  p r e d i s p o s e  t h e  c h e e s e  t o  o x i d a t i o n  

( R i d d e t  e t a l .  1 9 6 1 ) .  T h e  i n t r in s i c  t e n d e n c y  o f  t h e  c h e e s e  f a t  t o  o x id iz e  m a y  a l s o  

b e  a  c o n t r ib u t in g  f a c t o r .  T h e  r e s i s t a n c e  t o  o x i d a t i o n ,  w h ic h  w ill  d e p e n d  o n  t h e  

c o m p o s i t io n  o f  t h e  f a t  a n d  o n  t h e  c o m p o s i t io n  a n d  c o n t e n t  o f  n a t u r a l  a n t i o x i d a n t s  

in  i t ,  c o u ld  a l t e r  d u r in g  t h e  r ip e n in g  o f  t h e  c h e e s e .  C o n c e iv a b ly  a l s o  i t  c o u ld  v a r y  

w it h  s u c h  f a c t o r s  a s  b r e e d  o f  c o w , t y p e  o f  p a s t u r e ,  a n d  s e a s o n  o f  t h e  y e a r .

W o r k  in  t h i s  I n s t i t u t e ,  w it h  a  m o d i f ie d  S c h a a l  o v e n  t e s t  f o r  f a t  s t a b i l i t y ,  h a d  

i n d i c a t e d  t h a t  t h e r e  w e r e  v a r i a t i o n s  in  t h e  r e s i s t a n c e  t o  o x i d a t i o n  o f  f a t  f r o m  c h e e s e  

f r o m  f a c t o r i e s  in  t h e  s a m e  d i s t r ic t ,  a n d  t h a t  t h e  l e a s t  s t a b l e  f a t s  w e r e  f r o m  f a c t o r i e s  

w it h  t h e  g r e a t e s t  in c id e n c e  o f  d i s c o lo r a t io n  in  t h e  s t o r e d  c h e e s e  ( R o b e r t s o n ,  1 9 5 7 ) .  

T h e  p r e s e n t  p a p e r  d e s c r ib e s  a  d e t a i l e d  e x a m in a t i o n  o f  t h e  o x i d a t i v e  r e s i s t a n c e  o f  t h e  

f a t  f r o m  c h e e s e  m a d e  a t  d i f f e r e n t  f a c t o r i e s  a n d  s t o r e d  f o r  12  m o n t h s .

M ATERIALS AND METHODS 

S o u r c e  o f  th e  c h e e se  s a m p l e s

O n e  8 0  lb  e x p o r t  c h e e s e  w a s  f o r w a r d e d  t o  t h e  I n s t i t u t e  e a c h  m o n t h  f o r  6 m o n t h s  

(O c t o b e r  1 9 5 7 - M a r c h  1 9 5 8 )  f r o m  e a c h  o f  6  f a c t o r i e s  in  t h e  W a i r a r a p a  d i s t r i c t  o f  t h e
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N o r t h  I s l a n d  o f  N e w  Z e a la n d .  T h e  c h e e s e s ,  a l l  o f  w h ic h  w e r e  a p p r o x i m a t e l y  14  d a y s  

o ld  o n  a r r i v a l  a t  t h e  I n s t i t u t e ,  w e r e  p l a c e d  in  t h e  I n s t i t u t e  c u r in g - r o o m  a n d  s t o r e d  

fo r  12  m o n t h s  a t  4 5  ° F .

S a m p l i n g

E a c h  c h e e s e  w a s  s a m p l e d  a t  14  d a y s  a n d  a t  2 , 4 , 6 , 8, 10  a n d  12  m o n t h s  a f t e r  

t h e  d a t e  o f  m a n u f a c t u r e .  T h e  s a m p l e s  w e r e  o b t a i n e d  w it h  a  c h e e s e  t r i e r  a n d  t h e  t o p  

f  in  o f  e a c h  p l u g  o f  c h e e s e  w a s  d i s c a r d e d .

E x t r a c t i o n  o f  f a t

A  6 0 -g  s a m p le  o f  c h e e s e  w a s  p a s s e d  t h r o u g h  a  s m a l l  g r a t e r .  T h e  g r a t e d  c h e e s e  w a s  

h e a t e d  in  a  1 0 0 -m l c e n t r i f u g e  t u b e  in  a  w a t e r - b a t h  a t  5 0 - 5 5  °C  f o r  2 0 - 3 0  m in  a n d  

t h e n  c e n t r i f u g e d .  T h e  f a t  w a s  r e c o v e r e d  b y  d e c a n t a t io n  a n d  f i l t e r e d  a t  5 0  °C .

O x id a t i o n  a n d  a c i d  v a lu e  te s t s

( a )  P e r o x i d e  v a lu e .  T h e  p e r o x id e  v a lu e  o f  t h e  f r e s h ly  f i l t e r e d  f a t  w a s  e s t i m a t e d  b y  

t h e  m e t h o d  o f  L o f t u s  H i l l s  &  T h ie l  (1 9 4 6 )  u s in g  a  B a u s c h  a n d  L o m b  ‘ S p e c t r o n ic  2 0 ’ 

c o lo r im e t e r  t o  m e a s u r e  t h e  in t e n s i t y  o f  c o lo u r  a t  5 1 5  m p .  A l l  p e r o x id e  v a l u e s  w e r e  

r e c o r d e d  in  m - e q u iv .  o f  o x y g e n / k g  o f  f a t .

(b ) I n d u c t i o n  p e r io d .  T h e  in d u c t io n  p e r io d s  o f  t h e  c h e e s e  f a t s  w e r e  e s t i m a t e d  b y  

t h e  A .O .M . t e s t .  T h e  p r o c e d u r e  r e c o m m e n d e d  b y  t h e  A m e r ic a n  O il C h e m is t s ’ 

S o c i e t y  ( N e w b y ,  1 9 5 7 ) w a s  fo l lo w e d  e x c e p t  t h a t  t h e  a m o u n t  o f  f a t  w a s  r e d u c e d  f r o m  

2 0  t o  5 m l w it h  a  c o r r e s p o n d in g  r e d u c t io n  in  t h e  f lo w  o f  a i r  t o  e a c h  t u b e .  T h e  i n d u c 

t io n  p e r io d  w a s  r e c k o n e d  a s  t h e  n u m b e r  o f  h o u r s  f o r  t h e  f a t  t o  lo s e  a l m o s t  c o m p le t e ly  

i t s  y e llo w  c o lo u r .  T h i s  e n d - p o in t  c o r r e s p o n d e d  t o  a n  a v e r a g e  p e r o x id e  v a l u e  ( e s t i 

m a t e d  b y  t h e  W h e e le r  t e s t )  o f  2 0  a n d ,  a s  w a s  f o u n d  b y  S t e b n i t z  &  S o m m e r  (1 9 3 7 )  fo r  

b u t t e r f a t ,  i t  m a r k e d  t h e  b e g in n in g  o f  a  v e r y  r a p i d  in c r e a s e  in  p e r o x id e  v a lu e .

(c) F r e e  f a t  a c i d i t y .  F i l t e r e d  f a t  (0 -2 5  g )  w a s  d i s s o lv e d  in  5  m l  o f  a  1 :1  m i x t u r e  o f  

l i g h t  p e t r o le u m  a n d  r e c t i f i e d  s p i r i t s .  T h e  s o lu t io n  w a s  t i t r a t e d  t o  p h e n o lp h t h a le in  

w it h  0 -0 2 5  N - a lc o h o lic  p o t a s h .  R e s u l t s  w e r e  r e c o r d e d  a s  f r e e  f a t  a c i d i t y ,  i .e .  a s  m l  

o f  N - a lk a l i /k g  o f  f a t .  S in c e  t h i s  e s t im a t io n  w a s  n o t  c o m m e n c e d  u n t i l  l a t e  in  t h e  i n 

v e s t i g a t i o n  t h e r e  w n re  n o  r e s u l t s  f o r  f a t  a c i d i t y  in  t h e  c h e e s e s  a t  2 wre e k s  a n d  fe w  

r e s u l t s  a t  2 a n d  4  m o n t h s  a f t e r  m a n u f a c t u r e .

R E SU LT S

F a t s  f r o m  c h e e se  a t  14  d a y s  a f t e r  m a n u f a c t u r e

T h e  p e r o x id e  v a l u e s  w e r e  lo w  a n d  t h e  in d u c t io n  p e r io d s  w-ere h ig h  ( T a b le  1), a n d  

b o t h  w e r e  o f  t h e  s a m e  o r d e r  a s  f o r  b u t t e r f a t  f r o m  f r e s h  b u t t e r .  T h e  t e s t s  i n d i c a t e d  

t h a t  t h e r e  h a d  n o t  b e e n  m o r e  t h a n  s l i g h t  o x i d a t i o n  o f  t h e  f a t  e i th e r  d u r in g  m a n u f a c 

t u r e  o f  t h e  c h e e se ,  o r  d u r in g  t h e  p e r io d  o f  s t o r a g e  in  t h e  f a c t o r y  c u r in g - r o o m .

E f f e c t  o f  m o n t h  o f  m a n u f a c t u r e .  M e a n  m o n t h ly  v a l u e s  f o r  t h e  in d u c t io n  p e r io d s  o f  

t h e  f a t s  f r o m  t h e  c h e e s e  a t  14  d a y s  a f t e r  m a n u f a c t u r e  ( T a b le  1) w e r e  s im i la r ,  w it h  t h e  

e x c e p t io n  o f  t h a t  fo r  F e b r u a r y  c h e e s e  w h ic h  w a s  s ig n i f i c a n t ly  h ig h e r  ( P  <  0 -0 5 ) , 

t h a n  f o r  t h e  o t h e r  m o n t h s .  S in c e  t h e  c h e e s e s  m a d e  d u r in g  t h i s  m o n t h  w e r e  i n 

a d v e r t e n t l y  e x p o s e d  t o  a  h ig h e r  t e m p e r a t u r e  d u r in g  t r a n s i t  f r o m  t h e  f a c t o r i e s  t o  t h e
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I n s t i t u t e  t h a n  w e r e  t h e  r e m a in d e r  o f  t h e  c h e e s e s ,  i t  s e e m s  l ik e ly  t h a t  t h e  d i f fe r e n c e  i s  

a t t r i b u t a b l e  t o  t h e  e f f e c t  o f  t h e  r e s u l t a n t  h ig h e r  b io lo g ic a l  a c t i v i t y  in  t h e  c h e e s e s  

r a t h e r  t h a n  t o  s e a s o n a l  d i f fe r e n c e  in  t h e  p r o p e r t i e s  o f  t h e  b u t t e r f a t .

E f f e c t  o f  f a c t o r y  o f  o r i g i n .  T h e  m e a n  p e r o x id e  v a l u e s  o f  t h e  f a t s  f r o m  t h e  1 4 - d a y - o ld  

c h e e s e s  f r o m  t h e  s e p a r a t e  f a c t o r i e s  w e r e  u n i fo r m ly  lo w  ( T a b le  2 ), b u t  t h e  in d u c t io n  

p e r io d s  o f  t h e  f a t s  f r o m  f a c t o r i e s  E  a n d  F  w e r e  s l i g h t l y  lo w e r  t h a n  t h o s e  o f  t h e  f a t s  

f r o m  f a c t o r i e s  A ,  B ,  C  a n d  D . T h e  d i f fe r e n c e  in  in d u c t io n  p e r io d  f o r  f a c t o r y  F  w a s  

s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  <  0 -0 5 ).

T a b l e  1. M e a n  a n d  r a n g e  o f  r e s u l t s  a t  2  w e e k s  a f t e r  m a n u f a c t u r e  f o r  p e r o x i d e  

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

Oxidative stability o f fa t  from  cheese

Peroxide value,
m .equiv. 0 2/kg Induction period, h

Month ot ,------------- ,------------- _____ A____________________ _>
m anufacture Mean R ange o f results Mean R ange of results

October 0-13 (M 0-0'17 17-5 15-3-18-5
Novem ber 0-11 0-08-0-15 18-7 16-7-20-7
December 0-14 0-11-0-20 17-8 15-6-18-9
Jan u ary 0-12 0-06-0-17 17-4 15-1-19-3
February 0-12 0-07-0-18 21-4 20-0-22-0
March o-:o 0-08-0-13 18-1 17-0-19-4
Standard  error 

of m ean
— — ±0-4 —

L east sig. diff. at
5 %  level — — 1-2 —

1 %  level — — 1-6 —

F a t s  f r o m  c h e e se  a f t e r  s t o r a g e

T h e  m e a n  r e s u l t s  f o r  t h e  p e r o x id e  v a l u e s  a n d  in d u c t io n  p e r io d s  o f  t h e  f a t s  f r o m  

c h e e s e s  f r o m  e a c h  o f  t h e  f a c t o r i e s  a f t e r  4 , 8  a n d  12 m o n t h s ’ s t o r a g e  s h o w e d  o n ly  

s l i g h t  c h a n g e s  ( T a b le  2 ) , in d i c a t i n g  t h a t  o x i d a t i o n  o f  t h e  f a t  in  t h e  c h e e s e s  d i d  n o t  

o c c u r  d u r in g  t h e  1 2 - m o n th  e x p e r im e n t a l  p e r io d .  T h e r e  w a s  a c t u a l l y  a  s l i g h t  r i s e  in  

t h e  in d u c t io n  p e r io d  o f  t h e  f a t  w ith  in c r e a s e  in  p e r io d  o f  s t o r a g e .  T h i s  c o u ld  h a v e  

b e e n  d u e  t o  c a r r y  o v e r  o f  t r a c e s  o f  a n t i o x i d a n t  in  t h e  f o r m  o f  p r o t e in  d e c o m p o s i t io n  

p r o d u c t s  d u r in g  e x t r a c t i o n  o f  t h e  f a t  f o r  a n a l y s i s .  T h e  q u a n t i t y  o f  t h e s e  p r o d u c t s  

c o u ld  b e  e x p e c t e d  t o  i n c r e a s e  a s  t h e  c h e e s e s  r ip e n e d .

T h e  f r e e  f a t  a c i d i t y  o f  f a t  f r o m  c h e e s e  a t  14 d a y s  a f t e r  m a n u f a c t u r e  i s  u s u a l l y  

w ith in  t h e  r a n g e  0 -8 -1 -0 . I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  r e s u l t s  f o r  a  s m a l l  n u m b e r  o f  

c h e e s e s  a t  2 , 4 , a n d  6 m o n t h s  a f t e r  m a n u f a c t u r e ,  t o g e t h e r  w it h  t h e  r e s u l t s  f o r  a l l  

c h e e s e s  a f t e r  8 a n d  12 m o n t h s  ( T a b le  2 ) , i n d ic a t e  t h a t  t h e r e  w a s  a  f a i r l y  r e g u l a r  

r i s e  in  a c i d i t y  o f  t h e  f a t  a s  t h e  c h e e s e s  m a t u r e d .  T h e  c h a n g e s  in  f r e e  f a t  a c i d i t y  w e r e  

s im i la r  f o r  t h e  c h e e s e s  f r o m  d i f fe r e n t  f a c t o r i e s .  T h e  v a l u e s  a r e  in  c lo s e  a g r e e m e n t  

w it h  t h o s e  r e p o r t e d  b y  B a b e l  &  H a m m e r  (1 9 4 5 )  a n d  S h e u r in g  &  T u c k e y  (1 9 4 7 )  

f o r  f a t  f r o m  C h e d d a r  c h e e s e  m a d e  f r o m  p a s t e u r i z e d  m i lk  a n d  a t  t h e  s a m e  s t a g e  o f  

r ip e n in g .
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D ISCUSSION

T h e  a b s e n c e  o f  a n y  e v id e n c e  o f  o x i d a t i o n  o f  f a t  in  t h e  e x p e r im e n t a l  c h e e s e  i s  in  

a g r e e m e n t  w it h  t h e  g e n e r a l ly  a c c e p t e d  t h e o r y  t h a t ,  o w in g  t o  t h e  p r e s e n c e  o f  l a r g e  

n u m b e r s  o f  b a c t e r i a  w it h  t h e i r  d e m a n d  f o r  o x y g e n ,  o x i d a t i o n  o f  t h e  f a t  d o e s  n o t  

t a k e  p l a c e  in  c h e e se .

T h e  d i f fe r e n c e s  b e tw e e n  t h e  a v e r a g e  in d u c t io n  p e r io d s  o f  f a t s  f r o m  c h e e s e s  m a n u 

f a c t u r e d  a t  d i f f e r e n t  f a c t o r i e s  w e r e  s m a l l  in  c o m p a r i s o n  w it h  t h e  d u r a t io n  o f  t h e  

in d u c t io n  p e r io d  i t s e l f .  T h u s  i t  m a y  b e  c o n c lu d e d  t h a t  a l t h o u g h  t h e r e  w e r e  s l i g h t  

v a r i a t i o n s  in  t h e  s u s c e p t i b i l i t y  o f  t h e  f a t  t o  o x i d a t i o n  t h e y  w e r e  t o o  s m a l l  t o  p r o v i d e  

a n  e x p l a n a t i o n  f o r  v a r i a t i o n s  in  t h e  t e n d e n c y  o f  c h e e s e s  t o  s h o w  t a l lo w y  d i s c o lo r a t io n .

T h e  a u t h o r  w is h e s  t o  t h a n k  D r  F .  H .  M c D o w a l l ,  C h ie f  C h e m is t  o f  t h i s  I n s t i t u t e ,  

f o r  a d v i c e  a n d  c r i t i c i s m ;  M r  A .  C . G le n d a y ,  A p p l i e d  M a t h e m a t i c s  L a b o r a t o r y ,  

D e p a r t m e n t  o f  S c ie n t i f i c  a n d  I n d u s t r i a l  R e s e a r c h ,  f o r  a d v ic e  o n  t h e  s t a t i s t i c a l  

a n a l y s i s ;  a n d  t h e  m a n a g e r s  o f  t h e  6 f a c t o r i e s  f o r  t h e i r  c o - o p e r a t io n  in  s u p p ly i n g  t h e  

c h e e s e s .

R E F E R E N C E S

B a b e l , F . J .  & H am m er , B . W. (1945). J .  D a iry  S e i. 28, 201.
L oetus H il l s , G. & T h ie l , C. C. (1946). J .  D a iry  R es. 14, 340.
N e w b y , W. (1957). J . Am er. Oil Ghent. Soc. 34, 394.
R id d e t , W., W h iteh ea d , H . R ., R o bertso n , P . S. & H a r k n e ss , W. L . (1961). J .  D a iry  R es. 28, 130. 
R o bertso n , P . S. (1957). A n n . R ep . (1956-57). D airy  R es. In st. (N .Z .), p . 12.
R o bertso n , P . S. (1959). A n n . R ep . (1958-59). D airy  R es. In st. (N .Z .), p. 16.
S h e u r in g , J .  J .  & T u c k e y , S. L . (1947). J .  D a iry  S e i. 30, 803.
St e b n it z , V. C. & S ommer, H. H . (1937). J .  D a iry  S e i. 20, 265.

Prin ted  in  Great B r ita in



J .  D a iry  R es. (1963), 30, 375 

With 1 plate
375

T h e  e f f e c t  o f  p r e p a r a t i v e  c o n d i t i o n s  o n  t h e  c o m p o s i t i o n  

o f  t h e  x - c a s e i n  c o m p l e x

B y  R .  D .  H I L L  a n d  R A I O N E  R .  H A N S E N  

C . S . I . R . O .  D i v i s i o n  o f  D a i r y  R e s e a r c h , H ig h e t t ,  V i c t o r ia

( R e c e iv e d  4  M a r c h  1 9 6 3 )

S u m m a r y . T h e  e f f e c t s  o f  c h a n g e s  in  t h e  c o n d i t io n s  o f  p r e p a r a t io n  o n  t h e  c o m p o s i t io n  

o f  t h e  « - c a s e in  c o m p le x  h a v e  b e e n  s t u d ie d  a n d  a  m e t h o d  o f  p r e p a r a t io n  i s  s u g g e s t e d  

w h ic h  e m b o d ie s  t h e  o p t i m a l  c o n d i t io n s .  T h e  v a r i e d  c o n d i t io n s  in c lu d e  t e m p e r a t u r e  

o f  p r e c i p i t a t i o n  o f  t h e  a c i d  c a s e in ,  t h e  p H ,  t e m p e r a t u r e ,  C a C l2 c o n c e n t r a t io n  a n d  

d u r a t io n  o f  t h e  C a C l2 t r e a t m e n t ,  a n d  t h e  c o n d i t io n s  o f  c e n t r i f u g in g .  C h a n g e s  in  

c o m p o s i t io n  c a u s e d  b y  a lc o h o l  f r a c t i o n a t io n  a r e  r e p o r t e d  a n d  t h e  r e s u l t s  a r e  d i s 

c u s s e d  f r o m  t h e  p o i n t  o f  v ie w  o f  « - c a s e in  a s  a  c o m p le x  o f  t h r e e  o r  m o r e  p r o t e in s .

I n  a n  e a r l ie r  p a p e r  (H i l l ,  1 9 6 3 )  a  m e t h o d  w a s  g iv e n  f o r  t h e  c h r o m a t o g r a p h ic  

s e p a r a t i o n  o f  /3 -ca se in  f r o m  c r u d e  « - c a s e in  in  c o n d i t io n s  w h ic h  c a u s e d  l i t t l e  a l t e r a 

t io n  o f  t h e  c o m p o s i t io n  o f  t h e  « - c a s e in  c o m p le x  i t s e l f .  I n  t h a t  p a p e r ,  i t  w a s  p o in t e d  

o u t  t h a t  l i t t l e  w a s  k n o w n  o f  t h e  e f f e c t s  o f  d i f f e r e n t  c o n d i t io n s  o f  p r e p a r a t io n  o n  

t h i s  c o m p o s i t io n ,  b e c a u s e  t h e  n a t u r e  o f  « - c a s e in  a s  a  c o m p le x ,  a n d  n o t  a  s in g le  p r o 

t e in ,  h a d  n o t  b e e n  p r e v i o u s l y  a p p r e c i a t e d .

T h e  s e p a r a t i o n  o f  t h e  « - c a s e in  f r o m  t h e  a - «  c o m p le x  i s  c o m m o n ly  a c h ie v e d  b y  t h e  

a d d i t i o n  o f  C a C l2 u n t i l  i t s  c o n c e n t r a t io n  i s  a b o u t  0 -2 5  m o la r  ( W a u g h  &  V o n  H ip p e l ,  

1 9 5 6 ) . H o w e v e r ,  s o m e w h a t  d i f f e r e n t  c o n d i t io n s  o f  t e m p e r a t u r e  a n d  C a C l2 c o n c e n t r a 

t io n  h a v e  b e e n  f a v o u r e d  b y  d i f f e r e n t  w o r k e r s ,  a n d  a  s t u d y  o f  t h e  e f fe c t  o f  t h e s e  a n d  

o t h e r  p r e p a r a t iv e  c o n d i t io n s  o n  t h e  y ie ld  a n d  c o m p o s i t io n  o f  t h e  « - c a s e in  a p p e a r s  

n e c e s s a r y .

T h e  p r o b a b le  c o m p o s i t io n  o f  t h e  « - c a s e in  c o m p le x  h a s  b e e n  d i s c u s s e d  b y  B e e b y

( 1 9 6 3 ) ,  a n d  h is  c o n c e p t s  h a v e  f o r m e d  t h e  b a s i s  f o r  c o m p a r in g  t h e  c o m p o s i t io n s  o f  t h e  

« - c a s e in s  p r o d u c e d  b y  v a r i o u s  t r e a t m e n t s .  R e m a in  r e le a s e s  f r o m  « - c a s e in  a  s ia l ic -  

a c id - c o n t a in in g  g l y c o p e p t i d e  w h ic h  i s  s i m i la r  t o  t h a t  r e l e a s e d  f r o m  w h o le  c a s e in  

( N i t s c h m a n n  &  B e e b y ,  1 9 6 0 ) . S in c e  t h e  a c t io n  o f  re m a in  o n  w h o le  c a s e in  r e le a s e s  a l l  

t h e  s ia l ic - a c id - c o n ta in io a g  m a t e r i a l  (H il l ,  u n p u b l i s h e d )  i t  i s  p r o b a b l e  t h a t  a l l  t h e  s i a l i c  

a c i d  o f  w h o le  c a s e in  i s  l o c a t e d  iia t h e  « - c a s e in  f r a c t io ia .  P a r t i c u l a r  a t t e n t io n  h a s  t h e r e 

fo r e  b e e n  g iv e ia  t o  e n su r i ia g  t h a t  a s  m u c h  a s  p o s s ib le  o f  t h e  s i a l i c  a c i d  o r ig in a l ly  

p r e s e n t  in  t h e  w h o le  c a s e in  i s  r e t a h a e d  iia t h e  « - c a s e in .
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M a t e r i a l s  a n d  M e t h o d s

C a s e in s  w e r e  p r e p a r e d  f r o m  f r e s h  r a w  m i lk  w h ic h , l ik e  t h e  p r o t e in  s o lu t io n s ,  w a s  

p r e s e r v e d  h v  t h y m o l  d u r in g  s t o r a g e .  T h e  w a t e r  w a s  d e io n iz e d  b y  a n  E l g a s t a t  

c o lu m n , o r  w a s  d i s t i l l e d  f r o m  g l a s s .  T h e  d ie t h y la m in o e t h y l  c e l lu lo s e  u s e d  f o r  c h r o 

m a t o g r a p h y  w a s  W h a t m a n  D E . 5 0 ,  a n d  f r a c t i o n s  w e r e  c o l le c te d  o n  a n  L K B  f r a c t i o n  

c o l le c to r  h a v i n g  a  U V  a b s o r p t i o m e t e r  w h ic h  r e c o r d e d  t r a n s m i s s io n  a t  2 5 3  m p .  

C r u d e  /c -c a se in s  w e r e  p u r i f ie d  b y  t h e  m e t h o d  o f  H i l l  (1 9 6 3 ) .  T h e  S e p h a d e x  u s e d  f o r  

g e l  f i l t r a t i o n  w a s  m e d iu m  g r a d e  G  2 5  s u p p l i e d  b y  P a r a m a c i a ,  U p p s a l a ,  S w e d e n ,  

a n d  t h e  t e c h n iq u e  u s e d  w a s  t h a t  o f  P o r a t h  &  F l o d in  (1 9 5 9 ) .

N i t r o g e n  w a s  d e t e r m in e d  b y  s e m i- m ic r o  K j e l d a h l  d i s t i l l a t io n ,  a n d  s i a l i c  a c i d  b y  

t h e  m e t h o d  o f  W a r r e n  (1 9 5 9 ) .  C y s t in e  w a s  e s t i m a t e d  b y  t h e  m e t h o d  o f  A l l i s o n  &  

C e c i l  (1 9 5 8 ) ,  w it h  p h e n y l- m e r c u r y  a c e t a t e  a s  t h e  t i t r a n t .  I n  c o n v e r t in g  w e ig h t s  o f  

n i t r o g e n  t o  p r o t e in  w e ig h t s ,  t h e  f a c t o r s  u s e d  w e r e  6-7  f o r  /c -c a se in  a n d  6-4  f o r  w h o le  

c a s e in .

S t a r c h  g e l  e le c t r o p h o r e s i s  w a s  p e r f o r m e d  in  t h e  m a n n e r  s u g g e s t e d  b y  W a k e  &  

B a l d w i n  (1 9 6 1 ) .  A l l  c h e m ic a ls  w e r e  o f  r e a g e n t  g r a d e .

R E SU LT S

T h e  p r e p a r a t i o n  o f  a c i d  c a s e i n

C a s e in  m ic e l le s  f r e e d  o f  s e r u m  p r o t e in s  a n d  w h e y  h a v e  a  s i a l i c  a c i d  c o n t e n t  u s u a l l y  

ir_ t h e  r a n g e  0 - 5 - 0 - 6  %  (H i l l ,  u n p u b l i s h e d ) ,  b u t  d u r in g  a c i d  p r e c i p i t a t i o n  t h i s  c o n t e n t  

i s  r e d u c e d  t o  a b o u t  0-4  %  ( T a b le  1). S in c e  t h i s  l o s s  m ig h t  b e  t e m p e r a t u r e  d e p e n d e n t ,  

a  c o m p a r i s o n  o f  t h e  s i a l i c  a c i d  c o n t e n t  o f  a c i d  c a s e in  p r e c i p i t a t e d  a t  t w o  d i f f e r e n t  

t e m p e r a t u r e s  w a s  m a d e .  F o r  o n e  p r e p a r a t io n ,  s k im - m i lk  w a s  c o o le d  t o  3 °C , t h e  

p H  a d ju s t e d  t o  4 -7  w it h  n -H C I,  a n d  t h e  s a m p le  s lo w ly  A v arm ed  u n t i l  p r e c i p i t a t i o n  

o c c u r r e d .  T h e  p r e c i p i t a t e  w a s  w a s h e d ,  m a c e r a t e d  in  w a t e r  a n d  r e d i s s o lv e d  w it h  

N - N a O H  t o  a  p H  >  7-5 . I t  w a s  t h e n  r e p r e c ip i t a t e d  a n d  r e d i s s o l v e d  a s  d e s c r ib e d  

a b o v e .  A n o t h e r  p o r t io n  o f  t h e  s k im - m i lk  w a s  t r e a t e d  s im i la r ly ,  e x c e p t  t h a t  t h e  

a c i d  w a s  a d d e d  a t  3 0  °C  o n  e a c h  o c c a s io n .  T h e  s i a l i c  a c i d  c o n t e n t  o f  t h e  c a s e in  p r e 

p a r e d  b y  t h e  a d d i t i o n  o f  a c id  a t  3 0  °C  (0 -4 6  % )  w a s  n o t  s i g n i f i c a n t ly  d i f f e r e n t  f r o m  

t h a t  o f  t h e  c a s e in  p r e p a r e d  b y  a c id i f ic a t io n  a t  3 °C  (0 -4 3  % ) .  T h e  s im p le r  m e t h o d  a t  

3 0  °C  w a s  th e r e f o r e  u s e d  t o  p r e p a r e  t h e  s o d iu m  c a s e i n a t e s  f o r  t h e  t e s t s  d e s c r ib e d  in  

t h i s  p a p e r .

T h e  p r e p a r a t i o n  o f  c r u d e  K - c a s e in s

I n  p r e p a r in g  c r u d e  K - c a se in  t h e  c o n d i t io n s  t h a t  m a y  b e  v a r i e d  in c lu d e  p H ,  t e m 

p e r a t u r e ,  c o n c e n t r a t io n  o f  C a + +  a n d  o f  o t h e r  io n s ,  t h e  d u r a t io n  o f  t r e a t m e n t  a n d  t h e  

c o n d i t io n s  o f  c e n t r i f u g in g .  I t  i s  e v id e n t  t h a t  a  c o m p le t e  s t u d y  b a s e d  o n  a  s t a t i s t i c a l l y  

p l a n n e d  v a r i a t i o n  o f  a l l  t h e s e  f a c t o r s  a t  a  n u m b e r  o f  l e v e l s  c o u ld  n o t  b e  a t t e m p t e d .  

T _ie  p l a n  a d o p t e d  w a s  t o  c h a n g e  o n e  f a c t o r  a t  a  t im e  in  o r d e r  t o  f in d  a  s e t  o f  o p t im u m  

c o n d i t io n s  f o r  t h e  r e c o v e r y  o f  s i a l i c  a c i d  in  t h e  /c -c a se in  a n d  t h e n  t o  m a k e  a  l im i t e d  

s u r v e y  o f  t h e  e f fe c t  o f  r e l a t i v e l y  s m a l l  c h a n g e s  in  t h e  f a c t o r s  n e a r  t h e  c o m b in e d  

o p t im u m .  T h e  r e s u l t s  in  T a b l e  1 d o  n o t  r e p r e s e n t  a l l  t h e  t e s t s ,  b u t  s u f f ic ie n t  h a v e  
b e e n  g iv e n  t o  s h o w  t h e  r e l e v a n t  e f fe c t s .  T h e  K - c a se in s  in  t h i s  t a b l e  h a v e  s i a l i c  a c id  

c o n t e n t s  in  t h e  r a n g e  0 - 9 8 - 2 - 0 8  % .  T h e  lo w e r  s i a l i c  a c i d  c o n t e n t s  c o u ld  b e  c a u s e d



e i th e r  b y  lo s s  o f  t h e  s i a l i c  a c id - c o n t a in in g  c o m p o n e n t  in  t h e  c o u r s e  o f  p r e p a r a t io n ,  

o r  b y  c o n t a m in a t io n  w it h  a -  o r  /3 -c a se in s . I n  e i t h e r  c a s e  t h e  p r e p a r a t i v e  t r e a t m e n t  

w o u ld  b e  c o n s id e r e d  u n s a t i s f a c t o r y .

P reparation o f K-casein 377

T a b le  1. E f f e c t  o f  p r e p a r a t i v e  t r e a t m e n t  o f  K - c a s e in  o n  i t s  s i a l i c  a c i d  a n d  c y s t in e  c o n te n t s

Chromatographed
Na caseinate K-casein

CaClj¡ treatment Centrifuge Crude S-S S-S
/c-casein g protein/ g protein/5 f 5

mp. CaCl2 NaCl Time Time Temp. NANA* mole NANA NANA mole
JC pH M M h io-3g h °C % cystine % Of/o cystine

3 7 0-25 — 1 35 i 30 0-40 __ 1-39 — —
30 7 0-25 — 1 35 i 30 0-40 — 1-48 — —

3 7 0-25 — 1 35 i 30 0-42 — 1-15 — —
30 7 0-25 — 1 35 i 30 0-42 — 1-41 — —

30 6-7 0-25 — 1 35 i 30 0-42 — 1-43 — —

30 6-7 0-08 0-40 1 35 1 30 0-42 — 1-30 — —

30 6 0-08 — 1 35 i 30 0-42 — 0-91 — —

30 6 0-17 — 1 35 è 30 0-42 — 1-06 — —

30 6 0-25 — 1 35 i 30 0-42 — 0-98 — —

to 8-7 0-25 — 1 35 i 30 0-42 — 1-06 — —
30 7 0-08 — 1 35 Ì 30 0’42 — 1-12 — —

30 7 0-17 — 1 35 i 30 0-42 — 1-29 — —

30 7 0-25 — 1 35 30 0-42 — 1-35 — —

17 7 0-08 — 1 35 i 30 0-42 — 143 — —

37 7 0-17 — 1 35 Ì 30 0-42 — 1-45 — —

¡7 7 0-25 — 1 35 i 30 0-42 — 1-38 — —

n 7 0-33 — 1 35 i 30 0-42 — 1-42 — —
2 7 0-2 — i 60 1 30 0-42 — 1-22 — —
2 7 0-2 — i 35 i 30 0-42 — 1-45 1-7 37300
6 7 0-3 — 1 35 i 30 0-42 — 1-6 1-7 41500
2 7 0-2 — 1 35 i 35 0-42 — 1-6—1-7 1-88 386001
2 7 0-2 — 1 35 i 35 0-42 — 1-39 1-62 45lOOt
2 7 0-2 — 1 9 Ì 35 0-37 87400 1-33 1-48 38000
2 7 0-2 — 1 35 i 35 0-46 97000 — 2-08 36000
2 7 0-2 — 1 35 Ì 37 0-50 75200 — 1-92 40000
2 7 0-2 — 1 35 i 40 0'34 96000 — 1-95 48000
2 7 0-2 — 1 35 i 42 0-42 — — 1-85 44000

*  NANA, N -acetyl neuramic acid (sialic acid), 
t  CaCl2 treatment done at 3 % protein concentration, 
l  Estimated from relative peak areas on chromatogram.

' 'e m p e r a tu r e  o f  C a C l 2 t r e a t m e n t

T h e  e f f e c t  o f  c h a n g e s  o f  t e m p e r a t u r e  o f  t h e  C a C l2 t r e a t m e n t  i s  s h o w n  in  T a b l e  1. 

d  c o n s t a n t  C a C l2 c o n c e n t r a t io n  (e .g .  0 - 2 5 m ) t h e  p e r c e n t a g e  o f  s i a l i c  a c i d  in  t h e  c r u d e  

- c a s e in  c h a n g e d  f r o m  1-15  f o r  a  t r e a t m e n t  a t  3 °C  t o  T 6 - T 7  f o r  o n e  a t  4 2  °C  ( t e s t s  3 , 

, 1 6 , 2 1 ) .  T e s t  21  w a s  n o t  s t r i c t l y  c o m p a r a b l e  w it h  t h e  o t h e r s  s in c e  t h e  C a C l2 c o n -  

s n t r a t io n  w a s  d i f fe r e n t ,  b u t  t h e  d i f fe r e n c e  w a s  n o t  s u f f i c ie n t  t o  a f f e c t  t h e  c o n c lu s io n  

if. t e s t s  12 , 13  a n d  1 5 , 1 6 ). T e s t s  3 - 2 2  w e r e  a l l  m a d e  o n  a  s in g le  b a t c h  o f  c a s e in  

s to re d  in  t h e  f r o z e n  s t a t e  a t  — 10 °C  d u r in g  t h e  s e r ie s  o f  t e s t s )  b u t  a  s im i la r  b e h a v io u r  

e v id e n t  in  t e s t s  in v o lv in g  t w o  d i f f e r e n t  c a s e i n a t e s  ( t e s t s  1 - 4 ) .  N o  in c r e a s e  in  t h e  

ie ld  o f  s i a l i c  a c i d  in  t h e  c r u d e  /c -c a se in  w a s  o b t a i n e d  b y  in c r e a s in g  t h e  t e m p e r a t u r e  

f t r e a t m e n t  f r o m  4 2  t o  4 6  °C  ( t e s t s  2 0 , 2 1 ) .

H  o f  C a C l 2 t r e a t m e n t

T e s t s  4 - 1 3 ,  T a b l e  1, s h o w  t h e  e f f e c t  o f  d i f f e r e n t  c o n d i t io n s  o f  p H  a t  a  n u m b e r  o f  

a C l2 c o n c e n t r a t io n s .  I n  t e s t  4  t h e  p H  w a s  k e p t  b e tw e e n  6-7 a n d  7 a s  C a C l2w a s  a d d e d ,  

h e r e a s  in  t e s t s  5  a n d  6  a l l  t h e  C a C l2 w a s  a d d e d  w i t h o u t  a d ju s t i n g  t h e  p H  w h ic h  fe ll
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f r o m  7 i n i t i a l l y  t o  5-9  a f t e r  t h e  C a C l2 w a s  a d d e d .  T h e  p H  w a s  t h e n  r e t u r n e d  t o  7 

w i t h  N - N a O H . C o m p a r in g  t e s t s  4 a n d  5 , i t  c a n  b e  s e e n  t h a t  n o  a d v a n t a g e  w a s  g a in e d  

b y  t h e  c o n t in u o u s  a d ju s t m e n t  o f  t h e  p H .  W h e n  t h e  p H  w a s  l e f t  a t  6 , h o w e v e r  

( t e s t s  7 , 8 , 9 ) , t h e  p r o p o r t io n  o f  s i a l i c  a c i d  in  t h e  c r u d e  «r-ca se in  w a s  lo w e r  t h a n  t h a t  o f  

t h e  /c -c a se in  fo r  w h ic h  t h e  p H  w a s  r e t u r n e d  t o  7 a f t e r  a d d i t i o n  o f  C a C l2 ( t e s t s  11 , 12 , 

1 3 ). W h e n  t h e  p H  o f  t h e  s o d iu m  c a s e i n a t e  s o lu t io n  w a s  i n i t i a l l y  a d ju s t e d  t o  8 s o  

t h a t  a f t e r  C a C l2 w a s  a d d e d  t h e  f in a l  p H  w a s  7 , t h e r e  w a s  l ik e w is e  a  d e c r e a s e  in  s i a l i c  

a c i d  c o n t e n t  (c f .  t e s t s  1 0 , 4 ) . T h e  p r o c e d u r e  u s e d  f o r  t e s t s  5 a n d  6 w a s  t h e r e f o r e  

a d o p t e d  a s  t h e  s t a n d a r d  o n e .

C a C l2 c o n c e n t r a t io n

A s  C a C l2 w a s  a d d e d  t o  t h e  s o d iu m  c a s e i n a t e  s o lu t io n ,  t h e  p H  a t  f i r s t  d r o p p e d  

s h a r p l y .  T h i s  c o n t in u e d  u n t i l  t h e  C a C l2 c o n c e n t r a t io n  w a s  a b o u t  0 - 0 5 m , a t  w h ic h  

s t a g e  t h e  b u l k  o f  t h e  b in d in g  c a p a c i t y  o f  t h e  p r o t e in  f o r  C a  a p p e a r e d  t o  b e  s a t i s f i e d .  

T h e  m in im u m  C a C l2 c o n c e n t r a t io n  u s e d  in  t h e s e  t e s t s  w a s  t h e r e f o r e  f ix e d  s o m e w h a t  

h ig h e r  a t  0-08m . T e s t s  4 , 5  a n d  1 1 - 1 7 ,  T a b l e  1, s h o w  t h a t  a s  t h e  C a C l2 c o n c e n t r a t io n  

i n c r e a s e d  t o  0-25m a t  3 0  °C  a n d  p H  7 , t h e r e  w a s  a  c o r r e s p o n d in g  i n c r e a s e  in  t h e  

s i a l i c  a c i d  c o n te n t  o f  t h e  c r u d e  «r-ca se in  t o  a b o u t  1 - 4 0 % ,  w h ile  a t  37  °C  t h i s  v a l u e  

w a s  a c h ie v e d  w it h in  t h e  r a n g e  0 T 7 - 0 - 3 3 M - C a C l2. I n  t e s t s  a t  37  °C  a n d  h ig h e r  

t e m p e r a t u r e s  a  C a C l2 c o n c e n t r a t io n  o f  0 -2 0  m  w a s  s e le c t e d  fo r  n o r m a l  u s e .  C o m p a r i s o n  

o f  t e s t s  6 a n d  11 s u g g e s t s  t h a t ,  in  a d d i t i o n  t o  t h e  e f fe c t  o f  C a C l2 c o n c e n t r a t io n ,  t h e r e  

w a s  a l s o  a n  e f f e c t  d u e  t o  t h e  a d d i t i o n  o f  N a C l .

D u r a t i o n  o f  C a C l2 t r e a t m e n t

A t  4 2  °C  a  1 -h  t r e a t m e n t  w it h  C a C l2 a t  0 - 2 m  w a s  n e e d e d  t o  o b t a i n  a n  o p t im u m  

y ie l d  o f  s i a l i c  a c i d  in  t h e  c r u d e  /c -c a se in , t r e a t m e n t  f o r  |  h  b e in g  in s u f f ic ie n t  ( t e s t s  19 , 

2 1 ) .  A f t e r  1 h  t h e  s i a l i c  a c i d  c o n t e n t  in  t h e  c r u d e  /c -e a se in  r e p r e s e n t e d  8 0 - 8 5  %  o f  t h a t  

o r ig in a l ly  p r e s e n t  in  t h e  s o d iu m  c a s e in a t e .  A s  t h e  v o lu m e  o f  t h e  fc -c a se in  s o lu t io n  

r e c o v e r e d  a f t e r  c e n t r i f u g in g  w a s  o n ly  8 5 - 9 0  %  o f  t h a t  o f  t h e  p a r e n t  s o d iu m  c a s e i n a t e  

s o lu t io n  i t  i s  e v id e n t  t h a t  le n g t h ie r  t r e a t m e n t  c o u ld  in c r e a s e  y ie ld  b y  o n ly  a  fe w  p e r  

c e n t .

C o n d i t i o n s  o f  c e n t r i f u g in g

I n  c e n t r i f u g in g ,  i t  i s  n e c e s s a r y  t o  a c h ie v e  a  c o m p r o m is e  b e tw e e n  s e d im e n t in g  o u t  

f in e ly  d iv id e d  /3 -c a se in , a n d  a v o i d in g  s e le c t iv e  lo s s  o f  s i a l i c  a c id - c o n t a in in g  m a t e r i a l  

i f  t h e  c e n t r i f u g in g  b e  e x c e s s iv e .  A s  a  r e s u l t  o f  a  n u m b e r  o f  t e s t s ,  -| h  o f  c e n t r i f u g in g  

in  t h e  S e r v a l l  S S  3 4  r o t o r  a t  3 5  0 0 0  g  a n d  3 5 - 4 0  °C  w a s  s e l e c t e d  a s  t h e  m o s t  s u i t a b l e  

t r e a t m e n t .  T h e  e f fe c t  o f  e x c e s s iv e  o r  o f  in s u f f i c ie n t  c e n t r i f u g e  t r e a t m e n t  c a n  b e  s e e n  

b y  c o m p a r in g  t h e  r e s u l t s  o f  t e s t  18  w it h  19 a n d  2 3  w it h  2 1 . T h e  \  h  t r e a t m e n t  a t  

3 5 0 0 0  g- n e e d  n o t  b e  t h e  m o s t  s u i t a b l e ,  i f  t h e  o t h e r  e x p e r im e n t a l  c o n d i t io n s  b e  

c h a n g e d .  F o r  e x a m p l e ,  t h e  c o n c e n t r a t io n  o f  t h e  s o d iu m  c a s e i n a t e  s o lu t io n s  w a s  

u s u a l l y  5 - 6  % ;  a  c h a n g e  in  t h e  p r o t e in  c o n c e n t r a t io n  w it h  c o n s e q u e n t  c h a n g e  o f  

v i s c o s i t y  o f  t h e  s o lu t io n  w o u ld  n e c e s s i t a t e  a  d i f f e r e n t  c e n t r i f u g e  t r e a t m e n t  f o r  b e s t  

r e s u l t s  (c f . t e s t s  2 1 , 2 2 ).
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S i a l i c  a c i d  a n d  c y s t in e  c o n te n t  o f  s o d i u m  c a s e i n a t e

T h e  l a s t  f o u r  /c -c a se in s  l i s t e d  in  T a b l e  1 w e r e  m a d e  f r o m  d i f f e r e n t  m i lk s ,  w h ic h  

y ie ld e d  s o d iu m  c a s e i n a t e s  o f  d i f fe r e n t  s i a l i c  a c i d  c o n te n t .  T h e  p r e p a r a t i v e  c o n d i t io n s  

w e r e  t h e  o p t im u m  o n e s  d e r iv e d  f r o m  t h e  e a r l ie r  e x p e r im e n t s  ( t e s t  2 1 ) ,  a n d  t h e  k - 

c a s e in s  w e r e  a l l  p u r i f i e d  c h r o m a t o g r a p h ic a l ly .  T h e  s i a l i c  a c i d  c o n t e n t s  o f  t h e  p u r i f ie d  

K - c a se in s  w e r e  r e a s o n a b l y  s i m i la r  ( t e s t s  2 1 , a n d  2 4 - 2 7 ) .  T h e  v a r i a t i o n s  w h ic h  o c c u r r e d  

d id  n o t  b e a r  a n y  a p p a r e n t  r e l a t io n  t o  t h e  v a r i a t i o n s  in  s i a l i c  a c i d  c o n t e n t  o f  t h e  

o r ig in a l  s o d iu m  c a s e i n a t e s ,  e x c e p t  o f  c o u r s e  t h a t  t h e  s i a l i c  a c i d  c o n t e n t  o f  t h e  s o d iu m  

c a s e in a t e  f ix e d  t h e  m a x im u m  y ie ld  o f  K -c a se in  o b t a i n a b l e .  L ik e w is e  n o  d i r e c t  

r e l a t io n  b e tw e e n  t h e  c y s t in e  c o n t e n t  o f  t h e  p u r i f ie d  /e -c a se in s  a n d  t h a t  o f  t h e  s o d iu m  

c a s e in a t e s  c o u ld  b e  fo u n d .

S c h e m e  f o r  p r e p a r a t i o n  o f  K - c a s e in

T h e  s c h e m e  b e lo w  s e t s  o u t  b r ie f ly  t h e  c o n d i t io n s  t h o u g h t  t o  b e  o p t i m a l  f o r  

p r e p a r in g  K -c a se in .
Fresh skim-milk (1-51)

!
n -HC1 to pH  4-7, 30 °C

I
Precipitate-------—— —------------------- 1---------------------- Supernatant discarded

i
W ashed, redissolved in 1-5 1 a t  pH  7-7-5 using N-NaOH

I
n -HCI to pH  4-7, 30 °C

IPrecipitate washed, redissolved in 750 ml, pH  7
i

Solution warmed to  42 °C, m ade 0*2 m  in CaCl2 with 4M-CaCl2, 
pH  ad justed  to  7, left 1 h a t  42 °C

Centrifuged 35000 g  \  h  35 °C

Supernatant-------------------------------- -̂---------------------------- Precipitate discarded
(700-750 ml)

D ialysed overnightat 3 °C 
against 0*0lN-ISraAc (20 1) pH  6*25

i
Concentrated to 125-150 ml

Concentrate w ashed through 100 g  Sephadex G 25 column w ith 0*03N-NaAc, pH  6-25, to re
m ove balance o f  CaCl2. Protein fraction which elutes prior to appearance o f 0*005m CaCl2 
collected j

(Volume about 130 ml)
i

A volume of solution containing not more than 3-5 g protein layered on to D E A E  column (50 g). 
E lution system  a s  in Hill (1963) with increase in volum e to suit larger column.

Purified «-casein collected (500-600 ml), dialysed overnight with stirring against large excess 0-5 g/1, 
Y aC l 3 °C.
Freeze dried. Yield 2-5-3 g.

T h e  a lc o h o l  f r a c t i o n a t i o n  o f  K - c a s e in

A method currently in use for preparation of K-casein (McKenzie & Wake, 1961) 
relies upon fractionation in 50 % ethanol for the purification of the crude K-casein, 
and studies were therefore made to ascertain if this treatment caused any change in

D airy  R es. 302 5
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t h e  c o m p o s i t io n  o f  t h e  « - c a s e in  c o m p le x .  T a b l e  2 g i v e s  t h e  c y s t in e  a n d  s i a l i c  a c i d  co  

t e n t s  o f  t h e  a lc o h o l  f r a c t i o n a t e d  c a s e in s ,  a n d  t h e  c o n d i t io n s  o f  p r e p a r a t io n .  T h e  f ir  

p r e p a r a t io n  w a s  m a d e  a c c o r d in g  t o  t h e  m e t h o d  o f  M c K e n z ie  &  W a k e  (1 9 6 1 )  u s i ;  

5 0  %  e t h a n o l ,  b u t  s in c e  t h e  y ie l d  c o u ld  b e  i n c r e a s e d  c o n s id e r a b ly  b y  f r a c t i o n a t io n  fro  

60  %  e t h a n o l ,  t h i s  c o n c e n t r a t io n  w a s  u s e d  in  t h e  s u b s e q u e n t  p r e p a r a t io n s .  T h e  c o i 

p o s i t io n s  o f  t h e  p r e c i p i t a t e s  in  T a b l e  2  a r e  t h o s e  r e s u l t in g  f r o m  o n e  a lc o h o l  f r a c t i o  

a t i o n  o n ly  a s  t h i s  i s  s u f f i c ie n t  t o  s h o w  c le a r ly  t h e  r e s u l t in g  c h a n g e s  in  c o m p o s i t io  

E x c l u d i n g  p r e p a r a t io n s  3  a n d  4 , t h e  a lc o h o l  f r a c t i o n a t e d  « - c a s e in s  s h o w e d  s i a l i c  a c  

c o n te n t s  n o t  g r e a t l y  d i f f e r e n t  f r o m  t h o s e  o f  p r e p a r a t io n s  2 4 - 2 7  ( T a b le  1 ), b u t  t  

c y s t i n e  c o n t e n t s  w e r e  m u c h  h ig h e r .  T h e  c y s t in e  c o n t e n t  o f  t h e  c h r o m a t o g r a p h  

« - c a s e in s  a v e r a g e d  a b o u t  1 m o le /4 0  0 0 0  g  p r o t e in ,  b u t  t h a t  o f  t h e  a lc o h o l  f r a c t i o n a t  

o n e s  a v e r a g e d  a b o u t  1 m o l e / 2 4 0 0 0 g .

T a b l e  2,. P r e p a r a t i v e  t r e a t m e n t s  a n d  c o m p o s i t i o n s  o f  a lc o h o l  f r a c t i o n a t e d  K - c a s e in s

Composition of Compositi!
starting m aterial Treatm ent precipiti

S -S
Prep. Starting NANA, g protein/ Alcohol, Tem p., N A N A , g ]

no. m aterial 0 /
/o mole cystine % °C pH %  mol

i Crude «-casein — — 50 20-25 7-2 2-11
(McKenzie & 
Wake)

2 Crude /<-casein 1-36 — 00 20-25 6-5 1-91
3 Crude «-casein 1-3 — 60 3 6-5 1-3

freeze-dried
4 Crude «-casein 1-3 — 60 20-25 6-5 1-3

freeze-dried
5 Crude «-casein 1-3 .— . 60 33 6-5 1-81

freeze-dried
6 k ~casein chroma- 1-85 44000 60 30 6-5 1-92

tographed
7 «•-casein chroma- 1-64 41800 60 30 6-5 2-54

tographed
8 Crude «-casein — — 60 30 6*5 2-05
9 * Crude k- casein — — 60* 30 6-5 1-75

*  Preparation 9 was dissolved a t  pH  3 prior to addition o f alcohol, and was precipitated a t  pH  6*5

T h e  r e s u l t s  in  T a b l e  2  a l s o  s h o w  t h a t  w h e n  f r e e z e - d r ie d  « - c a s e in  w a s  u s e d  a s  t  

s t a r t i n g  m a t e r i a l ,  a  h ig h e r  t e m p e r a t u r e  w a s  r e q u ir e d  t o  m a k e  t h e  a lc o h o l  f r a c t io  

a t i o n  e f f e c t iv e  a n d  t h a t  t h e r e  w a s  a  t e m p e r a t u r e  b e lo w  w h ic h  f r a c t i o n a t io n  d i d  n  

o c c u r  ( p r e p a r a t io n s  3 - 5 ,  T a b l e  2 ).

S t a r c h  g e l  e le c t r o p h o r e s i s  p a t t e r n s  o f  t h e  t w o  t y p e s  o f  « - c a s e in  a r e  g iv e n  in  P l a t e  

T h e s e  s h o w  t h a t  o n e  o f  t h e  c o m p o n e n t s  o f  t h e  c h r o m a t o g r a p h e d  « - c a s e in  w  

a b s e n t ,  o r  n e a r ly  s o ,  in  t h e  p a t t e r n  o f  a lc o h o l  f r a c t i o n a t e d  « - c a s e in .  T h i s  c o m p o n e  

o f  t h e  c h r o m a t o g r a p h e d  « - c a s e in  h a s  a  m o b i l i t y  d i f f e r e n t  f r o m  t h a t  o f  /3 -c a se in , 

i s  sh o w n  in  P l a t e  1 C  in  w h ic h  t h e  p a t t e r n  o f  a  m i x t u r e  o f  a -  a n d  /3-, a n d  c h r o m a t  

g r a p h e d  « - c a s e in s  i s  g iv e n .  T h e  b a n d  in  t h e  p a t t e r n  o f  t h e  c h r o m a t o g r a p h e d  

c a s e in  a p p e a r s  j u s t  b e h in d  t h a t  o f  t h e  /3 -c a se in , a n d  j u s t  r e s o lv e d  f r o m  i t .  T h e  p a t t e  

o f  t h e  a lc o h o l  f r a c t i o n a t e d  « - c a s e in  i s  s im i la r  t o  t h a t  g iv e n  b y  W a k e  &  B a ld w
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(1 9 6 1 ) .  F i n a l l y ,  c o m p a r i s o n  o f  t h e  p a t t e r n  o f  t h e  c h r o m a t o g r a p h e d  « - c a s e in  w it h  

t h a t  o f  s o d iu m  c a s e i n a t e  s h o w e d  t h a t  t h e  p r e p a r a t i v e  t r e a t m e n t s  w e r e  e f f e c t iv e  in  

r e m o v in g  a l l  b u t  t r a c e s  o f  oc- a n d  /3 -c a se in s .

P reparation o f K-casein

DISCUSSION

T h e  m e t h o d  o f  p r e p a r a t io n  o f  « - c a s e in  g iv e n  a b o v e  w a s  d e v e lo p e d  w it h  t h e  f o l lo w 

in g  a i m s :

(1 ) T o  m a k e  t h e  p r e p a r a t i v e  p r o c e d u r e  a s  r a p i d  a s  p o s s ib le ,  w i t h o u t  u n d u e  

s a c r i f i c e  o f  y ie l d  o r  p u r i t y .

(2 ) T o  o b t a i n  a  p r o d u c t  o f  d e f in e d  c o m p o s i t io n  c o n t a in in g  a s  m u c h  a s  p o s s ib le  o f  

s i a l i c  a c i d  o r ig in a l ly  p r e s e n t  in  t h e  w h o le  c a s e in .

T h e  f i r s t  r e q u ir e m e n t  a s s u m e s  a  s p e c i a l  i m p o r t a n c e  b e c a u s e  o f  t h e  r e l a t i v e  e a s e  

o f  d e g r a d a t i o n  o f  t h e  « - c a s e in .  T h e  m e t h o d  s u g g e s t e d  c a n  b e  c o m p le t e d  u p  t o  t h e  

s t a g e  o f  f r e e z e - d r y in g  in  2  d a y s ,  a n d  g i v e s  a  y ie ld  o f  s e v e r a l  g r a m s  o f  p u r i f ie d  p r o d u c t  

f r o m  1-5 1 o f  m i lk .  T h i s  i s  a b o u t  6 0 %  o f  t h a t  t h e o r e t i c a l ly  p o s s ib le .

T h e  s e c o n d  r e q u ir e m e n t  a r i s e s  f r o m  t h e  n a t u r e  o f  « - c a s e in  a s  a  c o m p le x ,  in  w h ic h  

t h e  p r o p o r t io n s  o f  t h e  c o n s t i t u e n t s  m a y  b e  a l t e r e d  c o n s id e r a b ly  b y  p r e p a r a t i v e  

t r e a t m e n t s .  B e e b y  (1 9 6 3 )  h a s  s u g g e s t e d  f r o m  c h e m ic a l  a n d  o t h e r  e v id e n c e  t h a t  « -  

c a s e in  i s  a  c o m p le x  o f  t h r e e  p r o t e in s ,  e a c h  o f  m o l e c u l r r  w e ig h t  o f  a b o u t  1 6 0 0 0 .  

O n e  o f  t h e s e  w a s  p o s t u l a t e d  t o  c o n t a in  a l l  t h e  s i a l i c  a c i d  in  « - c a s e in ,  a n o t h e r  a l l  t h e  

c y s t in e  a n d  t h e  t h i r d  t o  c o n t a in  n e i t h e r  c y s t in e  n o r  s i a l i c  a c id .  T h e s e  s u g g e s t i o n s  a r e  

s u p p o r t e d  b y  t h e  f a c t  t h a t  t h e  r a t i o  o f  s i a l i c  a c i d  t o  c y s t in e  m a y  b e  c h a n g e d  c o n s id e r 

a b l y  a s  a  r e s u l t  o f  a lc o h o l  f r a c t i o n a t io n ,  a l t h o u g h  t h e  a c t u a l  s i a l i c  a c i d  c o n t e n t s  o f  

c h r o m a t o g r a p h e d  a n d  a lc o h o l  f r a c t i o n a t e d  « - c a s e in s  a r e  q u i t e  s im i la r .  S in c e  t h e  

a lc o h o l  t r e a t m e n t  d o e s  n o t  b r e a k  c o v a le n t  b o n d s ,  t h i s  c h a n g e  o f  r a t i o  im p l i e s  t h a t  

t h e  s i a l i c  a c i d  a n d  t h e  c y s t in e  a r e  l o c a t e d  in  d i f f e r e n t  c o m p o n e n t s  o f  t h e  c o m p le x .

A c c e p t in g  16 0 0 0  a s  t h e  m o le c u la r  w e ig h t  o f  e a c h  o f  t h e  c o m p o n e n t s  o f  t h e  c o m p le x  

t h e  r e s u l t s  o f  B e e b y  (1 9 6 3 )  s h o w  t h a t  o n e  o f  t h e s e  c o m p o n e n t s  s h o u ld  h a v e  a  s i a l i c  

a c i d  c o n t e n t  o f  a b o u t  5 - 5 % .  A s  c h r o m a t o g r a p h e d  « - c a s e in  c o n t a in s  a p p r o x i m a t e l y  

o n ly  1 m o le  o f  c y s t i n e / 4 0  0 0 0  g ,  t h e  c y s t in e  c o n t e n t  o f  t h e  c y s t in e  c o n t a in in g  c o m 

p o n e n t  s h o u ld  b e  1 m o l e / 1 6 0 0 0 g .  I n  e q u a l  c o m b in a t io n ,  t h e s e  t h r e e  p o s t u l a t e d  

c o m p o n e n t s  w o u ld  g iv e  a  c o m p le x  o f  m o le c u la r  w e ig h t  4 8  0 0 0  c o n t a in in g  a b o u t  2 %  

o f  s i a l i c  a c id  a n d  1 m o le  o f  c y s t in e  p e r  4 8 0 0 0  g .  T h e  c o m p o s i t io n  o f  p r e p a r a t io n  2 6 , 

T a b l e  1, i s  c lo s e  t o  t h i s  id e a l i z e d  o n e  a n d  t h e  c o m p o s i t io n s  o f  t h e  c h r o m a t o g r a p h e d  

« - c a s e in s  s u g g e s t  t h a t  t h e y  a r e  c o m p o s e d  o f  a p p r o x i m a t e l y  e q u a l  p r o p o r t io n s  o f  t h e  

t h r e e  c o m p o n e n t s .  O n  t h e  o t h e r  h a n d ,  t h e  c y s t in e  a n d  s i a l i c  a c i d  c o n t e n t s  o f  t h e  

a lc o h o l  f r a c t i o n a t e d  « - c a s e in s  s u g g e s t  t h a t  t h e y  a r e  c o m p le x e s  o f  a p p r o x i m a t e l y  

o n e  s i a l i c  a c i d  c o n t a in in g  c o m p o n e n t  a n d  t w o  u n i t s  o f  t h e  c y s t in e  c o n t a in in g  f r a c t io n .

T h i s  i n t e r p r e t a t i o n  i s  s u p p o r t e d  b y  t h e  s t a r c h  g e l  e le c t r o p h o r e s i s  p a t t e r n s  in  

P l a t e  1, w h ic h  s h o w  in  t h e  c h r o m a t o g r a p h e d  « - c a s e i n  a n  a d d i t i o n a l  c o m p o n e n t  

n o t  p r e s e n t  in  t h e  a lc o h o l  f r a c t i o n a t e d  c a s e in .  I t  i s  f u r t h e r  s u p p o r t e d  b y  t h e  r e s u l t s  

o f  D u m a s  (1 9 6 1 )  w h o  s h o w e d  t h a t  « - c a s e in  p r e p a r e d  a c c o r d in g  t o  t h e  m e t h o d  o f  

M c K e n z ie  &  W a k e  (1 9 6 1 )  c o u ld  b e  s e p a r a t e d  in t o  t w o  f r a c t i o n s  o n  c h r o m a t o g r a p h y  

in  u r e a ,  o n e  b e in g  e lu t e d  o n ly  b y  N a O H  a n d  c o n t a in in g  a b o u t  4 0  %  o f  t h e  o r ig in a l  

m a t e r i a l .  I n  t h e  p r e s e n t  w o r k ,  c h r o m a t o g r a p h y  in  s i m i la r  c o n d i t io n s  w a s  p e r f o r m e d
25-2
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a n d  f r o m  a n a l y s i s  o f  t h e  f r a c t i o n s  f o r  c y s t in e  a n d  s ia l i c  a c id ,  i t  c o u ld  b e  in fe r r e d  t h a t  

t h e  f r a c t i o n  e lu t e d  in  t h e  R a O H  c o n t a in e d  c y s t in e ,  h u t  l i t t l e  o r  n o  s i a l i c  a c id .  T h e  

c y s t i n e  c o n t e n t  w a s  in fe r r e d  b y  d i f fe r e n c e  b e c a u s e  t h e  s t r o n g  a lk a l i  r e q u ir e d  t o  

e lu t e  t h i s  f r a c t i o n  d e s t r o y e d  t h e  c y s t in e .  A t t e m p t s  t o  e lu te  t h i s  f r a c t i o n  w it h  o t h e r  

r e a g e n t s  f a i le d ,  s o  t h a t  d i r e c t  p r o o f  o f  t h e  n a t u r e  o f  t h i s  f r a c t io n  w a s  n o t  p o s s ib le .

T h e  d i f fe r e n c e  in  c o m p o s i t io n  o f  t h e  tw o  t y p e s  o f  /c -c a se in  i s  r e f le c te d  in  d i f fe r e n c e  

in  t h e i r  b e h a v i o u r ;  t h e  a lc o h o l  f r a c t i o n a t e d  « - c a s e in  d i s s o lv e s  w it h  m o r e  d i f f i c u l t y  

a n d  i s  l e s s  e f f e c t iv e  in  s t a b i l i z i n g  a - c a s e in  in  t h e  p r e s e n c e  o f  c a lc iu m  (N e e l in , R o s e  &  

T e s s i e r ,  1 9 6 2 ) . T h i s  s u g g e s t s  t h a t  t h e  c o m p o n e n t  c o n t a in in g  n e i th e r  s i a l i c  a c i d  n o r  

c y s t in e  i s  a  n e c e s s a r y  p a r t  o f  t h e  « - c a s e in  f o r  i t s  c a s e in  s t a b i l i z i n g  r o le  in  m i lk .

T h e  i n t e r p r e t a t i o n s  g iv e n  a b o v e  a r e  b a s e d  o n  a  m in im u m  o f  t h r e e  c o m p o n e n t s  

o f  t h e  « - c a s e in  c o m p le x .  T h e  a c t u a l  s i t u a t i o n  m a y  b e  m o r e  c o m p l ic a t e d .  T h e r e  m a y  

b e  m o r e  t h a n  t h r e e  c o m p o n e n t s ,  t h e  c o m p o n e n t s  m a y  h a v e  g e n e t ic a l ly  c o n t r o l le d  

v a r i a n t s  a n d  t h e  c o m b in in g  p r o p o r t io n s  n e e d  n o t  b e  s im p le  i n t e g r a l  o n e s .  I n  m ilk ,  

t h e  m a n n e r  in  w h ic h  t h e  c o m p o n e n t s  a r e  c o m b in e d  m a y  b e  a l t e r e d  in  t h e  p r e s e n c e  o f  

a -  a n d  /3 -c a se in s . I n  o r d e r  t o  r e s o lv e  t h e s e  q u e s t io n s  t h e  p r e p a r a t io n  o f  p u r e  « - c a s e in  

c o m p o n e n t s  a n d  a  s t u d y  o f  t h e i r  in t e r a c t i o n s  i s  n e e d e d .  B e c a u s e  o f  t h e  s t r e n g t h  o f  

t h e s e  in t e r a c t io n s ,  t h e  t a s k  o f  p r e p a r in g  p u r e  c o m p o n e n t s  i s  p r o v in g  t o  b e  a  d i f f ic u l t  

o n e .

T h e  a u t h o r s  w is h  t o  a c k n o w le d g e  w it h  p l e a s u r e  t h e  a s s i s t a n c e  o f  D r  N .  S n o w  in  

p e r fo r m in g  t h e  s t a r c h  g e l  e le c t r o p h o r e s i s .
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EXPLANATION OF PLATE 

P la te  1

Starch gel electrophoresis patterns of caseins. A, Chromatographed «-casein, Prep. 24, Table 1; B, 
mixture of (mainly) a- and ft-caseins—alcohol fraction A of Hipp et a l. (1952); C, mixture of A and B ; 
D, alcohol fractionated «-casein, Prep. 1, Table 2; E , sodium caseinate.
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A  s i m p l e  m e t h o d  f o r  d e t e c t i n g  a n  e a r l y  s t a g e  i n  

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

B y  G . W . S C O T T  B L A I R  a n d  J .  B U R N E T T

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

(.R e c e iv e d  10  A p r i l  1 9 6 3 )

S u m m a r y . A n  a p p a r a t u s  i s  d e s c r ib e d  w h ic h  m e a s u r e s  a t  1 0 - 1 5  s e c  i n t e r v a l s  t h e  

v i s c o s i t y  o f  r e n n e t t e d  m i lk  t a k e n  f r o m  a  c h e e s e  v a t .  T h e  f i r s t  s i g n s  o f  a n  i n c r e a s e  in  

t h i s  v i s c o s i t y  m a r k  w h a t  i s  a t  p r e s e n t  t h e  e a r l ie s t  m e a s u r a b l e  s t a g e  in  t h e  p r o c e s s  o f  

c o a g u la t io n .  C o a g u l a t i o n  t im e s  so  d e t e r m in e d  a g r e e d  f a i r l y  c lo s e ly  w it h  t h e  o b s e r v a 

t io n s  o f  a  s k i l l e d  c h e e s e - m a k e r  a n d ,  f o r  a  g iv e n  m i lk ,  w e r e  i n v e r s e ly  p r o p o r t i o n a l  t o  

r e n n e t  c o n c e n t r a t io n  o v e r  q u i t e  a  w id e  r a n g e .  C lo t t in g  t im e s  o b t a i n e d  b y  t h e  

m e t h o d  o f  B e r r i d g e  (1 9 5 2 )  f o r  s t a n d a r d i z i n g  r e n n e t s  c a m e  2 o r  3 m in  a f t e r  t h o s e  

d e t e r m in e d  b y  t h e  n e w  m e t h o d  a n d  w e r e  l in e a r ly  r e l a t e d  b u t  n o t  p r o p o r t i o n a l  t o  

in v e r s e  r e n n e t  c o n c e n t r a t io n .

B u r n e t t  &  S c o t t  B l a i r  (1 9 6 3 )  h a v e  r e c e n t ly  d e s c r ib e d  a  t c r s io m e t e r  w h ic h ,  s u s 

p e n d e d  in  t h e  m i lk  in  a  c h e e s e  v a t  a f t e r  r e n n e t t in g ,  m e a s u r e s  t h e  in c r e a s in g  r i g id i t y  

o f  t h e  c u r d  u n t i l  i t  i s  t im e  t o  c u t .  A l t e r n a t i v e l y ,  i t  w ill  s i g n a l  t h e  c h e e s e - m a k e r  a s  

s o o n  a s  a  p r e - s e le c t e d  f ir m n e s s  i s  r e a c h e d .  T h e  in s t r u m e n t  h a s  t h e  a d v a n t a g e  t h a t  

b o t h  t h e  a m o u n t  o f  s t r a i n  a n d  t h e  r a t e  o f  s t r a i n i n g  o f  t h e  c u r d  a r e  k e p t  c o n s t a n t  d u r in g  

t h e  t e s t ,  a n d  t h i s  i s  i m p o r t a n t  b e c a u s e  t h e  r i g id i t y  m o d u lu s  i s  n o t  i n d e p e n d e n t  o f  

t h e s e  f a c t o r s .  A n  e x a m in a t i o n  o f  m a n y  c u r v e s  f o r  n o r m a l  s e t t in g  c u r d s  a n d  a l s o ,  

u s i n g  a  d i f f e r e n t  m e t h o d ,  f o r  c o a g u l a t i n g  c o w ’s  b lo o d ,  h a s  s h o w n  t h a t ,  f o r  b o t h  

s y s t e m s ,  g o o d  s t r a i g h t  l in e s  a r e  g e n e r a l ly  o b t a i n e d  w h e n  t h e  l o g a r i t h m  o f  t h e  in 

c r e a s in g  r i g id i t y  m o d u lu s  i s  p l o t t e d  a g a i n s t  t h e  r e c ip r o c a l  o f  t h e  t im e  w h ic h  h a s  

e l a p s e d  s in c e  t h e  t im e  (tc) w h e n  t h e  f i r s t  t r a c e s  o f  c o a g u l a t i o n  a p p e a r e d  (se e  S c o t t  

B l a i r  &  B u r n e t t ,  1 9 6 3 , in  w h ic h  t h e  s ig n i f i c a n c e  o f  t h i s  p l o t  i s  d i s c u s s e d ) .

T h e  o b s e r v a t i o n  o f  t h e  v e r y  e a r l ie s t  e v id e n c e  o f  c o a g u la t io n ,  w h ic h  i s  e s s e n t i a l  

f o r  t h i s  m e t h o d  o f  p l o t t i n g ,  c a n n o t  b e  m a d e  w it h  t h e  t o r s io m e t e r  a n d ,  in  t h e  c a s e  o f  

m i lk ,  t h e  t im e  z e r o  (tc) w a s  o r ig in a l ly  d e f in e d  b y  t h e  c a r e fu l  o b s e r v a t i o n s  o f  a  s k i l le d  

c h e e s e - m a k e r .  H i s  p r o c e d u r e  i s  t o  a l lo w  a  d r o p  o f  w a t e r  t o  f a l l  o n  t o  t h e  s u r f a c e  o f  

t h e  m i lk  a n d  t o  lo o k  f o r  a  l i t t l e  s p o t  o r  ‘ c r a t e r  ’ w h ic h  f o r m s  o n c e  c o a g u l a t i o n  h a s  

s t a r t e d .  A l t h o u g h  t h i s  c h a n g e  o c c u r s  s o m e  5  m in  b e fo r e  t h e  t o r s i o m e t e r  s h o w s  a n y  

r i g id i t y ,  t h e  e q u a t i o n  r e p r e s e n t e d  b y  t h e  lo g - r e c ip r c c a l  p l o t  f i t s  t h e  d a t a  b e s t  w h e n  

a  t im e  i s  u s e d  f o r  t h e  z e r o  a b o u t  5 0  s e c  l a t e r  t h a n  t h e  c h e e s e - m a k e r ’s  tc .

I t  s e e m e d  a d v a n t a g e o u s ,  h o w e v e r ,  t o  d e v i s e  a n  o b je c t i v e  m e t h o d  f o r  m e a s u r i n g  tc 

w h ic h  w o u ld  n o t  d e p e n d  o n  t h e  s u b je c t iv e  ju d g e m e n t  o f  a  h ig h ly  t r a i n e d  e x p e r t .  

F i r s t ,  a  m e t h o d  w a s  t r i e d  in  w h ic h  a  l i t t l e  m i lk  t a k e n  f r o m  t h e  v a t  d r ip p e d  t h r o u g h
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a  v e r t i c a l  g l a s s  c a p i l l a r y  t u b e ,  t h e  t im e  t a k e n  ( a b o u t  12  s e c )  f o r  e a c h  d r o p  t o  f o r m  

b e in g  r e c o r d e d .  T h e  o n s e t  o f  c o a g u la t io n  w a s  m a r k e d  b y  a  s lo w in g  d o w n  o f  d r o p  

f o r m a t io n .  T h e  v a l u e s  o f  tc o b t a i n e d  in  t h i s  w a y  a g r e e d  f a i r l y  w e ll  w it h  t h o s e  g iv e n  

b y  t h e  c h e e s e - m a k e r  b u t  t h e  ‘ e n d - p o i n t ’ w a s  n o t  s h a r p  e n o u g h  t o  b e  s a t i s f a c t o r y .  

M o r e o v e r ,  t h e  d r o p - t im e  d e p e n d s  o n  c h a n g e s  in  s e v e r a l  p h y s i c a l  p r o p e r t i e s  ( v i s c o s i t y ,  

s u r f a c e  t e n s io n ,  c o n t a c t  a n g le s )  w h ic h  m a k e s  t h e  p r o c e s s  n e e d le s s ly  c o m p l i c a t e d .

T h e  m e t h o d  t o  b e  d e s c r ib e d  h e r e  m e a s u r e s  o n ly  a  v i s c o s i t y  a n d  i t s  v a r i a t i o n ,  i f  

a n y ,  w it h  s h e a r  r a t e .  T h e  t e s t  i s  e x c e e d in g ly  s im p le  a n d  i n v o lv e s  n o  e x p e n s iv e  

e q u i p m e n t ;  a n d  t h e  v a l u e s  o f  tc w h ic h  i t  g i v e s  a g r e e  c lo s e ly  w it h  t h e  c h e e s e - m a k e r ’s  

a s s e s s m e n t s ,  a s  w e ll  a s  g e n e r a l ly  p r o v i d i n g  a  c o r r e c t  t im e  z e r o  f o r  t h e  lo g - r e c ip r o c a l  

p l o t .  I t  s e e m s  p o s s ib le  t h a t ,  a p a r t  f r o m  i t s  u s e  in  r e l a t io n  t o  t h e  lo g - r e c ip r o c a l  e q u a 

t io n ,  t h e  m e t h o d  m ig h t  w e ll  b e  o f  v a l u e  in  t h e  c h e e s e  f a c t o r y  a n d  in  t h e  l a b o r a t o r y  

f o r  o t h e r  p u r p o s e s .

EXPERIMENTAL METHOD

T h e  a p p a r a t u s  i s  s h o w n  in  F i g .  1.

T h e  g l a s s  t u b e  A ,  a b o u t  4 0  c m  lo n g  a n d  0-7  c m  b o r e  i s  s u r m o u n t e d  b y  a  fu n n e l  

t o p .  T h e  t u b e  i s  s u p p o r t e d  v e r t i c a l l y ,  t h e  lo w e r  e n d  p a s s i n g  t h r o u g h  a  r u b b e r  b u n g  

in t o  a  c o l le c t in g  b e a k e r .  T h e  b o t t o m  o f  t h e  t u b e  i s  c o n n e c te d  b y  a  r u b b e r  s le e v e  t o  a  

c a p i l l a r y  C ,  7 c m  lo n g ,  0 -0 4  c m  b o r e ,  t h e  lo w e r  e n d  o f  w h ic h  i s  s u s p e n d e d  1 - 2  m m  

a b o v e  t h e  b o t t o m  o f  t h e  b e a k e r .  A  s e c o n d  t u b e  D  k e e p s  t h e  p r e s s u r e  in  t h e  b e a k e r  a t  

t h e  a t m o s p h e r i c  le v e l .  A  s c a le  i s  e t c h e d  o n , o r  a t t a c h e d  t o ,  A  s t a r t i n g  a t  a  r e a d i n g  o f  

10  c m  w h ic h  m a r k s  t h i s  h e ig h t  a b o v e  t h e  le v e l  o f  t h e  b o t t o m  o f  t h e  c a p i l l a r y .  T h e  

w h o le  a p p a r a t u s  s t a n d s  in  a  l a r g e  m e a s u r i n g  c y l in d e r  w h ic h  i s  p a r t l y  l a g g e d  ( l e a v in g  

a  w in d o w  f o r  o b s e r v in g  t h e  s c a le  a n d  t h e r m o m e t e r )  a n d  f i l le d  w it h  w a t e r  a t  t h e  s a m e  

t e m p e r a t u r e  a s  t h a t  o f  t h e  c h e e s e  v a t .  I n  o u r  e x p e r im e n t s ,  t h e  t e m p e r a t u r e  u s e d  

w a s  3 0  °C , a n d  t h i s  t e m p e r a t u r e  d id  n o t  d r o p  a p p r e c i a b l y  d u r in g  t h e  s h o r t  c o u r s e  o f  

t h e  e x p e r im e n t .

A b o u t  5  m in  b e fo r e  t h e  t im e  w h e n  t h e  m i lk  i s  e x p e c t e d  t o  s h o w  t h e  f i r s t  s i g n s  o f  

c o a g u la t io n ,  15  m l.  a r e  r e m o v e d  f r o m  t h e  v a t  in  a  p i p e t t e  a n d  r u n  in t o  t h e  f u n n e l  

t o p  o f  t h e  a p p a r a t u s .  A f t e r  a  m in u t e  o r  t w o  t h e  m i lk  w il l  h a v e  r u n  t h r o u g h  t h e  

c a p i l l a r y  t o  fo r m  a  p o o l  in  t h e  b e a k e r  in t o  w h ic h  t h e  c a p i l l a r y  d ip s ,  a n d  t h e  t o i l  o f  

t h e  c o lu m n  o f  m i lk  w ill  h a v e  a p p e a r e d  o n  t h e  s c a le .  D u r in g  t h e  n e x t  5  o r  6 m in ,  

s c a le  r e a d i n g s  (h )  a r e  t a k e n  e v e r y  10 o r  15  se c  u s in g  a  s t o p - w a t c h  o r  m e t r o n o m e ,  

a n d  a f t e r w a r d s  t h e  l o g a r i t h m s  o f  h  a r e  p l o t t e d  a g a i n s t  t im e  ( s e m i- lo g  p a p e r  m a y  b e  

u s e d  b u t  i s  s l i g h t l y  le s s  a c c u r a t e ) .

F o r  a  f lu id  o f  c o n s t a n t  v i s c o s i t y ,  t h e  p l o t  o f  lo g  h  a g a i n s t  t im e  w o u ld  b e  l in e a r .  

T h e r e  a r e  v a r i o u s  f a c t o r s  w h ic h  w o u ld  t e n d  t o  p r o d u c e  c u r v i l i n e a r i t y  f o r  r e n n e t t e d  

m ilk .  F i r s t ,  m i lk  i t s e l f  i s  n o t  a  q u i t e  t r u e  ( N e w t o n ia n )  f lu id ,  b u t  t h e  e f f e c t  o f  t h i s  

d e v i a t i o n  s h o w s  i t s e l f  o n ly  a t  v e r y  lo w  r a t e s  o f  s h e a r  a n d  in  t h i s  e x p e r im e n t  r e a d i n g s  

w e r e  n o t  t a k e n  a t  h e a d s  o f  l e s s  t h a n  10  c m . S e c o n d ly ,  i t  i s  k n o w n  t h a t  t h e  f i r s t  

a c t i o n  o f  r e n n e t  i s  t o  c a u s e  a  f a l l  in  t h e  v i s c o s i t y  o f  m i lk  ( S c o t t  B l a i r  &  O o s t l iu iz e n ,  

1 9 6 1 , 1 9 6 2 ) . T h i s  e f f e c t  b e c o m e s  j u s t  o b s e r v a b l e  w it h  t h e  p r e s e n t  a p p a r a t u s  i f  2 %  

s o d iu m  c a s e i n a t e  i s  u s e d  i n s t e a d  o f  m i lk  a n d  q u i t e  m a r k e d  w it h  6 %  c a s e i n a t e ,  b u t  i s  

n o t  s u f f ic ie n t  t o  s h o w  w h e n  r e n n e t t e d  m i lk  i s  u s e d .

A  t h i r d  s o u r c e  o f  c u r v i l i n e a r i t y  w o u ld  b e  f a i lu r e  t o  c o r r e c t  t h e  h e a d  f o r  t h e  r i s e  in
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l e v e l  o f  m i lk  in  t h e  b e a k e r ,  b u t  in  s o  s h o r t  a n  e x p e r im e n t  t h i s  e f f e c t  i s  n e g l ig ib le .  

F i n a l l y ,  a s  s o o n  a s  c o a g u la t io n  s t a r t s ,  t h e r e  w il l  o f  c o u r s e  b e  a  g e n u in e  i n c r e a s e  in  

v i s c o s i t y ,  s o o n  f o l lo w e d  b y  r i g id i t y .

Detection o f coagulation in  rennetted m ilk

Fig. 1. A pparatus for detecting an early stage in coagulation o f rennetted milk. A , Graduated 
glass tube; B ,  beaker; 0 , glass capillary tube; D , outlet to atmosphere.

EXPERIMENTAL RESULTS

F i g  2  s h o w s  t h r e e  c u r v e s  f o r  r e n n e t t e d  m i lk  a n d ,  f o r  c o m p a r i s o n ,  o n e  f o r  u n r e n n e t t e d  

m ilk .  T h e  u p p e r  p a r t s  o f  a l l  t h e s e  c u r v e s  a r e  r e m a r k a b l y  l in e a r  a n d  w it h  r e n n e t t e d  

m i lk  i t  i s  n o t  d i f f i c u l t  t o  d e f in e  tc, t h e  t im e  w h e n  t h e  p o i n t s  s t a r t  t o  d iv e r g e  f r o m  t h e  

s t r a i g h t  l in e ,  t o  w it h in  a b o u t  a  q u a r t e r  o f  a  m in u t e .  F i g .  3  s h o w s  c u r v e s  f o r  2  a n d  

6 %  s o d iu m  c a s e i n a t e  ( s o lu t io n s  p r e p a r e d  a s  d e s c r i b e d  b y  S c o t t  B l a i r  &  O o s t h u iz e n

(1 9 6 2 ) ) .  S in c e  t h e  s lo p e  o f  t h e s e  c u r v e s  i s  a n  in v e r s e  m e a s u r e  o f  v i s c o s i t y ,  i t  i s  c le a r  

t h a t  t h e r e  i s  a  g e n e r a l  d o w n w a r d  t r e n d  in  t h e  s lo p e  o f  t h e  c u r v e s  i n d i c a t i n g  a  m a r k e d  

f a l l  in  v i s c o s i t y  f o r  6  %  a n d  a  t r a c e  o f  a  f a l l  f o r  2  %  s o d iu m  c a s e i n a t e  w it h  o f  c o u r s e  

n o  s u b s e q u e n t  r i s e ,  s in c e  n o  c a l c iu m  i s  p r e s e n t .
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Fig . 2. Flow characteristics of rennetted and unrennetted milk as determined by the falling 
column m ethod. • ,  A , ▲ ,  rennetted m ilk; O , unrennetted m ilk; tc, time a t  which first sign 
of coagulation can be detected.

2% (w/v) sodium caseinate, 6% (w/v) sodium caseinate, 300 p.p. 106 rennet

Fig . 3. Fa ll in viscosity  of 2 and 6 %  sodium  caseinate solutions after rennetting as 
determined by the falling column method.

A  c o m p a r i s o n  o f  v a l u e s  o f  tc d e r iv e d  b y  d i f fe r e n t  m e th o d s

D u r i n g  t h e  c o u r s e  o f  s o m e  w e e k s ,  o b s e r v a t i o n s  w e r e  m a d e  o n  t h e  c o a g u l a t i o n  o f  

m i l k  in  s m a l l  c h e e s e  v a t s .  T h r e e  d i f f e r e n t  ‘ c o a g u la t io n  t i m e s ’ w e r e  r e c o r d e d :  tv  

r e p r e s e n t in g  t h e  f i r s t  s i g n s  o f  c o a g u la t io n  o b s e r v e d  b y  t h e  c h e e s e - m a k e r  u s i n g  t h e
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T a b l e  1. A  c o m p a r i s o n  o f  c o a g u l a t i o n  t im e s  ( m in )  o f  r e n n e t t e d  m i l k  o b t a in e d  b y  c h e e se -  

m a k e r ’ s  o b s e r v a t io n  ( i1). b y  f a l l i n g  c o lu m n  m e th o d  (t2) ,  a n d  f r o m  th e b e s t  f i t  f o r  th e  lo g -  

r e c i p r o c a l  p l o t  (t3)

February  March
A ------^ ,------- ------- ----> April

>ate 14 19 20 27

2GO 28(6) 5(a) 5(6) 6 12 20 21 26 28 4
1̂ 134 13 121 12f 1 2 | 12f 13 134 13 13 m 134 13 13 124

t2 13f 13J 14 134 134 13f 13f 14 13J 141 IS f 13f 14 14 134
h 131 134- 14Ì 13f 14 141 13J 141 13 | 14J 14 14 144 144 13
i2—A i I 1Ï â4 I 1 3Ï 3 î 11 1 è 1 1 11

av. f

F ig . 4. A  com parison a t  different rennet concentrations c f  tc obtained from  cheese-maker’s 
assessm ent or by  falling column m ethod with clotting tim es determined by the Berridge 
test. O , Cheese-maker’s assessm ent; •  falling column m ethod; A , Berridge test.

w a t e r - d r o p  m e t h o d ;  t2) t h e  t im e  w h e n  a  d e f in i t e  i n c r e a s e  in  v i s c o s i t y  a p p e a r e d  in  t h e  

c u r v e s  f r o m  t h e  f a l l in g  c o lu m n  a p p a r a t u s ; a n d  t3, t h e  t im e  w h ic h  g a v e  t h e  b e s t  s t r a i g h t  

l in e  w h e n  t a k e n  a s  t im e - z e r o  f o r  t h e  lo g - r e c ip r o c a l  p lo t .  T h i s  l a s t  t im e  c a n  b e  d e t e r 

m in e d  e i th e r  b y  a n  a l g e b r a i c  m e t h o d  o r  b y  a p p r o x i m a t io n s  f r o m  t r i a l - a n d - e r r o r  

g r a p h s .  T h e  a c c u r a c y  o f  t h e  t w o  m e t h o d s  i s  a b o u t  t h e  s a m e .  N o n e  o f  t h e s e  v a l u e s  

c a n  b e  d e t e r m in e d  t o  b e t t e r  t h a n  a b o u t  a  q u a r t e r  o f  a  m in u t e ,  b u t  t h e i r  c o m p a r i s o n  

a s  s h o w n  in  T a b l e  1 i s  in t e r e s t in g .  I t  i s  c l e a r  t h a t  w h e r e a s  i 2 a n d  t3 d i d  n o t  d i f f e r  

a p p r e c i a b l y  t h e  c h e e s e - m a k e r ’s  e s t i m a t e  g e n e r a l ly  c o m e s  s o m e w h e r e  a b o u t  5 0  s e c  

b e fo r e  t h e  o t h e r  tw o .

C o m p a r i s o n  w ith  B e r r i d g e ’ s  c o a g u l a t i o n  te st  

B e r r i d g e  (1 9 5 2 )  h a s  d e s c r ib e d  a  u s e f u l  t e s t  f o r  a s s a y i n g  r e n n e t ,  w h ic h  ‘ r e q u ir e s  

t h e  f o r m a t io n ,  u n d e r  r e p r o d u c ib le  c o n d i t io n s  o f  a  t h in  f lo w in g  f i lm  o f  m i l k ’ . A  t e s t
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t u b e  c o n t a in in g  t h e  r e n n e t t e d  m i lk  i s  r o t a t e d  in  a  w a t e r - b a t h  in  w h ic h  i t  i s  s e t  a t  

a n  a n g le  o f  3 0 ° ,  a n d  t h e  e n d - p o in t  i s  o b s e r v e d  w h e n  t h e  c o a g u l a t i n g  m i lk  f o r m s  a  

t h in  o p a q u e  f i lm  o n  t h e  w a l l  o f  t h e  t e s t  t u b e .  I t  i s  n o t  n e c e s s a r y  f o r  s t a n d a r d i z i n g  

r e n n e t s  t o  d e t e c t  t h e  v e r y  e a r l ie s t  s t a g e s  o f  c o a g u l a t i o n  a n d  n o  c la im  w a s  m a d e  t h a t  

t h i s  t e s t  h a d  s u c h  a n  o b je c t i v e .  N e v e r t h e le s s ,  i t  i s  o f  i n t e r e s t  t o  c o m p a r e  t h e  B e r r i d g e  

t, w it h  t h a t  d e r iv e d  f r o m  t h e  m e t h o d  d e s c r ib e d  in  t h i s  p a p e r .

F o r  t h i s  p u r p o s e ,  s m a l l  s a m p l e s  f r o m  t h e  s a m e  m i lk  w e r e  m a d e  u p  in  t h e  l a b o r a 

t o r y  w it h  d i f fe r e n t  a m o u n t s  o f  r e n n e t  a n d  s im u l t a n e o u s l y  f a l l in g  c o lu m n  a n d  

B e r r i d g e  t e s t s  w e r e  d o n e  b y  d i f f e r e n t  o b s e r v e r s .  T h e  B e r r i d g e - t e s t  o b s e r v e r  a l s o  

a t t e m p t e d  q u i t e  in d e p e n d e n t ly  t o  r e c o r d  t h e  s t a r t  o f  c o a g u la t io n  in  a  b e a k e r  u s in g  

t h e  c h e e s e - m a k e r ’ s  d r o p  m e t h o d .  T h i s  w a s  a d m i t t e d ly  d i f f i c u l t  t o  d o  in  a  b e a k e r  b u t  

t h e  r e s u l t s ,  t h o u g h  le s s  a c c u r a t e ,  d i d  n o t  d i f fe r  v e r y  m u c h  f r o m  t h e  f a l l i n g  c o lu m n  

f ig u r e s .  I f  a n y t h in g ,  t h e  ‘ d r o p  ’ tc c a m e  s l i g h t l y  s o o n e r .  T h e  v a l u e s  o f  tc f o r  a l l  t h r e e  

t e s t s  f r o m  o n e  o f  t h e s e  e x p e r im e n t s  a r e  s h o w n  p l o t t e d  a g a i n s t  t h e  r e c ip r o c a l  o f  t h e  

r e n n e t  c o n c e n t r a t io n  in  F i g .  4 .  I t  w ill  b e  s e e n  t h a t  t h e  v a l u e s  o f  tc d e t e r m in e d  b o t h  

b y  t h e  n e w  m e t h o d  a n d  a s  a s s e s s e d  b y  t h e  c h e e s e - m a k e r ’s  s u b je c t iv e  t e s t  w e r e  

i n v e r s e ly  p r o p o r t i o n a l  t o  r e n n e t  c o n c e n t r a t io n  w ith in  t h e  l i m i t s  o f  e r r o r .  T h e  

B e r r i d g e  p o i n t s  c o m e  a  fe w  m in u t e s  l a t e r  a n d  t h e  c u r v e ,  t h o u g h  l in e a r ,  m a k e s  a  

s i g n i f i c a n t  i n t e r c e p t  o n  t h e  t im e  a x i s .  T h e o r e t i c a l ly ,  t h e r e  s h o u ld  b e  s o m e  i n t e r c e p t  

o n  t h i s  a x i s ,  s in c e  a t  v e r y  h ig h  r e n n e t  c o n c e n t r a t io n s  t h e  c o a g u l a t i o n  w o u ld  n o t  s t a r t  

i n s t a n t a n e o u s l y ,  b u t ,  in  v ie w  o f  t h e  s c a le  o f  t h e  g r a p h ,  t h e r e  i s  n o  r e a s o n  w h y  t h e  

i n t e r c e p t  s h o u ld  b e  a t  a l l  l a r g e .  I t  i s  in  a n y  c a s e  a n  e x t r a p o l a t e d  i n t e r c e p t ,  i .e .  

t h e  p r o p o r t i o n a l i t y  i s  n o t  c l a im e d  t o  h o ld  u p  t o  in f in i t e  c o n c e n t r a t io n .

DISCUSSION

L i t t l e  i s  y e t  k n o w n  a b o u t  t h e  p h y s i c a l  c h a n g e s  w h ic h  t a k e  p l a c e  d u r in g  t h e  

e a r l ie s t  s t a g e s  o f  c o a g u l a t i o n  o f  m i lk  b y  r e n n e t .  I t  i s  k n o w n  t h a t  t h e  m a c r o p e p t i d e s  

p r o d u c e d  b y  t h e  a c t i o n  o f  r e n n in  o n  /c -c a se in  d im in i s h  t h e  v i s c o s i t y  o f  t h e  c a s e in  b y  

s c r e e n in g  e le c t r ic  c h a r g e s  a n d  s o  d e c r e a s in g  t h e  e l e c t r o - v is c o u s  e f f e c t s  ( S c o t t  B l a i r  

&  O o s t h u iz e n ,  1 9 6 3 ) , t h o u g h  t h e  m e c h a n i s m  o f  t h i s  p r o c e s s  i s  n o t  y e t  f u l l y  u n d e r 

s t o o d .  I t  s e e m s  c e r t a in ,  h o w e v e r ,  t h a t  i t  i s  t h e s e  e l e c t r i c a l  c h a n g e s  w h ic h  m a k e  

c o a g u l a t i o n  p o s s ib le  in  t h e  p r e s e n c e  o f  c a l c iu m  io n s .  A t  f i r s t  t h e  c a s e in  m ic e l le s  

p r e s u m a b l y  f o r m  c lu s t e r s  a n d  a s  s o o n  a s  t h e s e  b e c o m e  c h a in - l ik e  ( H o s t e t t l e r  &  

I m h o f ,  1 9 5 2 ) , t h e r e  w ill  b e  a  c o n s id e r a b le  r i s e  in  v i s c o s i t y  a s  w e ll  a s  t h e  a p p e a r a n c e  

o f  v i s c o u s  a n o m a l i e s ,  i .e .  d e p e n d e n c e  o f  v i s c o s i t y  o n  s h e a r - r a t e .  I t  w ill  n o t  t h e n  b e  

lo n g  b e fo r e  t h e  ‘ j e l l y  p r e c u r s o r s ’ ( a s  L o e b ,  1 9 2 1 , c a l le d  t h e m )  f o r m  a n d  jo in  t o g e t h e r  

in t o  a  v e r y  s o f t  g e l  s t r u c t u r e  w h ic h  w ill  h a v e  r i g id i t y ,  a f t e r  w h ic h , a s  m o r e  a n d  m o r e  

b o n d s  a r e  f o r m e d ,  t h e  r i g i d i t y  w ill  p r o g r e s s i v e l y  i n c r e a s e  ( S c o t t  B l a i r  &  B u r n e t t ,

1 9 6 3 ) . U n p u b l i s h e d  l a b o r a t o r y  e x p e r im e n t s  h a v e  s h o w n  t h a t  o n c e  c o a g u l a t i o n  h a s  

s t a r t e d  t h e  v a r i o u s  s t a g e s  fo l lo w  e x t r e m e l y  q u ic k ly .

I t  i s  n o t  c l e a r  j u s t  e x a c t l y  w h a t  t h e  c h e e s e - m a k e r  o b s e r v e s  w h e n  h e  w a t c h e s  t h e  

d r o p  o f  w a t e r  o n  t h e  s u r f a c e  o f  t h e  m ilk .  I f  t h e r e  i s  r e a l l y  a  l i t t l e  ‘ c r a t e r ’ f o r m e d ,  

t n i s  w o u ld  s u g g e s t  a t  l e a s t  a  t r a c e  o f  l o c a l  r i g i d i t y ; y e t  i t  s e e m s  a s  i f  t h i s  o b s e r v a 

t io n  i s  m a d e  s l i g h t l y  e a r l ie r  t h a n  t h e  t im e  w h e n  a n  i n c r e a s e  in  v i s c o s i t y  c a n  f i r s t  

b e  o b s e r v e d  w it h  t h e  f a l l in g  c o lu m n  m e t h o d  w it h  r e a s o n a b le  c e r t a i n t y .  E i t h e r  a
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r i s e  in  v i s c o s i t y  o r  t h e  b e g in n in g s  o f  n o n - N e w t o n ia n  b e h a v io u r ,  i .e .  a n  in c r e a s e  in  

v i s c o s i t y  a s  t h e  h e a d  f a l l s ,  w o u ld  p r o d u c e  d iv e r g e n c e  f r o m  l i n e a r i t y ,  b u t  i t  i s  m o r e  

l ik e ly  t h a t  i t  i s  t h e  f o r m e r  t h a t  i s  o b s e r v e d  s in c e  t h e  l a t t e r  w o u ld  n o t  b e  a p p r e c i a b l e  

a t  t h i s  s t a g e  a t  t h e  p r e v a i l i n g  r a t e s  o f  s h e a r .

T h e  e n d - p o in t  o f  t h e  f a l l i n g  c o lu m n  t e s t  i s  g e n e r a l ly  t a k e n  f r o m  t h e  f i r s t  e x p e r i 

m e n t a l  p o i n t  t o  l ie  a b o v e  a n  e x t r a p o l a t e d  s t r a i g h t  l in e ,  d r a w n  c a r e f u l ly  t h r o u g h  t h e  

e a r l ie r  p o i n t s ,  b y  a n  a m o u n t  g r e a t e r  t h a n  t h e  v e r y  s m a l l ,  a p p a r e n t l y  r a n d o m  v a r i a t i o n s  

o f  t h e s e  e a r l ie r  p o i n t s .  A  s u s p ic io n  o f  n o n - l in e a r i t y  c a n  s o m e t im e s  b e  n o t ic e d ,  h o w 

e v e r ,  s o m e  5 0  s e c  e a r l ie r  t h a n  t h i s  a n d  i t  i s  t h i s  e a r l ie r  t im e  t h a t  c o r r e s p o n d s  m o s t  

c lo s e ly  t o  t h e  c h e e s e - m a k e r ’s  tc. T h e  p r o c e s s  o f  b o n d  f o r m a t io n  d e s c r ib e d  b y  t h e  

e q u a t i o n  r e p r e s e n t e d  b y  t h e  lo g - r e c ip r o c a l  p l o t ,  h o w e v e r ,  m a y  s t a r t  a  l i t t l e  l a t e r ,  

w h e n  a  q u i t e  d e f in i t e  in c r e a s e  in  v i s c o s i t y  i s  o b s e r v a b l e .  I n  g e n e r a l ,  t h i s  s l i g h t l y  

l a t e r  z e r o  g i v e s  t h e  b e s t  l i n e a r i t y  f o r  t h e  e a r l i e s t  s t a g e s  o f  t h e  lo g - r e c ip r o c a l  p l o t : 

f o r  a l l  b u t  t h e  e a r l i e s t  s t a g e s  t h e  d i f fe r e n c e s  a r e  t o o  s m a l l  t o  s h o w  o n  t h e  g r a p h s .

I t  m u s t  a l s o  b e  r e m e m b e r e d  t h a t  t o  m e a s u r e  a  v i s c o s i t y  t h e  l iq u id  m u s t  b e  f lo w in g ,  

i f  o n ly  v e r y  s lo w ly .  T h e  c u r d  a t  r e s t  in  t h e  v a t  m a y  a t  a  c e r t a in  t im e  h a v e  a  v e r y  

s m a l l  b u t  f in i t e  r i g id i t y ,  w h e r e a s  t h e  s a m p l e  in  t h e  f a l l in g - c o lu m n  a p p a r a t u s  m a y  

s t i l l  s h o w  o n ly  a  r i s e  in  v i s c o s i t y .  T h e  v e r y  s o f t  g e l  s t r u c t u r e  a s  i t  i s  f i r s t  f o r m e d  i s  

e a s i l y  d e s t r o y e d  b y  s h e a r in g  a n d  m a y  w e ll  b e  t h ix o t r o p ic .

A  p o s s ib le  f u r t h e r  e x p l a n a t i o n  i s  t h a t  t h e  e q u a t i o n  r e p r e s e n t e d  b y  t h e  lo g - r e c ip r o 

c a l  p l o t  d o e s  n o t  f i t  t h e  d a t a  p e r f e c t ly .  D r  W . H .  T h o m a s  (p e r s .  c o m m .)  h a s  g iv e n  

u s  a n  a l g e b r a i c  m e t h o d  f o r  c a l c u l a t i n g  tc f o r  a n y  s t r e t c h  o f  th e  c o a g u l a t i o n  c u r v e  

a s s u m i n g  t h e  lo g - r e c ip r o c a l  r e l a t io n  t o  h o ld .  T h e s e  v a l u e s  h a v e  b e e n  c a l c u l a t e d  f o r  

q u i t e  a  n u m b e r  o f  e x p e r im e n t s  o v e r  d i f f e r e n t  t im e  r a n g e s  a n d ,  t h o u g h  t h e  d a t a  a r e  

h a r d l y  a c c u r a t e  e n o u g h  f o r  c e r t a i n t y ,  t h e r e  i s  s o m e  s u g g e s t io n  t h a t  t h e  v a l u e s  o f  tc 

w h ic h  f i t  t h e  e a r l ie s t  p a r t  ( a n d  t h e  l a t e s t  p a r t )  o f  t h e  c u r v e  a r e  s l i g h t l y  h ig h e r  t h a n  

t h e  a v e r a g e  v a l u e s  f o r  t h e  w h o le  r u n .  B e c a u s e  o f  t h e  n o n - l in e a r i t y  o f  t h e  lo g - r e c ip r o 

c a l  p a p e r ,  c u r v a t u r e  t e n d s  t o  b e  m u c h  m o r e  c o n s p ic u o u s  a t  s h o r t  t im e s  s o  t h a t  t h e  

v a l u e  o f  tc s e l e c t e d  t o  g iv e  t h e  b e s t  s t r a i g h t  l in e  i s  b i a s e d  t o w a r d s  t h e  e a r l ie r  p a r t  o f  

t h e  e x p e r im e n t .  I f  a  g o o d  a v e r a g e  tc c o u ld  b e  c a l c u l a t e d  f o r  t h e  w h o le  c u r v e ,  i t  

m ig h t  p r o v e  t o  b e  v e r y  c lo s e  t o  t h e  c h e e s e - m a k e r ’s  v a lu e .  W o r k  i s  in  p r o g r e s s  

t o  in c r e a s e  t h e  a c c u r a c y  o f  t h e  s c a le  r e a d i n g s  o n  t h e  f a l l in g  c o lu m n  a n d  i t  i s  h o p e d  

t o  b e  a b le  t o  d e t e r m in e  t h e  ‘ b r e a k a w a y  p o i n t ’ w it h  g r e a t e r  p r e c is io n .

S in c e  n o n e  o f  t h e s e  m e t h o d s  f o r  d e t e r m in in g  tc c a n  b e  m o r e  p r e c i s e  t h a n  a b o u t  a  

q u a r t e r  o f  a  m in u t e ,  t h e  r a p i d  s e q u e n c e  o f  r h e o lo g ic a l  c h a n g e s  c u lm in a t in g  in  t h e  

i n c r e a s e  in  r i g i d i t y  o f  a  s o l id  g e l  c a n  b e  f o l lo w e d  b y  e x i s t i n g  t e c h n iq u e s  w it h  n o  

v e r y  g r e a t  p r e c i s io n .  I t  i s  b e l ie v e d ,  h o w e v e r ,  t h a t  t h e  f a l l in g  c o lu m n  m e t h o d  g i v e s  

t h e  b e s t  o b je c t i v e  v a l u e  o f  tc a v a i l a b l e  f o r  p r a c t i c a l  p u r p o s e s .

W e  a r e  i n d e b t e d  t o  M is s  H .  C h a p m a n  f o r  m u c h  h e lp  a n d  e n c o u r a g e m e n t  a n d  t o  

M r  H .  M c I n t y r e  f o r  a s s e s s in g  f o r  u s  t h e  s t a r t  o f  c o a g u l a t i o n  o f  t h e  c u r d s ,  a s  w e ll  a s  

f o r  m u c h  o t h e r  c o - o p e r a t io n .

Detection o f coagulation in  rennetted m ilk

A f t e r  t h e  a b o v e  p a p e r  w a s  a c c e p t e d  f o r  p u b l i c a t io n ,  o u r  a t t e n t io n  w a s  d r a w n  t o  a n  

a r t i c l e  b y  K r i e g e r ,  I .  M . &  M a r o n ,  S .  H .  (1 9 5 1 ) ,  J . C o l lo id  S e i .  6 , 5 2 8 . T h e s e  a u t h o r s
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u s e d  a s  a  v i s c o m e t e r  a n  in s t r u m e n t  c o n s i s t in g  o f  a  s e r ie s  o f  b u l b s  o f  k n o w n  v o lu m e  

p l a c e d  v e r t i c a l l y  o n e  a b o v e  a n o t h e r  a lo n g  a  t u b e ,  c o n n e c te d  a t  t h e  b o t t o m  t o  a  

v e r t i c a l  c a p i l l a r y .  I n  a  l a t e r  p a p e r ,  M a r o n ,  S .  H . ,  K r i e g e r ,  I .  M . &  S i s k o ,  A .  W .

(1 9 5 4 ) ,  J .  a p p l .  P h y s .  2 5 ,  9 7 1 , u s e d  a  c o m p l i c a t e d  a p p a r a t u s  c o n s i s t in g  e s s e n t i a l l y  

o f  a  f a l l in g  c o lu m n  o f  m e r c u r y  o r  a  l i g h t e r  l i q u id ,  t o  d e r iv e  b o t h  N e w t o n ia n  a n d  n o n -  

N e w t o n ia n  l iq u id s  u p w a r d s  t h r o u g h  a  v e r t i c a l  c a p i l l a r y ,  a n d  o b t a i n e d  c u r v e s  n o t  

u n l ik e  o u r  o w n . B u t  in  n e i t h e r  c a s e  w a s  t h e  in s t r u m e n t  u s e d  t o  s t u d y  c o a g u la t io n .  

T h o u g h  w e  w e r e  n o t  f a m i l i a r  w it h  t h i s  w o r k  w h e n  w e  w r o t e  o u r  p a p e r ,  t h e s e  i n s t r u 

m e n t s  b e a r  s u f f i c ie n t  r e s e m b la n c e  t o  o u r  o w n  f o r  u s  t o  f e e l  t h a t  s o m e  r e fe r e n c e  s h o u ld  

b e  m a d e  t o  t h e m .
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N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S l i  in f ie ld ,  R e a d i n g

( R e c e iv e d  1 0  A p r i l  1 9 6 3 )

A  comparison of hay and silage for m ilk  production

S u m m a r y . I n  a  s e r ie s  o f  3 t r i a l s  t h e r e  w a s  l i t t l e  o r  n o  d i f fe r e n c e  in  m i lk  y ie ld  w h e n  

c o w s  w e r e  f e d  t h e  s a m e  q u a n t i t y  o f  d r y  m a t t e r  in  t h e  f o r m  o f  w e l l - p r e s e r v e d  h a y  

o r  s i l a g e  f r o m  t h e  s a m e  s w a r d .

A  h ig h e r  m i lk  y ie ld  w a s  o b t a i n e d  f r o m  s i l a g e  m a d e  f r o m  g r a s s  a t  a n  e a r l y  s t a g e  o f  

m a t u r i t y  t h a n  f r o m  s i l a g e  o r  h a y  m a d e  f r o m  t h e  s a m e  c r o p  5  w e e k s  l a t e r .

I n  2  t r i a l s  w h e n  h a y  o r  s i l a g e  w a s  f e d  a d  l ib .  t h e  d r y - m a t t e r  i n t a k e s  o f  t h e  c o w s  

w e r e  h ig h e r  w it h  h a y  t h a n  w it h  s i l a g e ,  a n d  t h e r e  w a s  a  c o n s e q u e n t  i n c r e a s e  in  m i lk  

y ie l d  a n d  s .n .f . c o n t e n t  in  f a v o u r  o f  h a y .

S o m e  o f  t h e  r e s u l t s  i n d i c a t e d  t h a t  w it h  c e r t a in  s i l a g e s  a  d e p r e s s io n  in  t h e  s .n .f . 

c o n t e n t  o f  t h e  m ilk ,  d u e  t o  a  d e c r e a s e  in  t h e  c a s e in  c o n t e n t ,  c o u ld  o c c u r ,  a l t h o u g h  

t h i s  w a s  n o t  a s s o c i a t e d  w it h  a n  i n a d e q u a t e  e n e r g y  in t a k e .

H a y  a n d  s i l a g e  a r e  t h e  t w o  m a in  c o n s e r v e d  p r o d u c t s  f e d  t o  d a i r y  c a t t l e  in  B r i t a i n ,  

y e t  r e l a t i v e l y  fe w  c o m p a r a t i v e  t r i a l s  h a v e  b e e n  m a d e  in  t h i s  c o u n t r y  in  w h ic h  e i th e r  

s i l a g e  o r  h a y  w a s  t h e  o n ly  r o u g h a g e  o f fe r e d .  R e s u l t s  f r o m  t r i a l s  in  N .  A m e r ic a  a n d  

E u r o p e  h a v e  s h o w n  t h a t  w it h  c r o p s  c u t  a t  c o n v e n t io n a l  t im e s  a n d  f e d  a t  t h e  s a m e  

d r y - m a t t e r  in t a k e ,  a  h ig h e r  m i lk  y ie l d  i s  o b t a i n e d  w it h  a  r a t i o n  b a s e d  o n  s i l a g e  t h a n  

w it h  o n e  b a s e d  o n  h a y  ( T r im b e r g e r  et a l .  1 9 5 5 ;  P r e s t h e g g e ,  1 9 5 9 ;  L a r s e n ,  1 9 6 0 ) . 

T h i s  r e s u l t  w o u ld  b e  e x p e c t e d  s in c e  s i l a g e  i s  n o r m a l ly  m a d e  f r o m  h e r b a g e  c u t  a t  a  

l e s s  m a t u r e  s t a g e  o f  g r o w t h  t h a n  t h a t  m a d e  in t o  h a y ,  a n d  c o n s e q u e n t ly  h a s  a  h ig h e r  

d i g e s t ib i l i t y  ( W a t s o n ,  1 9 4 8 ;  S h e p p e r s o n ,  1 9 6 0 ) . W h e n , h o w e v e r ,  t h e  s i l a g e  a n d  h a y  

h a v e  b e e n  m a d e  f r o m  h e r b a g e  c u t  a t  t h e  s a m e  s t a g e  o f  m a t u r i t y ,  l i t t l e  o r  n o  d i f fe r e n c e  

in  m i lk  y ie ld  h a s  b e e n  f o u n d  in  s o m e  t r i a l s  ( T u r k ,  M o r r i s o n ,  N o r t o n  &  B l a s e r ,  1 9 5 1 ;  

S h e p h e r d  e t a l .  1 9 5 4 ;  H u f f m a n ,  D u n c a n ,  D e x t e r  &  C h a n c e ,  1 9 5 4 ;  T r im b e r g e r  e t a l .  

1 9 5 5 ) , b u t  in  o t h e r s  h ig h e r  m i lk  y ie ld s  h a v e  b e e n  o b t a i n e d  f r o m  s i l a g e  t h a n  f r o m  h a y  

( H a r w o o d  &  W e lls ,  1 9 3 6 ;  P r a t t  &  H o ld a w a y ,  1 9 4 3 ;  P r e s t h e g g e ,  1 9 5 9 ;  B r o w n ,  1 9 6 2 ) .

T h e  n u t r i t i v e  v a l u e  o f  a  r o u g h a g e ,  h o w e v e r ,  i s  n o t  t h e  o n ly  f a c t o r  d e t e r m in in g  

o u t p u t  o f  a n i m a l  p r o d u c t s ;  t h e  in t a k e  o f  r o u g h a g e  i s  a l s o  i m p o r t a n t .  T h e  v o l u n t a r y  

in t a k e  o f  a  r o u g h a g e  a n d  i t s  d r y - m a t t e r  c o n t e n t  a p p e a r  t o  b e  r e l a t e d .  F o r  e x a m p l e ,  

a  h ig h e r  d r y - m a t t e r  i n t a k e  w a s  f o u n d  w h e n  c o w s  w e r e  g iv e n  f r e e  a c c e s s  t o  h a y  t h a n  

w h e n  t h e y  w e r e  g iv e n  s i l a g e  (M o o re , T h o m a s  &  S y k e s ,  1 9 6 0 ) . I t  h a s  b e e n  s h o w n  a l s o  

t h a t  t h e  v o l u n t a r y  in t a k e  o f  s i l a g e  d r y - m a t t e r  in c r e a s e s  w it h  in c r e a s in g  d r y - m a t t e r  

c o n t e n t  (S h e p h e r d ,  G o r d o n  &  C a m p b e l l ,  1 9 5 3 ;  C o o p e r ,  1 9 5 4 ) . I n c r e a s e s  in  m i lk  

y ie ld  h a v e  b e e n  a s s o c i a t e d  w it h  a  h ig h e r  d r y - m a t t e r  i n t a k e  o f  h a y  o r  s i l a g e  (M o o re  

et a l .  1 9 6 0 ) , b u t  t h i s  i s  n o t  i n v a r i a b l y  s o  (B r o w n ,  1 9 5 0 ) .
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T h e  5  t r i a l s  r e p o r t e d  h e r e  w e re  m a d e  o v e r  a  p e r io d  o f  3  y e a r s .  T h e y  w e r e  d e s i g n e d  

to  g i v e  f u r t h e r  i n f o r m a t io n  o n  t h e  c o m p a r a t i v e  v a l u e  o f  s i l a g e  a n d  h a y  f o r  m i lk  

p r o d u c t io n  w h e n  t h e y  w e r e  t h e  s o le  r o u g h a g e  o f fe r e d  t o  m i lk in g  c o w s . I n  3  o f  th e  

t r i a l s  (1 , 2 a n d  3 ) a  c o m p a r i s o n  w a s  m a d e  o f  e q u a l  q u a n t i t i e s  o f  d r y  m a t t e r  in  t h e  

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

s t a g e  o f  g r o w t h .  I n  o n e  o f  t h e s e  t r i a l s  (3 ) , 2  s i l a g e s  m a d e  f r o m  t h e  s a m e  c r o p  a t  a n  

i n t e r v a l  o f  5  w e e k s  w e r e  c o m p a r e d ,  a n d  in  t h e  f in a l  2  t r i a l s  (4  a n d  5 ) s i l a g e  a n d  h a y  

m a d e  f r o m  t h e  s a m e  c r o p  w e re  f e d  a d  lib . t o  m i lk in g  c o w s.

T w o  o f  t h e  t r i a l s  (2  a n d  3 ) h a v e  b e e n  r e p o r t e d  b r ie f ly  e l s e w h e r e  (M u r d o c h , 1 9 6 2 ) .

METHODS AND R E SU LT S

F r i e s i a n  c o w s  w e r e  u s e d  in  a l l  5  t r i a l s ,  a n d ,  u n le s s  o t h e r w is e  s t a t e d ,  t h e  t r i a l s  

b e g a n  4 - 6  w e e k s  a f t e r  t h e  c o w s  h a d  c a lv e d .  T h e  d i g e s t i b i l i t y  o f  t h e  r o u g h a g e s  g iv e n  

t o  t h e  c o w s  in  t h e  t r i a l s  w a s  d e t e r m in e d  -w ith 4  y e a r l i n g  s t e e r s  ( t r i a l  1) o r  w i t h  

6 w e th e r  s h e e p  ( t r i a l s  2 , 3 a n d  4 ) . M ilk  y ie ld s  w e re  r e c o r d e d  d a i l y ,  a n d  t w o  3 - d a y  

c o m p o s i t e  m i lk  s a m p l e s  w e re  t a k e n  d u r in g  t h e  f in a l  w e e k  o f  e a c h  e x p e r im e n t a l  

p e r io d .
T h e  s i l a g e  o f fe r e d  t o  t h e  c o w s  in  a l l  t h e  t r i a l s  w a s  m a d e  f r o m  h e r b a g e  c u t  w i t h  a  

f o r a g e  h a r v e s t e r  a n d  r e c e iv in g  n o  o t h e r  t r e a t m e n t .  W it h  t h e  e x c e p t io n  o f  t h a t  u s e d  

in  t r i a l s  4  a n d  5  t h e  h a y  w a s  f ie ld - c u r e d  a n d  w a s  m a d e  w ith  c o n v e n t io n a l  e q u ip m e n t .  

U n le s s  o t h e r w is e  s t a t e d ,  t h e  s i l a g e s  a n d  h a y s  w e re  p r o c e s s e d  s a t i s f a c t o r i l y ,  t h e  p H  

v a l u e  o f  t h e  s i l a g e s  b e in g  in  t h e  r a n g e  3 - S -4 - 2  a n d  t h e  h a y  h a v in g  b e e n  m a d e  in  g o o d  

w e a th e r  c o n d it io n s .

T r i a l  1. S i l a g e  a n d  h a y  w e re  m a d e  a t  t h e  s a m e  t im e  f r o m  a  m e a d o w  f e s c u e -  

t im o t h y  s w a r d ,  w h ic h  w a s  c u t  o n  1 4 - 1 6  J u n e ,  t h e  s t a r t  o f  c u t t in g  b e in g  d e l a y e d  b y  

u n f a v o u r a b l e  c o n d it io n s  f o r  h a y m a k i n g .  T h e  c h e m ic a l  c o m p o s i t io n  a n d  t h e  d i g e s t i 

b i l i t y  o f  t h e  r o u g h a g e s  a r e  g iv e n  in  T a b l e  1.

T a b l e  1. C h e m ica l c o m p o sit io n  a n d  d ig e st ib il ity  o f  fo o d s  ( t r ia l  1)

g/100 g dry matter

Dry
matter.

0//O
Crude

protein
Ether

extract
N-free
extract

Crude
Fibre Ash

Hay 76-9 8-6 1-3 45-3 37-4 7-4
Silage 21-1 10-2 2-5 40-3 38-7 8-3
Concentrates 85-2 20-4 1-7 68-4 4-3 5-0

Digestibility coefficients:
Hay 67-3 53-5 52-0 65-3 76-2 _
Silage 69-1 59-3 60-7 72-1 78'5 —

T h e  s i l a g e  a n d  h a y w e re c o m p a r e d  in a  t r i a l  w ith 16 c o w s. A  s im p le c r o s s o v e r

d e s ig n  w a s  u s e d  w i t h  e x p e r im e n t a l  p e r io d s  o f  3 w e e k s .

T h e  m e a n  d r y - m a t t e r  i n t a k e  o f  s i l a g e  w a s  16-1 lb  a n d  o f  h a y  16-3  lb  p e r  c o w  p e r  

d a y .  C o n c e n t r a t e s  w e r e  g i v e n  a t  t h e  m e a n  r a t e  o f  17  lb  p e r  c o w  p e r  d a y ,  c a l c u l a t e d  

a c c o r d in g  t o  m i lk  y i e l d  a t  t h e  b e g in n in g  o f  t h e  t r i a l ,  a n d  r e d u c e d  b y  1 |  lb  p e r  c o w  

p e r  d a y  a t  t h e  e n d  o f  t h e  f i r s t  e x p e r im e n t a l  p e r io d  t o  a d j u s t  n u t r i e n t  i n t a k e  t o  d e 

c l in in g  m i lk  y ie ld .  T h e  m e a n  i n t a k e  o f  c o n c e n t r a t e s  t h r o u g h o u t  t h e  t r i a l  w a s  4 -4  lb  

g a l  m i lk  p r o d u c e d .



T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  in  m i lk  y i e l d  o r  in  t h e  f a t  a n d  s .n .f . c o n t e n t s  

o f  t h e  m i lk  b e t w e e n  t h e  2  g r o u p s  ( T a b le  2 ).

T a b l e  2 . T h e  a v e ra g e  y ie ld  a n d  c o m p o sit io n  o f  the m ilk  w hen cow s received  h a y  
a n d  w hen  they rece ived  s i la g e  (t r ia l  1)

H a y  v e r s u s  s i l a g e  f o r  m i l k  p r o d u c t i o n  3 9 3

Hay Silage s .e . of means

Milk yield, lb/day 40-2 41-0 =  0-43
Fat, % 3-97 3-90 — 007
S.N.F.,% 9-02 8-99 -0-03

T r i a l  2 . S i l a g e  a n d  h a y  w e r e  m a d e  f r o m  a  m e a d o w  f e s c u e - t i m o t h y  s w a r d  w h ic h  

w a s  c u t  o n  2 5  M a y .

T a b l e  3 . C h e m ic a l c o m p o sit io n  a n d  d ig e s t ib il ity  o f  f o o d s  (t r i a l  2)

g/100 g dry master
Dry

matter,
o//o

Crude
protein

Ether
extract

N-free
extract

Crude
fibre Ash

Hay 79-5 11-4 2-2 47-0 30-2 9-4
Silage 22-9 12-4 3-1 40-3 32-6 11-5
Concentrates 86-2 19-6 3:5 62-3 6-7 7-9

Digestibility coefficients 
Hay 71*5 73-6 48-1 77-9 81-1
Silage 71-9 73-6 58*6 71-9 81-9 —

T a b l e  4 . T h e  a v e ra g e  y ie ld  a n d  c o m p o sit io n  o f  the m ilk  o f  coivs re ce iv in g  d iffe ren t  
a m o u n ts  o f  h a y  a n d  s i la g e  ( t r ia l  2)

Hay Silage
""i < \

20 lb 10 lb 70 lb 35 lb s .e . of means

Milk yield, lb/day 31-0 26-7 31-6 27-1 ±1-13
Fat, % 4-00 4-12 4-00 4-10 +  0-12
S.X.F., % 8-87 8-71 8-83 8-65 ±0-03
Casein N, m g/100 g 420 390 404 383 ±7-24

milk

T h e  s i l a g e  a n d  h a y  w e re  c o m p a r e d  a t  2  le v e l s  o f  i n t a k e  u s in g  8  c o w s  in  t w o  4 x 4  

L a t i n  s q u a r e  e x p e r im e n t s ,  e a c h  e x p e r im e n t a l  p e r io d  b e in g  o f  4  w e e k s ’ d u r a t i o n .  

T h e  t r e a t m e n t s  w e r e :  (a )  2 0 1 b  h a y / d a y ,  (b ) 1 0 1 b  h a y / d a y ,  (c) 7 0  lb  s i l a g e / d a y  a n d

(d ) 3 5  lb  s i l a g e / d a y .  T h e  m e a n  i n t a k e  o f  r o u g h a g e  d r y  m a t t e r  a t  t h e  h ig h  a n d  lo w  

le v e l  o f  i n t a k e  w a s  16-0  a n d  8-0 l b / d a y ,  r e s p e c t i v e ly .  C o n c e n t r a t e s  w e r e  g iv e n  a t  t h e  

m e a n  r a t e  o f  17  lb  p e r  c o w  p e r  d a y  c a l c u l a t e d  a c c o r d i n g  t o  m i lk  y i e l d  a t  t h e  b e g in n in g  

o f  t h e  t r i a l  a n d  r e d u c e d  b y  2  lb  p e r  c o w  p e r  d a y  a t  t h e  e n d  o f  e a c h  e x p e r im e n t a l  

p e r io d . T h e  m e a n  i n t a k e  o f  c o n c e n t r a t e s  a t  t h e  h ig h  a n d  lo w  le v e l  o f  r o u g h a g e  i n t a k e  

w a s  4-5 a n d  5-2  l b / g a l  m i lk  p r o d u c e d ,  r e s p e c t i v e ly .  T h e  h ig h  le v e l  o f  r o u g h a g e  i n t a k e  

w ith  c o n c e n t r a t e s  p r o v i d e d  a  c a l c u l a t e d  n u t r i e n t  i n t a k e  e q u i v a l e n t  t o  a p p r o x i m a t e l y  

1 0 0  %  o f  W o o d m a n ’s  s t a n d a r d  f o r  m a in t e n a n c e  a n d  p r o d u c t io n .

T h e  c h e m ic a l  c o m p o s i t io n  a n d  d i g e s t i b i l i t y  o f  t h e  s i l a g e  a n d  h a y  a r e  g iv e n  in  

T a b l e  3.

T h e  m i lk  y ie ld ,  a n d  t h e  s .n .f . a n d  c a s e in  c o n t e n t s  o f  t h e  m i lk  w e r e  s i g n i f i c a n t ^
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lo w e r  ( P  <  0 -0 5 ) a t  t h e  lo w e r  le v e l  o f  r o u g h a g e  i n t a k e  ( T a b le  4 ). S i l a g e ,  w h e n  c o m 

p a r e d  w ith  h a y  a t  t h e  s a m e  le v e l  o f  d r y - m a t t e r  in t a k e ,  g a v e  a  s l i g h t l y  h ig h e r  m i lk  

y i e l d  a n d  a  s l i g h t l y  lo w e r  S.N .F . c o n t e n t  o f  t h e  m i lk  b u t  t h e s e  d i f f e r e n c e s  w e r e  n o t  

s t a t i s t i c a l l y  s ig n i f i c a n t .

T r i a l  3 . T w o  s i l a g e s ,  o n e  f r o m  a n  e a r ly  c u t  ( 1 7 - 1 8  M a y )  a n d  t h e  o t h e r  f r o m  a  l a t e  

c u t  (2 2  J u n e ) ,  a n d  h a y  ( c u t  2 2  J u n e )  w e r e  m a d e  f r o m  a n  S .  2 3  r y e g r a s s  s w a r d .  

T h e  e a r ly - c u t  s i l a g e  w a s  p o o r ly  f e r m e n t e d  ( p H  5 -5 ). S o m e  r a i n  (0 -0 8  in )  f e l l  o n  t h e  

h a y  s h o r t ly  a f t e r  i t  w a s  c u t .

T a b l e  5 . C h e m ica l c o m p o sit io n  a n d  d ig e s t ib il ity  o f  f o o d s  ( t r ia l  3)

g/100 g dry matter
Dry

matter,
0//o

c
Crude

protein
Ether

extract
N-free

extract
Crude
fibre Ash

Early-cut silage 18-1 16-7 4-9 35-2 31-9 11-3
Late-cut silage 30-1 9-3 2-3 41-5 31-9 15-0
Hay 80-9 8-0 1-7 49-2 34-3 6-8
Concentrates 86-3 19-8 2-5 64-0 5-9 7-8

Digestibility coefficients 
Early-cut silage 73-7 73-0 72-1 66-0 82-0
Late-cut silage 65-8 55*1 52-2 66-8 78-8 —
Hay 58-2 44-6 28-9 59-6 62-8 —

T a b l e  6. T h e  a v e ra g e  y ie ld  a n d  co m p o sit io n  o f  the m ilk  w hen  cow s rece ived  h a y ,
or ear ly -c u t  or la te -cu t s i la g e ( t r ia l  3)

Early-cut Late-cut
silage silage Hay s.E. of means

Group 1
Milk yield, lb/day 34-0 29-5 29-5 ±0-45
Fat, % 4-02 4-22 4-16 ±0-17
S.N.F., % 8-66 8-83 8-80 ±0-06
Casein N, mg/100 g milk 368 393 398 +  4-04

Group 2
Milk yield, lb/day 21-7 18-2 19-5 ±0-34
Fat, % 4-53 4-46 4-51 ±0-06
S.N.F., % 8-65 8-81 8-79 ±0-05
Casein N, mg/100 g milk 382 419 421 ±1-15

T h e  f o o d s  w e re  c o m p a r e d  in  a  t r i a l  w i t h  6 c o w s , t h e  t r i a l  b e in g  in  t h e  f o r m  o f  

t w o  3 x 3  L a t i n  s q u a r e s .  A t  t h e  s t a r t  o f  t h e  t r i a l  t h e  c o w s  in  o n e  g r o u p  h a d  a  h ig h  

m i lk  y i e l d ;  t h e  o t h e r  g r o u p  h a d  a  lo w e r  y ie ld  a s  t h e y  h a d  c a l v e d  a t  a n  e a r l ie r  d a t e .  

E a c h  e x p e r im e n t a l  p e r io d  l a s t e d  3  w e e k s .

T h e  c o w s  o n  t h e  3 t r e a t m e n t s  w e r e  o f fe r e d  9 0  lb  e a r ly - c u t  s i l a g e ,  5 4  lb  l a t e - c u t  

s i l a g e  o r  2 0  lb  h a y  d a i ly ,  t h e  m e a n  d a i l y  d r y - m a t t e r  i n t a k e  b e in g  1 4 - 6 ,1 5 - 5  a n d  16-1  lb ,  

r e s p e c t i v e ly .  T h e  c h e m ic a l  c o m p o s i t io n  a n d  d i g e s t i b i l i t y  o f  t h e  f o o d s  a r e  g i v e n  in  

T a b l e  5 . T h e  c o n c e n t r a t e  r a t i o n  w a s  c a l c u l a t e d  a c c o r d in g  t o  m i lk  y ie ld  a t  t h e  b e g in 

n in g  o f  t h e  t r i a l ,  a n d  r e d u c e d  b y  lb  p e r  c o w  p e r  d a y  a t  t h e  e n d  o f  e a c h  e x p e r im e n t a l  

p e r io d ,  t h e  m e a n  i n t a k e  o f  c o n c e n t r a t e s  t h r o u g h o u t  t h e  t r i a l  b e in g  15-1 a n d  10-7  lb  

p e r  c o w  p e r  d a y  f o r  t h e  h ig h -  a n d  lo w - y ie ld in g  g r o u p s  o f  c o w s , r e s p e c t i v e ly .

I n  b o t h  g r o u p s ,  t h e  m i lk  y ie ld  w a s  s i g n i f i c a n t ly  h ig h e r  ( P  <  0 -0 1 ) , a n d  t h e  s .n .f . 
a n d  c a s e in  c o n t e n t s  o f  t h e  m i lk  s i g n i f i c a n t ly  lo w e r  ( P  <  0 -0 5 ) f o r  t h e  e a r ly - c u t



s i l a g e  t h a n  f o r  t h e  o t h e r  t w o  r o u g h a g e s  ( T a b le  6 ) . N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  f o u n d  

in  t h e  f a t  c o n t e n t  o f  t h e  m ilk .

T r i a l  4 . S i l a g e  a n d  b a r n - d r ie d  h a y  w e r e  c o m p a r e d  in  t h i s  t r i a l ,  b o t h  b e in g  m a d e  

f r o m  a  m e a d o w  f e s c u e - t i m o t h y  s w a r d  w h ic h  w a s  c u t  o n  9 - 1 0  M a y .  T h e  h a y  w a s  l e f t  

f o r  4 8  h  in  t h e  f ie ld  a f t e r  c u t t in g ,  a n d  h a d  a  m e a n  d r y - m a t t e r  c o n t e n t  o f  6 2 -5  %  

w h e n  b a r n - d r y in g  b e g a n .  T h e  h a y  w a s  p ic k e d  u p  f r o m  t h e  f ie ld  w i t h  a  f o r a g e  h a r v e s t e r ,  

a n d  w a s  d r ie d  in  a  c h o p p e d  s t a t e  b y  a i r  b e in g  b lo w n  t h r o u g h  i t  f o r  a  p e r io d  o f  3  d a y s ,  

g iv i n g  a  d r y - m a t t e r  c o n t e n t  o f  8 7 - 5 % .

T h e  f o o d s  w e r e  c o m p a r e d  in  a  s im p le  c r o s s o v e r  t r i a l  w ith  12 c o w s  w i t h  e x p e r im e n t a l  

p e r io d s  o f  3  w e e k s .  T h e  r o u g h a g e s  w e r e  g i v e n  a d  lib . in t o  t r o u g h s  t o  g r o u p s  o f  c o w s  

w h ic h  h a d  c o n t in u o u s  a c c e s s  t o  t h e  f o o d s .  N o  o t h e r  f o o d s  w e r e  g iv e n .  T h e  c h e m ic a l  

a n a l y s i s  a n d  d r y - m a t t e r  d i g e s t i b i l i t y  o f  t h e  h a y  a n d  s i l a g e  a r e  g i v e n  in  T a b l e  7 .

H a y  v e r s u s  s i l a g e  f o r  m i l k  p r o d u c t i o n  3 9 5

T a b l e  7. C h e m ic a l c o m p o sit io n  a n d  d ig e s t ib il ity  o f  fo o d s  (t r i a l s  4  a n d  5)

g /100 g dry matter
Dry ,------------------ ------------A------------- --------- ^ Dry-matter

matter, Crude Ether N-free Crude digestibility
O//o protein extract extract fibre Ash 0//o

Silage 21-4 12-0 3-2 46-6 29-9 8-3 72*5
Hay 82-0 10-0 1-8 54-7 25-5 8-0 74-9
Concentrates 86-2 22-3 2-4 62-7 5-2 7-4 —

T a b l e  8 . D ry - m a tte r  in ta k e  a n d  y ie ld  a n d  c o m p o sit io n  o f  m ilk  o f  cow s ivhen they  
rece iv ed  s i la g e  a n d  w hen  they rece iv ed  h a y  ( t r ia l  4)

Milk yield, lb/day 
Fat, %
S.N.I’., %

Silage,
20 lb D.M./day 

27-9
3-78
8-50

Hay,
32 lb D.M./day 

30-4
3-74
8-70

s .e . of means 
±0-51 
±0-02 
±0-03

T h e  i n t a k e  o f  d r y  m a t t e r  w a s  c o n s id e r a b l y  h ig h e r  w h e n  h a y  w a s  o f f e r e d  t h a n  

w h e n  s i l a g e  w a s  o f fe r e d , a n d  t h e  d r y - m a t t e r  d i g e s t i b i l i t y  o f  t h e  h a y  w a s  a l s o  s l i g h t ly  

h ig h e r  t h a n  t h a t  o f  t h e  s i l a g e ,  a l t h o u g h  t h e  v a l u e  f o r  t h e  l a t t e r  h a d  b e e n  c o r r e c t e d  

f o r  l o s s  o f  v o la t i l e  s u b s t a n c e s  d u r in g  t h e  o v e n - d r y in g  p r o c e s s .  T h e  c o w s  r e c e iv in g  

h a y  g a v e  b e t t e r  m i lk  y ie ld s  a n d  h a d  a  h ig h e r  s .N .F ,  c o n t e n t  in  t h e i r  m i lk  t h a n  t h o s e  

r e c e iv in g  s i l a g e  ( P  <  0 -0 1 ) ( T a b le  8 ).

T r i a l  5 . T h e  t w o  r o u g h a g e s  u s e d  in  t r i a l  4  w e re  c o m p a r e d  a t  3 le v e l s  o f  c o n c e n t r a t e  

i n t a k e  in  t w o  3 x 3  L a t i n  s q u a r e  t r i a l s ,  t h e  c o w s  a g a i n  h a v i n g  f r e e  a c c e s s  t o  t h e  h a y  

a n d  s i l a g e .  C o n c e n t r a t e s  w e r e  g iv e n  a t  t h e  r a t e  o f  0 , 2 a n d  4  l b / g a l  o f  m i lk  p r o d u c e d ,  

t h e  c o n c e n t r a t e  r a t i o n  b e in g  a d j u s t e d  t o  m i lk  y ie ld  a t  t h e  b e g in n in g  o f  t h e  t r i a l  a n d  

d e c r e a s e d  f  lb  p e r  c o w  p e r  d a y  in  e a c h  s u c c e e d in g  w e e k . T h e  c h e m ic a l  a n a l y s i s  o f  t h e  

c o n c e n t r a t e s  u s e d  in  t h e  t r i a l  i s  g iv e n  in  T a b l e  7 . E a c h  e x p e r im e n t a l  p e r io d  w a s  

3 w e e k s  in  le n g t h .

T h e  m e a n  d r y - m a t t e r  i n t a k e  o f  t h e  h a y  a n d  s i l a g e  w a s  3 1 -8  a n d  2 2 -6  l b / d a y  

r e s p e c t iv e ly .  M ilk  y i e l d  w a s  s i g n i f i c a n t ly  h ig h e r  ( P  <  0 -0 5 ) w ith  b o t h  h a y  a n d  s i l a g e  

w h e n  2  o r  4  lb  c o n c e n t r a t e s / g a l  w e r e  g iv e n  t h a n  w h e n  n o  c o n c e n t r a t e s  w e r e  o f fe r e d  
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( T a b le  9 ). D if f e r e n c e s  in  f a t  c o n t e n t  o f  t h e  m i lk  w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  

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

s i g n i f i c a n t ly  lo w e r  t h a n  t h a t  o b t a i n e d  w h e n  e i t h e r  o f  t h e  t w o  l e v e l s  o f  c o n c e n t r a t e s  

w a s  in c lu d e d  in  t h e  r a t i o n .  T h e  s .n .f . c o n t e n t  o f  t h e  m i lk  w a s  s i g n i f i c a n t ly  h ig h e r  

(P  <  0 -0 5 ) w i t h  in c r e a s in g  q u a n t i t i e s  o f  c o n c e n t r a t e s  w h e n  s i l a g e  w a s  o f fe r e d  t o  t h e  

c o w s , b u t  w ith  t h e  h a y  r a t i o n  o n ly  t h e  d i f f e r e n c e  b e t w e e n  0  a n d  4  lb  c o n c e n t r a t e s /  

g a l  w a s  s i g n i f i c a n t  ( P  <  0 -0 5 ).

J .  C .  M u r d o c h  a u d  J .  A .  F .  R o o k

T a b l e  9 . Y ie ld  a n d  c o m p o sit io n  o f  m ilk  o f  cow s re ce iv in g  e ith er h a y  o r  s i la g e  
a lo n e  a n d  a ls o  w ith  two d iffe ren t levels o f  co n cen tra te s  ( t r ia l  5)

Concentrate intake, lb/gal

0 2 4 s.E. of means
Silage group

Milk yield, lb/day 37-9 45-1 48-9 ±1-20
Fat, % 3-07 3-52 3-42 +  0-08
S.N.F., % 8-02 8-29 8-46 ±0-02

Hay group
Milk yield, lb/day 41-4 48-1 49-8 ±0-71
Fat, % 3-65 3-42 3-69 ±0-19
S.N.F., % S-51 8-73 8-95 +  006

DISCUSSION

I n  2  o f  t h e  t r i a l s ,  in  w h ic h  t h e  d r y - m a t t e r  i n t a k e s  f r o m  s i l a g e  a n d  h a y  w e r e  s im i l a r  

a n d  t h e  t w o  r o u g h a g e s  w e r e  m a d e  f r o m  t h e  s a m e  h e r b a g e ,  a  s l i g h t l y  h ig h e r  m i lk  

y ie ld  w a s  o b t a i n e d  f r o m  s i l a g e ,  b u t  in  n o  in s t a n c e  w a s  t h i s  d i f fe r e n c e  s t a t i s t i c a l l y  

s i g n i f i c a n t .  A s  n o  c o r r e c t io n  w a s  m a d e  f o r  t h e  l o s s  o f  v o la t i l e  s u b s t a n c e s  in  o v e n  

d r y in g  t h e  s i l a g e ,  t h e  i n t a k e  o f  d r y  m a t t e r  w o u ld  b e  s l i g h t l y  h ig h e r  t h a n  q u o t e d ,  a n d  

t h i s  w o u ld  p r o b a b l y  a c c o u n t  f o r  t h e  s l i g h t  in c r e a s e  in  m i lk  y ie ld  w h e n  s i l a g e  w a s  

e a t e n .

I n  a l l  t h e  t r i a l s  s i l a g e  a n d  h a y  w e r e  c o m p a r e d  a t  l e v e l s  o f  n u t r i e n t  i n t a k e  b e lo w  

t h a t  r e c o m m e n d e d  b y  W o o d m a n ,  a n d  i t  s e e m s  u n l ik e ly  t h a t  d i f f e r e n c e s  b e t w e e n  t h e  

t w o  f o o d s  w o u ld  b e  m a s k e d  b y  a  h ig h  p la n e  o f  n u t r i t io n .  W it h  t h e  lo w e r  r o u g h a g e  

i n t a k e  ( t r i a l  2 ) a n d  t h e  l a t e - c u t  s i l a g e  a n d  h a y  ( t r i a l  3 ) i t  i s  c le a r  f r o m  t h e  m i lk  y ie ld s  

t h a t  t h e  n u t r i e n t  i n t a k e  w a s  l e s s  t h a n  t h e  c o w ’s  r e q u ir e m e n t s ,  a n d  i t  i s  n o t e w o r t h y  

t h a t  a  s i m i l a r  r e s p o n s e  t o  h a y  a n d  s i l a g e  o c c u r r e d  a t  t h i s  lo w  p la n e  o f  n u t r i t io n .

A  r e l a t i v e l y  s h o r t  e x p e r im e n t a l  p e r io d  o f  3 - 4  w e e k s  w a s  u s e d  in  t h e  t r i a l s  r e p o r t e d  

h e r e ,  a n d  i t  m i g h t  b e  a r g u e d  t h a t  t h i s  w a s  in s u f f i c ie n t ly  lo n g  f o r  a n y  m a r k e d  d i f f e r 

e n c e s  in  m i lk  y ie ld  t o  b e c o m e  a p p a r e n t .  H o w e v e r ,  in  N o r w e g ia n  t r i a l s  ( P r e s t h e g g e ,  

1 9 5 9 ) , w h e r e  s i l a g e  w a s  f o u n d  t o  b e  s u p e r io r  t o  h a y ,  a  r e s p o n s e  w a s  o b t a i n e d  w ith in  

a  p e r io d  o f  3 w e e k s  f r o m  t h e  b e g in n in g  o f  t h e  e x p e r im e n t a l  p e r io d .

I n  g e n e r a l ,  t h e r e f o r e ,  t h e  r e s u l t s  r e p o r t e d  h e r e  in d ic a t e  t h a t  t h e  f e e d in g  o f  s i l a g e  

o r  h a y ,  m a d e  f r o m  t h e  s a m e  h e r b a g e ,  w ill  r e s u l t  in  s im i l a r  m i lk  y ie ld s  w h e n  t h e  d r y -  

m a t t e r  i n t a k e  i s  t h e  s a m e  f o r  b o t h  r o u g h a g e s  a n d  w h e n  b o t h  h a v e  b e e n  w e ll  p r e s e r v e d .

I t  i s  o f  in t e r e s t ,  h o w e v e r ,  t h a t  t h o u g h  n o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  in  t h e  

c o m p a r i s o n s  o f  s i l a g e  a n d  h a y  a t  t h e  s a m e  d r y - m a t t e r  in t a k e s ,  s l i g h t  i n c r e a s e s  in  

m i lk  y i e l d  w h e n  s i l a g e  w a s  f e d  w e re  o f t e n  a s s o c i a t e d  w i t h  a  s l i g h t  f a l l  in  t h e  s .n . f . 

a n d  c a s e in  c o n t e n t  o f  t h e  m i lk .  I n  t r i a l  3 t h e  f e e d in g  o f  e a r ly - c u t  s i l a g e  in  c o m p a r i s o n
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w it h  l a t e - c u t  s i l a g e  a n d  h a y  g a v e  a  p r o n o u n c e d  in c r e a s e  in  m i lk  y ie ld  a n d  a  s i g n i f i c a n t  

d e c r e a s e  in  t h e  s.N '.F . a n d  c a s e in  c o n t e n t  o f  t h e  m i lk .  T h e s e  r e s u l t s  s u g g e s t  t h a t  s i l a g e  

o f  h ig h  n u t r i t io n a l  q u a l i t y ,  in  c o m p a r i s o n  w ith  h a y  h a r v e s t e d  a t  t h e  u s u a l  t im e ,  m a y  

f a v o u r  a  h ig h e r  y i e l d  o f  m i lk  o f  lo w e r  s .n .f . c o n t e n t .

I n  t r i a l  4  t h e r e  i s  a  c le a r  d e m o n s t r a t i o n  t h a t  m i lk  y ie ld  c a n  b e  m a r k e d l y  a f f e c t e d  b y  

t h e  s t a g e  o f  m a t u r i t y  a t  w h ic h  t h e  c r o p  i s  c u t  f o r  c o n s e r v a t io n .  R e s u l t s  s i m i l a r  to  

t h i s  h a v e  b e e n  o b t a i n e d  e l s e w h e r e  ( T r im b e r g e r  et a l .  1 9 5 5 ;  P r e s t h e g g e ,  1 9 5 9 ) .

W h e n  s i l a g e  a n d  h a y  w e re  o f f e r e d  a d  lib . t h e  d r y - m a t t e r  i n t a k e  w i t h  h a y  w a s  g r e a t e r  

t h a n  t h a t  w i t h  s i l a g e .  I n  t h e  2  t r i a l s  t h e r e  w a s  a n  in c r e a s e  o f  a p p r o x i m a t e l y  5 0  %  

in  t h e  d r y - m a t t e r  i n t a k e  o f  h a y  c o m p a r e d  w i t h  s i l a g e ,  a n d  t h i s  in c r e a s e  in  n u t r i e n t  

i n t a k e  r e s u l t e d  in  a  m a r k e d  in c r e a s e  in  m i lk  y i e l d  a n d  s .n .f . c o n t e n t .  A l t h o u g h  t h i s  

in c r e a s e  in  m i lk  p r o d u c t i o n  o c c u r r e d  i t  d i d  n o t  a p p e a r  t o  b e  c o m m e n s u r a t e  w i t h  t h e  

in c r e a s e  in  n u t r i e n t  i n t a k e .

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w le d g e  t h e  a s s i s t a n c e  r e c e iv e d  f r o m  s e v e r a l  m e m b e r s  

o f  t h e  D a i r y  H u s b a n d r y  a n d  C h e m is t r y  d e p a r t m e n t s  in  c o n d u c t in g  t h e s e  e x p e r im e n t s .
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B y  a . k . r . M c D o w e l l

T h e  D a i r y  R e se a rc h  In s t itu te  (N . Z . ), P a lm e r s to n  N o rth , N ew  Z e a la n d  

(R ece iv ed  17  A p r i l  1 9 6 3 )

T h e  e s t i m a t i o n  o f  d i s s o l v e d  o x y g e n  i n  a n h y d r o u s  m i l k  f a t

S u m m a r y . D is s o lv e d  o x y g e n  in  a n h y d r o u s  m i lk  f a t  i s  r e a c t e d  w i t h  a n  a q u e o u s  

m a n g a n o u s - f e r r o u s  h y d r o x i d e  s u s p e n s io n  a t  5 0  °C . T h e  m i x t u r e  i s  a c id i f ie d  a n d  

a f t e r  s e p a r a t i o n  in t o  t w o  l a y e r s  t h e  a m o u n t  o f  f e r r ic  i r o n  in  t h e  a q u e o u s  l a y e r  i s  

e s t i m a t e d  b y  io d o m e t r i c  t i t r a t i o n .  T h e  p r o c e d u r e  i s  r e l a t i v e l y  s im p le  a n d  i s  s u i t a b l e  

fo r  r o u t in e  t e s t i n g  o f  m i lk  f a t .

M e t h o d s  o f  e s t im a t i o n  o f  o x y g e n  in  f a t s  m a y  c o n v e n ie n t ly  b e  d i v id e d  in t o  t h r e e  

c l a s s e s .

(1 ) T h e  d ire c t o r  in d ire c t  m e a su re m e n t o f  the g a s  re lea se d  f r o m  the m elted  f a t .  T h e  

t o t a l  v o lu m e  o f  g a s  l ib e r a t e d  i .e .  o x y g e n  p lu s  n i t r o g e n ,  i s  m e a s u r e d  a n d  n o t  th e  

a m o u n t  o f  o x y g e n  a lo n e .  R e p o r t e d  v a l u e s  f o r  s o lu b i l i t i e s  o f  o x y g e n  a n d  n i t r o g e n  in  

m i lk  f a t  i n d ic a t e ,  h o w e v e r ,  t h a t  a b o u t  3 0  %  o f  t h e  d i s s o l v e d  g a s  w ill  b e  o x y g e n  ( S c h a f 

f e r  &  H a l le r ,  1 9 4 3 ;  H i l l s  &  C o n o c h ie ,  1 9 4 5 ) .

M o h r  &  E y s a n k  (1 9 4 3 )  e s t i m a t e d  t h e  a i r  in  m i lk  f a t  b y  h e a t in g  t h e  s a m p l e  in  

g ly c e r o l  a t  9 0  °C  a n d  c o l le c t in g  t h e  l ib e r a t e d  g a s  in  t h e  g r a d u a t e d  s t e m  o f  a n  in v e r t e d  

f u n n e l  h e ld  o v e r  t h e  d i s h  c o n t a in in g  t h e  f a t .  I t  i s  p r o b a b l e  t h a 3 o n ly  p a r t  o f  t h e  d i s 

s o lv e d  g a s  w o u ld  b e  r e le a s e d  u n d e r  t h e s e  c o n d it io n s .  R a h n  &  M o h r  (1 9 2 4 )  a n d  G u t h r ie

(1 9 3 0 )  e s t i m a t e d  t h e  ‘ f r e e ’ a i r  o b t a i n e d  f r o m  m e l t e d  b u t t e r  u n d e r  r e d u c e d  p r e s s u r e  

b y  m e a s u r in g  t h e  e f f e c t  o f  t h e  e x p a n s io n  o f  t h e  g a s  u n d e r  v a c u u m .  H i l l s  &  C o n o c h ie

(1 9 4 5 )  u s e d  s i m i l a r  a p p a r a t u s  t o  e s t i m a t e  t h e  a i r  in  ‘ c o n c e n t r a t e d  b u t t e r  ’ , b u t  r e d u c e d  

t h e  p r e s s u r e  f r o m  3 0 0  t o  8 0  m m  s o  t h a t  m o r e  o f  t h e  d i s s o l v e d  g a s  in  t h e  f a t  w a s  

l ib e r a t e d  a n d  m e a s u r e d .  S in c e  t h e  s a m p l e  u n d e r  r e d u c e d  p r e s s u r e  w a s  h e a t e d  o n ly  

t o  4 5  ° C  i t  s e e m s  p r o b a b l e  t h a t  s o m e  o f  t h e  g a s  w a s  s t i l l  r e t a i n e d  in  t h e  f a t  ( S c h a f f e r  

&  H a l le r ,  1 9 4 3 ) .

(2 ) T h e  ch em ica l e s t im a tio n  o f  the o x y g en  in  the g a s  released, from , the m elted  f a t .  
M o r e ll ,  C o n o c h ie  &  H i l l s  (1 9 4 6 )  p a s s e d  o x y g e n - f r e e  n i t r o g e n  t h r o u g h  m e l t e d  m ilk  

f a t  a n d  t h e n  o v e r  c o p p e r  m o is t e n e d  w i t h  a m m o n i a - a m m o n iu m  c h lo r id e  s o lu t io n .  

T h e  c o p p e r  o x id e  f o r m e d  w a s  w a s h e d  o f f  w i t h  a m m o n i a - a m m o n iu m  c h lo r id e  s o lu t io n  

a n d  t h e  c o p p e r  in  s o lu t io n  w a s  d e t e r m in e d  i o d o m e t r i c a l ly  o r  c o lo r im e t r i c a l ly  a s  t h e  

b lu e  c u p r a m m o n iu m  s a l t .  T h e  m e t h o d  a p p e a r e d  t o  b e  r e a s o n a b ly  a c c u r a t e  b u t  i t  i s  

u n s u i t a b l e  f o r  r o u t in e  t e s t i n g .

T h e  p r e s e n t  a u t h o r  d e v e lo p e d  a  m e t h o d  in  w h ic h  t h e  a i r  w a s  r e le a s e d  f r o m  t h e  f a t  

u n d e r  v e r y  lo w  p r e s s u r e  a n d  a t  a  t e m p e r a t u r e  o f  9 0  °C . T h e  l ib e r a t e d  g a s  w a s  c o l 

l e c te d  in  a  p r e s s u r e  f l a s k  c o n t a in in g  a  m a n g a n o u s  h y d r o x i d e  s o lu t io n .  O x y g e n - f r e e  

n i t r o g e n  w a s  t h e n  b u b b le d  t h r o u g h  t h e  f a t  u n t i l  t h e  p r e s s u r e  w a s  a  l i t t l e  lo w e r  t h a n
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a t m o s p h e r i c .  T h e  p r e s s u r e  f l a s k  w a s  d e t a c h e d  f r o m  t h e  a p p a r a t u s  a n d  s h a k e n  f o r  

2 0  m in  in  a  m e c h a n ic a l  s h a k e r .  A f t e r  a d d in g  s o lu t io n s  o f  p o t a s s i u m  io d id e  a n d  d i l u t e  

s u lp h u r ic  a c i d  t h e  l ib e r a t e d  io d in e  w a s  t i t r a t e d  w i t h  O T N - s o d iu m  t h i o s u l p h a t e  s o lu 

t io n  ( T a y lo r  &  A le x a n d e r ,  1 9 5 2 ) . D e s p i t e  a l l  p r e c a u t io n s  t o  p r e v e n t  a i r  l e a k s  in t o  

t h e  f l a s k  t h e  a m o u n t  o f  o x y g e n  f o u n d  d u r in g  a  ‘ b l a n k  ’ e s t im a t i o n  w a s  a l w a y s  r a t h e r  

h ig h . T h e  m e t h o d  i s  n o t  s u i t a b l e  f o r  r o u t in e  t e s t i n g  o f  f a t .

(3 ) T h e  ch em ica l e s t im a tio n  o f  the o x y g en  by sh a k in g  the f a t  w ith  a  re a g e n t so lu t io n .  
S c h u lz e ,  L y o n  &  M o r r i s  (1 9 4 0 )  e s t i m a t e d  t h e  d i s s o l v e d  o x y g e n  in  h y d r o c a r b o n s  b y  

s h a k in g  t h e  l iq u i d  w i t h  a lk a l i n e  m a n g a n o u s  h y d r o x i d e  s o lu t io n .  A f t e r  s e p a r a t i o n  

in t o  t w o  l a y e r s  t h e  a q u e o u s  l a y e r  w a s  a c id i f ie d  in  t h e  p r e s e n c e  o f  i o d id e  a n d  t h e  

l ib e r a t e d  io d in e  w a s  t i t r a t e d  w i t h  t h i o s u l p h a t e .  S e p a r a t i o n  u n d e r  t h e  a b o v e  c o n 

d i t i o n s  w a s  f o u n d  b y  M c K e o w n  &  H i b b a r d  (1 9 5 6 )  t o  b e  s lo w  a n d  u n s a t i s f a c t o r y .  

T h e y  r e p l a c e d  t h e  m a n g a n o u s  s o lu t io n  w i t h  a  m a n g a n o u s - f e r r o u s  h y d r o x i d e  s u s p e n 

s io n  a n d  t h u s  w e r e  a b l e  t o  a c i d i f y  i m m e d i a t e l y  a f t e r  s h a k i n g  s o  t h a t  s e p a r a t i o n  

in t o  tw o  l a y e r s  w a s  r a p i d  a n d  c o m p le te .  T h e  c o n t e n t  o f  d i s s o l v e d  o x y g e n  in  t h e  h y d r o 

c a r b o n  w a s  c a l c u l a t e d  f r o m  t h e  a m o u n t  o f  f e r r ic  i r o n  f o u n d  in  t h e  a q u e o u s  

p h a s e .

S o m e  e x p e r im e n t s  in  t h i s  l a b o r a t o r y  i n d ic a t e d  t h a t  M c K e o w n  &  H i b b a r d ’s  m e t h o d  

m i g h t  b e  a p p l i e d  t o  t h e  e s t im a t i o n  o f  o x y g e n  in  m i lk  f a t  d i s s o l v e d  in  a ir - f r e e  b e n z e n e . 

F u r t h e r  w o r k  s h o w e d  t h a t  t h e  a d d i t i o n  o f  t h e  s o lv e n t  w a s  u n n e c e s s a r y  s in c e  t h e  

o x y g e n  in  t h e  s o lv e n t - f r e e  m e l t e d  f a t  r e a c t e d  r e a d i ly  w i t h  t h e  r e a g e n t  o n  s h a k i n g  

a n d  t h e  m i x t u r e  s e p a r a t e d  i m m e d i a t e l y  in t o  tw o  l a y e r s  o n  a c id i f y in g .  T h e  m e t h o d  w a s  

f o u n d  t o  g i v e  c o n s i s t e n t l y  lo w  r e s u l t s  f o r  ‘ b l a n k  ’ e s t im a t i o n s ,  c o n c o r d a n t  r e s u l t s  o n  

t h e  s a m e  s a m p l e s  o f  f a t ,  a n d  r e s u l t s  a g r e e in g  f a i r l y  c lo s e ly  w i t h  t h o s e  o b t a i n e d  b y  

o t h e r  m e t h o d s .

EX PER IM EN T A L

S a m p l in g
M ilk  f a t  e x p o s e d  t o  a i r  w a s  f o u n d  t o  i n c r e a s e  f a i r ly  r a p i d l y  in  o x y g e n  c o n t e n t  

e s p e c i a l ly  i f  i t  w e r e  in  a  p l a s t i c  s e m i- s o l id  c o n d it io n ,  in  l iq u i d  f o r m  a t  h ig h  t e m p e r a 

t u r e s ,  o r  i f  i t  w e r e  m e l t e d  in  a n  o p e n  c o n t a in e r .  T h u s  i t  w a s  e s s e n t i a l  d u r i n g  s a m p l i n g  

t o  a v o i d  c o n d it io n s  u n d e r  w h ic h  f u r t h e r  a b s o r p t i o n  o r  s o lu t io n  o f  a i r  c o u ld  t a k e  p la c e .

A t  t h e  m a n u f a c t u r i n g  p l a n t  s a m p l e s  w e r e  t a k e n  a f t e r  t h e  f a t  h a d  b e e n  c o o le d  

b u t  w h ile  i t  w a s  s t i l l  l iq u id .  F a t  s t o r e d  in  a  s e a l e d  c o n t a in e r  a t  a  t e m p e r a t u r e  lo w  

e n o u g h  t o  c o m p le t e ly  s o l id i f y  t h e  c o n t e n t s  w a s  s a m p l e d  im m e d i a t e l y  a f t e r  w i t h d r a w a l  

f r o m  s t o r a g e .  F a t  s t o r e d  a t  h ig h e r  t e m p e r a t u r e s ,  a n d  t h e r e f o r e  p a r t l y  in  l iq u i d  

c o n d it io n ,  w a s  m e l t e d  c o m p le t e ly  a t  4 0 - 5 0  °C  b e f o r e  t h e  c o n t a in e r  w a s  o p e n e d  f o r  

s a m p l in g .  A f t e r  s a m p l i n g ,  t h e  e s t im a t i o n  o f  t h e  o x y g e n  c o n t e n t  o f  e a c h  f a t  w a s  

c o m m e n c e d  w i t h o u t  d e la y .

A p p a r a t u s
A n  E r le n m e y e r  f l a s k  o f  1 5 0  m l  c a p a c i t y  i s  u s e d  f o r  s h a k in g  t h e  m e l t e d  f a t  w i t h  t h e  

r e a g e n t .  T h e  f l a s k  i s  f i t t e d  w i t h  a  r u b b e r  s t o p p e r  w ith  tw o  h o le s ,  o n e  f o r  t h e  e n t r y  o f  

a  lo o s e - f i t t in g  g a s  d e l iv e r y  t u b e ,  t h e  o t h e r ,  s l i g h t l y  l a r g e r ,  f o r  t h e  i n t r o d u c t io n  o f  

p i p e t t e s  f o r  a d d i t i o n  o f  r e a g e n t s  a n d  m e l t e d  f a t .  B o t h  h o le s  a r e  c lo s e d  w i t h  s m a l l  

r u b b e r  s t o p p e r s  d u r in g  s h a k i n g  o f  t h e  f l a s k .
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R e a g e n ts
M a n g a n o u s  s u l p h a t e  s o lu t io n ;  2 2  g  o f  M n S 0 4.4 H 20  d i s s o lv e d  in  w a t e r  a n d  t h e  

v o lu m e  m a d e  u p  t o  1 1 .

F e r r o u s  a m m o n iu m  s u l p h a t e  c r y s t a l s .

P o t a s s i u m  h y d r o x id e ,  a p p r o x i m a t e l y  5 0  %  s o lu t io n .

H y d r o c h lo r ic  a c id ,  a p p r o x i m a t e l y  5 if .

P o t a s s i u m  io d id e  c r y s t a l s .

S o d iu m  t h i o s u l p h a t e  s o lu t io n ,  O T n .

P ro c e d u re
P l a c e  5 0  m l  o f  m a n g a n o u s  s u l p h a t e  s o lu t io n  in  t h e  f l a s k  a n d  a d d  3-9  g  o f  

f e r r o u s  a m m o n iu m  s u l p h a t e  a n d  2  m l  o f  5  ̂ h y d r o c h l o r i c  a c i d .  P a s s  a n  in e r t  g a s  

( th e  a u t h o r  u s e d  o x y g e n - f r e e  n i t r o g e n )  t h r o u g h  t h e  s o lu t io n  f o r  10  m in . I f  t h e  

s a m p l e  o f  f a t  t o  b e  e x a m in e d  i s  in  t h e  l iq u i d  s t a t e  r a i s e  t h e  d e l iv e r y  t u b e  o u t  o f  t h e  

s o lu t io n  b u t  c o n t in u e  t o  p a s s  t h e  g a s  in t o  t h e  f l a s k .  T h e n  a d d  4  m l  o f  t h e  p o t a s s i u m  

h y d r o x i d e  s o lu t io n  f r o m  a  b u r e t t e  a n d  5 0  m l  (4 3  g )  o f  f a t  f r o m  a  p i p e t t e .  P a s s  t h e  

g a s  f o r  a  f u r t h e r  2 - 3  m in  t h e n  w i t h d r a w  t h e  t u b e  a n d  im m e d i a t e l y  s t o p p e r  b o t h  

o p e n in g s .  I f  t h e  s a m p l e  o f  f a t  i s  in  t h e  s o l id i f i e d  s t a t e  q u ic k ly  s l ic e  4 3  g  o f  f a t  in t o  

t h in  p ie c e s  a n d  a d d  t h e m  d i r e c t l y  t o  t h e  a ir - f r e e  s o lu t io n  a f t e r  w i t h d r a w in g  t h e  

s t o p p e r .  R e p l a c e  t h e  s t o p p e r ,  p a s s  t h e  in e r t  g a s  a b o v e  t h e  f a t  a n d ,  a f t e r  5  m in , 

a d d  4  m l  o f  t h e  p o t a s s i u m  h y d r o x i d e  s o lu t io n .  T w o  m in u t e s  l a t e r  w i t h d r a w  t h e  

d e l iv e r y  t u b e  a n d  i m m e d i a t e l y  s t o p p e r  b o t h  o p e n in g s .

C la m p  t h e  f l a s k  in  a  m e c h a n ic a l  s h a k e r  s o  t h a t  i t s  lo w e r  h a l f  i s  i m m e r s e d  in  a  

w a t e r - b a t h  m a i n t a i n e d  a t  5 0  °C . S h a k e  g e n t l y  a t  f i r s t  t o  b r in g  t h e  f a t  a n d  r e a g e n t  

t o  t h e  t e m p e r a t u r e  o f  t h e  b a t h ,  t h e n  s h a k e  v i g o r o u s l y  f o r  2 0  m in .

C a r e f u l ly  w i t h d r a w  t h e  s t o p p e r  f r o m  t h e  l a r g e r  o p e n in g  a n d  a d d  a t  o n c e  2 5  m l  

o f  5 w - h y d r o c h lo r ic  a c i d .  R e s t o p p e r  t h e  o p e n in g  a n d  s h a k e  b y  h a n d  u n t i l  t h e  

p r e c ip i t a t e  d i s s o l v e s .  T r a n s f e r  t h e  m i x t u r e  t o  a  2 5 0  m l  s e p a r a t i n g  fu n n e l ,  a l lo w  t o  

s t a n d  f o r  a  fe w  m i n u t e s  t h e n  r u n  o f f  t h e  a q u e o u s  l a y e r  in t o  a n  E r le n m e y e r  t i t r a t i o n  

f l a s k .  A d d  2 5  m l  o f  w a t e r  a t  5 0  °C  t o  t h e  f u n n e l ,  s h a k e  w ith  t h e  f a t t y  l a y e r ,  a n d  

a l lo w  t o  s e p a r a t e .  T o  t h e  c o m b in e d  a q u e o u s  l a y e r s  a d d  5  g  o f  p o t a s s i u m  io d id e ,  

s t o p p e r  t h e  f l a s k  a n d  a f t e r  10  m in  t i t r a t e  w i t h  O T ir - t h io s u lp h a t e .  R e p l a c e  t h e  

s t o p p e r ,  t i t r a t e  a g a i n  a f t e r  2 0 - 3 0  m in  a n d  r e c o r d  t h e  t o t a l  r e a d i n g .

R u n  a n  o c c a s io n a l  ‘ b l a n k ’ , a d d in g  t h e  r e a g e n t s  b u t  n o t  t h e  f a t ,  u n d e r  t h e  

c o n d i t io n s  d e s c r ib e d  a b o v e .  T h e n

d i s s o l v e d  0 2 c o n t e n t  (m l a t  S T P ) / ( 1 0 0  g  o f  f a t )

=  ( s a m p le  t i t r a t i o n  — b l a n k  t i t r a t i o n )  x  0 -5 6  x  (1 0 0 /w t . f a t  t a k e n ) .

RESULTS

(1 ) R e p r o d u c ib il i ty  o f  re su lts .  D u p l i c a t e  r e s u l t s  o n  s a m p l e s  o f  m i lk  f a t  c o n t a in in g  

v a r i o u s  a m o u n t s  o f  d i s s o l v e d  o x y g e n  a r e  s h o w n  b e l o w :

Dissolved oxygen, 
Sample ml at STP/100 g fat

1 1-7, 1-7
2 1-9, 2-1

Sample
Dissolved oxygen, 

ml at STP/100 g fat 
1-0, 1-0 
0-25, 0-24
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(2 ) A b so rp t io n  o f  a i r  d u r in g  s a m p lin g .  I t  i s  u n l ik e ly  t h a t  a n h y d r o u s  m i lk  f a t  

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

n i t r o g e n  f o r  a  c o n s id e r a b le  t im e  t h r o u g h  a  s a m p l e  o f  f a t  h e ld  in  t h e  r e a c t io n  f l a s k  a t  

5 0  °C  b e fo r e  a n a l y s i s  d i d  n o t  r e d u c e  t h e  r e s u l t  f o r  o x y g e n  c o n t e n t  b e lo w  0-1 m l  a t  

S T P / 1 0 0  g  f a t .  S in c e  t h e  o x y g e n  c o n t e n t s  o f  s o m e  o f  t h e  s a m p l e s  o f  f a t  e x a m in e d  

w e re  f o u n d  t o  b e  a s  lo w  a s  0 -1 5  m l / lO O g  f a t ,  t h e  in d ic a t i o n s  a r e  t h a t  w h e n  t h e  f a t  

i s  s a m p l e d  u n d e r  t h e  c o n d i t io n s  d e s c r i b e d  a b o v e  (s e e  ‘ S a m p l i n g ’ ) f u r t h e r  s o lu t io n  

o r  a b s o r p t i o n  o f  a i r  d o e s  n o t  t a k e  p la c e  d u r in g  s a m p l in g .

(3 ) C o m p a r is o n  w ith  re su lt s  o f  other w o rk ers. T h e  a m o u n t  o f  o x y g e n  in  m i l k  f a t  

t h r o u g h  w h ic h  a i r  h a d  b e e n  b u b b le d  a t  4 5  °C  w a s  f o u n d  b y  t h e  a b o v e  m e t h o d  t o  b e  

2 3 m l  a t  S T P / 1 0 0  g  o f  f a t .  T h i s  i s  s im i l a r  t o  t h e  u n c o r r e c t e d  r e s u l t s  o f  M o r e l l  et a l .
(1 9 4 6 )  o f  2 -3 -2 - 4 5  m l f o r  o x y g e n  c o n t e n t  o f  m i lk  f a t  s a t u r a t e d  w i t h  a i r  a t  4 5  °C .  

T h e  s o lu b i l i t y  e x p e r im e n t s  o f  S c h a f f e r  &  H a l l e r  (1 9 4 3 ) ,  h o w e v e r ,  in d ic a t e  t h a t  a t  

4 5  °C  1 0 0  g  o f  m i lk  f a t  d i s s o l v e d  3-2 m l  ( S T P )  o f  o x y g e n  w h e n  s a t u r a t e d  w i t h  a ir .

B u b b l in g  o f  p u r e  o x y g e n  t h r o u g h  f a t  a t  4 5  °C  i n c r e a s e d  t h e  o x y g e n  c o n t e n t  a s  

e s t i m a t e d  b y  t h e  p r e s e n t  m e t h o d  t o  9-2 m l  S T P / 1 0 0  g  f a t .  T h i s  i s  lo w e r  t h a n  t h e  

u n c o r r e c t e d  v a l u e  o f  11-5  m l  o b t a i n e d  b y  M o re l l  et a l .  (1 9 4 6 )  f o r  f a t  s a t u r a t e d  w ith  

o x y g e n  a t  4 5  °C  a n d  m u c h  lo w e r  t h a n  t h e  s o lu b i l i t y  f ig u r e  o f  15-4  m l  a t  S T P / 1 0 0  g  

f a t  r e p o r t e d  b y  S c h a f f e r  &  H a l l e r  (1 9 4 3 )  f o r  t h e  s a m e  t e m p e r a t u r e .  S in c e  M o r e l l  

et a l .  (1 9 4 6 )  a n d  S c h a f f e r  &  H a l l e r  (1 9 4 3 )  s a t u r a t e d  th e  f a t  b y  s h a k in g  in  c o n t a c t  w i t h  

o x y g e n  i t  i s  p r o b a b l e  t h a t  m o r e  o x y g e n  w a s  d i s s o l v e d  t h a n  i f  i t  h a d  b e e n  b u b b le d  

t h r o u g h  f a t  in  c o n t a c t  w i t h  a i r  a s  in  t h e  p r e s e n t  i n v e s t i g a t io n .

(4 ) R e su lt s  f o r  a n h y d ro u s  m ilk  f a t  s a m p le d  a l  the m a n u fa c tu r in g  p la n t .  S a m p l e s  o f  

f a t  t a k e n  a t  t h e  f i l l in g  l in e  o r  f r o m  t in s  a f t e r  s e v e r a l  d a y s ’ s t o r a g e  v a r i e d  o n ly  f r o m  

0 -1 5  t o  0 -2 5  m l  o f  o x y g e n  a t  S T P / 1 0 0  g  o f  f a t .  M c D o w a l l  (1 9 5 3 )  r e p o r t e d  t h a t  m i lk  

f a t  a f t e r  p a s s a g e  t h r o u g h  a  v a c u u m  d e h y d r a t o r  h a d  a n  a i r  c o n t e n t  o f  1 v o l .  °/c . 
S in c e  t h i s  f ig u r e  i s  e q u i v a l e n t  t o  0 -3  m l  o f  o x y g e n / 1 0 0  g  o f  f a t  t h e r e  i s  a  c lo s e  a g r e e 

m e n t  b e t w e e n  i t  a n d  t h e  r e s u l t s  o f  t h e  p r e s e n t  a u t h o r .

CONCLUSION

T h e  m e t h o d  g i v e s  c o n s i s t e n t  r e s u l t s  c o m p a r a b l e  w i t h  t h o s e  o b t a i n e d  b y  o t h e r  

m o r e  e l a b o r a t e  m e t h o d s .  B e c a u s e  o f  t h e  s i m p l i c i t y  o f  t h e  p r o c e d u r e  i t  i s  r e a d i ly  

a p p l i c a b l e  a s  a  r o u t in e  m e t h o d  f o r  t h e  e x a m in a t io n  o f  b u t t e r f a t s  in  a  c o m m e r c ia l  

p l a n t .
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T h e  e f f e c t  o f  p r e - p a r t u m  f e e d i n g  o f  h e i f e r s  o n  m i l k  c o m p o s i t i o n

B y  A . S .  F O O T ,  C . L I N E  a n d  S .  J .  R O W L A N D

N a t io n a l  In s t itu te  f o r  R e se a rc h  in  D a ir y in g ,  S h in f ie ld , R e a d in g

(R ece iv ed  15  M a y  1 9 6 3 )

S u m m a r y . T h e  e f f e c t  o f  t h e  le v e l  o f  p r e - p a r t u m  f e e d in g  o f  F r i e s i a n  h e i f e r s  o n  

t h e  y ie ld s  a n d  c o m p o s i t io n  o f  t h e  m i lk  in  t h e  s u b s e q u e n t  l a c t a t i o n  h a s  b e e n  i n v e s t i 

g a t e d  u s in g  2 3  h e i f e r s  o n  e a c h  o f  2  t r e a t m e n t s .  F o r  1 t r e a t m e n t ,  o v e r  a  p e r io d  o f  6 

w e e k s  b e fo r e  c a lv in g ,  g e n e r o u s  g r a z i n g  o n  g o o d  p a s t u r e  w a s  s u p p le m e n t e d  w i t h  8 lb /  

c o w  d a i l y  o f  c o n c e n t r a t e s ,  a n d  f o r  t h e  o t h e r  o n ly  r e s t r i c t e d  g r a z i n g  o f  a n  a l r e a d y  

s p a r s e  s w a r d  w a s  a l lo w e d .

F o r  t h e  p e r io d  3 - 8  w e e k s  f r o m  c a l v i n g  t h e  h e if e r s  f e d  a t  t h e  h ig h  p la n e  p r e - p a r t u m  

p r o d u c e d  s i g n i f i c a n t ly  m o r e  m i lk  t h a n  t h o s e  f e d  a t  t h e  lo w  p la n e  (3 6 -8  c o m p a r e d  

w i t h  3 1 -9  lb /c o w  d a i l y ) .  T h e  s o l i d s - n o t - f a t  (s .n .f .) a n d  f a t  c o n t e n t s  o f  t h e ir  m i lk  

w e r e  a l s o  s i g n i f i c a n t ly  h ig h e r  (8 -71  c o m p a r e d  w i t h  8-47  % ,  a n d  3 -7 2  c o m p a r e d  w i t h

3 -3 8  % ,  r e s p e c t iv e ly ) .  F o r  t h e  p e r io d  3 - 1 4  w e e k s  f r o m  c a lv in g  t h e  e f f e c t  o f  m i lk  y ie ld  

w a s  s l i g h t l y  g r e a t e r  b u t  t h e  e f f e c t  o n  c o m p o s i t io n  w a s  le s s .  F o r  t h e  p e r io d  3 - 3 0  w e e k s  

f r o m  c a lv in g  t h e  d i f f e r e n c e  in  m i lk  y ie ld  r e m a in e d  s i g n i f i c a n t  (3 1 -3  c o m p a r e d  w ith

26-1  lb /c o w  d a i l y ) ,  b u t  t h e  a v e r a g e  d i f f e r e n c e s  in  s .n .f . a n d  f a t  c o n t e n t s  o v e r  t h i s  

p e r io d  (8 -6 3  c o m p a r e d  w i t h  8 - 5 1 % ,  a n d  3 -7 5  c o m p a r e d  w i t h  3 - 5 9 % ,  r e s p e c t i v e ly )  

w e r e  n o t  s i g n i f i c a n t .

T h e  h e i f e r s  f e d  a t  t h e  h ig h e r  p la n e  in c r e a s e d  in  l iv e w e ig h t  b e f o r e  c a l v i n g  a t  a  

r a t e  w h ic h  w a s  h ig h ly  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  t h e  h e i f e r s  f e d  a t  t h e  lo w  

p la n e .  A f t e r  c a lv in g ,  t h e  h e i f e r s  w h ic h  h a d  b e e n  o n  t h e  h ig h e r  p la n e  r e m a in e d  

a l m o s t  c o n s t a n t  in  w e ig h t  d u r in g  t h e  f i r s t  12  w e e k s  w h i l s t  t h e  o t h e r s  r e g a in e d  s o m e  

o f  t h e ir  lo s s e s ,  a  d i f f e r e n c e  w h ic h  w a s  h ig h ly  s i g n i f i c a n t .  T h i s  r e c o v e r y  w a s  a p p a r e n t l y  

m a d e  a t  t h e  e x p e n s e  o f  m i lk  y ie ld  a n d  c o m p o s i t io n .

T h e  e f f e c t  o f  t h e  le v e l  o f  f e e d in g  o f  t h e  c o w  b e fo r e  c a l v i n g  o n  t h e  s u b s e q u e n t  y ie ld  

a n d  c o m p o s i t io n  o f  m i lk  w a s  r e v ie w e d  b y  B u r t  (1 9 5 6 )  a n d  B r o s t e r  ( 1 9 5 8 ) .  S in c e  t h e n  

C a s t le  &  W a t s o n  (1 9 6 1 )  h a v e  c o m p a r e d  t h e  f e e d in g  o f  3-3 a n d  1-6 c w t  o f  c o n c e n t r a t e s  

d u r in g  t h e  l a s t  5  w e e k s  b e fo r e  c a lv in g ,  a s  a n  a d d i t i o n  t o  g o o d  p a s t u r e ,  a n d  f o u n d  n o  

r e s p o n s e  in  m i lk  y ie ld .  O n  t h e  o t h e r  h a n d  S w a n s o n  &  H in t o n  (1 9 6 2 ) ,  u s in g  7 5  p a i r s  

o f  c o w s , f o u n d  t h a t  t h e  a d d i t i o n  o f  8 lb  o f  c o n c e n t r a t e s  p e r  cc  w  d a i l y  t o  a  r o u g h a g e  

r a t i o n  d u r in g  t h e  l a s t  6 w e e k s  b e f o r e  c a lv in g  g a v e  a n  in c r e a s e  o f  3 0 2  lb  o f  f a t - c o r 

r e c t e d  m i lk  in  t h e  f i r s t  15  w e e k s  o f  l a c t a t i o n .  T h e r e  w a s  n o  e v id e n c e  o f  a n  e f f e c t  o n  

m i lk  c o m p o s i t io n  in  e i t h e r  o f  t h e s e  i n v e s t i g a t io n s ,  b u t  in  o t h e r  i n v e s t i g a t io n s  

t h e  le v e l  o f  f e e d in g  b e fo r e  c a lv in g  h a s  b e e n  s h o w n  t o  in f lu e n c e  m i lk  c o m p o s i t io n  

p a r t i c u l a r l y  in  e a r ly  l a c t a t i o n ,  a n d  t h e  fo l lo w in g  s u m m a r y  i s  c o n f in e d  t o  t h e s e  

p a p e r s .
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I n  t h e  e a r ly  y e a r s  o f  t h e  c e n t u r y  E c k l e s  (1 9 1 2 )  s h o w e d  t h a t  c o w s  ‘ f a t ’ a t  p a r t u r i 

t io n  o f t e n  g a v e  a  h ig h e r  f a t  c o n t e n t  in  t h e i r  m i l k  in  e a r ly  l a c t a t i o n  t h a n  ‘ th in  ’ 

c o w s , t h e  d i f f e r e n c e  b e in g  m o r e  m a r k e d  w h e n  a  lo w  p la n e  o f  f e e d in g  w a s  a d o p t e d  

a f t e r  c a lv in g ,  s o  t h a t  t h e  c o w  ‘ m i lk e d  o f f  h e r  h a c k ’ .

I n  a n  e x p e r im e n t  t o  d e t e r m in e  t h e  e f f e c t s  o f  t h e  a d d i t i o n  o f  c o n c e n t r a t e s ,  o r  o f  

b u l k y  f e e d  t o  r a t i o n s  p r o v id in g  e n e r g y  f o r  m a i n t e n a n c e  p lu s  a  s m a l l  p r e g n a n c y  

a l lo w a n c e  f o r  6  w e e k s  b e f o r e  c a lv in g ,  B l a x t e r  (1 9 4 4 )  r e p o r t e d  a  d i f f e r e n c e  o f  0 -1 9  in  

t u t t e r f a t  p e r c e n t a g e  a t  4 - 6  w e e k s  a f t e r  c a lv in g  in  f a v o u r  o f  t h e  a n i m a l s  r e c e iv in g  

e x t r a  f e e d  b e f o r e  c a lv in g .  T h i s  d i f fe r e n c e  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l t h o u g h  

i t  o c c u r r e d  w h e n  e i t h e r  c o n c e n t r a t e s  o r  b u lk y  f e e d s  w e r e  u s e d  t o  in c r e a s e  t h e  l e v e l  

o f  e n e r g y  i n t a k e  p r e - p a r t u m .

B o n n ie r  (1 9 4 6 ) ,  in  a n  e x p e r im e n t  w i t h  9  s e t s  o f  m o n o z y g o u s  t w in s  in  w h ic h  o n e  

m e m b e r  o f  e a c h  s e t  w a s  f e d  l ib e r a l l y  a n d  t h e  o t h e r  a t  a  lo w  p la n e  t h r o u g h o u t  t h e  

r e a r in g  p e r io d ,  f o u n d  a  s o m e w h a t  h ig h e r  f a t  c o n t e n t  f o r  a b o u t  3  w e e k s  a f t e r  ca lv in g -  

in  t h e  m i lk  o f  t h e  h e i f e r s  f r o m  t h e  h ig h  p la n e  f e e d in g .

I n  p a r a l l e l  e x p e r im e n t s  c a r r ie d  o u t  o v e r  a  p e r io d  o f  3  y e a r s  a t  R u a k u r a  a n d  P a l m e r 

s t o n  N o r t h  in  N e w  Z e a l a n d  ( L e e s ,  M c M e e k a n  &  W a lla c e ,  1 9 4 8 ;  C a m p b e l l  &  F l u x ,  

1 9 4 8 ) , t h e  y ie ld  a n d  c o m p o s i t io n  o f  t h e  m i lk  o f  c a t t l e  k e p t  p r e - p a r t u m  o n  b a r e  p a s 

t u r e  s u p p l e m e n t e d  w i t h  a  m a x i m u m  o f  7 o r  8 lb  h a y / h e a d  d a i l y  w e r e  c o m p a r e d  w ith  

t n o s e  o f  t h e  c o w s  r e c e iv in g  m u c h  m o r e  l ib e r a l  p a s t u r e  w i t h  h a y  o r  s i l a g e  o r  b o t h  

a d  lib . A t  b o t h  c e n t r e s  f a t  p e r c e n t a g e  w a s  r e d u c e d  in  t h e  m i lk  o f  t h e  c o w s  s p a r s e l y  

f e d  p r e - p a r t u m ,  a n d  p a r t i c u l a r l y  f o r  t h e  f i r s t  3 m o n t h s  o f  l a c t a t i o n .  I n  t h e  e x p e r i 

m e n t  a t  P a l m e r s t o n  N o r t h  t h e r e  w a s  a l s o  a  s l i g h t  d i f f e r e n c e  in  t h e  s .n .f . p e r c e n t a g e  

in  f a v o u r  o f  t h e  m o r e  l ib e r a l  p r e - p a r t u m  fe e d in g ,  t h e  d i f f e r e n c e  d i s a p p e a r i n g  b y  t h e  

e n d  o f  t h e  f i r s t  2  m o n t h s  o f  l a c t a t i o n .

I n  t h e s e  l a t t e r  e x p e r im e n t s  (C a m p b e l l  &  F l u x ,  1 9 4 8 )  i t  w a s  e s t i m a t e d  t h a t  t h e  

a n i m a l s  o n  t h e  lo w  le v e l  o f  f e e d in g  b e fo r e  c a lv in g  l o s t  c o n s id e r a b le  b o d y  w e ig h t  a t  

t h a t  t im e  w h ile  t h e  c o m p a r a b l e  g r o u p s  g a i n e d  w e ig h t .  I n  a  s u b s e q u e n t ,  s im i l a r  

e x p e r im e n t  w i t h  6 s e t s  o f  m o n o z y g o t i c  t w in s ,  F l u x  (1 9 5 0 )  f o u n d  n o  e f f e c t  o f  t h e  le v e l  

o f  p r e - p a r t u m  f e e d in g  o n  m i lk  c o m p o s i t io n ,  b u t  in  t h i s  in s t a n c e  t h e  lo w  p la n e  o f  

n u t r i t io n  p r e - p a r t u m  in v o lv e d  l i t t l e  lo s s  o f  w e ig h t .  I n  s u m m a r iz i n g  t h e  w o r k  

c a r r ie d  o u t  a t  P a l m e r s t o n  N o r t h ,  C a m p b e l l ,  F l u x  &  P a t c h e d  (1 9 5 5 )  a l s o  r e f e r r e d  to  

a n  e x p e r im e n t  in  w h ic h  a  m a r k e d  r e d u c t io n  in  s .n .f . c o n t e n t  h a d  b e e n  c a u s e d  b y  

u n d e r - f e e d in g  b e f o r e  a n d  a f t e r  c a lv in g .  P a t c h e d  ( 1 9 5 7 ) ,  r e p o r t in g  t h i s  w o r k  in  g r e a t e r  

d e t a i l ,  s h o w e d  t h a t  a  m o d e r a t e  r e d u c t io n  in  s .n .f . p e r c e n t a g e  (0-1  o r  0 - 2 % )  in  th e  

m i lk  o f  J e r s e y  c o w s  b r o u g h t  a b o u t  b y  u n d e r f e e d in g  in  t h e  f i r s t  6 w e e k s  o f  l a c t a t i o n  

w a s  s u b s t a n t i a l l y  i n c r e a s e d  (0 -2 5  a n d  0-6  % )  w h e n  t h e  6 w e e k s  o f  u n d e r f e e d in g  

f o l lo w e d  10  w e e k s  o f  u n d e r f e e d in g  b e fo r e  c a lv in g .

U s i n g  8  s e t s  o f  m o n o z y g o t i c  tw in s ,  H a n c o c k  (1 9 5 3 )  c o m p a r e d  t h e  m i lk  p r o d u c t i o n  

o f  t w in s  w h ic h  r e c e iv e d  p r e - p a r t u m ,  a u t u m n - s a v e d  p a s t u r e  a n d  3 0 - 4 0  lb  s i l a g e  

e a c h  d a i l y ,  w i t h  t h a t  o f  t w in  m a t e s  w h ic h  w e r e  o f fe r e d  t h e  s a m e  d i e t  b u t  w i t h  t h e  

a d d i t i o n  o f  m e a l  a t  t h e  r a t e  o f  1 %  o f  b o d y  w e ig h t  d a i ly .  A11 t h e  a n i m a l s  w e r e  f e d  o n  

t h e  s a m e  b a s i s  a f t e r  c a lv in g .  T h e  s u p p l e m e n t  i n c r e a s e d  t h e  m i lk  y ie ld  f o r  t h e  f i r s t  

3  m o n t h s  o f  l a c t a t i o n  b y  a b o u t  10  %  a n d  in c r e a s e d  t h e  f a t  p e r c e n t a g e  f o r  t h e  f i r s t  

m o n t h  o f  l a c t a t i o n  b y  0 -1 7 .

W a l l a c e  (1 9 5 8 ) ,  in  a  s t u d y  i n v o lv in g  3 6  s e t s  o f  m o n o z y g o t i c  t w in s ,  c o m p a r e d  t h e

A .  S .  F o o t ,  C .  L i n e  a n d  S .  J .  R o w l a n d
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e f f e c t s  o f  v a r i o u s  d e g r e e s  o f  r e s t r i c t i o n  in  g r a z i n g  d u r i n g  t h e  6  w e e k s  b e f o r e  c a l v i n g  

o n  p r o d u c t i o n  in  t h e  f i r s t  8  w e e k s  o f  l a c t a t i o n .  A l t h o u g h  y i e l d s  w e re  n o t  c lo s e ly  

r e l a t e d  t o  p r e - p a r t u m  t r e a t m e n t s  t h e r e  w a s  e v id e n c e  o f  a  s u b s t a n t i a l  d e c r e a s e  in  f a t  

p e r c e n t a g e  w h e n  p r e - p a r t u m  g r a z i n g  w a s  s t r i n g e n t ly  r e s t r i c t e d ,  e v e n  w h e n  g r a z i n g  

in  t h e  8 w e e k s  a f t e r  c a l v i n g  w a s  l ib e r a l .

I n  a n  e x p e r im e n t  w i t h  8 8  h e i f e r s  B r o s t e r ,  R i d le r  &  F o o t  (1 9 5 8 )  f o u n d  n o  s i g n i f i 

c a n t  d i f f e r e n c e  in  t h e  f a t  p e r c e n t a g e  w h e n  a  p r e - p a r t u m  i n t a k e  o f  a b o u t  2  c w t  o f  

c o n c e n t r a t e s  w a s  c o m p a r e d  w i t h  a n  i n t a k e  o f  a b o u t  \  c w t .  I n  t h e  s a m e  e x p e r im e n t ,  

h o w e v e r ,  a  s i g n i f i c a n t  d i f f e r e n c e  in  f a t  p e r c e n t a g e  in  f a v o u r  o f  t h e  lo w e r  p la n e  o f  

p o s t - p a r t u m  f e e d in g  w a s  f o u n d  w h e r e  5  lb  c o n c e n t r a t e s / g a .  m i lk  w e r e  c o m p a r e d  

w ith  3 l b / g a l  in  t h e  f i r s t  12  w e e k s  o f  l a c t a t i o n .  T h e s e  r e s u l t s  a r e  in  a c c o r d  w i t h  t h o s e  

o f  F l u x  &  P a t c h e l l  ( 1 9 5 4 ) ,  w h o  i n v e s t i g a t e d  t h e  e f f e c t  o f  u n d e r f e e d in g  in  t h e  f i r s t  

6 w e e k s  o f  l a c t a t i o n  u s in g  14  s e t s  o f  m o n o z y g o t i c  t w in s  a n d  d e m o n s t r a t e d  a  s i g n i f i c a n t  

in c r e a s e  in  f a t  p e r c e n t a g e  f r o m  5 • 0  6 t o  5  • 5  6  in  f a v o u r  o f  t h e  lo w  p la n e  in  e a r ly  l a c t a t i o n .

I t  s e e m s  p r o b a b l e  t h a t  t h e  i n c r e a s e d  f a t  p e r c e n t a g e  w h ic h  is  s o m e t im e s  i n d u c e d  b y  

a  lo w  p la n e  o f  f e e d in g  in  e a r ly  l a c t a t i o n  m a y ,  o n  o c c a s io n s ,  o b s c u r e  t h e  e f f e c t  o f  

p r e - p a r t u m  f e e d in g  o n  m i lk  c o m p o s i t io n .

T h e  e x p e r im e n t  r e p o r t e d  b e lo w  w a s  u n d e r t a k e n  t o  o b t a i n  m o r e  e v id e n c e  o n  t h e  

e f f e c t  o f  p la n e  o f  n u t r i t io n  p r e - p a r t u m  o n  m i lk  c o m p o s i t io n .  T h e  c o m p a r i s o n  w a s  

m a d e  b e t w e e n  f e e d in g  r e g im e s  b e fo r e  c a l v i n g  a t  a b o u t  t h e  t w o  e x t r e m e s  o f  e n e r g y  

i n t a k e  l ik e ly  t o  b e  e x p e r ie n c e d  o n  d a i r y  f a r m s  in  t h e  U n i t e d  K in g d o m .

P r e - p a r t u m  f e e d i n g  a n d  m i l k  c o m p o s i t i o n

METHODS

T h e  h e i f e r s  u s e d  in  t h i s  e x p e r im e n t  w e r e  o b t a i n e d  f r o m  h e r d s  w h ic h  h a d  a  h i s t o r y  

o f  lo w  s .n .f . o v e r  a  p e r io d  o f  2  o r  3  y e a r s .  I t  w a s  c o n s id e r e d  p o s s ib l e  t h a t  a n i m a l s  

f r o m  t h e s e  h e r d s  m i g h t  b e  s o m e w h a t  m o r e  r e s p o n s iv e  in  t e r m s  o f  m i lk  c o m p o s i t io n  

t o  p r e - p a r t u m  f e e d in g  r e g im e s .  O n ly  h e r d s  w i t h  c a t t l e  o f  F r i e s i a n  t y p e  w e r e  c o n 

s id e r e d ,  a n d  15  s u i t a b l e  h e r d s  f r o m  f a r m s  s p r e a d  o v e r  t h e  s o u t h e r n  h a l f  o f  E n g l a n d  

w e r e  f in a l ly  s e l e c t e d  in  t h e  s u m m e r  o f  1 9 6 1 . F r o m  e a c h  h e r d  e i t h e r  2  o r  4  h e i f e r s  

w e r e  d r a w n  a t  r a n d o m  f r o m  a l l  t h e  h e i f e r s  d u e  t o  c a lv e  in  t h e  fo l lo w in g  a u t u m n .  

T h e s e  h e i f e r s  w e re  b r o u g h t  o n  t o  a n  I n s t i t u t e  f a r m  a b o u t  2  m o n t h s  b e fo r e  t h e y  w e re  

e x p e c t e d  t o  c a l v e  a n d  a l lo c a t e d ,  a t  r a n d o m  w ith in  f a r m  s o u r c e ,  t o  1 o f  2  t r e a t m e n t s .  

T h e  4 6  h e i f e r s  c o l le c t e d  w e r e  t h u s  s p l i t  in t o  2 e q u a l  g r o u p s .

T h e  h e i f e r s  a l lo c a t e d  t o  t h e  h ig h  le v e l  o f  f e e d in g  w e r e  a l lo w e d  g e n e r o u s  g r a z i n g  

o n  g o o d  p a s t u r e  a n d ,  in  a d d i t i o n ,  8  lb  o f  c o n c e n r r a t e s / h e a d  d a i l y  f o r  t h e  l a s t  6 

w e e k s  b e fo r e  c a lv in g .  T h e  h e i f e r s  o n  t h e  lo w  le v e l  w e re  a llo w  e d  o n ly  v e r y  r e s t r i c t e d  

p a s t u r e  b y  r a t i o n i n g  a n  a l r e a d y  s p a r s e  s w a r d .  N o  s u p p l e m e n t a r y  f e e d  w a s  g iv e n  

t o  t h i s  g r o u p  b e f o r e  c a lv in g .  A f t e r  c a lv in g ,  a l l  t h e  h e if e r s  w e r e  m a n a g e d  in  

t h e  s a m e  w a y  a n d  a s  a  s in g le  h e r d .  T h e y  w e r e  f e d  a c c o r d in g  t o  t h e  s a m e  r a t i o n i n g  

s c h e m e , a n d  o n  t h e  s a m e  f e e d .  T h e  d i e t  c o n s i s t e d  o f  h a y  a n d  c o n c e n t r a t e s  u p  t o  t h e  

e n d  o f  D e c e m b e r  a n d  t h e n  h a l f  t h e  h a y  w a s  r e p l a c e d  b y  g o o d  q u a l i t y  l e y  s i l a g e .

T h e  h e i f e r s  w e r e  r a t i o n e d  i n d iv id u a l l y  d u r i n g  t h e  w in te r  w i t h  w e ig h e d  q u a n t i t i e s  

o f  f e e d .  T h e  w e ig h t s  o f  f e e d  r e f u s e d  w e r e  a l s o  r e c o r d e d .  R a t i o n i n g  w a s  b a s e d  o n  

7 lb  o f  s t a r c h  e q u i v a l e n t  f o r  t h e  m a in t e n a n c e  o f  a n  11 c w t  c o w  a n d  2-7  l b / g a l  o f  

4  %  f a t - c o r r e c t e d  m i lk .  A l l  t h e  a n i m a l s  w e r e  g i v e n  t h e  s a m e  a m o u n t  o f  h a y ,  o r  h a y
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a n d  s i l a g e ,  s u f f ic ie n t  t o  m e e t  t h e  m a in t e n a n c e  r e q u ir e m e n t  o f  t h e  s m a l l e r  a n i m a l s .  

C o n c e n t r a t e  c u b e s  w e re  f e d  a c c o r d in g  t o  t h e  y i e l d  o f  4  %  f a t - c o r r e c t e d  m i lk  d u r in g  

t h e  p r e v i o u s  3 w e e k s ,  t o g e t h e r  w i t h  a n  a d d i t i o n a l  m a in t e n a n c e  a l lo w a n c e  f o r  t h e  

l a r g e r  c o w s . T h e  c u b e s  u s e d  b o t h  b e fo r e  a n d  a f t e r  c a l v i n g  c o n s i s t e d  o f  a  m i x t u r e  o f  

b a r l e y  11 -0 , m a iz e  T 5 ,  b r a n  1-5, e x t r a c t e d  d e c o r t i c a t e d  g r o u n d n u t  c a k e  3 -7 5 , m o la s s e s  

1-5, a n d  m in e r a l s  0 -7 5  p a r t s  b y  w e ig h t .  T h e  s t a r c h  e q u i v a l e n t  o f  t h i s  m i x t u r e  w a s  

e s t i m a t e d  a s  6 7 .

T h r o u g h o u t  t h e  e x p e r im e n t  t h e  h e i f e r s  w e r e  w e ig h e d  e v e r y  T u e s d a y  a n d  T h u r s d a y  

a f t e r  t h e  m o r n in g  m i lk in g  a n d  m o r n in g  f e e d ,  e x c e p t  w h e n  a t  p a s t u r e ,  w h e n  t h e y  w e r e  

w e ig h e d  a f t e r  t h e  m o r n in g  m i lk in g  a n d  b e fo r e  g r a z in g .  M ilk  s a m p l e s  w e r e  t a k e n  

t h r o u g h o u t  l a c t a t i o n  o n  1 d a y  e a c h  w e e k . T h e  m e a n  v a l u e s  q u o t e d  in  t h e  r e s u l t s  

e x c lu d e  t h e  f i r s t  l f - 2 |  w 'e ek s f r o m  c a lv in g ,  t h e  p e r io d  v a r y i n g  f r o m  h e if e r  t o  h e if e r  

a c c o r d in g  t o  c a lv in g  t im e  in  r e la t io n  t o  d a y  o f  s a m p l i n g ,  s in c e  m i lk  c o m p o s i t io n  

c h a n g e s  r a p i d l y  in  t h e  f i r s t  2 w e e k s  o f  l a c t a t i o n .  T h e  m e a n  m i lk  y ie ld s  q u o t e d  a r e  

t h o s e  o b t a i n e d  o n  t h e  d a y s  o n  w h ic h  t h e  m i lk  w a s  s a m p le d .  F o r  e a c h  h e if e r  a  c o m 

p o s i t e  s a m p le ,  w e ig h t e d  a c c o r d in g  t o  t h e  m i lk  y i e l d s  a t  t h e  2 m i lk in g s  o n  t h e  d a y  o f  

s a m p l i n g ,  w a s  t e s t e d  f o r  f a t  b y  t h e  G e r b e r  m e t h o d  ( B r i t i s h  S t a n d a r d s  I n s t i t u t i o n ,  1 9 5 5 ) 

a n d  f o r  t o t a l  s o l id s  g r a v im e t r i c a l ly  ( B r i t i s h  S t a n d a r d s  I n s t i t u t i o n ,  1 9 5 1 ) , s .n .f . p e r c e n 

t a g e  b e in g  o b t a i n e d  b y  d if fe r e n c e .

A .  8 .  F o o t ,  C .  L i n e  a n d  S .  J .  R o w l a n d

R E SU L T S

I n  v ie w  o f  t h e  t e n d e n c y  f o r  a n y  p r e - p a r t u m  f e e d in g  e f f e c t s  o n  m i lk  c o m p o s i t io n  

t o  b e  r e s t r i c t e d  t o  t h e  e a r l i e r  p a r t  o f  t h e  l a c t a t i o n  t h e  r e s u l t s  f o r  m i lk  y ie ld  a n d  

c o m p o s i t io n  h a v e  b e e n  e x a m in e d  f o r  t h e  p e r io d s  3 - 8  w e e k s ,  3 - 4  w e e k s  a n d  3 - 3 0  

w e e k s  f r o m  c a lv in g .  T h e  p e r c e n t a g e s  g i v e n  a r e  m e a n s  o f  t h e  w e ig h t e d  m e a n s  fo r  

e a c h  h e ife r .

A  s u m m a r y  o f  t h e  r e s u l t s  i s  p r e s e n t e d  in  T a b l e  1. T h e  t r e a t m e n t  m e a n s  f o r  th e  

f i r s t  3 - 8  w e e k s  a f t e r  c a l v i n g  s h o w  t h e  s u b s t a n t i a l ,  a n d  s i g n i f i c a n t  (P  <  0 -0 5 ) , 

d i f f e r e n c e  in  m i lk  y ie ld  o f  4-9 lb /c o w  d a i l y  in  f a v o u r  o f  t h e  h ig h e r  p la n e  o f  n u t r i t io n  

b e f o r e  c a lv in g .  T h e  m e a n  d i f f e r e n c e  o f  0 -2 4  %  in  s .n .f . c o n t e n t  in  f a v o u r  o f  t h e  h ig h  

p la n e  w a s  a l s o  s i g n i f i c a n t  (P  <  0 -0 5 ) a n d  t h e  c o n c o m i t a n t  d i f f e r e n c e  o f  0 - 3 4 %  in  

t h e  f a t  c o n t e n t  w a s  h ig h ly  s i g n i f i c a n t  (P  <  0 -0 1 ) . T h e  c o r r e s p o n d in g  d i f fe r e n c e  

in  t o t a l  s o l id s  c o n t e n t  o f  0 -5 7  % ,  a n d  t h e  d i f f e r e n c e  in  t o t a l  s o l id s  y i e l d  o f  0 -7 9  lb /c o w  

d a i l y ,  w e r e  b o t h  h ig h ly  s i g n i f i c a n t  (P  <  0 -0 1 ) . T h e s e  v a l u e s  r e p r e s e n t  t h e  p r o d u c 

t io n  o f  s o m e  21 %  m o r e  t o t a l  s o l id s  in  t h e  f i r s t  8 w e e k s  b y  t h e  h e i f e r s  r e c e iv in g  th e  

h ig h e r  p l a n e  o f  n u t r i t io n  b e fo r e  c a lv in g .

W h e n  t h e  r e s u l t s  w e re  e x t e n d e d  t o  t h e  f i r s t  3 - 1 4  w e e k s  a f t e r  c a lv in g  t h e  e f fe c t  

o n  m i lk  y ie ld  w a s  s l i g h t l y  g r e a t e r  b u t  t h e  e f f e c t s  o n  c o m p o s i t io n  w e re  d e c r e a s e d ;  

t h e  d i f fe r e n c e  in  s .n .f . c o n t e n t  w a s  n o w  n o t  s i g n i f i c a n t  (P  >  0 -0 5 ), a n d  t h e  d i f f e r e n c e s  

in  f a t  a n d  t o t a l  s o l id s  w e r e  n o w  s ig n i f i c a n t  o n ly  a t  t h e  P  <  0 -0 5  le v e l .  T h e  d i f f e r e n c e  

in  t o t a l  s o l id s  p r o d u c t io n /c o w ' d a i l y  h a d  n o w  r i s e n  t o  0 -8 4  lb .  T h e  r e s u l t s  f o r  3 -  

3 0  w e e k s  a f t e r  c a lv in g  s h o w  t h a t  t h e  d i f fe r e n c e  in  c o m p o s i t io n  w a s  f u r t h e r  d e c r e a s e d  

a n d  b e c a m e  n o t  s i g n i f i c a n t  (P  >  0 -5 ). T h e s e  d i f f e r e n c e s  w e re  0 - 1 2 %  f o r  s .n .f . a n d  

0 - 1 6 %  f o r  f a t  c o n t e n t .  T h e  d i f f e r e n c e  in  m ilk  y ie ld  o f  5 -2  lb /c o w  d a i l y  r e m a in e d  

s i g n i f i c a n t  ( P  <  0 -0 5 ) , a n d  t o t a l  s o l id s  p r o d u c t io n  w a s  0 -71  l b / d a y  g r e a t e r  w i t h  t h e  

h ig h  p la n e ,  a n  in c r e a s e  o f  2 2  %  o v e r  t h e  o t h e r  t r e a t m e n t .
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T a b l e  1. E ffe c t  o f  p r e - p a r tu m  n u tr it io n  o n  y ie ld  a n d  c o m p o sit io n  o f  m ilk  
(m ea n  v a lu e s  f o r  each  trea tm en t)

Total solids

Pre-pa:rtum Milk yield, s .n .f ., Fat, Yield,
nutrition lb/day 0//o 0//o °//o lb/day

First 3-8 weeks of testing
High 36-8 8-71 3-72 12-42 4-57
Low 31-9 8-47 3-38 11-85 3-78
Difference (high —low) 4-9* 0-24* 0-34** 0-57** 0-79**
Standard error of 2-27 0-106 0-099 0-182 0-274

difference
First 3-14 weeks of testing

High 35-2 8-68 3-74 12-41 4-36
Low 29-4 8-60 3-49 12-00 3-52
Difference (high —low) 5-8 0-18 0-25* 0-41* 0-84**
Standard error of 2-20 0-095 0-102 0-167 0-265

difference
First 3-30 weeks of testing

High 31-3 8-63 3-75 12-38 3-87
Low 26-1 8-51 3-59 12-10 3-16
Difference (high —low) 5-2* 0-12 0-16 0-28 0-71**
Standard error of 2-07 0-088 0-087 0-159 0-253

difference
*  P  <  0-05; * *  P  < 0-01.

L i v e w e i g h t  c h a n g e s  f o r  t h e  2 t r e a t m e n t  g r o u p s  a r e  s h o w n  in  F i g .  1. w h ic h  a l s o  

s h o w s  t h e  c h a n g e s  w ith  t im e  o f  m i lk  y ie ld ,  s .n .f . a n d  f a t  p e r c e n t a g e .  I n d i v i d u a l  

v a r i a t i o n  f r o m  o n e  w e ig h in g  t o  t h e  n e x t  w a s  g e n e r a l l y  s m a l l .  D u r in g  t h e  p e r i o d  o n  

t h e  I n s t i t u t e  f a r m  b e f o r e  c a lv in g  t h e  h e i f e r s  o n  t h e  h ig h e r  p la n e  o f  n u t r i t io n  in c r e a s e d  

b y  a n  a v e r a g e  o f  2-31  l b / h e a d  d a i l y  w h i l s t  t h o s e  a l lo w e d  o n ly  s p a r s e  g r a z i n g  a t  t h i s  

t im e  l o s t  0 -7 3  lb ,  t h e  d i f f e r e n c e  b e in g  h ig h ly  s i g n i f i c a n t  (P  <  0 -0 1 ).

A f t e r  c a lv in g ,  r a t e s  o f  l iv e w e ig h t  c h a n g e  w e r e  a g a i n  c a l c u l a t e d ,  e x c l u d in g  w e ig h 

i n g s  t a k e n  in  t h e  f i r s t  2  w e e k s ,  s in c e  r u m e n  f il l  m a y  b e  e f f e c t e d  a t  t h i s  t im e .  O v e r  

t h e  w h o le  p e r io d  3 - 3 0  w e e k s  a f t e r  c a lv in g ,  t h e  h e i f e r s  p r e v i o u s l y  o n  t h e  h ig h  p la n e  

g a i n e d  0 -0 2  l b / h e a d  d a i l y ,  w h e r e a s  t h e  o t h e r s  g a i n e d  0 -2 4  lb ,  t h e  d i f f e r e n c e  b e in g  

s i g n i f i c a n t  (P  <  0 -0 2 ) . M o s t  o f  t h i s  d i f f e r e n c e  r e s u l t e d  f r o m  c h a n g e s  o c c u r r in g  in  

t h e  f i r s t  3 - 1 4  w e e k s  o f  l a c t a t i o n .  O v e r  t h i s  p e r io d  t h o s e  f r o m  t h e  h ig h  p la n e  o f  

f e e d i n g  r e m a in e d ,  o n  a v e r a g e ,  a l m o s t  c o n s t a n t  in  w e ig h t ,  lo s in g  l e s s  t h a n  0-01  lb /  

h e a d  d a i l y ,  w h i l s t  t h e  o t h e r s  g a i n e d  0 -5 8  lb ,  t h i s  d i f f e r e n c e  b e in g  h ig h ly  s i g n i f i c a n t  

( P  <  0 -0 1 ). F o r  t h e  p e r i o d  1 4 - 3 0  w e e k s  b o t h  g r o u p s  g a i n e d  s l i g h t ly ,  t h o s e  f e d  a t  t h e  

h ig h  p la n e  b y  0 -0 3  l b / h e a d  d a i l y  a n d  t h e  o t h e r s  b y  0 -0 6  lb ,  a  d i f fe r e n c e  w h ic h  w a s  n o t  

s i g n i f i c a n t  (P  >  0 -0 5 ).

T h e r e  w a s  c o n s id e r a b le  v a r i a t io n  b e t w e e n  i n d iv id u a l s  in  l iv e w e ig h t  c h a n g e  o v e r  

t h e  2 8  w e e k s ,  r a n g in g  f r o m  — 0 -5 2  t o  +  0 -7 3  l b / h e a d  d a i ly .

D ISCUSSIO N

I t  i s  c le a r  t h a t  t h e  f e e d in g  r e g im e s  im p o s e d  p r e - p a r t u m  in  t h i s  e x p e r im e n t  w e re  

s u f f ic ie n t ly  d i f f e r e n t  t o  b r in g  a b o u t  n o t  o n ly  a  d i f f e r e n c e  in  m i lk  y ie ld  b u t  a l s o  c h a n g e s  

in  m i lk  c o m p o s i t io n .  I n  t h i s  r e s p e c t  t h e  r e s u l t s  a r e  in  a g r e e m e n t  w i t h  s o m e  o f  t h o s e
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o b t a i n e d  a t  P a l m e r s t o n  N o r t h  ( C a m p b e l l  &  F l u x ,  1 9 4 8 ;  C a m p b e l l ,  F l u x  &  P a t c h e l i ,  

1 9 5 5 )  a n d  R u a k u r a  ( F l u x ,  1 9 5 0 ) , a n d  t h e  d i f f e r e n c e s  in  c o m p o s i t io n  w e r e  a g a i n  m a i n l y  

in  t h e  e a r ly  w e e k s  o f  l a c t a t i o n .  I n  t e r m s  o f  h u m a n  f o o d  p r o d u c t io n  i t  i s  n o t e w o r t h y  

t h a t ,  w h e n  y i e l d  a n d  c o m p o s i t io n  a r e  t a k e n  in t o  a c c o u n t ,  t h e  d i f f e r e n c e s  in  p r e -  

p a r t u m  f e e d in g  w e r e  r e s p o n s ib le  f o r  a  d i f fe r e n c e  o f  a b o u t  2 2  %  in  t h e  p r o d u c t i o n  o f  

m i lk  s o l id s  in  t h e  3- t o  3 0 - w e e k  p e r io d .

Calving

A .  S .  F o o t ,  C .  L i n e  a n d  S .  J .  R o w l a n d

Weeks from calving

Fig. 1. Effect of pre-partum nutrition at high and low levels on the yield 
and composition of milk.

T h e r e  i s  e v id e n c e  in  t h i s  e x p e r im e n t  o f  a s s o c i a t e d  c h a n g e s  in  l iv e w e ig h t  a n d  m i lk  

c o m p o s i t io n .  A  lo w  r a t e  o f  l iv e w e ig h t  g a in ,  o r  l o s s  o f  w e ig h t  in  l a t e  p r e g n a n c y  

fo l lo w e d  b y  a  c o m p e n s a t in g  l iv e w e ig h t  g a in  in  e a r ly  l a c t a t i o n ,  o c c u r r e d  in  B l a x t e r ’s  

(1 9 4 4 )  e x p e r im e n t ,  a n d  l o s s  o f  c o n d it io n  w a s  r e p o r t e d  in  t h e  N e w  Z e a l a n d  e x p e r i 

m e n t s  ( L e e s ,  M c M e e k a n  &  W a lla c e ,  1 9 4 8 ;  C a m p b e l l  &  F l u x ,  1 9 4 8 ) . H o w e v e r ,  in  

t h e  e x p e r im e n t s  r e p o r t e d  b y  S w a n s o n  &  H i n t o n  (1 9 6 2 )  s u b s t a n t i a l  i n c r e a s e s  in  

l iv e w e ig h t  g a m  in  t h e  6 w e e k s  b e f o r e  c a lv in g ,  b r o u g h t  a b o u t  b y  f e e d in g  s u f f ic ie n t  

c o n c e n t r a t e s  t o  in c r e a s e  m i lk  y ie ld  s i g n i f i c a n t ly ,  h a d  l i t t l e  e f f e c t  o n  t h e  m e a n  f a t  

c o n t e n t  o f  m i lk  f o r  t h e  w h o le  l a c t a t i o n .

W h e n  t h e  p o s t - p a r t u m  le v e l  o f  f e e d in g  i s  c o n t r o l le d  b y  t h e  y ie ld  o f  m i l k  p r o d u c e d ,  

a s  in  t h e  p r e s e n t  e x p e r im e n t ,  i t  i s  i m p o r t a n t  t o  d i f f e r e n t i a t e  b e t w e e n  t h e  d i r e c t  

e f f e c t  o f  p r e - p a r t u m  f e e d in g  a n d  t h e  i n d ir e c t  e f f e c t  d u e  t o  c h a n g in g  l e v e l s  o f  p o s t 

p a r t u m  f e e d in g  a d j u s t e d  t o  c u r r e n t  m i lk  p r o d u c t io n .  T h e  r e c o r d s  o f  f e e d  i n t a k e ,  

l iv e w e ig h t ,  a n d  m i lk  y i e l d  a n d  c o m p o s i t io n  a v a i l a b l e  f r o m  t h i s  e x p e r im e n t  m a k e  i t  

p o s s ib le  t o  c o m p a r e  t h e  t r e a t m e n t s  o n  t h e  b a s i s  o f  t h e  m e t a b o l i z a b l e  e n e r g y  i n t a k e
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a g a i n s t  e n e r g y  e x p e n d i t u r e  f o r  f a s t i n g  m e t a b o l i s m ,  m i lk  p r o d u c t i o n  a n d  l iv e  w e ig h t  

c h a n g e .  U s i n g  v a l u e s  f o r  t h e  e n e r g y  b a l a n c e  s u g g e s t e d  m a i n l y  b y  B l a x t e r  (1 962) ,  
f o r  t h e  s e c o n d ,  t h i r d  a n d  f o u r t h  w e e k s  a f t e r  c a lv in g  w h e n  t h e  m i lk  c o m p o s i t io n  

d i f f e r e n c e s  w e r e  m a x i m a l ,  i t  w a s  f o u n d  t h a t  t h e  g r e a t e r  o u t p u t  o f  e n e r g y  p r o d u c e d  

in  t h e  f o r m  o f  m i lk  b y  t h e  h e i f e r s  o n  t h e  h ig h  le v e l  o f  f e e d in g  b e fo r e  c a l v i n g  c a n  b e  

a c c o u n t e d  f o r  b y  t h e  h ig h e r  e n e r g y  i n t a k e  s u p p l i e d  a s  a  r e s u l t  o f  t h e  h ig h e r  p r o d u c 

t io n  o f  m i lk  s o l id s  in  t h e  e a r ly  d a y s  o f  l a c t a t i o n .  A t  t h e  s a m e  t im e  t h e  r e s u l t s  s t r o n g l y  

s u g g e s t  t h a t  e n e r g y  r e q u ir e d  f o r  t h e  r e c o v e r y  o f  t h e  l iv e w e ig h t  o f  t h e  g r o u p  o f  h e i f e r s  

f e d  a t  t h e  lo w  p la n e  b e f o r e  c a l v i n g  w a s  u s e d  a t  t h e  e x p e n s e  o f  m i lk  y ie ld  a n d  c o m 

p o s i t io n .  I n  t h i s  r e s p e c t  o u r  f in d in g s  s h o w  s o m e  a g r e e m e n t  w ith  t h o s e  o f  P a t c h e d  

(1957).

I t  s e e m s  p r o b a b l e  t h a t  a  v e r y  lo w  le v e l  o f  e n e r g y  i n t a k e  p r e - p a r t u m  i s  n e e d e d  t o  

p r o d u c e  a  s i g n i f i c a n t  r e s p o n s e  in  m i lk  c o m p o s i t io n  a n d  l e s s  s t r i n g e n t  r e s t r i c t i o n  

m a in ly  in f lu e n c e s  m i lk  y ie ld .  I t  i s  q u i t e  p o s s ib le  t h a t  d e c r e a s e  in  t h e  f a t  a n d  s .n .f . 

p e r c e n t a g e  o f  m i lk  in  e a r ly  l a c t a t i o n  s u c h  a s  t h a t  o b t a i n e d  in  t h i s  e x p e r im e n t  i s  

a t t e n d a n t  o n  t h e  l o s s  in  l iv e w e ig h t  b e fo r e  c a lv in g  a n d  g a in  a f t e r  c a l v i n g  w h ic h  w a s  

c l e a r ly  d e m o n s t r a t e d  in  t h i s  w o r k .

F r o m  t h e  p r a c t i c a l  p o in t  o f  v ie w  r a i s i n g  t h e  le v e l  o f  f e e d in g  b e fo r e  c a lv in g  f o r  t h e  

s o le  p u r p o s e  o f  i m p r o v i n g  m i lk  c o m p o s i t io n  s e e m s  t o  b e  e c o n o m ic a l ly  ju s t i f i e d  o n ly  

w h e n  t h e  e x i s t i n g  le v e l  o f  p r e - p a r t u m  f e e d in g  i s  v e r y  lo w  a n d  a  s m a l l  in c r e a s e  in  f a t  o r  

s .n .f . p e r c e n t a g e  i s  r e q u ir e d  t o  m e e t  a  p a r t i c u l a r  p r ic e  d i f f e r e n t ia l .  W h e n  m i lk  

y i e l d  a n d  c o m p o s i t io n  a r e  c o n s id e r e d  in  a  b r o a d e r  c o n t e x t  t h e  e f f e c t  o f  f e e d in g  

b e fo r e  c a lv in g  m a y  b e c o m e  m u c h  m o r e  i m p o r t a n t .  T h i s  i s  b o r n e  o u t  b y  t h e  in c r e a s e  

o f  o v e r  2 0  %  in  m i lk  s o l i d s  p r o d u c t i o n  r e s u l t i n g  f r o m  t h e  h ig h , a s  c o m p a r e d  w i t h  t h e  

lo w , le v e l  o f  f e e d in g  b e fo r e  c a lv in g .

W e  a c k n o w le d g e  t h e  h e lp  o f  t h e  M ilk  M a r k e t in g  B o a r d  in  o b t a i n i n g  s u i t a b l e  h e i f e r s  

f o r  t h i s  e x p e r im e n t  a n d  f o r  t h e i r  s u p p o r t  in  t h e  i n v e s t i g a t io n .
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N a t io n a l  In s t itu te  f o r  R e se a rc h  in  D a i r y in g ,  S h in f ie ld , R e a d in g ,  B e r k sh ir e

(R ece iv ed  2 2  M a y  1 9 6 S )

S u m m a r y . R e f r a c t i v e  in d e x  m e a s u r e m e n t s  o f  s e p a r a t e d ,  u l t r a c e n t r i f u g e d  a n d  

d i a l y s e d  u l t r a c e n t r i f u g e d  m i lk  h a v e  b e e n  u s e d  t o  o b t a i n  v a l u e s  o f  0 - 2 0 7 , 0 -1 8 7  a n d

0 -  1 4 0  m l / g  f o r  t h e  s p e c if ic  r e f r a c t io n  in c r e m e n t s  c f  t h e  c a s e in  c o m p le x ,  s o lu b le  

p r o t e i n s  a n d  l a c t o s e ,  r e s p e c t i v e ly .  F o r  1 0 9  m i lk  s a m p l e s  f r o m  in d iv id u a l  F r i e s i a n  

c o w s , t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  d i f f e r e n c e s  b e t w e e n  s o l id s - n o t - f a t  (s .n .f .) 
d e t e r m in e d  f r o m  r e f r a c t iv e  in d e x  a n d  b y  t h e  g r a v im e t r i c  m e t h o d  w a s  f o u n d  t o  b e

1- 8 %  o f  t h e  m e a n  s .H .E . T h e  r e la t i o n s h i p  b e t w e e n  r e f r a c t iv e  i n d e x  a n d  s o l id s  c o n t e n t  

o f  c o n d e n s e d  w h o le  m i lk  h a s  b e e n  s t u d i e d  in  d e t a i l ,  a n d  f o r  c o n d e n s e d  s e p a r a t e d  

m i lk  t h e  p r e d ic t e d  l in e a r  r e la t i o n s h i p  b e t w e e n  r e f r a c t iv e  in d e x  a n d  t h e  c o n c e n t r a 

t io n  o f  s .x .f . e x p r e s s e d  a s  w / v  h a s  b e e n  c o n f ir m e d .

A l t h o u g h  m e t h o d s  b a s e d  u p o n  t h e  m e a s u r e m e n t  o f  r e f r a c t iv e  in d e x  h a v e  b e e n  

p r o p o s e d  f o r  t h e  a n a l y s i s  o f  m i lk  ( S a c c o ,  1 9 6 1 ;  P r o s t a k i s h i n  &  S h k o d ic h ,  1 9 6 3 ) , 

a n d  c o n d e n s e d  m i lk  (M e n e fe e  &  O v e r m a n , 1 9 3 9 ) , l i t t l e  in f o r m a t io n  i s  a v a i l a b l e  o n  t h e  

r e f r a c t iv e  in d e x  c o n t r i b u t i o n s  o f  t h e  d i f f e r e n t  c o n s t i t u e n t s  o f  m i lk .  T h e  r e c e n t  

d e v e lo p m e n t  o f  c o n t in u o u s ly  r e c o r d in g  r e f r a c t o m e t e r s  f o r  l iq u i d s  a s  o p a q u e  a s  

c o n d e n s e d  m i lk  h a s  l e a d  t o  a  r e n e w e d  in t e r e s t  in  t h e  u s e  o f  r e f r a c t iv e  in d e x  m e a s u r e 

m e n t s  f o r  p r o c e s s  c o n t r o l  in  d a i r i e s .

THEORETICAL

A s  s h o w n  b y  G lo v e r  &  G o u ld e n  (1 9 6 3 ) ,  t h e  in c r e a s e  in  r e f r a c t iv e  in d e x  o f  a  s o lu t io n  

o v e r  t h a t  o f  t h e  p u r e  s o lv e n t  i s  d i r e c t l y  p r o p o r t io n a l  t o  t h e  s o lu t e  c o n c e n t r a t io n  

e x p r e s s e d  o n  a  w / v  b a s i s .  S in c e  t h e  w / v  c o n c e n t r a t io n  i s  t h e  p r o d u c t  o f  t h e  d e n s i t y  

p a n d  t h e  w /w  c o n c e n t r a t io n  cw, t h e  s p e c if i c  r e f r a c t io n  in c r e m e n t  r  c a n  b e  d e f in e d  a s

n  — n 0 A  n
pcw pcw

w h e re  n  a n d  n 0 a r e  t h e  r e f r a c t iv e  in d ic e s  o f  s o lu t io n  a n d  s o lv e n t  m e a s u r e d  u n d e r  t h e  

s a m e  c o n d it io n s .  R e f r a c t i o n  i s  n o r m a l ly  a n  a d d i t i v e  p r o p e r t y ,  s o  t h a t  t h e  r e f r a c t iv e  

in d e x  in c r e m e n t  (Aw) fo r  a  m u l t i c o m p o n e n t  s y s t e m  i s  g iv e n  b y

A n  =  n  — n 0 =  p~Arcw.
S in c e  r e f r a c t io n  in  a n  e m u ls io n  o c c u r s  a t  t h e  i n t e r f a c e  o f  a i r  a n d  t h e  c o n t in u o u s  

p h a s e ,  t h e  m e a s u r e d  r e f r a c t iv e  in d e x  o f  w h o le  m i lk  w ill  b e  t h a t  o f  t h e  s e p a r a t e d  m i lk  
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f r a c t io n .  I f  t h e  w /w  p e r c e n t a g e s  o f  t h e  c a s e in  c o m p le x ,  s o lu b le  p r o t e in s  a n d  l a c t o s e  

a r e  C , S  a n d  L ,  a n d  t h e  r e s p e c t i v e  s p e c if i c  r e f r a c t io n  in c r e m e n t s  a r e  r c, r s a n d  r Jt 
t h e  r e f r a c t iv e  in d e x  in c r e m e n t  o f  m i lk  i s  g iv e n  b y

lOOAw =  ps (C rc +  S r s +  L r ,  +  R ), (1 )

w h e r e  ps i s  t h e  d e n s i t y  in  g / m l  o f  t h e  s e p a r a t e d  m i lk  f r a c t i o n  a n d  R  t h e  r e f r a c t iv e  

i n d e x  c o n t r ib u t io n  o f  t h e  r e s i d u a l  m in e r a l  s a l t s .  ps c a n  b e  c a l c u l a t e d  f r o m  t h e  d e n s i t y  

o f  t h e  w h o le  m i lk  (pm) a n d  t h e  w /w  f a t  p e r c e n t a g e  ( F )  b y  t h e  e a s i l y  d e d u c e d  e q u a t i o n

1 - 0 - 0 1 1 ’

p * - l l p m- 0 - 0 l F f r r ’ ( >
p , b e in g  t h e  d e n s i t y  o f  m i lk  f a t ,  t a k e n  a s  0 -9 3  g / m l .

E x p e r im e n t a l  d a t a  s h o w  t h a t  t h e  f o u r t h  t e r m  o f  e q u a t i o n  (1 ) a c c o u n t s  f o r  o n ly  

11 %  o f  Aw , s o  t h a t  v a r i a t i o n s  in  R  a r e  s e c o n d  o r d e r  e f f e c t s  a n d  c a n  b e  n e g le c t e d .  A s  

s e e n  f r o m  e q u a t i o n  1, f o r  Aw t o  b e  a n  a c c u r a t e  m e a s u r e  o f  s .n .f . a l l  t h r e e  r  v a l u e s  m u s t  

b e  e q u a l .  I n  s u c h  a  c a s e  t h e  v a l u e  o f  A n  w o u ld  b e  i n d e p e n d e n t  o f  t h e  l a c t o s e /  

p r o t e in  r a t i o .  A s  w ill  b e  s h o w n  l a t e r ,  t h e s e  c o e f f ic ie n t s  a r e  n o t  e q u a l  s o  t h a t  t h e  

n a t u r a l  v a r i a t i o n s  in  t h e  l a c t o s e / p r o t e in  r a t i o  w il l  b e  e x p e c t e d  t o  l e a d  t o  d e v i a t i o n s  

f r o m  a n  e x a c t  l in e a r  r e la t i o n s h i p  b e t w e e n  Aw a n d  s .n .f .

F o r  c o n d e n s e d  m i lk s  w h ic h  a r e  n o r m a l ly  p r e p a r e d  f r o m  b u lk  m i lk  s a m p l e s ,  d e v i a 

t io n s  d u e  t o  v a r i a t i o n s  in  t h e  l a c t o s e / p r o t e in  r a t i o  w il l  b e  c o n s id e r a b ly  l e s s  t h a n  t h o s e  

f o r  m i lk  s a m p l e s  f r o m  in d iv id u a l  c o w s . C h a n g e s  in  d e n s i t y ,  p a r t i c u l a r l y  a t  h ig h  

s o l id s  c o n t e n t  w ill ,  h o w e v e r ,  p l a y  a  m o r e  i m p o r t a n t  r o le  a n d  w ill  l e a d  t o  a  c u r v i l in e a r  

r e la t io n s h ip  b e t w e e n  Aw a n d  s .n .f . T h i s  c u r v a t u r e  a r i s e s  f r o m  t h e  n o n - l in e a r  r e l a t i o n 

s h ip  b e t w e e n  d e n s i t y  a n d  w /w  c o n c e n t r a t io n .  A l t h o u g h  t h e  f a t  d o e s  n o t  i t s e l f  

in f lu e n c e  Aw, t h e  c o n t r ib u t io n  o f  t h e  f a t  c o n t e n t  m u s t  b e  a l lo w e d  f o r  w h e n  p s i s  

c a l c u l a t e d  f r o m  t h e  d e n s i t y  o f  t h e  w h o le  c o n d e n s e d  m i lk .

M ET H O D S

R e f r a c t i v e  in d ic e s  w e r e  m e a s u r e d  w ith  a  B e l l in g h a m  a n d  S t a n l e y  H ig h  A c c u r a c y  

A b b é  6 0  r e f r a c t o m e t e r ,  t h e  s a m p l e  t e m p e r a t u r e  b e in g  c o n t r o l le d  t o  +  0 -2  °C . M o s t  

m e a s u r e m e n t s  w e r e  m a d e  a t  a  wTa v e le n g t h  o f  0 - 5 8 9 3  /x  u s in g  l i g h t  f r o m  a  s o d iu m  la m p .  

T o  d e t e r m in e  t h e  e f f e c t s  d u e  t o  a  c h a n g e  in  w a v e le n g t h ,  m e a s u r e m e n t s  w e r e  a l s o  

m a d e  a t  0 -5 4 6 1  /x  u s in g  a  m e r c u r y  a r c  s o u r c e  w i t h  t h e  a p p r o p r i a t e  f i l t e r .  F o r  m i lk  
s a m p le s ,  t h e  r e f r a c t iv e  in d e x  w a s  r e p r o d u c ib le  t o  ±  5  x  10  3.

T h e  s p e c if i c  r e f r a c t io n  in c r e m e n t  o f  l a c t o s e  w a s  e v a l u a t e d  f r o m  m e a s u r e m e n t s  o f  

r e f r a c t iv e  in d e x  a n d  d e n s i t y  o n  s o lu t io n s  m a d e  u p  t o  k n o w n  c o n c e n t r a t io n s  f r o m  

‘ A n a l a r ’ g r a d e  l a c t o s e  m o n o h y d r a t e .  S p e c i f ic  r e f r a c t io n  in c r e m e n t s  o f  t h e  c a s e in  

c o m p le x  a n d  s o lu b le  p r o t e in  c o m p o n e n t s  w e re  e v a l u a t e d  f r o m  r e f r a c t iv e  i n d e x ,  l a c t o s e  

(H in t o n  &  M a c a r a ,  1 9 2 7 ) , a n d  p r o t e in  ( K je l d h a l ,  t o t a l  N  x  6 -3 8 ) c o n t e n t s  o f  s e p a r a t e d  

m i lk ,  b e fo r e  a n d  a f t e r  u l t r a c e n t r i f u g in g  f o r  1 h  a t  8 0 0 0 0  g  t o  r e m o v e  c a s e in ,  a n d  a f t e r  

d i a l y s i s  o f  t h e  u l t r a c e n t r i f u g e d  s o lu t io n s  a t  5  °C  a g a i n s t  d i s t i l l e d  w a t e r  f o r  2 4  h . 

A d d i t i o n  o f  0-1 %  s o d iu m  c h lo r id e  e n a b le d  t h e  s m a l l  a m o u n t  o f  p r e c ip i t a t e  f o u n d  

a t  t h e  e n d  o f  d i a l y s i s  t o  b e  r e d i s p e r s e d .

A  s e r ie s  o f  1 0 9  m i lk  s a m p l e s  f r o m  i n d iv id u a l  F r i e s i a n  c o w s  w a s  u s e d  t o  s t u d y  t h e  

r e la t io n s h ip  b e t w e e n  Aw a n d  s .n .f . T h e s e  s a m p l e s  h a d  f o r  o t h e r  e x p e r im e n t s  a l r e a d y
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b e e n  a n a l y s e d  f o r  f a t ,  s .n .f . a n d  l a c t o s e  a n d  t h e ir  t o t a l  p r o t e in  c o n t e n t s  w e re  c a l c u 

l a t e d  f r o m  t h e s e  d a t a ,  a l lo w in g  0 - 9 5 %  f o r  t h e  r e s i d u a l  s o l id s  ( D r  S .  J .  R o w la n d ,  

p e r s .  c o m m .) .

C o n d e n s e d  m i lk  s a m p l e s  w e r e  p r e p a r e d  b y  e v a p o r a t i o n  in  a  l a b o r a t o r y  r o t a r y  

s t i l l  a t  a  p r e s s u r e  o f  a b o u t  1 0 0  m m  H g  a n d  a  t e m p e r a t u r e  o f  a b o u t  6 0  °C . T h e i r  

d e n s i t i e s  a t  2 0  °C  w e r e  d e t e r m in e d  w i t h  t h e  a i d  o f  s p e c if i c  g r a v i t y  b o t t l e s  a n d  a f t e r  

k n o w n  d i lu t io n  w i t h  w a t e r ,  t h e  t o t a l  s o l id s  c o n t e n t s  w e r e  c a l c u l a t e d  f r o m  t h e  w e ig h t  

lo s s  a t  1 0 5  °C .

R e f r a c t i v e  i n d e x  a n d  S . N . F .  o f  m i l k

R E SU L T S AND D ISCU SSIO N

I n  a g r e e m e n t  w i t h  p r e v i o u s  m e a s u r e m e n t s  ( R a n g a p p a ,  1 9 4 8 ) , i t  w a s  f o u n d  t h a t  t h e  

r e f r a c t iv e  in d ic e s  o f  w h o le  m i lk  s a m p l e s  w e r e  e x a c t l y  t h e  s a m e  a s  t h o s e  o f  t h e  c o r r e 

s p o n d in g  s e p a r a t e d  m i lk s ,  c o n f ir m in g  t h a t  t h e  f a t  m a d e  n o  c o n t r ib u t io n  t o  t h e  r e f r a c 

t iv e  in d e x .  W h o le  m i lk  r a t h e r  t h a n  s e p a r a t e d  m i lk  s a m p l e s  w e r e  t h e r e f o r e  u s e d  f o r  

r e f r a c t iv e  i n d e x  d e t e r m in a t io n s ,  s in c e  t h e  r e m o v a l  o f  t h e  f a t  d i d  n o t  p e r c e p t i b l y  

i m p r o v e  t h e  s h a r p n e s s  o f  t h e  b o u n d a r y  o b s e r v e d  in  * h e  r e f r a c t o m e t e r  e y e p ie c e .

T a b l e  1. E ffe c t s  o f  ch an g e  in  w avelen gth  a n d  te m p e ra tu re  o n  re fra c tiv e  in d e x  (n ) 
a n d  re fra c tiv e  in d e x  in c rem en t (A n ) o f  m ilk *  (A n  — n miXk — wwater)

Refractive index

Temp., Wavelength, 
°C fX Water

Separated
milk

Condensed separated milks
'

40 0-5461 
40 0-5893 
20 0-5893

1-33176
1-33037
1-33295

1-34718
1-34564
1-34815

1-36901
1-36727
1-37009

1-39145
1-38964
1-39295

10z x change in n per 
unit wavelength (ji) 
at 40 °C

3-2 3-6 4-0 4-2

102 x change in An per 
unit wavelength (p.) at 
40 °C "

0-4 0-8 1-0

104 x change in n per °C 
at 0-5893/z

1-29 1-25 1-41 1-65

104 x change in An per 
°C at 0-5893^

— 0-04 0-12 0-36

Total solids content w/w — 9-2 21-4 33-1

E ffe c t  o f  c h a n g e s  in  w avelen gth  a n d  te m p e ra tu re  on  re fra c tiv e  in d e x  
T a b l e  1 r e c o r d s  t h e  r e f r a c t iv e  in d ic e s  o f  w a t e r ,  s e p a r a t e d  m i lk  a n d  c o n d e n s e d  

s e p a r a t e d  m i lk  m e a s u r e d  a t  t w o  d i f f e r e n t  t e m p e r a t u r e s  a n d  w a v e le n g t h s .  T h e  r e s u l t s  

c o n f ir m  t h a t  t h e  r e f r a c t iv e  i n d e x  in c r e m e n t s  (A n )  a r e  le s s  a f f e c t e d  t h a n  s in g le  r e f r a c 

t i v e  i n d e x  m e a s u r e m e n t s  b y  w a v e le n g t h  a n d  t e m p e r a t u r e  c h a n g e s .  R e f r a c t i v e  in d e x  

n o r m a l l y  s h o w s  a  c u r v i l in e a r  d e p e n d e n c e  u p o n  b o t h  w a v e l e n g t h  a n d  t e m p e r a t u r e ,  

s o  t h a t  t h e  c a l c u l a t e d  in c r e m e n t s  a p p l y  o n ly  t o  l im i t e d  w a v e le n g t h  a n d  t e m p e r a t u r e  

r a n g e s .  U s i n g  t h e  r e la t i o n s h i p  o b t a i n e d  l a t e r  b e t w e e n  A n  a n d  s .n .f ., i t  c a n  b e  c a l 

c u l a t e d  t h a t  f o r  c o n d e n s e d  m i lk  o f  3 3 %  s o l id s  c o n t e n t  a  t e m p e r a t u r e  c h a n g e  o f  1 ° C  

r e s u l t s  in  a n  a p p a r e n t  c h a n g e  in  s .n .f . o f  a b o u t  0-2  % .
27-2
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S p e c if ic  r e fr a c t io n  in c re m e n ts  o f  m ilk  c o n stitu e n ts  
T a b l e s  2  a n d  3  r e c o r d  t h e  d a t a  u s e d  a n d  t h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s  o f  t h e  

s p e c if i c  r e f r a c t io n  in c r e m e n t s  o f  m i lk  c o n s t i t u e n t s .  T h e  v a l u e  o f  0 -1 4 0  m g /m l  o b t a i n e d  

f o r  l a c t o s e  i s  id e n t i c a l  w i t h  t h a t  q u o t e d  b y  B r o w n e  &  Z e r b a n  (1 9 4 1 ) , a n d  t h e  o r d e r  

o f  d e c r e a s in g  r e f r a c t iv e  in d e x  c o n t r ib u t io n s  l a c t o s e  >  p r o t e i n s  >  r e s i d u a l  s a l t s  i s  

t h e  s a m e  a s  t h a t  g i v e n  b y  R a n g a p p a  (1 9 4 8 ) .

T a b l e  2 . D a t a  u se d  to c a lc u la te  sp e c if ic  re fra c tiv e  in c rem en ts  o f  the co m p o n e n ts
o f  s e p a ra te d  m ilk

(A, 0-5893fi; temperature, 20 °C. i

Solids, %, w/w, gravimetric 
Lactose (anhydrous), %, w/w, by 

titration
Protein (.NT x 6-38), %, vs/w 
Density at 20 °C, g; ml 
XaCl added, %, w/v 
lOOAra*
Specific refraction increment 

(r), ml/g

Lactose
solution

Separated
milk

— 8-95
3-505 4-83

__ 3-17
1-011 1-034

0-496 1-520
0-140 —

100An for 0-1 % XaCl =  0-010.

Serum
Ultra-

centrifuged
after serum
ultra- after

centrifuging dialysis
6-52 0-707
5-02 0-04

0-83 0-56
1-03 1-003

— 0-100
1-020 0-127

T a b l e  3 . R e fra c t iv e  in d e x  c o n tr ib u tio n s  o f  s e p a ra te d  m ilk  co m p o n en ts  
(À, 0*5893/x; temperature, 20 °C; p, l*03g/ml.)

Specific
Composition, 0 „ refraction

w/w, % increment, (r)
Component ml/g. PrCw % of An

Casein complex 2-34 0-207 0-500 33
Soluble proteins 0-83 0-187 0-159 10
Lactose 4-83 0-140 0-695 46
Residue (by difference) 0-95 — 0-166 11

Total 8-95 — 1-520 100

T h e  s p e c if i c  r e f r a c t io n  in c r e m e n t  o f  0 -2 0 7  m l / g  o b t a i n e d  f o r  t h e  c a s e in  c o m p le x  i s  

o u t s id e  t h e  r a n g e  o f  0 - 1 7 - 0 - 1 9  m l / g  r e c o r d e d  f o r  o t h e r  p r o t e i n s  ( S t a c e y ,  1 9 5 6 ) , 

a n d  p r e s u m a b l y  a r i s e s  f r o m  t h e  p r e s e n c e  o f  t h e  c a s e in  in  m i lk  a s  a  c o m p le x  

w i t h  c a lc iu m  a n d  p h o s p h a t e .  P o s s i b l e  c h a n g e s  in  t h e  s p e c if ic  r e f r a c t io n  m e a s u r e m e n t  

o f  t h e  c a s e in  c o m p le x  d u e  t o  c h a n g e s  in  t h e  c a l c iu m  c o n t e n t  o f  m i lk  h a v e  n o t  

b e e n  i n v e s t i g a t e d .  M c M e e k in  (p e r s .  c o m m .)  h a s  s h o w n  t h a t  s o d iu m  c a s e i n a t e  

h a s  a  n o r m a l  p r o t e in  s p e c if ic  r e f r a c t io n  in c r e m e n t  o f  0 -1 8 3  m l / g .  T h e  v a l u e  o f  

0 -1 8 7  m l / g  o b t a i n e d  in  t h e  p r e s e n t  i n v e s t i g a t io n  f o r  t h e  s o lu b le  m i lk  p r o t e i n s  i s  in  

a g r e e m e n t  w i t h  t h e  v a l u e  o f  0 -1 8 4  m l / g  r e p o r t e d  b y  H a lw e r ,  N u t t i n g  &  B r i c e  (1 9 5 1 )  

f o r  /3 - la c to g lo b u lin .

F o r  t h e  c a l c u l a t i o n s  o f  r e f r a c t iv e  in d ic e s  o f  m i lk  s a m p l e s  o f  k n o w n  c o m p o s i t io n ,  

i t  h a s  b e e n  a s s u m e d  t h a t  c a s e in  f o r m s  7 5 %  o f  t h e  t o t a l  p r o t e in  ( N  x  6 -3 8 ) s o  t h a t  

t h e  i n t e g r a t e d  s p e c if i c  r e f r a c t io n  in c r e m e n t  f o r  a l l  t h e  p r o t e in  c a n  b e  t a k e n  a s  

( 0 - 7 5 x 0 - 2 0 7 )  +  ( 0 - 2 5 x 0 - 1 8 7 )  =  0 -2 0 2  m l /g .
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A b se n ce  o f  lac to se -p ro te in  in te ra c t io n  effects  
T h e  a b s e n c e  o f  l a c t o s e - p r o t e in  i n t e r a c t io n  e f f e c t s  w a s  c o n f i r m e d  b y  t h e  r e s u l t s  

s h o w n  in  T a b l e  4 . K n o w n  a m o u n t s  o f  l a c t o s e  w e r e  a d d e d  t o  d i a l y s e d  s e p a r a t e d  m i lk  

c o n t a in in g  a d d e d  s o d iu m  c h lo r id e  a n d  t h e  r e f r a c t i v e  in d ic e s  w e r e  d e t e r m in e d  b o t h  

b y  e x p e r im e n t  a n d  b y  c a l c u l a t i o n  f r o m  t h e  k n o w n  c o n c e n t r a t io n  a n d  s p e c if ic  

r e f r a c t io n  in c r e m e n t  o f  l a c t o s e .  T h e  c lo s e  a g r e e m e n t  b e t w e e n  t h e  c a l c u l a t e d  a n d  

e x p e r im e n t a l  v a l u e s  c o n f i r m s  t h a t  r e f r a c t i v e  in d e x  i s  a  t r u l y  a d d i t i v e  p r o p e r t y  f o r  

l a c t o s e - p r o t e in  s y s t e m s .

T a b l e  4 . E ffe c t s  o f  ch an ge  in  lac to se  ¡p ro te in  r a t io  o n  the re fra c tiv e  in c rem en t
o f  m ilk

(A, 0-5893fi; temperature, 20 °C.)

Sample
Lactose/protein 

ratio
Calculated

lOOAn
Experimental

lOOAn

1 0-02 — 0-588
2 0-37 0-728 0-728
3 0-71 0-864 0-859
4 1-06 1-004 1-000
5 1-42 1-145 1-147

*  Sample 1 was dialysed separated milk to which about 0 2 % sodium chloride was added.

C o rre la t io n  betw een re fra c tiv e  in d e x  a n d  s .n .f . o f  m ilk  s a m p le s  
f r o m  in d iv id u a l  cow s

I n  t h e  s e t  o f  1 0 9  m i lk  s a m p l e s  f r o m  i n d iv id u a l  a n i m a l s  t h e  l a c t o s e / p r o t e in  r a t i o  

r a n g e d  f r o m  0-7  t o  T 8  a b o u t  a  m e a n  v a l u e  o f  1 -35 . T h e  r e g r e s s io n  e q u a t i o n  f o r  

r e f r a c t iv e  in d e x  in c r e m e n t  u p o n  g r a v im e t r i c  (w /w ) s .n .f . w a s  f o u n d  t o  b e

1 0 0  Are =  0 -1 9 3  x  s .n .f . % — 0 -1 3 4 ,

w it h  a  c o e f f ic ie n t  o f  v a r i a t i o n  o f  1 - 8 %  f o r  t h e  d i f f e r e n c e s  in  s .n .f . b e t w e e n  t h e  

tw o  m e t h o d s .

I n  o r d e r  t o  c o n f ir m  t h a t  v a r i a t i o n s  in  t h e  l a c t o s e / p r o t e in  r a t i o  c o n t r i b u t e d  t o  

d e v i a t i o n s  f r o m  t h e  l in e a r  r e la t io n s h ip  A n  a n d  s .n .f . , t h e  s u m  o f  t h e  l a c t o s e  a n d  p r o 

t e in  r e f r a c t i v e  i n d e x  c o n t r i b u t i o n s  f o r  a l l  t h e  s a m p l e s  w e r e  c a l c u l a t e d  f r o m  t h e  

p r e v i o u s l y  o b t a i n e d  r e f r a c t iv e  in d e x  in c r e m e n t s  ( T a b le s  3 , 4 ) a n d  t h e  k n o w n  l a c t o s e  

a n d  p r o t e i n  c o n t e n t s  b y  t h e  f o r m u la

10 0 A w ' =  1 -03  (0 -2 0 2  x  %  p r o t e i n +  0 -1 4 0  x  %  l a c t o s e ) .

A n  i s  t h e  c a l c u l a t e d  r e f r a c t iv e  in d e x  in c r e m e n t  n e g le c t in g  t h e  c o n t r ib u t io n  o f  

t h e  m in e r a l  s a l t s ,  a n d  t h e  d e n s i t y  f a c t o r  1-03  e n a b le s  w /w  l a c t o s e  a n d  p r o t e in  v a l u e s  

t o  b e  u s e d .  W h e n  t h e  A n ' v a l u e s  w e r e  p l o t t e d  a g a i n s t  s .n .f ., t h e  s c a t t e r  w a s  r e d u c e d  

l e a d in g  t o  a  lo w e r  c o e f f ic ie n t  o f  v a r i a t i o n  o f  1 - 5 % . T h i s  d e c r e a s e  in  s c a t t e r  w a s  p a r t i c u 

l a r l y  a p p a r e n t  a t  h ig h  a n d  lo w  s .n .f . v a l u e s  a n d  c o n f i r m s  t h a t  v a r i a t i o n s  in  t h e  l a c 

t o s e / p r o t e in  r a t i o  a r e  p a r t i a l l y  r e s p o n s ib le  f o r  d e v i a t i o n s  f r o m  t h e  l in e a r  r e la t io n s h ip  

b e t w e e n  A n  a n d  s .n .f .
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R e fra c t iv e  in d e x  o f  co n d en sed  m ilk
F i g .  1 r e c o r d s  t h e  r e s u l t s  o b t a i n e d  f o r  a  s e r ie s  o f  c o n d e n s e d  s e p a r a t e d  a n d  c o n d e n s e d  

w h o le  m i lk  s a m p l e s  p r e p a r e d  f r o m  t h e  s a m e  b u lk  m i lk  s u p p l y .  T h e  e x p e r im e n t a l l y  

d e t e r m in e d  r e la t io n s h ip  b e t w e e n  A n  a n d  s .n .f . w / v f o r  c o n d e n s e d  s e p a r a t e d  m i lk  i s  

id e n t i c a l  w ith  t h a t  c a l c u l a t e d  f r o m  t h e  r e f r a c t iv e  i n d e x  a n d  c o m p o s i t io n  o f  w h o le  m i lk  

u s in g  e q u a t i o n  (2 ) t o  o b t a i n  t h e  d e n s i t i e s  o f  t h e  s e p a r a t e d  m i lk  f r a c t io n s .  S in c e  t h i s  

r e la t io n s h ip  i s  l in e a r ,  t h e  c a l c u l a t i o n s  o f  G lo v e r  &  G o u ld e n  (1 9 6 3 )  a r e  f u r t h e r  

c o n f ir m e d .

B o t h  s e p a r a t e d  m i lk  a n d  w h o le  m i lk  s h o w  c u r v i l in e a r  r e la t io n s h ip s  b e t w e e n  A n  
a n d  w /w  t o t a l  s o l id  c o n t e n t s ,  t h e  c u r v a t u r e  in c r e a s in g  a t  h ig h e r  s o l id s  c o n t e n t s .  

S in c e  c h a n g e s  in  f a t  c o n t e n t  o f  w h o le  m i lk  l e a d  t o  c o r r e s p o n d in g  c h a n g e s  in  t h e  t o t a l  

s o l id s  c o n t e n t  b u t  h a v e  n o  d i r e c t  e f f e c t  u p o n  t h e  r e f r a c t iv e  in d e x ,  t h e s e  r e s u l t s  c a n  

e a s i l y  b e  c o r r e c t e d  f o r  k n o w n  v a r i a t i o n s  in  f a t  c o n t e n t .  V a r i a t i o n s  in  t h e  l a c t o s e /  

p r o t e in  r a t i o  w ill  a f f e c t  t h e  s lo p e  o f  t h e  A?i /s .n .f . w /v  l in e  a n d  c a n  o n ly  b e  a l lo w e d  f o r  

i f  b o t h  t h e  s .n .f . w /v  a n d  A n  o f  e a c h  m i lk  s a m p l e  a r e  k n o w n .

Fig. 1. Variations of refractive index increment (An) of condensed-separated and condensed- 
whole milk with the s .n .f . and total solids content. $ , condensed-separated milk (s .n .f ., %, 
w/w); 0 5 condensed-separated milk (s .n .f ., % , w/v); A , condensed-whole milk (total solids, 
%, w/w); A, condensed-whole milk (s .n .f ., %, w/v. calculated).

CONCLUSIONS

T h e  r e s u l t s  o b t a i n e d  o n  m i lk  s a m p l e s  f r o m  i n d iv id u a l  c o w s  s h o w  t h a t  r e f r a c t iv e  

in d e x  m e a s u r e m e n t s  p r o v id e  a  p o s s ib l e  p h y s i c a l  m e t h o d  f o r  t h e  d e t e r m in a t io n  o f  

s .n .f . I n  c o m m o n  w it h  s e v e r a l  o t h e r  m e t h o d s ,  t h e  m e a s u r e d  p h y s i c a l  p r o p e r t y  h a s  

d i f f e r e n t  s e n s i t i v i t i e s  t o  l a c t o s e  a n d  p r o t e in .  S in c e  t h e  l a c t o s e / p r o t e in  r a t i o  i s  n o t  

c o n s t a n t  f o r  a l l  s a m p l e s ,  e r r o r s  in  s .n .f . a r e  i n t r o d u c e d  d u e  t o  v a r i a t i o n s  in  t h e  la c -  

t o s e / p r o t e in  r a t i o .  T h e  e x t e n t  o f  t h e s e  e r r o r s  d e p e n d s  u p o n  t h e  n a t u r e  o f  t h e  s a m p l e
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p o p u l a t i o n  a n d  m a y  w e ll  l e a d  t o  a  c o e f f ic ie n t  o f  v a r i a t i o n  g r e a t e r  t h a n  2 %  w h e n  

m i l k s  f r o m  d i f f e r e n t  b r e e d s  o f  c o w  a r e  in c lu d e d .  I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  a c c u r a c y  

o f  t h e  r e f r a c t o m e t r i c  m e t h o d  f o r  d e t e r m in a t io n  o f  s . n . f . i s  o f  t h e  s a m e  o r d e r  a s  t h a t  

o f  t h e  h y d r o m e t r i c  ( D r  S .  J .  R o w l a n d ,  p e r s .  c o m m .)  a n d  i n f r a  r e d  m e t h o d s  (G o u ld e n , 

u n p u b l i s h e d ) .

S in c e  r e f r a c t iv e  in d e x  p r o v i d e s  a  r a p id  m e a s u r e  o f  t h e  s .n .f . o f  c o n d e n s e d  m i lk ,  

i t  w o u ld  s e e m  t h a t  t h e  v a r i o u s  r e c o r d in g  f lo w - th r o u g h  d i f f e r e n t ia l  r e f r a c t o m e t e r s  n o w  

b e c o m in g  c o m m e r c ia l ly  a v a i l a b l e  m i g h t  w e ll  b e  e m p lo y e d  a s  c o n t r o l  d e v ic e s  in  

s y s t e m s  f o r  t h e  a u t o m a t i c  c o n t r o l  o f  c o n d e n s e d  m i lk  p l a n t s .  T h e  a c c u r a c y  o f  c o n t r o l  

w ill  d e p e n d  u p o n  t h e  v a r i a t i o n s  in  f a t  a n d  s .n .f . c o n t e n t s  a s  w e ll  a s  t h e  l a c t o s e /  

p r o t e in  r a t i o  o f  t h e  m i lk  s u p p l ie s  a v a i l a b l e .

T h e  a u t h o r  i s  i n d e b t e d  t o  M r  T .  H .  J .  T a y l o r  f o r  t h e  p r e p a r a t i o n  o f  c o n d e n s e d  

m i lk  s a m p l e s ,  t o  M r  A .  W . W a g s t a f f ,  M r s  J .  S .  M . C o n w a y  a n d  M r s  B .  H a r r i s  f o r  

a n a l y t i c a l  a s s i s t a n c e ,  a n d  t o  t h e  N . I . R . D .  S t a t i s t i c s  S e c t io n  f o r  h e lp  in  e v a l u a t i o n  o f  

t h e  r e s u l t s .
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INTRODUCTION

T h e  f i r s t  a t t e m p t s  t o  c o n t r o l  a c i d  a n d  f l a v o u r  d e v e lo p m e n t  in  b u t t e r  a n d  c h e e s e  

c o n s i s t e d  o f  k e e p in g  b a c k  c l e a n - f la v o u r e d  s o u r  m i lk ,  b u t t e r m i l k  o r  w h e y  a s  s t a r t e r .  

T h e  r e c o g n i t io n  o f  t h e  m a in  b a c t e r i a l  s p e c ie s  i n v o lv e d  l e d  t o  t h e  s e p a r a t e  p r o p a g a t i o n  

o f  n a t u r a l  c u l t u r e s  u n d e r  l a b o r a t o r y  c o n d it io n s .  C u l t u r e s  o b t a in e d  b y  s u c h  m e t h o d s  

s t i l l  f o r m  t h e  b a s i s  o f  m a n y  s o - c a l le d  c o m m e r c ia l  o r  m u l t i p le - s t r a in  s t a r t e r s  w h ic h  a r e  

w id e ly  u s e d  in  p r a c t i c e .  O th e r  m i x e d - s t r a in  s t a r t e r s  a p p e a r  t o  h a v e  b e e n  b le n d e d  

f r o m  p u r e  s t r a i n s  o f  k n o w n  c h a r a c t e r i s t i c s .  B u t t e r -  a n d  c h e e s e - m a k e r s  ju d g e  s u c h  

s t a r t e r s  b y  t a s t e ,  r a t e  o f  a c i d  d e v e lo p m e n t ,  s m e l l  a n d  a p p e a r a n c e ,  r e ly in g  o n  p a s t  

e x p e r ie n c e  o f  w h a t  c o n s t i t u t e s  a  g o o d  s t a r t e r .  M ix e d - s t r a in  s t a r t e r s  m a y  r e m a in  

a c t i v e  a n d  p r e s e r v e  t h e i r  c h a r a c t e r i s t i c s  f o r  s o m e  t im e ,  b u t  m a y  a l s o  lo s e  t h e i r  

a c t i v i t y  r a p i d l y  a c c o r d in g  t o  t h e  c o m p a t i b i l i t y  o f  t h e i r  s p e c ie s  a n d  s t r a i n s .

T h e  u s e  o f  s in g le - s t r a in  l a c t i c  s t r e p t o c o c c a l  s t a r t e r s  c o n s i s t in g  o f  s p e c ia l  s t r a i n s  

c h o s e n  m a i n l y  f o r  t h e ir  s o u r in g  a b i l i t y  a n d  u n i f o r m i t y  o f  p e r f o r m a n c e ,  a s  p io n e e r e d  

b y  W h i t e h e a d  o f  N e w  Z e a l a n d ,  c r e a t e d  a  s p l i t  b e t w e e n  t h e  a d h e r e n t s  o f  m u l t ip le -  

s t r a i n  a n d  s in g le - s t r a in  s t a r t e r s  b o t h  in  p r a c t i c e  a n d  in  t h e  l a b o r a t o r i e s .  M u lt ip le -  

s t r a i n  s t a r t e r s  w e r e  m o s t  i n t e n s i v e ly  s t u d i e d  b y  t a x o n o m i s t s ,  w h ile  s in g le - s t r a in  

s t a r t e r s  w e r e  a n  id e a l  s u b je c t  f o r  p h a g e  w o r k e r s ,  s i m p l y  b e c a u s e  t h e y  a r e  a r t i f a c t s  

c r e a t in g  i d e a l  c o n d it io n s  f o r  m u l t i p l i c a t i o n  o f  l y t i c  p h a g e s  in  t h e  c r e a m e r y .



T h e  c l a s s i f i c a t io n  a n d  t h e  c h a r a c t e r i z a t io n  o f  t h e  s t r a i n s  w h ic h  m a k e  n p  m u l t ip le -  

s t r a i n  s t a r t e r s  i s  n o t  d i f f ic u l t  w i t h  p r e s e n t  l a b o r a t o r y  m e t h o d s ,  a l t h o u g h  t h e  c o n 

n e x io n  b e t w e e n  t h e  o b s e r v e d  c h a r a c t e r i s t i c s  a n d  t h e  u s e f u ln e s s  o f  t h e  b a c t e r i a  a s  

s t a r t e r s  i s  a s  y e t  in c o m p le t e .
W e  s h a l l  a t t e m p t  in  t h i s  r e v ie w  t o  a s s e s s  c r i t i c a l ly  t h e  c a s e  b o t h  f o r  s in g le - s t r a in  

a n d  m u l t i p le - s t r a in  s t a r t e r s  a n d  i n d ic a t e  w h e r e  t h e r e  i s  c o m m o n  g r o u n d  f o r  r e s e a r c h .

4 2 0  B .  R e i t e r  a n d  A .  M o l i . e r - M a d s e n

COMPOSITION OP STA RTERS

T h e  s t a r t e r s  t o  b e  d i s c u s s e d  c o n s i s t  m a in ly  o f  o n e  o r  m o r e  o f  t h o s e  s p e c ie s  w h ic h  

in  t h e  7 th  e d i t io n  o f  B e r g e y ’s  M a n u a l  (l) a r e  c l a s s i f i e d  a s  g e n u s  I I  S tre p to c o c c u s , 
l a c t i c  g r o u p s ,  g e n u s  I I I  P e d io c o c c u s  a n d  g e n u s  I V  L e u co n o sto c .  A c c o r d in g  t o  t h e  

s p e c ie s  p r e s e n t ,  s t a r t e r s  m a y  b e  c l a s s i f i e d  a s  f o l l o w s :

I .  S in g le - s t r a in  s t a r t e r s :

(a )  S tre p to c o cc u s  la c t is  o r  S t r .  c rem o ris .
(b) S t r .  d ia c e t ila c t is .

I I .  M ix e d - s t r a in  s t a r t e r s :

(a ) S t r .  la c t is  o r  S t r .  c re m o r is  o r  b o t h .

(b) S t r .  la c t is ,  S t r .  c rem o ris  a n d  L e u c o n o sto c  c re m o r is . *

(c) S t r .  la c t is ,  S t r .  c re m o r is , S t r .  d ia c e t ila c t is  a n d  L e u c . c rem o ris .
(d) S t r .  la c t is ,  S t r .  c rem o ris  a n d  S t r .  d ia c e t ila c t is .
(e) S e v e r a l  s t r a i n s  o f  S i r .  d ia c e t ila c t is .

A p a r t  f r o m  t h e s e  s t a r t e r s  i t  i s  c l a im e d  t h a t  s o m e  e x i s t  c o n s i s t in g  s o le ly  o f  s t r a i n s  

o f  l e u c o n o s to c s ,  w h ic h  b y  a  p r o c e s s  o f  s e le c t io n  h a v e  a c q u i r e d  t h e  a b i l i t y  t o  g r o w  in  

t l i e  a b s e n c e  o f  s t r e p t o c o c c i  ( 2 , 3 ) .  S t a r t e r s  c o n t a in in g  p e d io c o c c i  a r e  a p p a r e n t l y  n o t  

u s e d .

O f  t h e  t y p e s  o f  s t a r t e r s  m e n t io n e d ,  t y p e s  l a ,  I I a  a n d  I I & a r e  e s p e c i a l ly  u s e d  in  

E n g l i s h - s p e a k i n g  c o u n t r ie s  f o r  t h e  m a n u f a c t u r e  o f  C h e d d a r  c h e e se .  T y p e  I I b w a s ,  

s e v e r a l  y e a r s  a g o ,  t h e  m o s t  w id e ly  u s e d  s t a r t e r  in  E u r o p e  a n d  t h e  U . S . A . ,  a n d  in  

r e c e n t  y e a r s  i t  h a s  b e e n  u s e d  e s p e c i a l ly  in  H o l l a n d ,  U .S .A .  a n d  N o r w a y .  S t a r t e r s  

o f  t y p e s  l i e  a n d  I I d  w e r e  p r o b a b l y  in t r o d u c e d  2 5 - 3 0  y e a r s  a g o  a n d  i n c r e a s e d  in  

p o p u l a r i t y  in  D e n m a r k  a n d  S w e d e n ,  a n d  g r a d u a l l y  r e p l a c e d  I I  b. I n  t h e  l a s t  1 - 2  

y e a r s ,  h o w e v e r ,  t y p e s  I I b a n d  l i e  h a v e  t e n d e d  t o  b e  u s e d  r a t h e r  m o r e .  S t a r t e r s  o f  

t y p e s  I&  a n d  l i e  a r e  n o t  n o r m a l ly  u s e d .

M e d ia  f o r  se lective  c o u n tin g  a n d  iso la t io n
W h e n  i n v e s t i g a t in g  t h e  b a c t e r i a l  f l o r a  o f  s t a r t e r s  i t  i s  o f  g r e a t  b e n e f i t  t o  u s e  a  

m e d iu m  w h ic h  h e lp s  in  b o t h  t h e  c o u n t in g  a n d  i s o l a t io n  o f  t h e  i n d iv id u a l  s p e c ie s ,  

t h e r e b y  g i v i n g  d i r e c t  in f o r m a t io n  a s  t o  w h ic h  t y p e  o f  s t a r t e r  i s  b e in g  i n v e s t i g a t e d .  

T h e  w o r k  o f  d e v e lo p in g  s u i t a b l e  m e d i a  h a s ,  in  t h e  m a in ,  h a d  t w o  o b je c t i v e s ;  f i r s t ,  

t o  d e v e lo p  a  m e d iu m  w h ic h  w ill  e n a b le  t h e  a r o m a - p r o d u c in g  s t r a i n s  S t r .  d ia c e t ila c t is  
a n d  L e u c . c rem o ris  t o  b e  i s o l a t e d  a n d  c o u n t e d  d i r e c t l y  f r o m  a  m i x e d - s t r a in  s t a r t e r ,

*  Leuconostoc cremoris is used throughout the text in preference to Leuc, citrovorum or Betacoccu-s 
cremoris, see p. 422.



a n d  s e c o n d ly  t o  d e v e lo p  a  m e d iu m  b y  w h ic h  t h e  o t h e r  s t r a i n s  o f  s t r e p t o c o c c i  c a n  b e  

id e n t i f i e d  a n d  i s o l a t e d .

F o r  i s o l a t in g  a n d  c o u n t in g  t h e  a r o m a  b a c t e r i a  t h r e e  m e d i a  h a v e  b e e n  d e v e lo p e d

4) w h ic h  a r e  k n o w n  r e s p e c t i v e ly  a s  W A C  1 / 2 % ,  W A C C A  1 / 2 %  a n d  W A C C A  1 % . 

B a s i c a l l y  t h e y  c o n s i s t  o f  w h e y  a g a r  t o  w h ic h  0-5  o r  1 %  o f  c a lc iu m  l a c t a t e  i s  a d d e d  in  

o r d e r  t o  i n h ib i t  t h e  g r o w t h  o f  S t r .  la c t i s  a n d  S t r .  c rem o ris .  T h e  W A C  m e d iu m  d o e s  

n o t  s u p p o r t  g r o w t h  o f  l e u c o n o s t o c s  a n d  i f  t h e i r  g r o w t h  i s  r e q u ir e d  a  f u r t h e r  1 - 4 %  

C a s a m i n o  a c i d  a n d  0 T  m g  M n /1  a r e  a d d e d .  T o  d i f f e r e n t i a t e  t h e  a r o m a  b a c t e r i a  f r o m  

th e  h o m o f e r m e n t a t iv e  s t r e p t o c o c c i  t h e  m e d iu m  i s  m a d e  c lo u d y  b y  t h e  a d d i t i o n  o f  a  

s u s p e n s io n  o f  c a l c iu m  c i t r a t e  in  c a r b o x y m e t h y l  c e l lu lo s e  im m e d i a t e l y  b e f o r e  u s e .  

O n  t h i s  m e d iu m  t h e  a r o m a  b a c t e r i a  p r o d u c e  c l e a r  z o n e s  a r o u n d  t h e i r  c o lo n ie s  a s  t h e y  

f e r m e n t  t h e  c i t r a t e ,  a n d  t h u s  c a n  b e  e a s i l y  d i s t i n g u i s h e d  f r o m  t h e  s t r e p t o c o c c i  w h ic h  

d o  n o t  f e r m e n t  c i t r a t e .

F o r  c o u n t in g  l e u c o n o s t o c s  in  a  s t a r t e r  w h ic h  c o n s i s t s  s o le ly  o f  t h i s  o r g a n i s m  a s  t h e  

a r o m a  p r o d u c e r ,  W A C C A  1 %  m e d iu m  i s  r e c o m m e n d e d  w ith  in c u b a t io n  a t  2 5  °C . 

F o r  s t a r t e r s  in  w h ic h  t h e  a r o m a  b a c t e r i a  c o n s i s t  e x c l u s iv e l y  o f  S t r .  d ia c e t i l a d i s ,  
W A C  1 / 2 %  m e d iu m  i s  r e c o m m e n d e d  w i t h  i n c u b a t io n  a t  3 0  °C . W h e r e  t h e  s t a r t e r  

c o n t a in s  b o t h  L e u c . c re m o r is  a n d  S t r .  d ia c e t i l a d i s ,  a n d  b o t h  s t r a i n s  h a v e  t o  b e  c o u n t e d ,  

t h e  u s e  o f  m e d iu m  W A C C A  1 /2  %  h a s  b e e n  f o u n d  t o  b e  b e s t  a s  S t r .  d ia c e t i l a d i s  i s  

s o m e w h a t  in h ib i t e d  b y  1 %  c a lc iu m  c i t r a t e .  O n  t h e  o t h e r  h a n d ,  1 %  c a lc iu m  c i t r a t e  

d o e s  n o t  in h ib i t  S t r .  d ia c e t i l a d i s  s u f f ic ie n t ly  t o  s e p a r a t e  S t r .  d ia c e t i l a d i s  f r o m  L e u c .  
c re m o r is ,  s o  t h a t  in  s t a r t e r s  w h ic h  c o n t a in  b o t h  t h e s e  s t r a i n s  s e l e c t iv e  c o u n t in g  i s  n o t  

p o s s ib le ,  a n d  d i f f e r e n t i a t io n  m u s t  b e  b y  m e a n s  o f  c o u n t s  o n  W A C  1 / 2 %  w h e r e  o n ly  

S t r .  d ia c e t i l a d i s  w ill  b e  c o u n t e d  a n d  W A C C A  1 /2  %  w h e r e  b o t h  s p e c ie s  p r o d u c e  

c o lo n ie s  w i t h  c le a r  z o n e s .  I f  t h e  n u m b e r  o f  L e u c . c re m o r is  i s  s m a l l  in  r e la t i o n  t o  t h e  

n u m b e r  o f  S t r .  d ia c e t i l a d i s ,  i t  i s  n o t  p o s s ib l e  t o  u s e  t h i s  m e t h o d .  T o  o v e r c o m e  t h i s  

p r o b le m  0 -3  i .u .  o f  p e n ic i l l in  m a y  b e  a d d e d  p e r  m l o f  W A C C A  1 /2  %  (5) t o  i n h ib i t  S t r .  
d ia c e t i l a d i s  a n d  o t h e r  s t r e p t o c o c c i .  T h e  r e s u l t a n t  p a r t i a l  in h ib i t io n  o f  L e u c . c rem o ris  
i s  n o t  s u f f ic ie n t  t o  h a v e  a n y  s i g n i f i c a n t  e f f e c t  o n  i t s  c o u n t .  B e c a u s e  o f  t h e  d i f f ic u l t y  

o f  p r e p a r in g  t h e s e  m e d i a  i t  h a s  b e e n  s u g g e s t e d  (6) t h a t  w h e y  a g a r  a n d  C a s a m in o  a c i d  

b e  r e p l a c e d  b y  c o m m e r c ia l  t o m a t o  ju i c e  a g a r  w h i l s t  r e t a i n in g  t h e  s t r e p t o c o c c a l  

i n h ib i t o r s  c a lc iu m  l a c t a t e  a n d  c a lc iu m  c i t r a t e .  T h i s  m e d iu m , k n o w n  a s  T J A C  1 /2  % ,  

g i v e s  t h e  s a m e  r e s u l t s  a s  W A C C A  1 /2  %  a n d  i s  m o r e  c o n v e n ie n t  t o  p r e p a r e  i f  w h e y  

i s  n o t  e a s i l y  a v a i l a b l e .  O th e r  m e d i a  in c o r p o r a t in g  t r y p t o n e  o r  t o m a t o  ju ic e ,  a n d  

s o d iu m  a z id e  o r  t e t r a c y c l in e  t o  i n h ib i t  t h e  h o m o f e r m e n t a t iv e  s t r e p t o c o c c i  (7,8), h a v e  

b e e n  f o u n d  u s e f u l  f o r  t h e  i s o l a t io n  a n d  e n u m e r a t io n  o f  l e u c o n o s t o c s .  T h e  in h ib i t io n  

o f  a l l  t h e  s t r e p t o c o c c i  b y  t h e s e  m e d ia  m e a n s ,  h o w e v e r ,  t h a t  t h e y  c a n n o t  b e  u s e d  fo r  

th e  c o u n t in g  o f  S t r .  d ia c e t i l a d i s .  A ls o  s e l e c t i v i t y  f o r  L e u c . c re m o r is  a p p e a r s  t o  b e  

s o m e w h a t  l e s s  w h e n  u s in g  s o d iu m  a z id e  t h a n  w h e n  p e n ic i l l in  o r  t e t r a c y c l in e  i s  u s e d .

W it h  t h e  u s e  o f  c a l c iu m  c i t r a t e  s u s p e n s io n  a s  a n  in d ic a t o r  f o r  c i t r a t e - f e r m e n t in g  

b a c t e r i a ,  o f  c a l c iu m  c i t r a t e  f o r  s e l e c t iv e  in h ib i t io n  o f  S t r .  la c t is  a n d  S t r .  c re m o r is ,  
a n d  o f  s u i t a b l e  a n t i b io t i c s  f o r  g e n e r a l  in h ib i t io n  o f  s t r e p t o c o c c i ,  e a s i e r  a n d  b e t t e r  

m e t h o d s  f o r  i s o l a t in g  a n d  c o u n t in g  S t r .  d i a c e t i l a d i s  a n d  L e u c . c rem o ris  in  s t a r t e r s  

a r e  n o w  a v a i l a b l e .  I n  a d d i t i o n ,  m e d i a  h a v e  b e e n  d e v e lo p e d  w ith in  r e c e n t  y e a r s  f o r  

t h e  i s o l a t io n  a n d  c o u n t in g  o f  d i f f e r e n t  s p e c ie s  o f  h o m o f e r m e n t a t iv e  s t r e p t o c o c c i  in  

s t a r t e r s .  B y  u s e  o f  t h e  m o d i f ie d  t e t r a z o l i u m - n i t r a t e - h a e m o g l o b i n - a r g i n i n e  a g a r

B a c t e r io l o g y .  S t a r t e r s  4 2 1
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o f  J e p s e n ( 9 )  d i f f e r e n t ia t io n ,  b a s e d  o n  c o lo u r  o f  c o lo n y , c a n  b e  m a d e  b e t w e e n  t h o s e  

s t r a i n s  w h ic h  h y d r o ly s e  a r g in in e  a n d  t h o s e  w h ic h  d o  n o t  p o s s e s s  t h i s  p r o p e r t y  (M o lle r -  

M a d s e n ,  u n p u b l i s h e d ) .

D i f f e r e n t ia t io n  o f  S t r .  la c t is  a n d  i t s  v a r i a n t s  f r o m  S t r .  c re m o r is  c a n  b e  a c h ie v e d  o n  

y e a s t - e x t r a c t  t r y p t o n e  a g a r ,  c o n t a in in g  a r g in in e  (io> o r  c i t r a t e  (5) t o g e t h e r  w i t h  

2 ,3 ,5 - t r ip h e n y l t e t r a z o l iu m  c h lo r id e .  H o w e v e r ,  u s in g  t h i s  m e d iu m  t h e  D a n i s h  w o r k e r s  

f o u n d  t h a t  S t r .  d ia c e t ila c t is  p r o d u c e d  g r e y  c o lo n ie s  o f  t h e  s a m e  s iz e  a s  t h o s e  o f  

S t r .  la c t is .
T h e  m e d i a  d i s c u s s e d  a r e  d i a g n o s t i c  r a t h e r  t h a n  s p e c ia l l y  s e l e c t iv e ,  b u t  t h e y  h a v e  

c o n t r ib u t e d  t o w a r d s  t h e  i d e n t i f i c a t io n  o f  t h o s e  s t r e p t o c o c c i  w h ic h  a r e  n o r m a l l y  

f o u n d  in  s t a r t e r s .
T a x o n o m y  a n d  c la s s i f ic a t io n

E a r l y  w o r k  o n  t h e  t a x o n o m y  o f  s t a r t e r  b a c t e r i a  w a s  c o n c e r n e d  w i t h  c l a s s i f i c a t i o n  

w i th in  t h e  g e n u s  S tre p to c o cc u s  a n d  r e s u l t e d  in  t h e  r e c o g n i t io n  o f  t h e  g r o u p  N  s t r e p t o 

c o c c i  in  1 9 3 7  (H,i2).  M o re  r e c e n t  w o r k  h a s  b e e n  c o n c e r n e d  w ith  t h e  s e p a r a t i o n  o f  t h e  

v a r i o u s  s p e c ie s  o f  g r o u p  N  s t r e p t o c o c c i  a n d  w i t h  t h e  d i f f e r e n t i a t io n  o f  t h e  g e n e r a  

L e u c o n o sto c  a n d  P e d io c o c c u s .  N u m e r o u s  i n v e s t i g a t io n s  o f  t h e  b io c h e m is t r y  a n d  

p h y s i o l o g y  o f  t h e s e  o r g a n i s m s  (13-20), c h r o m a t o g r a p h ic  a n a l y s i s  o f  t h e  f r e e  a m in o  

a c i d s  o f  t h e  c e ll  (2 1 , 2 2 ), c a r b o h y d r a t e  a n d  a m in o  a c i d  c o m p o s i t io n  o f  t h e  c e ll  w a l l s  

(23,24) a n d  n u t r i t io n a l  s t u d i e s  (25,26) h a v e  h e lp e d  t o  c l a r i f y  t h e  g e n e r a  a n d  s p e c ie s .  

O n c e  t h e  g e n e r a  a n d  s p e c ie s  o c c u r r in g  in  s t a r t e r s  a n d  d a i r y  p r o d u c t s  h a d  b e e n  e s t a b 

l i s h e d ,  d i f f e r e n t i a t io n  o f  s t r a i n s  w a s  m a d e  b y  p h a g e  t y p i n g ,  o r , m o r e  r e c e n t ly ,  b y  

s e r o lo g ic a l  m e t h o d s .

T h e  f i r s t  s p e c ie s  o f  t h e  g r o u p  N  s t r e p t o c o c c i  t o  b e  r e c o g n iz e d  w e r e  S t r .  la c t i s  a n d  

S t r .  c re m o r is .  T h e  c r i t e r ia  o f  S h e r m a n  a n d  h i s  c o l l a b o r a t o r s  f o r  s e p a r a t i n g  t h e s e  t w o  

s p e c ie s  a r e  s t i l l  u s e d  in  t h e i r  o r ig in a l  f o r m  (27-30,14,15). S t r .  d ia c e t ila c t is  a s  a  t h i r d  

p o s s ib l e  s p e c ie s  w a s  d e s c r i b e d  l a t e r ( 3 i ,32), a n d  h a s  b e e n  o f  c o n s id e r a b le  e c o n o m ic  

i m p o r t a n c e ,  p a r t i c u l a r l y  in  E u r o p e ,  b e c a u s e  o f  i t s  c o n t r ib u t io n  t o  t h e  a r o m a  o f  d a i r y  

p r o d u c t s .  A p a r t  f r o m  i t s  a b i l i t y  t o  u t i l iz e  c i t r a t e  w i t h  t h e  f o r m a t io n  o f  C 0 2, a c e t o in  

a n d  d i a c e t y l ,  S t r .  d ia c e t ila c t is  a p p e a r s  t o  b e  id e n t i c a l  w ith  S t r .  l a c t i s (14,15,25,26).

L a b o r a t o r y  t e s t s  t o  d i s t i n g u i s h  S t r .  d ia c e t ila c t is  f r o m  S t r .  la c t is  h a v e  b e e n  b a s e d  o n  

t h e  d e t e c t io n  o f  a c e t o in  a n d  d i a c e t y l  b y  t h e  V o g e s - P r o s k a u e r  r e a c t io n  ( V P  t e s t ) .  

P a l s e  n e g a t iv e  r e s u l t s  c a n ,  h o w e v e r ,  b e  o b t a i n e d  b e c a u s e  o f  t h e  r e d u c t io n  o f  a c e to in  

t o  b u t a n - 2 ,3 - d io l  b y  s o m e  b a c t e r i a .  T h i s  w a s  r e p o r t e d  f o r  le u e o n o s t o c s  ( b e t a c o c c i )  

a s  e a r ly  a s  19  39(33-35) a n d  r e c e n t ly  f o r  S t r .  d ia c e t ila c t is  c u l t i v a t e d  in  c re a m (3 6 ). 

T h e r e  i s  a  r a p i d  p r o d u c t i o n  o f  a c e t o in  d u r in g  t h e  f i r s t  12  h  w h ic h  i s  fo l lo w e d  b y  a  

r a p i d  d e s t r u c t i o n  in  t h e  n e x t  12  h . C o n t a m i n a t i n g  o r g a n i s m s  in  d a i r y  p r o d u c t s  c a n  

a l s o  c a u s e  d e s t r u c t i o n  o f  a c e t o in .  R e c e n t  p u b l i c a t i o n s  h a v e  s h o w n  t h a t  a  v a r i e t y  o f  

b a c t e r i a  c a n  b r e a k  d o w n  d i a c e t y l ,  f o r  e x a m p l e  G r a m - n e g a t i v e  o r g a n i s m s ,  (37) 

m ic r o c o c c i  (38) a n d  S t r .  f a e c a l i s  (39). A  r e c e n t  r e p o r t  (40) i n d ic a t e s  t h a t  S t r .  la c t is  a n d  

S t r .  c rem o ris  a l s o  c o n t a in  d i a c e t y l  r e d u c t a s e  a n d  h a v e  s o m e  d e s t r u c t i v e  e f f e c t  o n  

d i a c e t y l .  N e v e r t h e l e s s ,  t h e  V P  t e s t  h a s  b e e n  c l a im e d  t o  d i s t i n g u i s h  S t r .  d ia c e t ila c t i s  
f r o m  le u e o n o s to c s (4 i ,4 2 ) .  A c c o r d in g  t o  t h e s e  p u b l i c a t i o n s ,  s t a r t e r s  w h ic h  c o n t a in  

S t r .  d ia c e t ila c t is  h a v e  r e l a t i v e l y  m i ld  r e d u c in g  p r o p e r t i e s  so  t h a t  t h e  s t a r t e r  c o n t in u e s  

t o  g i v e  a  p o s i t iv e  V P  r e a c t io n  f o r  s e v e r a l  d a y s ,  b u t  c u l t u r e s  c o n t a in in g  le u e o n o s t o c s  

( b e t a c o c c i )  h a v e  g e n e r a l l y  a  g r e a t e r  r e d u c t io n  p o t e n t i a l  a n d  g i v e  a  n e g a t iv e  V P



t e s t  b y  t h e  t im e  t h e  m i lk  b e c o m e s  c o a g u l a t e d .  T h e  V P  t e s t  c a n  b e  o f  c o n s id e r a b le  

v a l u e  in  r o u t in e  i n v e s t i g a t io n s  o f  s t a r t e r  c u l t u r e s ,  e v e n  i f  i t  i s  c f  d o u b t f u l  v a l u e  w h e n  

i n v e s t i g a t in g  t h e  b io c h e m ic a l  p r o p e r t i e s  o f  a n  o r g a n i s m .

I t  i s  d e f in i t e ly  d e s i r a b l e  t o  e s t a b l i s h  w h e t h e r  a  s t r a i n  u t i l iz e s  c i t r a t e  (42,43). T h e  

f a c t  t h a t  s t r a i n s  o f  S t r .  d ia c e t ila c t is  h a v e  b e e n  f o u n d  w h ic h  c o n t a in  d i a c e t y l  r e d u c t a s e ,  

r e d u c in g  d i a c e t y l  t o  a c e t o in  m a y  b e  t h e  r e a s o n  f o r  t h e  a p p e a r a n c e  in  t h e  l i t e r a t u r e  o f  

s t r a i n s  d e s c r ib e d  a s  S t r .  la c t is  v a r .  d ia c e t ila c t is  a n d  S t r .  la c t is  v a r .  a c e to in ic u s ,  r e s p e c 

t i v e l y  (44). S o m e  s t r a i n s  o f  S t r .  la c t is  a n d  S t r .  c re m o r is  c a n  g i v e  a  p o s i t iv e  V P  r e a c t io n  

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

o f  c o n d e n s in g  ‘ a c t i v e  ’ a c e t a l d e h y d e  t o  a c e t o in  (19) a s  h a s  b e e n  d e m o n s t r a t e d  f o r  s o m e  

l a c t o b a c i l l i  (46). I t  h a s  b e e n  s u g g e s t e d  t h a t  s u c h  a n o m a l o u s  s t r a i n s  s h o u ld  b e  n a m e d  

S t r .  la c t is  v a r .  a r o m a t ic u s  a n d  S t r .  c re m o r is  v a r .  a r o m a t ic u s ,  r e s p e c t i v e ly  (45). T h i s  i s  

h a r d l y  a p p r o p r i a t e  a s  w e  k n o w  t h a t  u n d e r  c e r t a in  c o n d it io n s  a l l  t h e  s p e c ie s  c a n  p r o 

d u c e  u n u s u a l l y  l a r g e  a m o u n t s  o f  p r o d u c t s  o t h e r  t h a n  l a c t i c  a c i d  ( s e e  s e c t io n  o n  c a r b o 

h y d r a t e  f e r m e n t a t io n ) .

A n o t h e r  s o u r c e  o f  c o n fu s io n  a r i s e s  f r o m  t h e  f a c t  t h a t  s t r a i n s  o f  S t r .  d ia c e t ila c t is  
c a n  v a r y  in  t h e i r  a b i l i t y  t o  f e r m e n t  c i t r a t e  (47). I t  h a s  b e e n  r e p e a t e d l y  o b s e r v e d  t h a t  

a  s t r a i n  o f  S t r .  d ia c e t ila c t is  c a n  e v e n  lo s e  i t s  a b i l i t y  t o  f e r m e n t  c i t r a t e  a n d  r e g a in  i t  

u n d e r  d i f f e r e n t  c u l t u r a l  c o n d it io n s .  C i t r a t e  f e r m e n t a t i o n  i s  d u e  t o  t h e  c o n s t i t u t i v e  

e n z y m e  c i t r i t a s e  (48-50) a n d  t h e  f a i l u r e  o f  c e r t a in  s t r a i n s  t o  f e r m e n t  c i t r a t e  m a y  b e  

c a u s e d  b y  t h e  l o s s  o f  a  c i t r a t e  p e r m e a s e  w h ic h  t r a n s p o r t s  t h e  c i t r a t e  a c r o s s  t h e  c e ll  

b a r r i e r .  I n t a c t  c e l ls  w h ic h  d o  n o t  p o s s e s s  t h i s  p e r m e a s e  s y s t e m  a r e  u n a b l e  t o  f e r 

m e n t  c i t r a t e  a l t h o u g h  c e l l  f r e e  e x t r a c t s  c o n t a in  t h e  c i t r i t a s e .  N a t u r a l l y ,  s u c h  

s t r a i n s  c a n  b e  m i s t a k e n  f o r  S t r .  la c t is .  S t r .  d ia c e t ila c t is  i s  t h e r e f o r e  b y  s o m e  w o r k e r s  

r e g a r d e d  a s  a  s u b - s p e c ie s  o f  S t r .  la c t is  (32) a n d ,  in d e e d ,  in  B e r g e y ’s  M a n u a l  (i) t h e r e  

i s  n o  d i s t in c t io n  m a d e  b e t w e e n  c i t r a t e  u t i l i z in g  a n d  n o n - u t i l iz in g  s t r a i n s .  T h e r e  a r e  

a l s o  s t r a i n s  o f  S t r .  c re m o r is  w h ic h  c a n  f e r m e n t  c i t r a t e  (48,1 6 ) a n d  w h ic h  d i f f e r  f r o m  

S t r .  la c t is  a n d  S t r .  d ia c e t ila c t is  o n ly  in  t h e i r  r e s p o n s e  t o  t e m p e r a t u r e ,  p H  a n d  N a C l  

c o n c e n t r a t io n .

T h e  g e n e r a  L eu c o n o sto c  a n d  P e d io c o c c u s  m a y  a l s o  b e  c o n f u s e d  b u t  o n ly  t h e  f o r m e r  

i s  k n o w n  w it h  c e r t a in t y  t o  o c c u r  in  c o m m e r c ia l  m i x e d  s t a r t e r  c u l t u r e s .  A  s t u d y  o f  

s o m e  b io c h e m ic a l  r e a c t io n s  o f  8 8  s t r a i n s  o f  l e u c o n o s t o c s  h a s  b e e n  m a d e ( i3 ) .  T h e  

d e f in i t io n  o f  t h e  g e n u s  a s  g i v e n  in  S e r g e y ’s  M a n u a l  (i) w a s  a c c e p t e d ,  e x c e p t  t h a t  s t r a i n s  

f o r m in g  D L - la c t ic  a c i d  f r o m  g lu c o s e  w e r e  e x c l u d e d  a n d  o n ly  s t r a i n s  f o r m in g  d ( — ) 

l a c t i c  a c i d  w e r e  c o n s id e r e d  t o  b e  l e u c o n o s t o c s .  F u r t h e r m o r e ,  t h e  g e n u s  w a s  c h a r a c 

t e r iz e d  b y  t h r e e  t e s t s : i n a c t i v i t y  in  l i t m u s  m i lk  (n o  g a s  p r o d u c t io n  o r  r e d u c t io n  o f  

l i t m u s ) ; n o  p r o d u c t i o n  o f  N H 3 f r o m  a r g i n i n e ; a n d  g a s  p r o d u c t io n  f r o m  g lu c o s e  in  a  

f o r t i f ie d  m e d iu m . T h e  g e n u s  w a s  s u b d i v i d e d  in t o  L e u c . c rem o ris  ( g r o u p  1 ), L e u c .  
la c t is  ( g r o u p  2 ) , L e u c . d e x tra n ic u m  ( g r o u p  4 ) a n d  L e u c . m e sen te ro id e s  ( g r o u p s  3 , 5  a n d

6 ). T h e  n a m e  L e u c . c re m o r is  w a s  p r e f e r r e d  in  d e s i g n a t i n g  t h e  s p e c ie s  k n o w n  a s  B e ta -  
co ccu s c re m o r is  (5i) a n d  in  p r e f e r e n c e  t o  L e u c . c itro v o ru m  w h ic h  h a d  b e c o m e  c o n f u s e d  

w ith  P e d io c o c c u s  c e re v is ia e (52). I t  a p p e a r s ,  h o w e v e r ,  t h a t  w h ile  t h e r e  a r e  s o m e  

d i f f e r e n c e s  b e t w e e n  t h e  s p e c ie s  o f  l e u c o n o s t o c s ,  a  c le a r  d iv i s io n  b e t w e e n  t h e m  i s  n o t  

y e t  p o s s ib l e  (14,15).

P e d io c o c c i  h a v e  b e e n  c o n f u s e d  w i t h  l e u c o n o s t o c s  b e c a u s e  b o t h  a r e  G r a m - p o s i t i v e  

c o c c i  a n d  b o t h  a r e  i n a c t i v e  in  l i t m u s  m i lk .  S o m e  p e d io c o c c i  fo r m  a c e t o in  f r o m
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g lu c o s e  a n d  s o m e  f a i l  t o  fo r m  N H 3 f r o m  a r g in in e .  H o w e v e r ,  t h e  t w o  g e n e r a  c a n  b e  

d i s t in g u i s h e d  m o r p h o lo g ic a l ly .  I n  a d d i t i o n  t h e  p e d io c o c c i  p r o d u c e  e i t h e r  i n a c t i v e  o r  

l ( +  ) l a c t i c  a c i d  f r o m  s u g a r ,  d o  n o t  f o r m  g a s  f r o m  g lu c o s e  (17-20,53), a n d  a p p e a r  t o  

c o n t a in  m o r e  a s p a r a g i n e  in  t h e  c e l l  w a l l  t h a n  t h e  le u c o n o s to c s (2 3 ) . T h e  u n c e r t a in t i e s  

o f  d i f f e r e n t i a t io n  b e t w e e n  t h e  tw o  g e n e r a  a r e  v e r y  l ik e ly  t h e  e x p l a n a t io n  f o r  t h e  

c l a im s  t h a t  s t r a i n s  o f  l e u c o n o s t o c s  c a n  b e  c u l t i v a t e d  in  u n f o r t i f ie d  s k im - m i lk  a n d  

t h e r e fo r e  c a n  b e  u s e d  a s  s in g le - s t r a in  s t a r t e r s  p r o d u c in g  a r o m a  c o m p o u n d s .  S u c h  

s t r a i n s  h a v e  b e e n  c o n s id e r e d  t o  b e  in t e r m e d i a t e  b e t w e e n  S t r .  d ia c e t ila c t is  a n d  l e u c o 

n o s t o c s  (2,3), b u t  i t  i s  n o w  c le a r  t h a t  t h e  o r g a n i s m s  s t u d i e d  w e re  b e t a c o c c i ,  p a r t i c u 

l a r l y  B e to co ccu s  c re m o r is  c o m m o n ly  f o u n d  in  E u r o p e a n  s t a r t e r s  a n d  n o w  c a l le d  

L e u c . c itro v o ru m  o r  L e u c . c re m o r is  (13).

W h e n  i t  i s  n e c e s s a r y  t o  d i s t i n g u i s h  s t r a i n s  w i th in  a  k n o w n  s p e c ie s  s e r o lo g ic a l  o r  

p h a g e  t y p i n g  c a n  b e  u s e d .  S e r o lo g ic a l  t y p i n g  o f  t h e  g r o u p  N  s t r e p t o c o c c i  f a i l e d  (54) 

b e c a u s e  t h e  s t r a i n s  s h o w e d  s u c h  a  m u l t i p l i c i t y  o f  r e a c t io n s  w i t h  r a b b i t  a n t i s e r a  

a n d  t h i s  h a s  r e c e n t ly  b e e n  c o n f ir m e d  ( R e i t e r ,  d i  B i a s e  &  N e w b o u ld ,  u n p u b l i s h e d ) .  

I n f u s i o n  o f  l iv in g  o r g a n i s m s  in t o  t h e  c o w ’s  u d d e r ,  h o w e v e r ,  g a v e  h ig h  c o n c e n t r a t io n s  

o f  a n t i b o d ie s  in  t h e  b l o o d  a n d  m i lk ,  a n d  i t  w a s  fo u n d  p o s s ib le  t o  d iv id e  a  n u m b e r  o f  

s t r a i n s  w i t h  k n o w n  p h a g e  r e la t i o n s h i p s  (55) in t o  f o u r  g r o u p s  b y  t h e i r  a g g l u t i n a t i o n  

r e a c t io n s .  T h e s e  g r o u p s  c o in c id e d  w i t h  t h e  p h a g e  r e a c t io n s ,  a s  m i g h t  b e  e x p e c t e d  

s in c e  p h a g e  s u s c e p t ib i l i t y  d e p e n d s  o n  s u r f a c e  a n t i g e n i c  p a t t e r n s .  I n  t h i s  c a s e ,  t h e r e 

fo r e ,  p h a g e  t y p i n g  w a s  n o t  c a p a b le  o f  s u b d i v i d i n g  s e r o lo g ic a l  g r o u p s  a s  h a s  b e e n  

f o u n d  w i t h  o t h e r  g e n e r a  a n d  s p e c ie s .  T h i s  i s  u n d o u b t e d l y  d u e  t o  t h e  l im i t a t i o n s  o f  

p h a g e  t y p i n g  w i t h  l y t i c  p h a g e s .  T w o  s u c c e s s f u l  m e t h o d s  o f  s u b d i v i d i n g  s e r o lo g ic a l  

g r o u p s  h a v e  b e e n  d e v i s e d .  T e m p e r a t e  o r  a v i r u le n t  p h a g e s  ( c a p a b l e  o f  l y s o g e n iz a t io n  

o f  t h e  h o s t )  a r e  u s e d  f o r  t y p i n g  s t a p h y l o c o c c i  (56,57); a n d  s a lm o n e l l a e  a r e  t y p e d  b y  

t h e  V i  p h a g e  t y p i n g  s c h e m e  (58), w h ic h  i s  b a s e d  o n  a d a p t a t i o n  o f  p h a g e ,  n o w  r e c o g n iz e d  

t o  b e  a  h o s t - in d u c e d  m o d i f ic a t io n  (59,60). S o m e  w o r k e r s  h a v e ,  in  f a c t ,  u s e d  t h i s  a d a p t a 

t io n  w h e n  t h e y  w e r e  d e a l in g  w i t h  s t a r t e r  s t r a i n s  a g a i n s t  w h ic h  t h e y  h a d  n o  l y t i c  

p h a g e s  (61,55). H o w e v e r ,  s o  f a r  n o  s y s t e m a t i c  a p p r o a c h  h a s  b e e n  m a d e  a l t h o u g h  

i t  h a s  b e e n  c o n c lu s iv e ly  d e m o n s t r a t e d  t h a t  h o s t - in d u c e d  m o d i f ic a t io n s  c a n  b e  

p r o d u c e d  w i t h  s t r e p t o c o c c i  (61-64) ( s e e  a l s o  s e c t io n  o n  p h a g e ) .

I t  i s  p o s s ib l e  t h a t  r e c e n t  m e t h o d s  o f  c l a s s i f i c a t io n ,  g r o u p in g  b a c t e r i a  a c c o r d in g  t o  

t h e i r  o v e r a l l  s i m i l a r i t y  o f  c h a r a c t e r i s t i c s  (65,66) a n d  u t i l i z in g  c h r o m a t o g r a p h ic  a n a l y s i s  

o f  t h e  f r e e  a m in o  a c i d  p o o l  a n d  c e ll  w a l l ,  m a y  r e s o lv e  s o m e  o f  t h e  d i f f ic u l t ie s .  I n  t h i s  

c o n n e x io n  i t  m a y  b e  o f  in t e r e s t  t o  c i t e  t h e  v e r y  r e c e n t  f in d in g s  o f  D r  A . L .  D a v i s o n ,  

K i n g ’s  C o lle g e ,  U n i v e r s i t y  o f  D u r h a m  ( p e r s o n a l  c o m m u n ic a t io n )  t h a t  S t r .  la c t is  
N C T C  6 6 8 1  ( O r la - J e n s e n ,  O J )  c o n t a in s  g ly c e r o l  t e ic h o ic  a c i d  in  i t s  c e ll  w a l l ,  b u t  

S i r .  c re m o r is  H P  a n d  S t r .  d ia c e t ila c t is  D R C 2 d o  n o t .  T h e s e  r e s u l t s  r a t h e r  s u p p o r t  

t h e  v ie w  t h a t  S t r .  d ia c e t ila c t is  a n d  S t r .  la c t is  a r e  d i s t i n c t  s p e c ie s .

O n  t h e  o t h e r  h a n d ,  f o r  t h e  r o u t in e  d e t e r m in a t io n  o f  t h e  f lo r a  o f  s t a r t e r s  t h e  t e s t s  

g iv e n  in  T a b l e s  1 a n d  2 , o r  t h e  s e l e c t iv e  m e d ia  r e f e r r e d  t o  in  t h e  p r e v i o u s  s e c t io n ,  a r e  

u s u a l l y  su f f ic ie n t .  A  g r e a t  e x p e n d i t u r e  o f  e f f o r t ,  c o l l a t in g  v e r y  la r g e  n u m b e r s  o f  d a t a  

a n d  a n a l y s i n g  t h e m  s t a t i s t i c a l l y ,  m a y  t h e r e f o r e  b e  u n r e w a r d in g .  I n  a n y  c a s e ,  in  

i n v e s t i g a t i n g  a  l a r g e  n u m b e r  o f  s t r a i n s  m a n y  ‘ a t y p i c a l ’ s t r a i n s  m u s t  b e  a c c e p t e d .  

I t  i s  in d e e d  p o s s ib le  t o  f in d  a l l  o r  a l m o s t  a l l  o f  t h e  c o m b in a t io n s  o f  p r o p e r t i e s ,  f o r  

i n s t a n c e ,  b e t w e e n  t y p i c a l  S t r .  d ia c e t ila c t is ,  S t r .  la c t is  a n d  S i r .  c rem o ris  (1 6 ).
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T a b l e  1. D if fe r e n t ia t io n  o f  S t r e p t o c o c c u s  l a c t i s ,  S t r .  c r e m o r is  a n d  
S t r .  d ia c e t i l a c t i s ( i5 9 )

n h 3 Growth Growth Growth Acid from
from at with at ,----------- Citri-

arginine 4̂ O O i  % N ad pH 9 2 Maltose Dextrin tase
Sir. lactis + + + + + + _
Sir. cremoris — — _ — + -  (+> _
Sir. diacetilactis + + + + + + +

T a b l e  2 . D if fe r e n t ia t io n  o f  the S t r e p t o c o c c u s  l a c t i s  g ro u p ,  
a n d  L e u c o n o s t o c

Optical
activity

P e d io c o c c u s

NHS
from

.Reduction
of

Gas
from

Slime
from

of
lactic

Acid from

arginine litmus glucose sucrose acid Maltose Dextrin
Streptococcus 

lactis group
± + ± - Dextro ± +

Fediococcus ± — — — Inactive 
or dextro

+ —

Leuconostoc +

G en etics

± Laevo ± ±

I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e  f u n c t io n  o f  t h e  g e n e t i c  m a t e r i a l  i s  t o  d e t e r m in e  t h e  

s p e c if i c  c h e m ic a l  s t r u c t u r e  o f  e n z y m e s ,  a n d  t h a t  t h i s  o c c u r s  a s  a  r e s u l t  o f  in f o r m a t io n  

c o n t a in e d  in  t h e  d e o x y r ib o n u c le ic  a c i d  ( D N A )  o f  t h e  g e n e s  w h ic h  t h e r e f o r e  c o n t r o l  

t h e  p h y s io lo g ic a l  a n d  b io c h e m ic a l  p r o p e r t i e s  o f  t h e  c e l l .  I n  a d d i t i o n  t o  t h e  n o r m a l  

t r a n s f e r  o f  D N A  w h e n  a  b a c t e r i a l  c e l l  d i v i d e s ,  D N A  c a n  b e  t r a n s f e r r e d  f r o m  o n e  

c e l l  t o  a n o t h e r  in  t h r e e  d i f f e r e n t  w a y s — c o n ju g a t io n ,  t r a n f o r m a t io n  a n d  t r a n s d u c 
t io n  (67,68).

C o n ju g a t i o n  h a s  s o  f a r  b e e n  o b s e r v e d  o n ly  a m o n g  G r a m - n e g a t iv e  o r g a n i s m s  

( e n t e r o b a c t e r ia c e a e ,  v i b r i o s ,  p s e u d o m o n a d s  a n d  p r o b a b l y  a z o t o b a c t e r s ) .  I t  in v o lv e s  

a  p r o c e s s  w h e r e b y  s e x u a l l y  c o m p a t i b le  s t r a i n s  b e c o m e  t e m p o r a r i l y  f u s e d  a n d  t h e n  

s e p a r a t e .  D u r in g  t h i s  p r o c e s s  g e n e t i c  m a t e r i a l  i s  t r a n s f e r r e d  f r o m  t h e  ‘ m a l e ’ t o  t h e  

‘ f e m a l e ’ c e ll.

I n  t r a n s f o r m a t i o n ,  h ig h ly  p o ly m e r iz e d  D N A  e x t r a c t s  f r o m  ‘ d o n o r ’ c e l ls  c a n  b e  

t a k e n  u p  b y  i n t a c t  ‘ r e c i p i e n t ’ c e l ls ,  w h ic h  a c q u i r e  s o m e  o f  t h e  h e r e d i t a r y  t r a i t s  t h a t  

c h a r a c t e r i z e  t h e  d o n o r  c e l ls .  S o  f a r  t h e r e  a r e  o n ly  a  fe w  e x a m p l e s  o f  s u c c e s s f u l  

t r a n s f o r m a t i o n  e x p e r im e n t s  w ith  g r o u p  N  s t r e p t o c o c c i .  M o lle r - M a d s e n  &  J e n s e n  (69) 

( a n d  u n p u b l i s h e d )  s h o w e d  t h a t  D N A  e x t r a c t s  f r o m  S t r .  d ia c e t ila c t is  a n d  S i r .  la c t is  
v a r .  m a ltig e n e s  (d o n o r s )  t r a n s f e r r e d  t h e  c a p a c i t y  t o  f e r m e n t  c i t r a t e  a n d  p r o d u c e  

m a l t y  a r o m a  t o  S t r .  la c t is .  S a n d in e ,  E l l i k e r ,  A lle n  &  B r o w n  (70) a t t e m p t e d  t r a n s f o r 

m a t i o n  o f  s t r e p t o m y c i n  r e s i s t a n c e  w ith  D N A  e x t r a c t s  o f  a  s t r e p t o m y c i n  r e s i s t a n t  

s t r a i n  t o  4 0  s t r a i n s  o f  l a c t i c  s t r e p t o c o c c i ,  b u t  f a i l e d .  T h e j7 s u c c e e d e d ,  h o w e v e r ,  w ith  

t h e  s a m e  e x t r a c t s  in  t r a n s f e r r in g  s t r e p t o m y c i n  r e s i s t a n c e  t o  a  p r o v e n  c o m p e t e n t  

( t r a n s f o r m a b l e )  s t r a i n  o f  a n o t h e r  s p e c ie s  o f  s t r e p t o c o c c u s .

T r a n s d u c t io n  c a n  b e  o b s e r v e d  w ith  c e r t a in  s t r a i n s  o f  t e m p e r a t e  p h a g e s  w h ic h  a r e  

a b le  t o  in c o r p o r a t e  d u r in g  m a t u r a t i o n  p a r t  o f  t h e ir  h o s t ’s  D N A  a n d  t r a n s m i t  i t  t o
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a n o t h e r  b a c t e r iu m  w h e re  i t  m a y  b e c o m e  in c o r p o r a t e d  in t o  i t s  n u c le u s  (Ti). A  t y p i c a l  

e x a m p l e  i s  t h e  c a s e  o f  E .  co li  s t r a i n  K .  12 a n d  t h e  p h a g e  w h ic h  i s  l in k e d  c lo s e ly  t o ,  

a n d  c a n  t h u s  i n c o r p o r a t e ,  t h e  g e n e  c o n t r o l l in g  g a l a c t o s e  f e r m e n t a t io n .  S o  f a r  t h e  

o n ly  e x p e r im e n t s  o n  t r a n s d u c t i o n  w ith  s t a r t e r s  h a v e  b e e n  p u b l i s h e d  b y  S a n d in e  

et a l .  (70) a n d  A lle n ,  S a n d in e  &  E l l i k e r  (72). T h e s e  w o r k e r s  a c c o m p li s h e d  t r a n s d u c t i o n  

o f  t r y p t o p h a n  in d e p e n d e n c e  f r o m  a  s t r a i n  o f  S t r .  d ia c e t ila c t is  a n d  s t r e p t o m y c i n  

r e s i s t a n c e  f r o m  a  m u t a n t  o f  S t r .  la c t is  C 2 t o  t h e  p r o t o t r o p h  s t r a i n  S t r .  la c t i s  C 2, u s i n g  a  

v i r u le n t  (n o t  t e m p e r a t e ! )  p h a g e .  T h i s ,  h o w e v e r ,  a p p e a r s  t o  in v o lv e  a  c o n t r a d ic t io n  

b e c a u s e  i t  s e e m s  i m p o s s ib le  t h a t  a  l y s e d  r e c ip ie n t  c a n  e x p r e s s  a n y  t r a n s d u c e d  

h e r e d i t a r y  c h a r a c t e r i s t i c .  I n  t h e s e  e x p e r im e n t s  S t r .  la c t is  C 2 w a s  u s e d ,  w h ic h  i s  

p r o b a b l y  s im i l a r  t o  s t r a i n  C 10 w h ic h  h a s  b e e n  s h o w n  t o  c o n t a in  o v e r  10 3 p h a g e -  

r e s i s t a n t  c h a in s /m i l l io n  w h e n  m a i n t a i n e d  u n d e r  n o r m a l  c u l t u r a l  c o n d i t io n s  (73). 

F u r t h e r ,  i t  h a s  b e e n  fo u n d  ( R e i t e r  &  O r a m , u n p u b l i s h e d )  t h a t  p h a g e - r e s i s t a n t  m u 

t a n t s  o f  S t r .  la c t is  M L 3 a n d  C 10 a r e  s t i l l  c a p a b le  o f  a b s o r b in g  i t s  p h a g e .  I f  i t  c o u ld  b e  

s h o w n  t h a t  D N A  c a n  b e  i n je c t e d  u n d e r  t h e s e  c i r c u m s t a n c e s  i t  wro u ld  e x p l a in  w h y  a  

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

T h e r e  i s  l i t t l e  d o u b t  t h a t  g e n e t i c  e x p e r im e n t s  w ill  p r o v i d e  d a t a  o f  t a x o n o m i c  

i m p o r t a n c e  a n d  w ill  h e lp  u s  t o  u n d e r s t a n d  m o r e  f u l ly  t h e  b e h a v io u r  o f  t h e  m u l t ip le  

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

t io n  t h r o u g h  a u t o l y s i s  o f  c e l ls  m a y  t a k e  p la c e  in  n a t u r e .

^  In flu e n c e  o f  s ta r te r s  on  f la v o u r

T o  e s t im a t e  a r o m a - p r o d u c in g  p r o p e r t i e s  o f  a  s t a r t e r ,  a  q u ic k  a n d  a c c u r a t e  d e t e r 

m in a t io n  o f  t h e  a c e t o in  a n d  d i a c e t y l  c o n t e n t  i s  n e c e s s a r y .  A  d i s t i l l a t i o n  m e t h o d  h a s  

b e e n  d e v e lo p e d  (74) w h ic h  a c h ie v e s  a  9 9 %  y ie ld  o f  d i a c e t y l .  T h e  d i a c e t y l  (1 - 2 5 0  f ig )  
in  t h e  d i s t i l l a t e  i s  m e a s u r e d  c o lo r o m e t r ic a l ly ,  u s in g  d ia m in o b e n z id in c h lo r h y d r a t e ,  

w ith  a n  a c c u r a c y  o f  ±  T 6 % .  A  l a t e r  m e t h o d ,  i n v o lv in g  d i r e c t  p h o t o m e t r i c  d e t e r 

m in a t io n  o f  a c e t o in  a n d  d i a c e t y l  in  a  s o d iu m  t u n g s t a t e  f i l t r a t e  o f  t h e  s t a r t e r ,  i s  

s u i t a b l e  f o r  r o u t in e  d e t e r m in a t io n  o f  a c e to in  a n d  d i a c e t y l  (75). I n  a d d i t i o n  t o  t h e  

m e t h o d  f o r  s p e c if ic  d e t e r m in a t io n  o f  a c e t o in  a n d  d i a c e t y l ,  g a s  c h r o m a t o g r a p h y  

c a n  b e  u s e d  f o r  i n v e s t i g a t in g  a r o m a t i c  c o m p o u n d s  in  s t a r t e r s  a n d  d a i r y  p r o 

d u c t s  (7G, 77 1 .

T h e  p r o d u c t io n  o f  a c e to in  a n d  d i a c e t y l  w ith  d i f f e r e n t  s t a r t e r  c o m b in a t io n s  a n d  

u n d e r  d i f f e r e n t  p r o p a g a t i o n  c o n d it io n s  h a s  b e e n  s t u d i e d  a s  w e ll  a s  t h e  in f lu e n c e  o f  

t h e s e  a r o m a  c o m p o u n d s  o n  t h e  q u a l i t y  o f  b u t t e r  a n d  b u t t e r m i l k  (2,3,36,42,78-81). 

T h e s e  i n v e s t i g a t io n s  h a v e  sh o w n  t h a t  in  o r d e r  t o  o b t a in  g o o d  f l a v o u r e d  b u t t e r  a n d  

b u t t e r m i l k  t h e  s t a r t e r  s h o u ld  c o n t a in  a r o m a  p r o d u c in g  b a c t e r i a .  T h e  a c e t o in  a n d  

d i a c e t y l  c o n t e n t  o f  b o t h  t h e  s t a r t e r  a n d  b u t t e r  c a n  b e  in c r e a s e d  b y  a d d in g  l a c t o s e  (8 2 ), 

c i t r i c  a c id ,  p y r u v i c  a c id ,  o x a l a c e t i c  a c id  o r  b y  d e c r e a s in g  t h e  p H  t o  5-0(83) o r  b y  

a d d i t i o n  o f  m a n g a n e s e  (84,85), b u t  i t  i s  n o t  c e r t a in  t h a t  t h i s  i s  a l w a y s  a d v a n t a g e o u s ,  

f o r  b u t t e r  w i t h  a  h ig h  d i a c e t y l  c o n t e n t  i s  m o r e  s u s c e p t ib l e  to  o x i d a t i o n  (42,5).

T h e  a c e t a l d e h y d e  a n d  a c e t o n e  c o n t e n t s  o f  b u t t e r  h a v e  a l s o  b e e n  i n v e s t i g a t e d  (-se) 

a n d  i t  h a s  b e e n  s h o w n  t h a t  t h e  p r o p e r t y  o f  p r o d u c in g  a c e t a l d e h y d e  b y  d e c a r b o x y l a 

t io n  o f  p y r u v i c  a c i d  i s  a  g e n e r a l  p r o p e r t y  o f  S t r .  la c t is ,  S t r .  c re m o r is  a n d  S t r .  d ia c e t i
la c t is ,  w h e r e a s  t h e  p r o d u c t io n  o f  a c e t o n e  i s  a s s o c i a t e d  w ith  in d iv id u a l  s t r a i n s .



A  n u m b e r  o f  w o rk e rs  (42,85-87) h a v e  fo u n d  a  s u b s t a n t ia l  d iffe re n c e  in  th e  c o m 
p o s it io n  o f  th e  a r o m a  c o m p o n e n ts  in  s t a r t e r s  w h ic h  c o n ta in  o n ly  S t r .  d i a c e t i l a c t i s  

a s  a r o m a  b a c t e r ia  a n d  in  th o se  w h ich  c o n ta in  L e u c .  c r e m o r i s .  I n  s t a r t e r s  w h ich  
c o n ta in  o n ly  S t r .  d i a c e t i l a c t i s ,  a c e ta ld e h y d e  i s  a lw a y s  fo u n d  a n d  th is  m a y  b e  th e  
r e a so n  fo r  th e  c h a r a c te r is t ic  ‘ y o g h u r t  f l a v o u r ’ fo u n d  in  su c h  s t a r t e r s  a n d  in  th e  r e 
su lt in g  b u t te r .  S t a r t e r s  c o n ta in in g  L e u c .  c r e m o r i s  p ro d u c e  le s s  a c e ta ld e h y d e  a n d  
d ia c e ty l  a n d  g iv e  a  b u t t e r  w ith  im p r o v e d  t a s t e  a n d  k e e p in g  q u a l ity . T h is  a p p e a r s  to  
b e  d u e  to  a  lo w e r o x id a t io n - re d u c t io n  p o te n t ia l  (5,88) w h ich  r e su lt s  in  a  d e c re a se d  
te n d e n c y  o f  th e  b u t t e r  to  o x id iz e .

T h e  f a u l t  ‘ m a l t y  t a s t e ’ in  b u t t e r  p r o d u c e d  b y  S i r .  l a c t i s  v a r .  m a lt i g e n e s  h a s  in  
re c e n t  y e a r s  b ee n  th e  o b je c t  o f  in v e s t ig a t io n s  e sp e c ia lly  in  U .S .A .  a n d  S c a n d in a v ia . 
A t  f ir s t  th e  fo rm a tio n  o f  a c e ta ld e h y d e  w a s  th o u g h t  to  b e  re sp o n s ib le , b u t  th i s  h a s  
s in c e  b ee n  d is p r o v e d  (89, 93), a n d  th e  m a l t y  f la v o u r  h a s  b e e n  sh o w n  to  b e  c a u se d  b y  th e  
fo rm a tio n  o f  3 - m e th y lb u ta n a l  th ro u g h  t r a n s a m in a t io n  a n d  d e c a r b o x y la t io n  o f  leu c in e .

T h e  h e a t  r e s is t a n c e  o f  S t r .  l a c t i s  v a r .  m a l t i g e n e s  a n d  i t s  h ig h  o p t im u m  te m p e r a tu r e  
m a k e  i t  n e c e s s a r y  to  e n su re  a d e q u a te  p a s te u r iz a t io n  o f  th e  m ilk  a n d  p r o p a g a t io n  
o f  th e  s t a r t e r  a t  lo w  te m p e r a tu r e s  in  o r d e r  to  re d u c e  i t s  in c id e n c e  to  a  lo w  le v e l (94,95). 

U n d e r  p r a c t ic a l  c o n d it io n s  a  s t a r t e r  c o n ta in in g  3 - 5  %  m a lt y  f la v o u r-p ro d u c in g  
b a c t e r ia  w ill a lw a y s  g iv e  th is  t a s t e  d e fe c t  in  b u t t e r  (96). I n  th is  c o n n e x io n  i t  sh o u ld  
b e  n o te d  th a t  v a r ia n t s  o f  S t r .  d i a c e t i l a c t i s  h a v e  b e e n  fo u n d  w h ich , l ik e  S t r .  l a c t i s  

v a r .  m a lt ig e n e s ,  c a n  p ro d u c e  m a lt y  f la v o u r  (97,98) a n d  th e re fo re  o u g h t  to  b e  c a lle d  
S t r .  d i a c e t i l a c t i s  v a r . m a lt ig e n e s .

W h ils t  o ld e r  m e th o d s  (99) w ere  c a p a b le  o f  d e te c t in g  th e  m a l t y  f la v o u r-p ro d u c in g  
s tre p to c o c c i  in  s t a r t e r  a t  a  le v e l o f  1 p a r t  in  103 p a r t s  o r  h ig h e r  a  m e th o d  h a s  b e e n  
d e v e lo p e d  b a s e d  o n  th e  g r e a te r  h e a t  r e s is t a n c e  a n d  o p t im u m  te m p e r a tu r e  o f  S t r .  

l a c t i s  v a r .  m a l t i g e n e s  w h ich , a f t e r  o n e  t r a n s fe r  o f  th e  c u ltu re  u n d e r  t e s t ,  c a n  d e te c t  
1 p a r t  o f  S t r .  l a c t i s  v a r .  m a l t i g e n e s  in  1010 p a r t s  o f  n o rm a l s t a r t e r  ;90). A  fu r th e r  m e th o d  
b a s e d  o n  c h r o m a to g r a p h y  o f  D N P  h y d r a z o n e s  c a n  d e te c t  th e  p re se n c e  o f  0-5 m g  
3 - m e th y lb u ta n a l  in  2 0 0  g  o f  s t a r t e r  o r  b u t t e r  (99).

I t  h a s  b e e n  sh o w n  (5) t h a t  th e  g ro w th  o f  L e u c .  c r e m o r i s  in  a  s t a r t e r  p r o d u c e s  
su b s ta n c e s  w h ich  re d u c e  th e  a ld e h y d e s  p ro d u c in g  m a lt y  f la v o u r  so  t h a t  in  a  s t a r t e r  
c o n ta in in g  5 - 1 0 %  L e u c .  c r e m o r i s  i t  i s  n o t  p o s s ib le  to  d e te c t  m a lt in e s s .  A  s t a r t e r  
m a y  th e re fo re  p ro d u c e  a  m a l t y  f la v o u r  w h ich  d i s a p p e a r s  o n  in o c u la t io n  in to  a n o th e r  
m ilk  b e c a u s e  o f  a  r e la t iv e ly  r a p id  g ro w th  o f  L e u c .  c r e m o r i s .  U n d e r  n o rm a l p r a c t ic e  
p r o p a g a t io n  m e th o d s  w ill e n su re  a n  a d e q u a te  d e v e lo p m e n t  o f  L e u c .  c r e m o r i s  in  
s t a r t e r s  a n d  p r e c a u t io n a r y  m e a su r e s  g u a r d in g  a g a in s t  in fe c t io n  w ill h a v e  a n  im p o r 
t a n t  in flu e n ce  in  th e  co n tro llin g  o f  m a l t y  f la v o u r  in  d a ir y  p r o d u c ts .

C h e e s e

T h e  in flu e n ce  o f  s t a r t e r  o n  ch ee se  q u a l i t y  w ill o n ly  b e  m e n tio n e d  b r ie fly , s in c e  i t  h a s  
b ee n  a d e q u a te ly  d e a l t  w ith  in  a  re v ie w  c o n c e rn in g  th e  f la v o u r  o f  C h e d d a r  ch ee se  (ioo).

D u r in g  m a t u r a t io n  h a r d  c h e e se s  g o  th ro u g h  a  b i t t e r  s t a g e  w h ich  n o rm a lly  d i s 
a p p e a r s  la te r .  M a n y  in v e s t ig a t io n s  (10 1- 1 0 6 ) h a v e  s t r e s s e d  t h a t  th e  l im ite d  p r o te o ly t ic  
a b i l i t y  o f  so m e  s t a r t e r  s t r a in s  m a y  b e  th e  re a so n  fo r  th e  f r e q u e n t ly  o c c u r r in g  f a u l t  
in  ch ee se  k n o w n  a s  ‘ b i t t e r n e s s  ’ . I t  w a s  c o n c lu d e d  t h a t  in  th e  m a n u fa c tu r e  o f  C h e d d a r  
ch ee se  o n ly  th o se  s in g le - s tr a in  c u ltu r e s  w h ic h  a re  k n o w n  to  p ro d u c e  a  c h e e se  w ith o u t  
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b it te r n e s s  sh o u ld  b e  u se d , o r  e lse  m ix e d  s t r a in  c u ltu re s  c o n ta in in g  n o n - b itte r  p r o 
d u c in g  s t r a in s  in  su c h  a  p ro p o r t io n  t h a t  th e  f a u l t  w o u ld  b e  a v o id e d .

T h e  in flu e n c e  o f  s t a r t e r  o n  th e  q u a l ity  o f  c o t ta g e  a n d  se m i-so ft  c h e e se s  h a s  a lso  
b e e n  in v e s t i g a t e d (14,38,1 0 7 - 1 1 2 ), a n d  i t  w a s  fo u n d  t h a t  th e  p ro b le m  o f  f lo a t in g  c u rd  
a n d  e x c e s s iv e  fo a m in g  c o u ld  b e  so lv e d  b y  se le c t io n  o f  s t a r t e r s  t h a t  w ere  fre e  fro m  
h e te r o fe r m e n ta t iv e  la c t ic  a c id  b a c te r ia .  I n  th e  p ro d u c t io n  o f  C h e d d a r  c h e e se  a n d  
se m i-h a rd  ch ee se , s t r a in s  o f  le u c o n o s to c s  h a v e  b e e n  sh o w n  to  p ro d u c e  c o n s id e ra b le  
a m o u n ts  o f  g a s  w h ich , d e p e n d in g  o n  th e  t y p e  o f  ch ee se , c a n  b e  e ith e r  a n  a d v a n 
t a g e  (113) o r  d i s a d v a n t a g e  (in ). O th e r  in v e s t ig a t io n s  sh o w  (1 1 5) t h a t  L e u c .  d e x t r a n i c u m  

a n d  L e u c .  m e s e n t e r o id e s  c a n  p ro d u c e  a n  a b n o r m a lly  la r g e  a m o u n t  o f  g a s  in  S w e d ish  
ch ee se  w h e re a s  L e u c .  c r e m o r i s  c a n  n o t .  S t r .  d i a c e t i l a c t i s  h a s  a lso  b e e n  fo u n d  to  b e  
c a p a b le  o f  d e v e lo p in g  g a s  in  ch ee se  (42). R e g u la t in g  th e  a r o m a  a n d  f la v o u r  in  c r e a m e d  
c o t t a g e  ch ee se  c a n  b e  a c h ie v e d  b y  a d d in g  0 2 —0 5  %  o f  a  c i t r a te d  w h e y  c u ltu r e  o f  
S t r .  d i a c e t i l a c t i s  ( lie ) .

P r o p a g a t i o n

S e v e r a l  f a c t o r s  a re  co n c e rn e d  in  th e  su c c e s s fu l  p r o p a g a t io n  o f  s t a r t e r s ,  a n d  tw o  o f  
"h ern , n a m e ly  in h ib ito ry  su b s ta n c e s  a n d  p h a g e  p re v e n t io n , a re  t r e a t e d  la te r  in  th is  
re v iew .

C o m p o s i t i o n  o f  m i l k

T h e  v a r ia t io n  f r e q u e n t ly  o b se rv e d  in  th e  s u i t a b i l i t y  o f  m ilk  a s  a  m e d iu m  fo r  s t a r t e r  
b a c t e r ia  h a s  le d  to  r e se a r c h  in to  so lu b le  N - c o m p o u n d s  in  fr e sh  m i lk ( i i " - i 2 0 ). I t  
a p p e a r s  t h a t  a l th o u g h  c e r ta in  v a r ia t io n s  m a y  o c c u r  in  th e  p e p t id e  a n d  p e p to n e  
c o n te n t  o f  m ilk  fro m  in d iv id u a l  co w s, th e  v a r ia t io n  in  p o o le d  h e rd  m ilk  i s  p r o b a b ly  
to o  sm a ll  to  e x p la in  w h y  s t a r t e r s  g ro w  w ell in  so m e  p o o le d  m ilk s  a n d  n o t  in  o th e rs . 
T o  o v e rc o m e  v a r ia t io n s  in  m ilk  c o m p o sit io n , i t  h a s  b e e n  re c o m m e n d e d  t h a t  th e  
s t a r t e r  sh o u ld  b e  g ro w n  p a r t ly  o r  w h o lly  in  r e c o n s t i tu te d  m ilk  p o w d e r  p r o d u c e d  in  
th o se  m o n th s  o f  th e  y e a r  w h ich , th r o u g h  e x p e r ie n c e , h a v e  b e e n  fo u n d  to  b e  m o s t  
su i ta b le  (121- 12.3 , 4 1 ). I t  h a s  a lso  b e e n  su g g e s te d  t h a t  th e  m ilk  sh o u ld  b e  e n r ic h e d  b y  th e  
a d d it io n  o f  e a s i ly  a c c e s s ib le  N - c o m p o u n d s , v i t a m in s  o r  s a l t s ,  so  t h a t  a  b e t t e r  g ro w th  
a n d  so u r in g  a c t iv i t y  c a n  b e  o b ta in e d . (S e e  se c t io n  on  n u tr it io n  a n d  m e ta b o lis m .)  
I t  h a s  b e e n  s u g g e s t e d  (124) t h a t  th e  a d d it io n  o f  0 - 2 %  p a n c r e a s - e x t r a c t  to  th e  s t a r t e r  
m ilk  co u ld  p e r m it  th e  u se  o f  fre e z e -d r ie d  c u ltu re  fo r  th e  p r e p a r a t io n  o f  b u lk  
s t a r t e r  (125). A  c le a r  s e a so n a l  v a r ia t io n  h a s  b ee n  fo u n d  in  m ilk  w h ic h  g o v e rn s  th e  
r a t io  b e tw e e n  L e u c .  c r e m o r i s  a n d  s t r e p to c o c c i  in  s t a r t e r s .  T h is  v a r ia t io n  c a n  b e  
c o n tro lle d  b y  th e  a d d it io n  to  th e  m ilk  o f  sm a ll  q u a n t i t ie s  o f  m a n g a n e se , w h e re b y  
th e  g ro w th  o f  L e u c .  c r e m o r i s  i s  s t im u la te d  (120,84,85).

T h e  p re se n c e  o f  c o lo s tru m , b e s id e s  h a v in g  a n  e ffe c t  o n  th e  f irm n e ss  o f  c o t t a g e  
ch ee se  c u r d ( i 2 7 ), a lso  in flu e n c e s th e  r a t io  o f  L e u c .  c r e m o r i s  a n d  s t r e p to c o c c i  in  
s t a r t e r s  (5). S e a s o n a l  v a r ia t io n s  in  c a lv in g  m a y , th e re fo re , e x p la in  th e  o b s e r v e d  v a r i a 
t io n s  in  th e  e ffe c t  o f  m ilk  on  s t a r t e r  g ro w th .

S t a r t e r s  c a n  b e  p r o te c te d  a g a in s t  p h a g e  b y  r e m o v a l  o f  th e  c a lc iu m  (ion  e x c h a n g e )  
o r  b y  ch e m ic a l s e q u e s t r a t io n  (see  se c t io n  o n  b a c te r io p h a g e  in  c h e e se m a k in g ). S o m e  
s t a r t e r s ,  in  p a r t ic u la r  m ix e d - s t r a in  s t a r t e r s ,  w ere  fo u n d  to  b e  le s s  a c t iv e  in  io n  
e x c h a n g e d  m ilk  (128-132) t h a n  in  u n tr e a te d  m ilk . I t  w a s  a lso  fo u n d  t h a t  th e  r a t e  o f  c itr ic  
a c id  fe r m e n ta t io n  a n d  n u m b e r s  o f  L e u c .  c r e m o r i s  in  m ix e d  s t a r t e r s  d e c r e a se d  w h en
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p r o p a g a t e d  in  d e c a lc if ie d  o r  c a lc iu m  se q u e s te r e d  m ilk  b e c a u s e  o f  th e  a p p a r e n t  c a l 
c iu m  re q u ir e m e n ts  o f  L e u c .  c r e m o r i s  (133). S t a r t e r  c o n ta in in g  L e u c .  c r e m o r i s  p r o d u c e s  
b u t t e r  w ith  a  b e t te r  q u a l i t y  t h a n  o n e  c o n ta in in g  o n ly  S t r .  d i a c e t i l a c t i s  a n d  i t  i s  th e r e 
fo re  re c o m m e n d e d  t h a t ,  u n t i l  m o re  i s  k n o w n  o f  th e  g ro w th  o f  a r o m a  b a c t e r ia  in  m ilk  
w ith  a  lo w  c a lc iu m  c o n te n t , su c h  m ilk  sh o u ld  n o t  b e  u se d  w h en  p r e p a r in g  s t a r t e r s  
fo r  b u t t e r  m a n u fa c tu r e .

P a s t e u r i z a t i o n  o f  s t a r t e r  m i l k

T h e  c h a n g e s  c a u se d  b y  p a s te u r iz a t io n  w h ich  a f fe c t  th e  s u i ta b i l i t y  o f  m ilk  a s  a  
m e d iu m  fo r  s t a r t e r  b a c t e r ia  h a v e  b e e n  in te n s iv e ly  in v e s t ig a t e d  a n d  o n ly  a  few  
re fe re n c e s  w ill b e  g iv e n  h e re  (134-141).

I t  h a s  b e e n  g e n e r a lly  fo u n d  t h a t  s t a r t e r  s t r e p to c o c c i  g ro w  a  l i t t le  b e t t e r  w h en  
m ilk  i s  h e a te d  to  6 0 - 7 0  °C  fo r  2 0 - 4 0  m in , a n d  e v e n  m o re  so  w h en  h e a te d  to  9 0 - 1 2 0  °C  
fo r  1 5 - 6 0  m in , b u t  th e y  a re  in h ib ite d  w h en  h e a t  t r e a t m e n t  i s  g r e a t e r  t h a n  1 2 0 -1 3 0  °C  
fo r  1 0 -3 0  m in . V a r y in g  r e su lt s ,  h o w e v e r , h a v e  b e e n  fo u n d  w ith in  th e  te m p e r a tu r e  
r a n g e  7 0 - 8 0  °C , so m e  w o rk e rs  h a v in g  fo u n d  a n  in h ib it io n  036) w h ile  o th e r s  (142) fo u n d  
s t im u la t io n  o f  g ro w th  o f  so m e  s t r a in s  o f  S t r .  l a c t i s  a n d  S t r .  c r e m o r i s .

T h e  s t im u la t o r y  e ffe c t  o f  th e  v a r io u s  h e a t- t r e a tm e n ts  h a s  b e e n  a sc r ib e d  to  p a r t ia l  
h y d r o ly s is  o f  th e  c a se in  (143), l ib e ra t io n  o f  fre e  s u lp h y d r y l  g r o u p s  (144) o r  th e  fo r m a tio n  
o f  fo r m a te  fro m  la c to s e  (139). T h e  e lim in a t io n  o f  th e  h e a t- la b ile  in h ib ito r s  ( la c te n in s )  
b y  h e a t  w ill b e  d is c u s se d  in  th e  se c t io n  o n  n a t u r a l ly  o c c u r r in g  in h ib ito r s . I t  h a s  a lso  
b e e n  r e p o r te d  t h a t  m ilk  fo r t if ie d  w ith  sk im -m ilk  p o w d e r  to  g iv e  a  t o t a l  so lid  c o n te n t  
o f  11 %  a n d  p a s t e u r iz e d  in  H T S T  a p p a r a t u s  g iv e s  a  su p e r io r  m e d iu m  fo r  s t a r t e r s  (i2i). 
A  s t im u la t o r y  f a c t o r  h a s  b e e n  r e p o r te d  to  o c c u r  in  r e c o n s t i tu te d  sk im -m ilk  
p o w d e r  ( i n ) : so m e  c r e a m e r ie s  r e g u la r ly  u se  sk im -m ilk  p o w d e r  fo r  b u lk  s t a r t e r  p r o p a 
g a t io n , b u t  w h en  u s in g  m ilk  p o w d e rs  th e  p o ss ib le  c u m u la t iv e  e ffe c t  o f  h e a t  o n  m ilk  
m u s t  b e  c o n s id e re d  ( M o ) .  S in c e  ch ee se  m ilk  c a n n o t  b e  h e a te d  su ff ic ie n t ly  t o  d e s t r o y  
in h ib ito r s , th e  m a in te n a n c e  o f  s t a r t e r  in  h e a t- t r e a t e d  (s te r ile )  m ilk  to  w h ich  
a p p r o p r ia te  in h ib ito r y  s u b s t a n c e s  h a v e  b e e n  a d d e d  m a y  b e  w o rth  fu r th e r  s t u d y .

I n  in v e s t ig a t in g  th e  e ffe c t  o f  h e a t  t r e a t m e n t  o n  m ilk  u se d  fo r  g ro w in g  s t a r t e r  
b a c te r ia ,  l i t t le  in te r e s t  h a s  b e e n  sh o w n  in  th e  a r o m a  p ro d u c in g  b a c t e r ia .  I t  h a s  b e e n  
fo u n d , h o w e v e r , t h a t  a r o m a  p ro d u c t io n  b y  L e u c .  c r e m o r i s  i s  n o t  in flu e n c e d  b y  h e a t  
t r e a t m e n t  o f  th e  m ilk  (146).

C o n d i t io n  o f  p r o p a g a t i o n

T h e  e f fe c t  o n  th e  s t a r t e r ’s  p r o p e r t ie s  o f  v a r y in g  th e  p r o p a g a t io n  te m p e r a tu r e  a n d  
q u a n t i t y  o f  in o c u lu m  h a s  b e e n  k n o w n  fo r  m a n y  y e a r s .  D u r in g  th e  l a s t  te n  y e a r s  
in v e s t ig a t io n s  h a v e  sh o w n  h o w  th e  s iz e  o f  in o c u lu m  a n d  p r o p a g a t io n  te m p e r a tu r e  
c a n  b e  v a r ie d  in  o r d e r  to  c h a n g e  th e  r a t io  b e tw e e n  a r o m a  b a c t e r ia  a n d  a c id - p r o d u c in g  
s t re p to c o c c i  in  a  m ix e d  s t r a in  s t a r t e r .  F o r  s t a r t e r s  c o n ta in in g  S t r .  d i a c e t i l a c t i s  

a s  th e  o n ly  a r o m a  p ro d u c e r , a  sm a ll  in o c u lu m  w ith  a  h ig h  in c u b a t io n  te m p e r a tu r e  
w ill r e la t iv e ly  in c re a se  th e  S t r .  d i a c e t i l a c t i s  p o p u la t io n  (16,147). W h en  L e u c .  c r e m o r i s  is  
a lso  p r e s e n t , a  la r g e  in o c u lu m  a n d  lo n g  in c u b a t io n  a t  lo w  te m p e r a tu r e  in c re a se s  
th e  r e la t iv e  n u m b e r  o f  L e u c .  c r e m o r i s  w h ile  a  sm a ll  in o c u lu m , h ig h  in c u b a t io n  t e m 
p e r a tu r e  a n d  im m e d ia te  s u b c u ltu r in g  a f t e r  c o a g u la t io n  w ill re d u c e  th e  r e la t iv e  
n u m b e r s  (148). F o r  s t a r t e r s  w h ich  c o n ta in  L e u c .  c r e m o r i s  a s  th e  o n ly  a r o m a  b a c te r ia ,
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a  sm a ll  in o c u lu m  a n d  high, in c u b a t io n  te m p e r a tu r e  w ill r e d u c e  th e ir  r e la t iv e  
n u m b e r s  (149,42).

I n  tw o - str a in  c u ltu re s  c o m p o se d  o f  S t r .  d i a c e t i l a d i s  a n d  S t r .  l a c t i s ,  S t r .  d i a c e t i l a c t i s  

a n d  S t r .  c r e m o r i s ,  L e u c .  c r e m o r i s  a n d  S t r .  l a c t i s ,  a n d  L e u c .  c r e m o r i s  a n d  S t r .  c r e m o r i s ,  

S t r .  d i a c e t i l a c t i s  i s  r e p o r te d  to  sh o w  a  s tro n g e r  d o m in a n c e  o v e r  S t r .  l a c t i s  t h a n  o v e r  
S t r .  c r e m o r i s ,  th is  b e in g  m o re  p ro n o u n c e d  a t  22 °C  th a n  a t  2 0  °C . I n  c u ltu re s  w ith  
L e u c .  c r e m o r i s ,  th e  s t r e p to c o c c i  d o m in a te  (150). (S e e  a lso  se c t io n  on  s t r a in  a s s o c ia t io n  

a n d  c o m p a t ib il i ty .)
A lth o u g h  in te n s iv e  r e se a r c h  in to  c o n tin u o u s  p r o p a g a t io n  h a s  b ee n  c a r r ie d  o u t  in  

o th e r  f ie ld s  o f  b a c te r io lo g y  (isi), l i t t le  w o rk  h a s  b e e n  d o n e  o n  th e  c o n t in u o u s  c u ltu re  
o f  d a ir y  o r g a n ism s . T h e  fe w  r e p o r t s  p u b l is h e d  (152-156) h a v e  b e e n  co n c e rn e d  w ith  
m a n u fa c tu r e  o f  s t a r t e r  c u ltu re , r ip e n e d  c r e a m  a n d  c u ltu re d  m ilk , a n d  r e s u lt s  o b ta in e d  
a r e  e n c o u ra g in g . T h e  u se  o f  c o n t in u o u s  p r o p a g a t io n  m e th o d s  m u s t  b e  p r e s u m e d  
to  h a v e  c e r ta in  p o s s ib i l i t ie s  in  th e  m a n u fa c tu r e  o f  c u ltu re d  m ilk  a n d  in  c o n t in u o u s  
c h e e se -m a k in g  p ro c e s se s , e s p e c ia lly  in  c o n n e x io n  w ith  u lt r a - h ig h - te m p e ra tu re  
t r e a t e d  m ilk .

S t o r a g e  a n d  m a in t e n a n c e  o f  c u l t u r e s

T h e  s to r a g e  a n d  m a in te n a n c e  o f  th e  b a c te r ia l  c u ltu re s  i s  a n  im p o r t a n t  t a s k  in  
th e  m a n u fa c tu r e  o f  c o n s is te n t ly  g o o d  s t a r t e r s .  I n v e s t ig a t io n s  c a rr ie d  o u t  h a v e , in  
p a r t ic u la r ,  b e e n  c o n ce rn e d  w ith  s tu d y in g  th e  e ffe c t  o f  s to r a g e  fo r  se v e r a l  d a y s  a t  
5 °C  on  a  r ip e n e d  c u ltu re  (157-160), d e e p -fre e z e  s to r a g e  (ioi-i64) a n d  d r y in g  c a r r ie d  o u t  
e ith e r  b y  s p r a y  d r y in g  o r  b y  fre e z e  d r y in g (163,:65,166) (see  a lso  th e  re v ie w  (167)). T h e se  
in v e s t ig a t io n s  h a v e  sh o w n  t h a t  a  r ip e n e d  c u ltu re  c a n  b e  s a t i s f a c t o r i ly  s to r e d  a t  
a b o u t  5 °C  fo r  48  h . B e t t e r  r e su lt s  a n d  lo n g e r  p e r io d s  o f  s to r a g e  a t  5 °C  ca n  b e  o b ta in e d  
i f  th e  c u ltu re  i s  n e w ly  c o a g u la te d  o r  h a s  ju s t  b e e n  in o c u la te d . I n  a  r ip e n e d  c u ltu re  
c o n ta in in g  L e u c .  c r e m o r i s  a n d  s t r e p to c o c c i,  s to r a g e  w ill te n d  to  in c re a se  th e  n u m b e r  
o f  L e u c .  c r e m o r i s .  S a t i s f a c t o r y  s to r a g e  fo r  m a n y  y e a r s  o f  d e e p -fro z e n  a n d  fre ez e-  
d r ie d  c u ltu re s  is  p o s s ib le  i f  a c id  p ro d u c t io n  is  e ith e r  n o t  p a r t ic u la r ly  s t r o n g  o r  is  
n e u tr a liz e d  w ith  fre sh  sk im -m ilk  o r  w ith  s te r ile  m ilk  p o w d e r . R e c o m m e n d e d  s to r a g e  
t e m p e r a tu r e s  fo r  d e e p  fro z e n  c u ltu re s  a re  fro m  — 18 to  — 25  °C  a n d  fo r  fre e z e -d r ie d  
c u ltu re s  a b o u t  5 °C . F re e z e  d r y in g  i s  c la im e d  to  h a v e  a  m o re  d e s t r u c t iv e  in flu e n c e  
on  th e  b a c t e r ia  th a n  d e e p -fre e z e  s to r a g e .  S to r in g  th e  c u ltu re s  in  c h a lk  m ilk , s t a r c h  
b ro th  o r  o n  a g a r  s lo p e  u n d e r  p a r a f f in  o il i s  n o t  re c o m m e n d e d . T h e  u se  o f  d e e p  
fro z e n  a n d  fre e z e -d r ie d  c u ltu re s  m a y  h a v e  a d v a n t a g e s  in  d e c re a s in g  b a c te r ia l- v ir u s  
in fe c t io n  a n d  in  m a in ta in in g  a  m o re  s t a b le  a n d  c o n s ta n t  s t a r te r .

A n t i b i o t i c s

B e c a u s e  o f  th e  v o lu m e  o f  l i t e r a tu r e  d e a lin g  w ith  th e  in flu e n ce  o f  a n t ib io t ic s  on  th e  
q u a l ity  o f  d a ir y  p r o d u c t s  a n d  th e  r e c e n t ly  p u b lis h e d  re v ie w s in  th is  fie ld  (i6 8 -n i,i4 i), 
i t  is  n o t  p ro p o se d  to  d e a l w ith  th e  s u b je c t  h ere .

N U T R IT IO N  A N D  M E T A B O LISM

N u tr it io n a l  a n d  b io c h e m ic a l s tu d ie s  o n  th e  la c t ic  a c id  b a c t e r ia  h a v e  c o n tr ib u te d  
t c  th e  u n d e r s ta n d in g  o f  th e  g ro w th  a n d  a c t iv i t ie s  o f  s t a r t e r s  in  m ilk  a n d  d a ir y  p r o 
d u c t s .  A s  i t  is  d iff ic u lt  o r  im p o ss ib le  to  re m o v e  sin g le  n u t r i t io n a l  c o m p o n e n ts  fro m  a
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c o m p le x  b io lo g ic a l  f lu id  su c h  a s  m ilk , m o s t  o f  th e  in v e s t ig a t io n s  m u s t  b e  p e r fo r m e d  
in  s y n th e t ic  a n d  se m i- sy n th e t ic  m e d ia . S in c e , h o w e v e r , th e  e n z y m ic  c o n s t i tu t io n  o f  
a  ce ll i s  in flu e n c e d  b y  i t s  e n v iro n m e n t, c a re  m u s t  b e  t a k e n  in  a t te m p t in g  to  r e la te  
r e su lt s  o b ta in e d  in  a  sy n th e t ic  m e d iu m  to  i t s  g ro w th  a n d  a c t iv i t y  in  m ilk .

C o n s id e r in g  th e  c o m p le x ity  o f  sy n th e t ic  m e d ia  n e c e s s a r y  to  s u p p o r t  g ro w th  o f  
la c t ic  a c id  s tre p to c o c c i, i t  i s  su r p r is in g  t h a t  so  m a n y  s t a r t e r  s t r a in s  g ro w  so  w ell in  
m ilk  a n d  o n ly  a  m in o r ity  g ro w s p o o r ly . T h e  a d d it io n  o f  o n e  o f  a  v a r ie t y  o f  e a s i ly  
a v a i la b le  n it ro g e n o u s  s u b s t a n c e s  to  m ilk  h a s  f r e q u e n t ly  b e e n  sh o w n  to  s t im u la te  
s t a r t e r  s t r a in s  (1 1 2 , 1 73-186), b u t  i t  h a s  n o t  b e e n  d e m o n s t r a te d  t h a t  p r o te o ly t ic  a c t iv i ty  
a n d  s t a r t e r  a c t iv i t y  a re  c o r re la te d . I t  a p p e a r s  t h a t  b o th  p r o te o ly t ic  a c t iv i t y  a n d  th e  
c a p a c i ty  to  a b so r b  a n d  h y d ro ly se  p e p t id e s  a re  n e c e s s a r y  b e fo re  m ilk  p r o te in s  c a n  b e  
u ti l iz e d . A  b e t te r  u n d e r s ta n d in g  o f  th e  m e ta b o lis m  o f  s t a r t e r  s t r a in s  w ill h e lp  
to  r a t io n a l iz e  th e  se le c t io n  o f  s t r a in s  b e s t  s u ite d  to  th e  p r o d u c t io n  o f  p a r t ic u la r  
d a ir y  p ro d u c ts .
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M i l k  a s  a  g r o w th  m e d iu m

M ilk  m a y  o r  m a y  n o t  b e  a n  id e a l  m e d iu m  fo r  s t a r t e r s ,  b u t  i t  i s  th e  s to c k  m e d iu m  
fo r  th e ir  p r o p a g a t io n  a n d  th e  s u b s t r a t e  in  d a ir y  m a n u fa c tu r e . T h e  n a t u r a l  in h ib ito r s  
w h ich  a r e  in a c t iv a t e d  a t  la b o r a t o r y  s te r i liz a t io n  te m p e r a tu r e s  b u t  n o t  b y  p a s t e u r iz a 
t io n  o f  th e  m a n u fa c tu r in g  m ilk  w ill b e  d i s c u s se d  la te r .  W e sh a ll  n o w  c o n s id e r  h o w  
f a r  m ilk  i s  k n o w n  to  c o n ta in  a l l  th e  e s se n t ia l  n u t r ie n t s  fo r  a c t iv e  s t a r t e r  g ro w th .

O r la - Je n s e n  (172) c le a r ly  sh o w e d  t h a t  m ilk  su p p l ie d  th e  e s se n t ia l  v i t a m in s  a n d  
n itro g e n o u s  s u b s t a n c e s  fo r  m a n y  la c t ic  a c id  b a c te r ia .  L a c t i c  a c id  p r o d u c t io n  b y  
la c t ic  s t r e p to c o c c i  c o u ld , h o w e v e r , b e  im p r o v e d  b y  th e  a d d it io n  o f  e x t r a c t s  f ro m  p la n t  
a n d  a n im a l t is s u e s ,  a n d  o f  p ro te in  h y d r o ly s a te s .  T h is  h a s  b e e n  a m p ly  co n firm e d  a n d  i t  
w a s  a lso  fo u n d  t h a t  s lo w  s t r a in s  in  p a r t ic u la r  b e n e fite d  fro m  e a s i ly  a v a i la b le  n itro g e n  
so u rc e s  su c h  a s  l iv e r  a n d  y e a s t  e x t r a c t s  ( l73), p e p t o n e s (174), co rn  s te e p  l iq u o r  (175), 
p a n c r e a s  e x t r a c t  a n d  p e p t id e  f r a c t io n s  (1 7 0-1 8 O). M c D o n a ld  & H u sa in  (181-183) d e m o n 
s t r a t e d  t h a t  so m e  s t r a in s  u t i l iz e d  h ig h ly  p u r if ie d  so d iu m  c a s e in a te  a s  so le  so u rc e  o f  
n itro g e n  w h ile  o th e r s  n e e d e d  in  a d d it io n  fre e  a m in o  a c id s . T h a t  s t a r t e r s  a r e  c a p a b le  
o f  h y d ro ly s in g  p ro te in  to  v a r y in g  d e g re e s  w a s  sh o w n  b y  V a n  d e r  Z a n t  & N e lso n  (184,185) 
w h o  i s o la t e d  a n  e n d o c e llu la r  p r o te in a s e  a n d  a  p e p t id a s e  a n d  d e te rm in e d  th e  free  
a m in o  a c id s  a n d  p e p t id e s  in  m ilk  b e fo re  a n d  a f t e r  in c u b a t io n  o f  s t a r t e r .  R e c e n t ly  a  
p a r t ic u la r ly  h e a t- s t a b le  e x t r a c e l lu la r  p r o te in a s e  w a s  i s o la te d  (1 8 6 ). T h e re  i s  th e re fo re  
n o  d o u b t  t h a t  la c t ic  a c id  s t r e p to c o c c i  h y d r o ly se  p ro te in , b u t  th e re  d o e s  n o t  a p p e a r  
t o  b e  a  r e la t io n  b e tw e e n  p r o te o ly s is  a n d  r a t e  o f  la c t ic  a c id  p ro d u c t io n  (ii2 ). T h is  w a s  
co n firm e d  w h en  26 s in g le - s tr a in  s t a r t e r s  w ere  t e s te d  fo r  th e ir  p r o te o ly t ic  a c t iv i t y  
(m e a su re d  b y  ty r o s in e  l ib e ra t io n ) . W h ile  th e re  w a s  a  b r o a d  t re n d  fo r  f a s t  s t r a in s  to  
b e  m o re  p r o te o ly t ic  t h a n  slo w  s t r a in s  m a n y  e x c e p t io n s  o c c u r re d . I t  i s  o f  in te r e s t ,  
h o w e v e r , t h a t  a  slo w  a c id - p r o d u c in g  v a r ia n t  o f  a  p r o te o ly t ic  s t a r t e r  s t r a in  (174) 
fa i le d  to  sh o w  a n y  a p p r e c ia b le  p r o te o ly s is  (R e ite r  & P ic k e r in g , u n p u b lish e d ) .

T h e  a d d it io n  o f  in d iv id u a l  a m in o  a c id s  to  m ilk  (a n d  a lso  p u r in e s  a n d  p y r im id in e s )  
fa i le d  to  in c re a se  a p p r e c ia b ly  th e  a c t iv i t y  o f  a n y  s t a r t e r ,  b u t  in c re a se  in  th e  p e p t id e  
c o n te n t  o f  m ilk  (m e a su re d  b y  fo rm o l t i t r a t io n )  o r  th e  a d d it io n  o f  p a n c r e a t ic  d ig e s t  
o f  m ilk  in c r e a se d  s t a r t e r  a c t iv i ty ,  p a r t ic u la r ly  o f  s lo w  s t r a in s  (135,1 1 2 ). T h is , a n d  o th e r  
w o rk , in d ic a te s  t h a t  th e  p re fo r m e d  p e p t id e s  p r o d u c e d  b y  h e a t in g  a n d  d r y in g  o f  m ilk
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o r  p ro life ra t io n  o f  th e  c o n ta m in a n t  b a c te r ia l  f lo ra , o r  th e  c a p a c i ty  o f  a  s t a r t e r  
s t r a in  to  fo rm  p e p t id e s  fro m  c a se in  m a y  b e  m o re  im p o r t a n t  th a n  th e  p re se n c e  o f  
fre e  a m in o  a c id s . A lth o u g h  th e  p re se n c e  o f  b o th  fre e  a m in o  a c id s  a n d  p e p t id e s  in  
m ilk  d ia ly s a t e s  h a v e  b e e n  re p o r te d  (187) th i s  w a s  n o t  co n firm e d  b y  D e u tsc h  & S a m u e ls -  
so n (iio )  w h o fo u n d  o n ly  a  w id e  v a r ie t y  o f  a m in o  a c id s .  (A  sy n th e t ic  m e d iu m  b a s e d  
o n  th e  p r o p o r t io n s  o f  a m in o  a c id s  fo u n d  w a s  u se d  su c c e s s fu lly  (26).)

S y n t h e t i c  m e d i a

M e d ia  a n d  e x p e r im e n ta l  c o n d it io n s  m a y  in flu e n c e  n u tr i t io n a l  re q u ir e m e n ts  o r 
g ro w th  a n ta g o n ism s . W h e th e r  a  v i t a m in  o r  a m in o  a c id  i s  e s se n t ia l ,  s t im u la t o r y ,  
o r  n o t  re q u ir e d , d e p e n d s  o n  th e  e x t e n t  o f  d e fic ie n c ie s  o r  im b a la n c e s  in  th e  b a s a l  
m e d iu m  (1 8 8 - itu , 117).

V i t a m in s

I t  h a s  b e e n  fo u n d  t h a t  s in g le - s tr a in  s t a r t e r s  ( S t r .  l a c t i s ,  S t r .  d i a c e t i l a c t i s  a n d  S t r .  

c r e m o r i s )  re q u ire  n ic o tin ic  a c id , p a n to th e n a te  a n d  b io t in  ( C 0 2 a n d  a s p a r t ic  a c id  
h a v in g  a  s p a r in g  e ffe c t) a n d  a re  s t im u la t e d  b y  p y r id o x a l(2 6 ). N e ith e r  th ia m in e , 
fo lic  a c id  n o r  v i t a m in  B 12 a r e  r e q u ir e d  a n d  r ib o f la v in  o n ly  b y  s t r a in s  o f  S t r .  c r e m o r i s .  

I s o la t e s  fro m  c o m m e rc ia l s t a r t e r s  (I17,i8£>), h o w e v e r , sh o w  a  d if fe re n t  a n d  le s s  u n i
fo rm  re q u ir e m e n t  fo r  v i t a m in s .  A c e t a t e  h a s  b e e n  fo u n d  e s se n t ia l  fo r  la c t ic  a c id  
s t r e p to c o c c i  b y  so m e  w o rk e rs  <191,192) b u t  in  a  m o re  c o m p le te  m e d iu m  (26) a c e ta t e  
w a s  o n ly  re q u ir e d  u n d e r  in c re a se d  o x y g e n  te n s io n  a n d  w a s  re p la c e a b le  b y  a - lip o ic  
or m e v a lo n ic  a c id  a s  in  th e  c a s e  o f  S t r .  f a e c a l i s  (193-195). T h e  f a c t  t h a t  s in g le - s tr a in  
s t a r t e r s  g re w  w ell in  sh a llo w  la y e r s  o f  m ilk  n o t  c o n ta in in g  a c e ta t e  (26) s u g g e s t s  t h a t  
a - lip o ic  a c id  m a y  w ell o c c u r  in  m ilk , a l th o u g h  i t  i s  a lso  p o s s ib le  t h a t  a c e t ic  a c id  is  
fo rm e d  d u r in g  th e  h e a t in g  o f  la c to se . M ilk  c o n ta in s  a l l  th e  v i t a m in s  r e q u ir e d , in  
su ffic ie n t  c o n c e n tr a t io n , b u t  i t  m a y  w ell b e  t h a t  s t a r t e r s  c a n  u ti l iz e  th e  p y r id o x -  
a m in e  p h o s p h a te  o f  m ilk  (196) b e t t e r  t h a n  p y r id o x a l  a s  r e p o r te d  fo r  S t r .  f a e c a l i s  a n d  
L  h e lv e t ic u s  (196,187). A  r e c e n t  su r v e y  o f  th e  v it a m in  r e q u ir e m e n ts  o f  S t r .  t h e r m o p h i lu s  

sh o w e d  t h a t  r ib o fla v in , b io t in  a n d  c a lc iu m  p a n t o t h e n a t e  w e re  e s se n t ia l  fo r  a l l  th e  
s t r a in s  t e s t e d ;  n ic o tin ic  a c id  w a s  e s se n t ia l  fo r  m o s t  s t r a in s  a n d  s t im u la to r y  to  th e  
r e s t ,  a n d  th ia m in e  a n d  p y r id o x a l  w ere  s t im u la t o r y  (198,199). T h e  v it a m in  re q u ir e m e n ts  
o f  S t r .  t h e r m o p h i lu s  th u s  a p p e a r  to  b e  s im ila r  t o  th o se  o f  S t r .  c r e m o r i s .  F lu c t u a t io n s  
in  th e  v it a m in  c o n te n t  o f  m ilk  a c c o rd in g  to  se a so n , s t a g e  o f  l a c t a t io n ,  e tc . ,  o c c u r  (2 0 0 ) 
a n d  i t  h a s  b e e n  su g g e s te d  t h a t  su c h  f lu c tu a t io n s  m a y  a f fe c t  s t a r t e r s  (2 0 1 1 ,

A m i n o  a c i d s

I n  a  m e d iu m  w h ic h  g e n e ra lly  su p p o r te d  g ro w th  a d e q u a te ly , a  r e p r e s e n ta t iv e  
c o lle c tio n  o f  s in g le - s tr a in  s t a r t e r s  w a s  fo u n d  b y  sin g le  o m iss io n  te c h n iq u e  to  r e q u ir e  
g lu ta m ic  a c id , v a lin e , m e th io n in e , le u c in e , iso le u c in e  a n d  h is t id in e . A s p a r t ic  a c id , 
c itru llin e  a n d  o rn ith in e  w ere  n o t  re q u ir e d . I n  a d d it io n  to  th e  a b o v e  a m in o  a c id s , 
a rg in in e  a n d  p h e n y la la n in e  w ere  re q u ir e d  b y  so m e  s t r a in s  o f  S t r .  l a c t i s  a n d  S t r .  

d i a c e t i l a c t i s .  A ll s t r a in s  o f  S t r .  c r e m o r i s  re q u ir e d  p ro lin e  a n d  p h e n y la la n in e , m o s t  o f  
th e m  re q u ir e d  ty r o s in e , a la n in e  a n d  ly s in e , a  few  r e q u ir e d  th re o n in e , t r y p t o p h a n  
a n d  a rg in in e  a n d  o n e  re q u ir e d  g ly c in e  (2 6 ). A n o th e r  g ro u p  o f  w o rk e rs  (189) fo u n d  t r y p t o 
p h a n  a n d  a rg in in e  e s se n t ia l  fo r  b o th  sp e c ie s , a n d  a la n in e , th re o n in e  a n d  p h e n y l



a la n in e  to  b e  r e q u ir e d  b y  s t r a in s  o f  S t r .  l a c t i s .  T h e  a m in o  a c id  r e q u ir e m e n ts  o f  S i r .  

t h e r m o p h i lu s  h a v e  b e e n  sh o w n  (198,1 9 9 ) to  b e  p a r t ly  d e p e n d e n t  o n  th e  p re se n c e  o f  
c a lc iu m  in  th e  m e d iu m . G lu ta m ic  a c id  a n d  c y s t in e  (c y ste in e )  w ere  e s se n t ia l  fo r  a ll  
s t r a in s ,  h is t id in e  a n d  t r y p t o p h a n  o n ly  fo r  v e r y  few . T h e se  re q u ir e m e n ts  w ere  
in d e p e n d e n t  o f  c a lc iu m , b u t  v a lin e , g ly c in e , th re o n in e , m e th io n in e  a n d  iso le u c in e  
w ere e s se n t ia l  fo r  m o s t  s t r a in s  in  a  c a lc iu m -fre e  m e d iu m  a n d  in h ib ito r y  in  th e  p re se n c e  
o f  c a lc iu m . T h e  e ffe c t  o f  a s p a r t ic  a c id , le u c in e , a la n in e , ty r o s in e  a n d  t r y p t o p h a n  
a p p e a r e d  to  v a r y  w ith  th e  c a lc iu m  c o n te n t  o f  th e  m e d iu m .

A  c o m p a r iso n  o f  th e  r e q u ir e m e n ts  o f  S t r .  l a c t i s  (a n d  S t r .  ( i ia c e .t i la c .t i s )  w ith  th o se  
o f  S t r .  c r e m o r i s  sh o w s t h a t  S t r .  c r e m o r i s  h a s  a  m o re  v a r ie d  a n d  e x a c t in g  a m in o  a c id  
r e q u ir e m e n t  (b e s id e s  th e  a d d it io n a l  re q u ir e m e n t  fo r  r ib o fla v in )  a n d  t h a t  th e  k n o w n  
p h y s io lo g ic a l  c h a r a c te r i s t ic s  o f  th e  tw o  sp e c ie s  c o r re la te  w ith , o r  a re  c o n firm e d  b y , 
th e ir  n u t r i t io n a l  r e q u ir e m e n ts . T o o  l i t t le  w o rk  h a s  b e e n  d o n e  so  f a r  o n  S t r .  t h e r m o 

p h i l u s ,  L e u c .  d e x t r a n i c u m  a n d  L e u c .  c r e m o r i s  to  co m e  to  a  firm  co n c lu sio n  r e g a r d in g  
th e  ta x o n o m ic  v a lu e  o f  s tu d ie s  o f  th e ir  n u t r i t io n a l  r e q u ir e m e n ts . S o  f a r ,  h o w e v e r , i t  
h a s  b e e n  fo u n d  (2 0 2 ) t h a t  th e  le u c o n o s to c s  c o u ld  n o t  b e  d if fe re n t ia te d  b y  th e ir  a m in o  
a c id  re q u ir e m e n ts . T h is  le n d s  s u p p o r t  to  th e  v ie w  e x p r e s s e d  in  th e  se c t io n  o n  t a x o 
n o m y  a n d  c la s s if ic a t io n  t h a t  a  c le a r  d iv is io n  b e tw e e n  th e  sp e c ie s  in  th is  g e n u s  h a s  
n o t  y e t  b e e n  a c h ie v e d . T h e  a p p a r e n t  u n ifo r m ity  in  th e  n u tr i t io n a l  r e q u ir e m e n ts  o f  
th e  s in g le - s tr a in  s t a r t e r s  m a y , h o w e v e r , b e  d u e  to  th e  le n g th  o f  t im e  th e y  h a v e  b ee n  
c u l t iv a t e d  u n d e r  c o n tro lle d  c o n d it io n s  in  th e  la b o r a t o r y  a n d  o f  c o u rse  th e ir  se le c t io n  
fo r  a  sp e c if ic  p u r p o s e  in  th e  f ir s t  p la c e .

P e p t i d e s

T h e  re q u ir e m e n ts  fo r  a m in o  a c id s  sh o w  t h a t  s t a r t e r s  h a v e  a  l im ite d  c a p a c i t y  fo r  
d e  n o v o  sy n th e s is  o f  a m in o  a c id s ,  y e t  in  v ie w  o f  th e  lo w  a m in o  a c id  c o n te n t  o f  f r e sh  
m ilk  i t  i s  c le a r  t h a t  th e  la c t ic  a c id  s t r e p to c o c c i  m u s t  o b ta in  m o s t  n itro g e n  fro m  p r o 
te in . A s  th e  la c t ic  a c id  b a c te r ia  h a v e  o n ly  l im ite d  a b i l i t y  to  h y d ro ly se  p r o te in s  to  
a m in o  a c id s ,  th e  p o s s ib i l i ty  t h a t  th e y  u ti l iz e  p e p t id e s  h a s  a t t r a c t e d  a  g r e a t  d e a l  o f  
a t t e n t io n (1 1 7 ,135,176-180). T h e  ‘ s t r e p o g e n in ’ o f  W o o lle y (203-205) f ro m  p a r t ia l  h y d r o 
ly s a t e s  o f  p ro te in  w a s  fo u n d  to  s t im u la t e  L .  c a s e i .  S n e ll  a n d  h is  c o lla b o r a to r s  (206-209), 
s t u d y in g  th e  ro le  o f  p e p t id e s  in  th e  n u tr i t io n  o f  L .  c a s e i  a n d  S t r .  f a e c a l i s ,  re c o g n iz e d  
t h a t  th e  re q u ir e m e n ts  fo r  p e p t id e s  s te m  fro m  a n  im b a la n c e  a m o n g  th e  a m in o  a c id s  
in  th e  m e d iu m . T h e  e x c e s s  o f  o n e  a m in o  a c id  in h ib it s  th e  u p t a k e  o f  a  s t r u c t u r a l ly  
r e la te d  a m in o  a c id  b u t  n o t  t h a t  o f  p e p t id e s  c o n ta in in g  th e  r e la te d  a m in o  a c id . T h e se  
p e p t id e s  p r o m o te  g ro w th  to  a  g r e a te r  e x t e n t  th a n  a n  e q u iv a le n t  a m o u n t  o f  th e  
e s se n t ia l  fre e  a m in o  a c id . B e s id e s  th e  a n ta g o n ism  b e tw e e n  s t r u c t u r a l ly  r e la t e d  a m in o  
a c id s , th e se  w o rk e rs  c a m e  to  id e n t i fy  o th e r  c ir c u m s ta n c e s  w h ich  w o u ld  m a k e  th e  
p e p t id e s  m o re  u ti l iz a b le . F o r  in s ta n c e , th e  fre e  a m in o  a c id , b u t  n o t  i t s  p e p t id e s ,  
m a y  b e  p a r t ia l ly  d e s t r o y e d  b y  r e a c t io n s  c o m p e t it iv e  to  p ro te in  sy n th e s is .  T h u s , 
w h en  S t r .  f a e c a l i s  i s  c u l t iv a t e d  u n d e r  c o n d it io n s  w h ic h  p e r m it  a c t iv i t y  o f  a  d e c a r b 
o x y la se , ty r o s in e  i s  p a r t ia l ly  d e s t r o y e d  b y  c o n v e rs io n  to  t y r a m in e  a n d  th e  p e p t id e  o f  
ty r o s in e  i s  th e n  v e r y  s t im u la to r y . T h e  u t i l iz a t io n  o f  p e p t id e s  im p lie s  th e ir  h y d r o ly s is  
b y  c e llu la r  e n z y m e s  (206,209). A s  a  r e s u lt  o f  th is  w o rk  it  i s  n o w  th o u g h t  t h a t  th e  g ro w th -  
p r o m o tin g  a b i l i ty  o f  p e p t id e s  i s  d e p e n d e n t  o n  th e ir  s e le c t iv e  a b so r p t io n  fo llo w e d  b y  
h y d ro ly s is  to  e s se n t ia l  o r  s t im u la to r y  a m in o  a c id s .

Bacteriology. Starters  4 3 3
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D e ta i le d  s tu d ie s  w ith  p u r if ie d  p e p t id e s  fro m  p a n c r e a s  t is s u e  h a v e  sh o w n  th e m  to  
b e  s t im u la t o r y  to  L .  c a s e i  (I2i,i25,i76-i80) a n d  S t r .  l a c t i s  in  th e  p re se n c e  o f  ‘ s t re p o -  
g e n in ’ a n d  re c e n t ly  M a c L e o d  & G o rd o n  (iso) h a v e  b e g u n  to  in v e s t ig a te  d i- a n d  t r i 
p e p t id e s  h y d r o ly se d  b y  th re e  s t r a in s  o f  S t r .  l a c t i s  a n d  o n e  o f  S t r .  c r e m o r i s .  T h e  a c t iv e  
c o m p o u n d s  in  p a n c r e a s  e x t r a c t  h a v e  b e e n  id e n t if ie d  a s  in o sin e , h y p o x a n th in e  a n d  
a d e n in e  (2 1 0 ). (S e e  a lso  re q u ir e m e n ts  fo r  n u c le ic  a c id  d e r iv a t iv e s  (H7).)

A m i n e s

K ih a r a  & S n e ll  ( 2 i l j  id e n t if ie d  c e r ta in  p o ly a m in e s , in  p a r t ic u la r  sp e r m in e  a n d  sp e r m i
d in e , a s  g ro w th  fa c t o r s  fo r  L .  c a s e i ,  a n d  sh o w e d  t h a t  c ru d e  p a n c r e a t ic  d ig e s t s  w h ich  
a re  p a r t ic u la r ly  r ic h  in  th e se  s u b s t a n c e s  g a v e  s u b s t a n t ia l ly  g r e a te r  s t im u la t io n  th a n  
d ig e s t s  p r e p a r e d  fro m  p u r if ie d  c a se in  w ith  c r y s ta ll in e  t r y p s in . S u b se q u e n t ly  s p e r 
m in e  a n d  sp e rm id in e  a n d , to  a  m u c h  le s se r  e x te n t ,  p u tre sc in e  a n d  1 ,3 -p ro p a n e  d i 
a m in e , w ere  sh o w n  to  b e  s t im u la t o r y  in  th e  p re se n c e  o f  p u r if ie d  t r y p t ic  d ig e s t .  (T h e se  
s t e a m  v o la t i le  a c id - r e s is t a n t  a m in e s  h a v e  b e e n  k n o w n  fo r  so m e  t im e  to  b e  g ro w th  
f a c t o r s  fo r  H a e m o p h i l u s  p a r a i n jlu e n z c te  (2 1 2 ) a n d  so m e  o th e r  o r g a n ism s .)  T h e se  
f in d in g s  m a y  b e  c o n s id e re d  w ith  th o se  sh o w in g  th e  p re se n c e  in  m ilk  o f  r a th e r  
la rg e  a m o u n ts  o f  g ly c e ro p h o sp h o -e th a n o la m in e  a n d  p h o sp h o -e th a n o la m in e  (46  a n d  
83 m g .1) (H9;. T h e  a m in e s  o f  m ilk  m a y  b e  e ith e r  g ro w th  fa c t o r s  o r fo r  t h a t  m a t t e r  
in h ib ito r s ,b e c a u se  w ith  in c re a s in g  c o n c e n tr a t io n s  th e  s t im u la to r y  a m in e s  b e c o m e  to x ic .

C a r b o h y d r a t e  m e t a b o l i s m

I t  i s  c o m p a r a t iv e ly  re c e n t ly  t h a t  r e p o r t s  o f  d e ta ile d  in v e s t ig a t io n s  o n  th e  c a r b o 
h y d r a te  m e ta b o lis m  o f  s t a r t e r  o r g a n ism s  b e g a n  to  a p p e a r  in  th e  d a ir y  l i t e r a t u r e ;  
c o m p re h e n s iv e  re v ie w s h a v e  n ow  b e e n  w r it te n  in  G e rm a n  a n d  E n g l i s h (19,2 1 3 , 2 1 4 ) a n d  
th is  se c t io n  w ill th e re fo re  b e  k e p t  sh o r t . F o r  a  lo n g  t im e  i t  w a s  a c c e p te d  t h a t  h e te rc -  
f e r m e n ta t iv e  o r g a n ism s  p ro d u c e  fro m  g lu c o se  e q u im o la r  a m o u n ts  o f  l a c t ic  a c id , 
a lc o h o l o r  a c e t ic  a c id  a n d  C 0 2 w h ile  h o m o fe r m e n ta t iv e  o r g a n ism s  c o n v e r t  th e  g lu 
co se  m o le cu le  in to  tw o  la c t ic  a c id  m o le c u le s , p ro d u c in g  o n ly  t r a c e  a m o u n ts  o f  v o la t i le  
a c id s ,  a lco h o l, f u m a r a t e  a n d  C 0 2. T h e  h o m o fe r m e n ta t iv e  o r g a n ism s  u ti l iz e  th e  w ell- 
k n o w n  K m  d e n  M e y e rh o f p a t h w a y  (E M P ) fo r  la c t ic  a c id  p ro d u c t io n , a n a lo g o u s  to  
m u sc le  g ly c o ly s is . O n th e  o th e r  h a n d , h e te r o fe r m e n ta t iv e  o r g a n ism s  d o  n o t  p o s s e s s  
th e  g ly c o ly t ic  e n z y m e s  a ld o la se  a n d  t r io se p h o sp h a te  d e h y d ro g e n a se  o f  th e  E M P  a n d  
fe r m e n t  g lu c o se  b y  th e  h e x o se  m o n o p h o sp h a te  sh u n t  (H M P , F ig .  1) (215—2 1 8 ) in  w h ich  
g lu c o se  is  m e ta b o liz e d  v ia  g lu c o se  m o n o p h o sp h a te  a n d  6 -p h o sp h o g lu c o n a te  to  g iv e  
a  p e n to se  p h o s p h a te , w h ich  i s  th e n  c le a v e d  to  g iv e  D -g ly c e ra ld e h y d e  p h o s p h a te  a n d  
a c e ty lp h o s p h a te . T h e  f ir s t  o f  th e se  p r o d u c t s  i s  o x id iz e d  to  p y r u v a t e  v i a  th e  u su a l  
(E M P ) g ly c o ly t ic  in te r m e d ia te s  a n d  is  f in a lly  r e d u c e d  to  la c t a te .  R e d u c t io n  o f  
a c e ty lp h o s p h a te  g iv e s  a c e ta ld e h y d e  or, o n  fu r th e r  re d u c t io n , e th a n o l. A n  a l te r n a t iv e  
m e c h a n ism  fo r  th e  fe r m e n ta t io n  o f  p e n to se  p h o s p h a te  in v o lv in g  th e  e n z y m e s  t r a n s 
a ld o la se  a n d  t r a n s k e to la s e  c a n  r e su lt  in  q u a n t i t a t iv e  co n v e rs io n  o f  p e n to se  to  C 0 2.

G u n s a lu s  & N iv e n  (219) w ere  th e  f ir s t  to  sh o w  t h a t  a t  a lk a lin e  p H  h o m o fe r m e n ta t iv e  
o r g a n ism s  c a n  p ro d u c e , b e s id e s  la c t ic  a c id , u p  to  40  %  fo r m a te , a c e ta t e  a n d  e th a n o l 
in  th e  r a t io  o f  2 : 1 :1 .  M o re  so p h is t ic a te d  m e th o d s  re v e a le d  t h a t  S t r .  f a e c a l i s  p r o d u c e s  
sm a ll  a m o u n ts  o f  C 0 2, g ly c e ro l, d ia c e ty l ,  a c e to in  a n d  2 ,3 -b u ta n e d io l. E a r l ie r  a t 



t e m p t s  to  sh o w  in c o rp o ra t io n  o f  14C 0 2 in to  S t r .  la c t is  h a d  fa ile d  $20) b u t  C 0 2 h a d  b ee n  
sh o w n  b y  se v e ra l  w o rk e rs  (221-224) to  b e  re q u ir e d  fo r  in it ia t io n  o f  g ro w th  a n d  C 0 2 
p ro d u c e d  b y  th e  H M P  c o u ld  w ell b e  u t i l iz e d  in  b io sy n th e t ic  p ro c e s se s .

Glucose

Bacteriology. Starters  4 3 5

Glucose-6 - phosphate

S u m m in g  u p  th e  m o d e rn  c o n c e p tio n  o f  h o m o - a n d  h e te ro - fe r m e n ta t io n  i t  a p p e a r s  
t h a t  th e  la c t ic  a c id  b a c t e r ia  a re  b e t te r  c la s s if ie d  in to  th re e  c a te g o r ie s , a s  p r o p o se d  
b y  B u y z e ,  H a m e r  & H aar(225):

( a )  o b l ig a te  h o m o fe r m e n te r s  p o s s e s s  a ld o la se , b u t  n o t  g lu c o se -6 -p h o sp h a te  
d e h y d ro g e n a se , n o r  6 -p h o sp h o g lu c o n a te  d e h y d r o g e n a s e ;

(b) o b l ig a te  h e te ro fe rm e n te r s  p o s s e s s  th e se  d e h y d ro g e n a se s  b u t  n o t  a ld o la s e ;
(c) f a c u lt a t iv e  h o m o fe r m e n te r s  p o s s e s s  a ld o la se  a n d  th e  d e h y d ro g e n a se s  b u t  f e r 

m e n t  v i a  th e  E M P .

D ir e c t  e v id e n c e  fo r  th e  in v o lv e m e n t  o f  e ith e r  th e  E M P  o r  H M P  p a t h w a y s  in  
s t a r t e r  o r g a n ism s  is  l im ite d . V a r io u s  e n z y m e s  o f  e a c h  re a c t io n  se q u e n c e  h a v e  
b e e n  d e m o n s t r a te d  in  ce ll- free  e x t r a c t s  o f  o n e  s t r a in  o f  S t r .  l a c t i s  b y  S h a h a n i  a n d  
h is  co-workers(22t!-230). T h e  g ly c o ly t ic  e n z y m e s  h e x o k in a se , a ld o la se  a n d  la c t ic  
d e h y d ro g e n a se  h a v e  b e e n  d e m o n s t r a te d  b y  S h a h a n i  (p e r so n a l c o m m u n ic a t io n ) , 
to g e th e r  w ith  g lu c o se - 6 -p h o sp h a te  d e h y d ro g e n a se  a n d  6 -p h o sp h o g lu c o n a te  d e h y d r o 
g e n a se  o f  th e  H M P . S i x  c h e e se m a k in g  s t r a in s  (4  s t r a in s  o f  S t r .  c r e m o r i s  a n d  2 o f  
S t r .  l a c t i s ) sh o w e d  g lu c o se - 6 -p h o sp h a te  d e h y d ro g e n a se  a c t iv i t y  a n d  in  a l l  b u t  on e 
o f  th e  s t r a in s  6 -p h o sp h o -g lu c o n a te  d e h y d ro g e n a se  w a s  p re se n t . T h is  s t r a in  (H P ) is  
p r e s u m a b ly  a n  o b l ig a te  h o m o fe rm e n te r  (O ra m  & R e ite r ,  u n p u b lish e d ) .

R e c e n t ly  a  c o m p re h e n s iv e  in v e s t ig a t io n  o f  th e  c a r b o h y d r a te  m e ta b o lis m  o f  a
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v i d e  v a r ie t y  o f  la c t ic  a c id  b a c t e r ia  w a s  m a d e  b y  v a n  d e n  H a m e r  (231) a n d  a s  th i s  
w o rk  to  o u r  k n o w le d g e  is  o n ly  p u b lis h e d  in  D u tc h , so m e  o f  th e  f in d in g s  m a y  b e  o f  
p a r t ic u la r  in te r e s t . S t u d ie s  w ith  L .  c a se i  sh o w e d  t h a t  w ith  lo w  g lu c o se  c o n c e n tr a t io n s  
p r o p o r t io n a te ly  m o re  g lu c o se  i s  p a s s e d  a lo n g  th e  H M P  p a th w a y , a n d  t h a t  g ro w in g  
ce lls  m e ta b o liz e  m o re  g lu c o se  v i a  th i s  p a th w a y  th a n  th e  g ly c o ly t ic  on e . S t r .  f a e c a l i s  
a n d  L .  d e lb rueck ii p r o d u c e d  o n ly  a  p ro p o r t io n  o f  th e  t o t a l  C 0 2 (e .g . 20 a n d  2-5 % ) 
v i a  th e  H M P  sh u n t , w h ile  th e  h e te ro fe rm e n te r s  L .  fe rm en ti  a n d  L e u c . rm sen tero id es  
p ro d u c e d  th e  w h ole  o f  th e ir  C 0 2 v i a  th i s  p a th w a y . T h e  r o u te  b y  w h ich  m o s t  o f  th e  
C 0 2 i s  p r o d u c e d  in  h o m o fe rm e n te r s  a p p e a r s  to  b e  u n k n o w n . I t  i s  in te r e s t in g  t h a t  
H a n d le r  & B u s s e  (p e r so n a l c o m m u n ic a t io n ) fo u n d  t h a t  a  s t r a in  o f  S t r .  la c t is  p r o d u c e d  
5 0 - 1 0 0  t im e s  a s  m u c h  14C 0 2 fro m  g lu c o s e - l- 14C th a n  fro m  g lu co se -6 -14C . T h is  i s  
c o n s is te n t  w ith  th e  fe r m e n ta t io n  o f  g lu c o se  v i a  th e  E n t n e r - D o u d o r o f f  p a t h w a y  
(P ig . 2(214,232 , 233)) w h ic h  m a y  b e  o f  m o re  q u a n t i t a t iv e  im p o r ta n c e  in  th is  o r g a n ism  
t h a n  th e  H M P  sh u n t . G lu c o se -6 -p h o sp h a te  a n d  6 -p h o sp h o -g lu c o n a te  a r e  in t e r 
m e d ia te s  in  b o th  p a t h w a y s ,  b u t  in  th e  fo rm e r , 6 -p h o sp h o -g lu c o n a te  i s  c le a v e d  to  
p y r u v a t e  a n d  g ly c e ra ld e h y d e  p h o s p h a te . B e s id e s  r e d u c t io n  to  l a c t a t e ,  p y r u v a t e  
i s  a lso  d e c a r b o x y la t e d  a n d  re d u c e d  to  e th a n o l, 14C 0 2 b e in g  p r o d u c e d  fro m  g lu c o s e - 1- 
14C a n d  g lu c o se  ! - 14C  b y  th e  E n t n e r - D o u d o r o f f  p a t h w a y  a n d  fro m  g lu co se -6 -14C 
b y  th e  H M P  sh u n t.

Glucose 

ATP ' ' J

Glucose-6-phoäpliate

-2H-

6-Phosphogluconate

2-Keto-3-deoxy-
6-phosphogluconate

D-Glyceraldehyde-
3-phosphate

PCV >
2-Pyruvate +  2H

ATP

2 Acetaldehyde

j < --- 2 x 2H —

2C02 +  2 Ethanol -f- (Lactate)

Fig. 2. The Entner-Doudoroff pathway (214).

A s  g lu c o se  i s  th e  u s u a l  s t a r t in g  m a t e r ia l  in  e ith e r  t y p e  o f  fe r m e n ta t io n , i t  i s  o f  
in te r e s t  to  e x a m in e  th e  m e c h a n ism s  in v o lv e d  in  i t s  p ro d u c t io n  fro m  la c to s e .  O f  th e  
e n z y m e s  k n o w n  to  s p l it  la c t o s e  in  o th e r  o r g a n ism s , /3 -g a la c to s id a se , l a c t a s e  a n d  l a c 
to s e  d e h y d ro g e n a se  a p p e a r  to  b e  p r e s e n t  in  ce ll-free  e x t r a c t s  o f  S t r .  la c t is  (228,229). 
T h e  f ir s t  tw o  e n z y m e s  g iv e  a n  e q u im o la r  m ix tu r e  o f  g a la c to s e  a n d  g lu c o se  fro m  
la c to se , b u t  la c to se  d e h y d ro g e n a se  a c t iv i t y  r e su lt s  in  g a la c t o s e  p lu s  g lu c o n a te . T h e  
u t i l iz a t io n  o f  g a la c t o s e  in  S t r .  la c t is  p ro c e e d s  v i a  th e  w ell k n o w n  g a la c t o - W a ld e n a s e



s y s t e m (234,235). T h e  fu r th e r  m e ta b o lis m  o f  g lu c o n a te  w a s  n o t  s t u d ie d :  p r e s u m a b ly  

i f  p h o s p h o r y la te d  b y  a  g lu c o n a te -k in a se  i t  w o u ld  b e  fe r m e n te d  v i a  th e  H M P  sh u n t .
I n  a d d it io n  to  d e r iv in g  e n e r g y  fro m  th e  la c t ic  fe r m e n ta t io n , so m e  h o m o fe rm e n te r s  

c a n  u tiliz e  c i t r a t e  fo r  th i s  p u r p o s e  (235-238). T h e  p a t h w a y  o f  c i t r a te  fe r m e n ta t io n  is  
b e lie v e d  to  p ro c e e d  v i a  o x a la c e ta t e  w h ich  is  d e c a r b o x y la te d  t c  p y r u v a t e .  P y r u v a t e  
m a y  th e n  b e  re d u c e d  to  l a c t a t e  o r  m a y  g iv e  r ise  to  a c e to in  in  th e  u su a l  m a n n e r . T h e  
r e a d e r  i s  r e fe r re d  to  th e  re v ie w  b y  K a n d le r  (19) fo r  a  d e ta ile d  a c c o u n t  o f  th e  p ro c e s se s  
in v o lv e d  in  a c e to in  p ro d u c t io n .

B e fo r e  c i t r a t e  c a n  b e  m e ta b o liz e d , i t  h a s  to  b e  t a k e n  u p  fro m  th e  m e d iu m . A c e to in  
p ro d u c t io n  b y  s t r e p to c o c c i  a n d  le u c o n o s to c s  o c c u r s  o n ly  w h en  th e  p H  o f  th e  m e d iu m  
is  b e lo w  6 '0  (239). H a r v e y  & C o llin s (50) h a v e  sh o w n  t h a t  c i t r a te  u p t a k e  i s  e n z y m ic a lly  
m e d ia te d  b y  a n  in d u c ib le  t r a n s p o r t  sy s t e m  w h ich  i s  in h ib ite d  b y  2 ,4 -d in itro p h e n o l 
a n d  so , p r e s u m a b ly ,  r e q u ir e s  A T P  fo r  i t s  c o n tin u e d  fu n c tio n in g . C it r a te  u t i l iz a t io n  
h a s  b e e n  s t u d ie d  in  a  n u m b e r  o f  la c t ic  a c id  b a c te r ia ,  in c lu d in g  so m e  s t a r t e r  s t r a in s  
b y  G a r v ie  (p e r so n a l  c o m m u n ic a t io n ) . U t i l iz a t io n  o f  c i t r a te  fro m  th e  m e d iu m  w a s  n o t  
a lw a y s  a c c o m p a n ie d  b y  th e  p r o d u c t io n  o f  d ia c e ty l  a n d  a c e to in . C it r a te  u t i l iz a t io n  
w a s  l in k e d  w ith  a c e to in  p r o d u c t io n  in  a l l  s t r a in s  o f  S t r .  d i a c e t i l a c t i s .  H o w e v e r , o n ly  
2 o f  th e  6 s t r a in s  o f  L e u c .  c r e m o r i s  t h a t  u se  c i t r a te  p r o d u c e d  a c e to in . C it r a te  w a s  a lso  
u t i l iz e d  b y  so m e  s t r a in s  o f  S t r .  c r e m o r i s  a n d  b y  a  few  i s o la te d  s t r a in s  o f  le u c o n o s to c .

T r a c e  m e t a l s

C o m p a r a t iv e ly  l i t t le  w o rk  h a s  b e e n  d o n e  o n  th e  m e ta l  r e q u ir e m e n ts  o f  s t a r t e r s ,  
p r o b a b ly  b e c a u s e  o f  th e  te c h n ic a l ly  e x a c t in g  a n d  t im e - c o n su m in g  m e th o d s  in v o lv e d . 
A s  a  r e s u lt  o f  w o rk  o n  io n  e x c h a n g e  o f  milk(240,24i) i t  b e c a m e  c le a r  t h a t  p o t a s s iu m  
a n d  m a g n e s iu m , a s  e x p e c te d  (242-244), w ere  re q u ir e d  in  la r g e  a m o u n ts  a n d  in v e s t ig a 
t io n s  in  sy n th e t ic  m e d ia  c o n firm e d  th e se  f in d in g s  a n d  sh o w e d  t h a t  m a g n e s iu m  c o u ld  
n o t  b e  r e p la c e d  b y  c a lc iu m  (R e ite r , u n p u b lish e d ) . P u la y  e t a l . (245) h a d  o b s e r v e d  
t h a t  th e  s e q u e s t r a t io n  o f  iro n  in  m ilk  s o m e w h a t  r e d u c e d  th e  l a c t ic  a c id  p r o d u c t io n  
o f  s t a r t e r s ;  u n d e r  th e ir  c o n d it io n s  c o b a l t  a n d  z in c  c o u ld  r e p la c e  iro n . M o re  r e c e n t ly , 
iro n  w a s  fo u n d  to  b e  a n  e s se n t ia l  t r a c e  m e ta l ,  o n e  s t r a in  o f  S t r .  c r e m o r i s  ( H P )  

re q u ir in g  0-01 p p m  a n d  o n e  s t r a in  o f  S t r .  l a c t i s  0-002  p p m . T h e  re q u ir e m e n ts  o f  
a n o th e r  s t r a in  o f  S t r .  l a c t i s  (M L 3) w ere  b e lo w  th e  c o n ta m in a t io n  le v e l o f  th e  o x in e  
t r e a t e d  m e d iu m  a n d  ch ro m ic  a c id  t r e a t e d  g la s s w a r e  a n d  a , a ’- d ip y r id y l  h a d  to  b e  
a d d e d  a s  se q u e s te r in g  a g e n t  to  o b ta in  n o  g ro w th  in  th e  c o n tro l. V a n a d iu m  (p e n ta -  
v a le n t ) ,  in  a p p r e c ia b ly  h ig h e r  c o n c e n tr a t io n s , r e p la c e d  iro n . N o  g ro w th  r e sp o n s e s  
w ere o b s e r v e d  w ith  m o ly b d e n u m , c o b a lt ,  m a n g a n e se , z in c  a n d  c o p p e r  u p  to  10 p p m . 
I n  ce ll-free  e x t r a c t s ,  iro n  w a s  fo u n d  to  a c t iv a t e  a ld o la se ,  b u t  v a n a d iu m  sh o w e d  n o  
e ffe c t , w h ich  m a y  b e  d u e  t o  th e  in a b i l i ty  o f  th e  ce ll- free  e x t r a c t s  to  c o n v e r t  i t  to  
th e  v a le n c y  s t a t e  r e q u ir e d  fo r  a c t iv i t y  (R e ite r  & O ra m , u n p u b lish e d ) .

M c D o n a ld  (246) d e m o n s t r a te d  t h a t  c a se in a te - u ti l iz in g  la c t ic  s t r e p to c o c c i  w ere  
s t im u la t e d  b y  a c e ta t e  a n d  c i t r a te  a n d  t h a t  th e se  a g e n t s  in  e x c e s s  o r  E D T A  (d i
so d iu m  e th y le n e d ia m in e te tr a -a c e ta te )  c a u se d  in h ib it io n . F r o m  th is  w o rk  a n d  e a r lie r  
w o rk  (192) h e  s u g g e s te d  t h a t  th e  re sp o n se  o f  S t r .  l a c t i s  a n d  S t r .  c r e m o r i s  to  c i t r a t e  a n d  
a c e ta t e  m a y  b e  r e la te d  to  th e ir  c a lc iu m  a n d  m a g n e s iu m  r e q u ir e m e n ts . A  d e fin ite  
c a lc iu m  r e q u ir e m e n t  h a s  b e e n  sh o w n  fo r  L .  d e lb r u e c Jc i i  a n d  L .  c a s e i n )  a n d  S t r .  

t h e r m o p h i l u s (199,200), w h e re a s  L e u c .  m e s e n t e r o id e s  a n d  S t r .  f a e c a l i s  h a d  n o n e . T h e
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u p t a k e  o f  s t r o n t iu m  in  p re fe re n c e  to  c a lc iu m  b y  s t r a in s  o f  la c to b a c i l l i  h a s  b e e n  
r e c e n t ly  r e p o r te d , a n d  a lth o u g h  c a lc iu m  w a s  a lso  t a k e n  u p  b y  th e  ce lls  i t  d id  n o t  
a p p e a r  to  b e  a n  e s se n t ia l  n u tr ie n t  (248).

M a n g a n e se  h a s  b ee n  sh o w n  to  h a v e  a  sp e c ific  e ffe c t  o n  d ia c e ty l  a n d  a c e to in  p r o 
d u c t io n  b y  s t r a in s  o f  le u c o n o s to c , b u t  n o t  b y  S t r .  d ia ce tila c tis . F e e d in g  co w s o n  a  
m a n g a n e se -r ic h  d ie t  r e su lte d  in  a n  in c r e a se d  c o n c e n tr a t io n  o f  m a n g a n e se  in  th e  m ilk  
a n d  a  r e s u lt a n t  in c re a se d  a r o m a  p r o d u c t io n  in  b u t te r  s t a r t e r s  (126,84,85). T h a t  th e  
v a r ia t io n  o f  c o n c e n tr a t io n  o f  m a n g a n e se  in  m ilk  i s  v e r y  w id e  (4 -5 -6 7  p.g/1) h a s  r e 
c e n t ly  b e e n  sh o w n  (249). A  re v ie w  o n  t r a c e  m e ta ls  in  m ilk  b y  A rc h ib a ld  (250) su m m a r iz e s  

o u r  k n o w le d g e  to  d a te .

B .  R e i t e r  a n d  A . M o l l e r -M a d s e n

N A T U R A L  IN H IB IT O R S  O F M IL K

T h e  a b i l i t y  o f  ra w  m ilk  to  in h ib it  m a n y  b a c te r ia l  sp e c ie s  h a s  b e e n  k n o w n  s in c e  
1894(251), b u t  m u c h  is  s t i l l  to  b e  le a rn e d  o f  th e  id e n t i t ie s  a n d  m o d e s  o f  a c t io n  o f  
th e  in h ib ito r s . J o n e s  a n d  Iris co -w o rk e rs  s tu d ie d  th e  p h e n o m e n o n  o f  in h ib it io n  in  
d e ta i l  a n d  p u b lish e d  th e ir  f in d in g s  in  a  se r ie s  o f  o u t s t a n d in g  p a p e r s  (252-254). T h e y  
fo u n d  t h a t  a  s c a r le t  fe v e r  s t r e p to c o c c u s  d ie d  o u t  in  ra w  m ilk  a f te r  in c u b a t io n  fo r  
18-24 h  a n d  a  n o n -h a e m o ly tie  s t r e p to c o c c u s  i s o la te d  fro m  a  m a s t i t ic  u d d e r  f a i le d  to  
m u lt ip ly  d u r in g  th e  f ir s t  5-6 h b u t  th e n  g re w  n o rm a lly . T h e y  re fe rre d  to  th e  h e a t  
la b ile  in h ib ito r (s )  a s  la c te n in , a  te r m  w h ich  h a s  s in ce  b e e n  a p p l ie d  w ith  a  w id e r  
m e a n in g . A t t e m p ts  to  p u r i fy  a n d  id e n t i fy  th e  la c te n in  b y  th e se  w o rk e rs  a n d  W ilso n  
& R osen b lum (255) fa ile d . A u c la ir  a n d  h is  co -w o rk ers  (256,257), w o rk in g  w ith  s t r a in s  

o f  S t r .  p y o gen es, S t r .  a g a la c t ia e , S ta p h , a u r e u s  a n d  S tr . la c tis ,  su g g e s te d  t h a t  th e se  
o r g a n ism s  w ere  in h ib ite d  b y  tw o  h e a t  la b ile  su b s ta n c e s  p r e s e n t  in  m ilk  w h ic h  th e y  
c a lle d  la c te n in  1 a n d  la c te n in  2. T h e y  a lso  co n firm e d  e a r lie r  f in d in g s  (258> t h a t  m ilk  
c o n ta in e d  b o th  in h ib ito ry  su b s ta n c e s  a n d  g ro w th  fa c t o r s  in flu e n c in g  b a c te r ia l  g ro w th .

W rig h t  & T r a m e r  (259), w o rk in g  w ith  s t a r t e r s ,  a s s u m e d  t h a t  la c te n in  1 w a s  p r o b a b ly  
th e  a g g lu t in in  o f  th e  f a t  g lo b u le s  b u t  th e  n a tu r e  o f  th e  a g g lu tin in  w a s  n o t  fu r th e r  
s tu d ie d . M c P h illip s  a n d  o th e r  w o rk e rs  (2 6 0 -2 6 2 ) la te r  e s t a b lish e d  th e  s t r a in  sp e c if ic ity  
o f  th e  ■ a g g lu t in in s  ’ a n d  c o n c lu d e d  t h a t  th e y  w ere  a n t ib o d ie s  o c c u rr in g  n a t u r a l ly  in  
m ilk . W rig h t  & T r a m e r  (263) a s s o c ia te d  la c te n in  2 w ith  la c to p e r o x id a s e  b e c a u s e  o f  th e ir  
s im ila r  s e n s it iv i ty  to  h e a t ,  re v e r s io n  o f  in h ib it io n  b y  re d u c in g  a g e n t s ,  e tc . T h is  w a s  
l a te r  co n firm e d  d ire c t ly  b y  a d d in g  p u r if ie d  la c to p e r o x id a s e  to  h e a te d  m i lk ;  h o rse 
r a d is h  p e r o x id a s e  w a s  fo u n d  to  h a v e  n o  e ffe c t  (137,138). A n o th e r  a d m it t e d ly  in c o m p le te  
in v e s t ig a t io n  (264) t e n t a t iv e ly  in d ic a te d  t h a t  c y s te in e , l ib e r a te d  fro m  m ilk  p ro te in  b y  
la c to p e r o x id a s e - r e s i s t a n t  ce lls , r e v e r se d  th e  in h ib it io n , w h ile  su sc e p t ib le  s t r a in s  
f a i le d  to  r e le a se  c y s te in e . I t  h a s  a lso  b e e n  s u g g e s te d  (144) t h a t  th e  le th a l  e f fe c t  o f  
r a w  m ilk  o n  S tr . p y o gen es  w a s  d u e  to  a  d e fic ie n c y  o f  fre e  su lp h y d r y l  g r o u p s  o r  o f  
d e n a tu r e d  a lb u m in  in  th e  m ilk .

J a g o  (265) d e m o n s t r a te d  a n  in h ib ito ry  fa c t o r  a s s o c ia t e d  w ith  th e  f a t  g lo b u le s  (n o t 
a g g lu tin in ) , w h ich  c o u ld  b e  e lu te d  b y  f re q u e n t  w a sh in g  o f  th e  f a t  (2 6 6 ) a n d  w h ich  a lso  
o c c u r re d  in  sm a ll  q u a n t it ie s  in  th e  sk im -m ilk  fr a c t io n .

T h u s  th e  in h ib ito ry  su b s ta n c e s  o f  m ilk  a r e  c e r ta in ly  n u m e ro u s . W e sh a ll  c o n s id e r  
th e m  in  g r e a te r  d e ta i l ,  b u t  to  a v o id  co n fu sio n  w e sh a ll  u se  th e  te r m  la c te n in  fo r  th e  i n 
h ib ito r  o b s e r v e d  f ir s t  b y  J o n e s  (252-254) a n d  re fe r  to  th e  o th e r  in h ib ito r s  a s  a g g lu t in in s  
o r  a n t ib o d ie s ,  la c to p e r o x id a s e , a n d  in h ib ito r  a s s o c ia t e d  w ith  f a t  g lo b u le s .



L a c te n in

T h e  t e s t s  fo r  la c te n in  w ere  p e r fo r m e d  b y  su sp e n d in g  th e  o r g a n ism  in  ra w  ‘ s te r i le  ’ 
m ilk  ( a s e p t ic a l ly  d r a w n  o r  s te r i liz e d  b y  e th y le n e  o x id e )  a n d  c o u n tin g  v ia b le  ce lls  a t  
in te r v a ls  fo r  2 4 - 4 8  h . I f  th e  in o c u la  w ere  k e p t  low  (u p  to  105/m l) so m e  sp e c ie s  o f  
s t r e p to c o c c i  d ie d  in  1 8 -2 4  h  a n d  o th e rs  sh o w e d  d e la y e d  g ro w th  a f t e r  a  6 - 8  h  la g  
p h a se , b u t  w ith  a l l  sp e c ie s  la r g e  in o c u la  r e su lte d  e v e n tu a l ly  in  g ro w th . A n o th e r  
a s s a y  m e th o d  w a s  to  s t r e a k  th e  o r g a n ism  o n  ra w  m ilk  a g a r  o n  w h ic h  n o  in te r m e d ia te  
r e s u lt s  w ere  o b ta in e d  ir r e sp e c t iv e  o f  s iz e  o f  th e  in o c u lu m . I t  w a s  fo u n d  t h a t  ra w  m ilk  
w a s  b a c te r ic id a l  a g a in s t  g r o u p  A  s t r e p to c o c c i  a n d  so m e  s t r a in s  o f  g r o u p s  F ,  G , H , K  
a n d  L ,  b u t  a ll  th e  s t r a in s  o f  g r o u p s  B ,  C , D  a n d  E  w ere  r e s i s t a n t  (255).

T h e  in h ib ito ry  e ffe c t  w a s  o n ly  o b s e r v e d  u n d e r  a e r o b ic  c o n d it io n s . D e f ib r in a te d  
w h ole  b lo o d , so m e  p e p to n e  p r e p a r a t io n s , a n d  th ia m in e  a t  n o n -p h y s io lo g ic a l c o n c e n 
t r a t io n s  p a r t ia l ly  o r  c o m p le te ly  r e v e r se d  th e  in h ib it io n . T h e  la c te n in  t i t r e  in  n o rm a l 
ra w  m ilk  w a s  fo u n d  to  b e  b e tw e e n  1 :8  a n d  1 :1 6 ;  th e re  w a s  l it t le  la c te n in  p r e s e n t  in  
th e  c o lo s tru m , n o n e  in  b lo o d  a n d  th e  t i t r e  in  th e  m ilk  co u ld  n o t  b e  in c re a se d  b y  
im m u n iz a t io n  o f  th e  cow . L a c te n in  w a s  re g a r d e d  a s  d e r iv e d  fro m  th e  m a m m a r y  
t is su e  in d e p e n d e n t  of, a n d  u n r e la te d  to  a n y  b a c te r ia l  in fe c t io n . I t  w a s  n o t  d ia ly s-  
a b le , r e s is t e d  t r y p s in  d ig e s t io n  a n d  w a s  in a c t iv a t e d  a t  80 °C . I t  w a s  a d s o r b e d  b y  
c h a rc o a l, b u t  c o u ld  n o t  b e  e lu te d  fo r  p u r if ic a t io n . S o m e  d e g re e  o f  p u r if ic a t io n  w a s , 
h o w ev er , a c h ie v e d  b y  t r y p t ic  d ig e s t io n  o f  th e  w h e y  fo llo w e d  b y  d ia ly s is  a n d  
c o n c e n tra t io n .

I t  h a d  b ee n  s u g g e s te d  t h a t  th e  la c te n in  w a s  a n  o x id a s e  (259) b e c a u s e  h e a t in g  re d u c e d  
th e  b a c te r ic id a l  p o w e r  o f  r a w  m ilk  a g a in s t  s t r a in s  se n s it iv e  to  la c te n in  p a r a l le l  w ith  
i t s  d e c re a se d  a b i l i ty  to  sh o w  th e  je p h e n y le n e d ia m in e  r e a c t io n  fo r  o x id a s e . T h is  w a s , 
h o w ev er , d i s p u te d  (255) b e c a u s e  la c te n in  w a s  n o t  a f fe c te d  b y  c y a n id e , w h ic h  r e a d i ly  
in a c t iv a t e s  o x id a s e s .  I n  th is  c o n te x t  i t  m u s t  a lso  b e  p o in te d  o u t  t h a t  la c to p e r o x id a s e  
i s  in a c t iv a t e d  b y  c y a n id e , w h ich  p r o v e s  t h a t  la c to p e r o x id a s e  c a n n o t  b e  id e n t ic a l  
w ith  th e  la c te n in  o r ig in a lly  o b se rv e d  (252-255).

L a c to p e ro x id a se

A u c la ir  a n d  h is  co -w o rk ers  (256,257) e m p lo y e d  a  d if fe re n t  te c h n iq u e  in  th e ir  in v e s t i 

g a t io n s  o f  in h ib ito r s  in  r a w  m ilk . T h e  o r g a n ism s  w ere  in o c u la te d  (1 %  in o c u la  a s  a  
ru le ) in to  s e p a r a t e d  m ilk  fo r t if ie d  w ith  g lu c o se  p e p to n e  b ro th , in c u b a te d  fo r  6 - 8  h  
a n d  th e  d e v e lo p e d  a c id i t y  m e a su re d . L a t e r  w orkers(259,i37,i38) t e s te d  s t a r t e r s  in  
u n fo r t if ie d  m ilk  a n d  fro m  th e  sh a p e  o f  th e  d o se -re sp o n se  c u rv e s  th e  p re se n c e  o r 
a b se n c e  o f  b o th  in h ib ito ry  a n d  s t im u la to r y  f a c t o r s  w a s  d e te rm in e d . T h is  te c h n iq u e  
th u s  d iffe re d  m a r k e d ly  fro m  th e  o n e  p r e v io u s ly  d e sc r ib e d , w h ich  e m p lo y e d  sm a ll  
in o c u la  a n d  in  w h ich  th e  n u m b e r  o f  o r g a n ism s  w a s  e s t im a te d .

T h e  su g g e s t io n  t h a t  S t r .  crem o ris  c a n  b e  in h ib ite d  b y  la c to p e r o x id a s e  (263) w a s  
co n firm e d  b y  th e  f in d in g  t h a t  p u r if ie d  la c to p e r o x id a s e  a d d e d  to  h e a te d  m ilk  in 
h ib ite d  a c id  p ro d u c t io n  b y  S t r .  p y o gen es, S t r .  a g a la c t ia e  a n d  so m e  s t a r t e r  s t r a in s .  
M o st  s t a r t e r s  a re , h o w ev er , r e s i s t a n t  (137,138,260-262), b u t  g iv e  r ise  to  se n s it iv e  
m u t a n t s (137,138,268,269). T h e se  se n s it iv e  s t r a in s  w o u ld , o f  c o u rse , b e  e l im in a te d  in  
ra w  m ilk  o r  in  m ilk  h e a te d  a t  t e m p e r a tu r e s  w h ich  d o  n o t  in a c t iv a t e  th e  e n z y m e  
(70  °C  fo r  20  m in ). T h a t  s t a r t e r s  c o n t in u o u s ly  p r o p a g a t e d  in  s te a m e d  m ilk  c a n  b e c o m e
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su sc e p t ib le  to  th e  in h ib ito r s  o f  r a w  m ilk  h a d  b e e n  sh o w n  p r e v io u s ly  (2 7 0 ). T h is  p h e n o 
m e n o n  u n d e r lin e s  th e  w isd o m  o f  c h e e se -m a k e r s  w h o in s is t  o n  c u l t iv a t in g  s t a r t e r s  in  
m ilk  p a s te u r iz e d  a t  low  t e m p e r a tu r e s  s im i la r  to  th o se  u se d  fo r  ch ee se  m ilk .

T h e  t it r e  o f  th e  in h ib ito r  a s s o c ia t e d  w ith  th e  la c to p e r o x id a s e  i s  o f  th e  o r d e r  
1 :1 0 0  w h en  m e a su r e d  b y  d ilu t in g  h e a te d  m ilk  w ith  ra w  m ilk  a n d  te s t in g  a g a in s t  
a  se n s it iv e  s t r a in  (263,137,138). T h is  i s  in  c o n tr a s t  w ith  t i t r e s  o f  1 : 8 - 1 :1 6  fo u n d  fo r  
la c te n in  (252-255). T h e  o r ig in a l  la c te n in  w h ic h  p e r m it s  n o  g ro w th  is  th e re fo re  v e r y  
u n lik e ly  to  b e  id e n t ic a l  w ith  th e  la c to p e r o x id a s e , b u t  th e  d e la y e d  g ro w th  o b s e r v e d  
b y  th e  e a r lie r  w o rk e rs  w h en  t e s t in g  fo r  la c te n in  m a y  h a v e  b e e n  d u e  to  l a c to p e r o x id a s e .

I t  w a s  fu r th e r  su g g e s te d  t h a t  la c to p e r o x id a s e  m a y  a c t  a s  a n  in h ib ito r  b y  fo rm in g  
a n  in h ib ito ry  o x id a t io n  p r o d u c t ,  p r o b a b ly  o f  q u in o n o id  s t r u c tu r e , in  th e  p re se n c e  
o f  h y d ro g e n  p e ro x id e  fo rm e d  b y  s t a r t e r  o r g a n ism s  (263). J a g o  & M o rr iso n  (271) c o n 
f irm e d  th e  ro le  o f  H 20 2 b e c a u s e  i t s  d e s t r u c t io n  b y  h o r se ra d ish  p e r o x id a s e  o r  b y  
c a t a la s e  r e v e r se d  th e  in h ib it io n . T h e y  fa ile d , h o w e v e r , to  f in d  a n  o x id iz e d  p r o d u c t .  
R e c e n t  w o rk  (R e ite r , P ic k e r in g , O ra m  & P o p e , u n p u b lish e d ) h a s  sh o w n  t h a t  th e  
g ro w th  o f  s e n s it iv e  o r g a n ism s  a n d  th e  r e sp ir a t io n  o f  r e s t in g  ce lls  w e re  in h ib ite d  
b y  la c to p e r o x id a s e  in  th e  p re se n c e  o f  H 20 2 a n d  a  fa c t o r  w h ic h  w a s  p r e s e n t  in  
m in u te  c o n c e n tr a t io n s  in  m ilk . T h e  f a c t o r  w a s  fo u n d  to  b e  d ia ly sa b le ,  h e a t  a n d  
a c id  r e s i s t a n t ,  a n d  a b s o r b a b le  o n  a n io n ic  e x c h a n g e  re s in . T h is  f a c t o r  h a s  b e e n  
id e n tifie d  a s  th io c y a n a te  (S C N ~ ).

I t  h a s  b e e n  r e p o r te d  t h a t  th e  t h io c y a n a te  c o n te n t  o f  m ilk  v a r ie d  w ith  se a so n  
fro m  1 to  15 y g /m  1 (2 7 2 ). T h is  s u b s ta n c e  m a y  o r ig in a te  fro m  th io su lp h a te  fo r m e d  b y  
e n z y m e s  o f  th e  l iv e r  a n d  k id n e y  a n d  fo u n d  in  u r in e . T h e  e n z y m e  r h o d a n e se  (273,274) 
c a t a ly s e s  th e  ‘ d e t o x i f i c a t io n ’ re a c t io n  b e tw e e n  th io su lp h a te  (o r  o r g a n ic  th io su l-  
p h o n a te s )  a n d  c y a n id e , w h ich  is  c o n v e r te d  to  t h io c y a n a te  (275,276).

S 20 3—  +  C N -  ->  S 0 3—  +  S C N - .

I t  is  p e r h a p s  s ig n if ic a n t  t h a t  in  10 o u t  o f  20  s a m p le s  o f  m ilk  w e a k  rh o d a n e se  a c t iv i t y  
w a s  d e te c te d  (277). S o m e  fe e d s , e .g . c lo v e r , a r e  r ic h  in  c y a n id e , b u t  th io c y a n a te  c a n  b e  
d ire c t ly  d e r iv e d  a lso  fro m  b r a s s ic a e  a n d  r a p h a n i  a s  sh o w n  b y  V ir ta n e n  a n d  h is  
c o lla b o r a to r s  (278-281). T h e y  i s o la te d  a n d  id e n t if ie d  tw o  g lu c o s id e s , g lu c o b r a s s ic in  a n d  
n e o g lu e o b ra ss ic in , w h ich  w ere  fo u n d  to  b e  p r e c u r so r  s u b s t a n c e s  o f  S C N ~  a n d  o th e r  
p h y s io lo g ic a lly  a c t iv e  su b s ta n c e s .

I t  m a y  b e  o f  g e n e ra l  b io lo g ic a l  in te r e s t  t h a t  io d in e  u p t a k e  b y  th e  th y r o id  g la n d  
c a n  b e  in h ib ite d  b y  th e  sa m e  s y s te m  o f  S O N  a n im a l  p e r o x id a s e  a n d  H 20 2. M ilk  
h a s  a lso  b e e n  in v e s t ig a t e d  fo r  i t s  g o itro g e n ic  a c t iv i t y  d u e  to  S O N -  a n d  i t  a p p e a r s  t h a t  
in  m a n  i t  i s  d e te c ta b le  o n ly  w h en  th e  le v e l o f  io d in e  in ta k e  i s  v e r y  low  (282-285). 
T h io c y a n a te  h a s  a lso  b e e n  re p o r te d  to  b e  th e  a c t iv e  b a c te r ic id a l  s u b s t a n c e  in  s a l iv a  
w h ich  a lso  c o n ta in s  p e r o x id e , b u t  so  f a r  th e  co -e n z y m e  h a s  n o t  b e e n  id e n t if ie d  (287). 
S a l iv a  is  k n o w n  to  c o n ta in  p e r o x id a s e  a n d  i t  th e re fo re  se e m s lik e ly  t h a t  th e  sa m e  
s y s te m  o p e r a te s  in  s a l iv a  a s  in  m ilk .

A g g l u t i n i n

A g g lu t in in s  o c c u r  a t  low  t i t r e s  in  r a w  m ilk  th ro u g h o u t  th e  l a c t a t io n  p e r io d  b u t  a t  
v e r y  h ig h  t i t r e s  in  th e  c o lo s tru m  (2 6 1 , 2 6 2 , 2 8 8 ). T h e  o c c u rre n c e  in  m ilk  o f  th e se  n a t u r a l  
n o n -sp e c ific  a n t ib o d ie s , a g g lu t in a t in g  th e  n o n -p a th o g e n ic  g ro u p  N  s t re p to c o c c i  a n d  
so m e  la c to b a c i l l i ,  i s  n o t  su r p r is in g  i f  o n e  c o n s id e r s  t h a t  a  g r e a t  n u m b e r  o f  th e



a n t ib o d ie s  in  th e  b lo o d  n e e d  n o t  n e c e s s a r ily  a r ise  a s  th e  r e s u lt  o f  sp e c if ic  in fe c t io n s  o f  
th e  a n im a l. T h e y  ca n  b e  d u e  to  o th e r  b a c te r ia l  sp e c ie s  w h ich  m a y  sh a re  th e  s a m e  
a n t ig e n s , o r  th e y  c a n  a lso  b e  fo rm e d  a g a in s t  b a c te r ia l  a n t ig e n s  a b s o r b e d  fro m  th e  
in te s t in a l  c a n a l, th ro u g h  th e  lu n g s , o r  sk in  (289). T h e se  a n t ib o d ie s  t e n d  to  b e  p r e se n t  
in  low  t it r e ,  to  b e  d iff ic u lt  to  r e m o v e  b y  a d s o r p t io n  a n d  to  p e r s is t  fo r  lo n g  p e r io d s , 
ju s t  a s  a p p e a r s  to  b e  th e  c a s e  w ith  th e  m ilk  a n t ib o d ie s  (a g g lu t in in s ) . S t r .  bovis, a  
sp e c ie s  p r e s e n t  in  la r g e  n u m b e r s  in  th e  b o v in e  ru m e n , is  k n o w n  to  sh a re  a  ty p e  a n t ig e n  
w ith  S t r .  c rem o ris  (290). T h u s  c o m m o n  ru m e n  a n d  g u t  b a c t e r ia  m a y  w e ll b e  th e  so u rc e  
o f  a n t ig e n s  w h ich  r e su lt  in  th e  p ro d u c t io n  o f  a n t ib o d ie s  a c t iv e  a lso  a g a in s t  th e  la c t ic  
a c id  s tre p to c o c c i.

A g g lu t in a b le  (se n s it iv e )  s t r e p to c o c c i  w ere  o b s e r v e d  to  b e  c a r r ie d  b y  th e  r i s in g  f a t  
g lo b u le s  in to  th e  c r e a m  la y e r  (259-262,266,291) w h ere  i t  i s  a s s u m e d  th e y  p ro d u c e  l it t le  
la c t ic  a c id  o w in g  to  th e  la c k  o f  n u tr ie n ts  a n d  in c re a se d  0 2 te n sio n . N o n - a g g lu t in a b le  
s t r a in s  p r e s e n t  in  th e  m ilk  a r e  in h ib ite d  lik e  se n s it iv e  s t r a in s  a f t e r  a d d it io n  o f  sp e c if ic  
r a b b i t  a n t ise r u m . T h e  p h y s ic a l  r e m o v a l  a n d  su b se q u e n t  ‘ s t a r v a t i o n ’ is ,  h o w ev er , 
u n lik e ly  to  b e  th e  o n ly  re a so n  fo r  in h ib it io n . S o m e  s t a r t e r s  w ere  in h ib ite d  w h en  
c re a m in g  w a s  p r e v e n te d  b y  s t ir r in g , o r  w h en  g ro w n  in  sk im -m ilk  o r  w h ey  in  th e  
p re se n c e  o f  a n t ib o d ie s  (266). I t  m a y  w ell b e  t h a t  th e  p ro d u c t io n  o f  a n t ib o d ie s  a n d  
a n  in h ib ito ry  su b s ta n c e  a r e  a s s o c ia t e d  in  so m e  a s  y e t  u n k n o w n  w a y .

I n  th is  c o n n e x io n  th e  o r ig in a l  o b s e r v a t io n  o f  B o r d e t  (292) in  1897 t h a t  co cc i fo rm  
lo n g  c h a in s  in  th e  p re se n c e  o f  a n t ib o d ie s  m a y  b e  p e r t in e n t . L a c t i c  a c id  s t r e p to c o c c i  
w h ich  a p p e a r  n o rm a lly  a s  d ip lo c o c c i o r  sh o r t  c h a in s  in  h e a te d  m ilk  h a v e  b e e n  o b s e r v e d  
to  fo rm  lo n g  c h a in s  in  r a w  m ilk  (293). T h is  i s  p r o b a b ly  d u e  to  th e  p re se n c e  o f  a n t ib o d ie s . 
R e c e n t  f in d in g s  (294,295) h a v e  sh o w n  t h a t  lo n g  c h a in  fo rm a tio n , in  th e  c a se  o f  th e  
g ro u p  A  s tre p to c o c c i, i s  d u e  to  th e  c o m b in a t io n  o f  a n t ib o d y  w ith  th e  M  p ro te in  o f  th e  
ce ll w all. T h is  r e s u lt s  in  th e  in h ib it io n  o f  c h a in  f r a g m e n ta t io n  w h ich  n o r m a lly  t a k e s  
p la c e  in  th e  e a r ly  g ro w th  p h a se  a n d  w h ich  is  c a u se d  b y  a n  e n z y m e  o r  a  g ro u p  o f  
e n z y m e s. In c r e a s e d  c h a in  le n g th  d u e  to  a n t ib o d ie s  in  ra w  m ilk  m a y  w ell a s s i s t  
a g g lu t in a t io n , b u t  i t  is  im p r o b a b le  t h a t  i t  c a n  h a v e  a n y  e ffe c t  o n  th e  m e ta b o lis m  
o f  th e  ce lls . C h a in  f r a g m e n ta t io n  c a n  a lso  b e  in h ib ite d  b y  th e  a d d it io n  o f  su r fa c e  
a c t iv e  a g e n t s  l ik e  so d iu m  d o d e c y l s u lp h a te  (T e e p o l)  o r su ra m in  (296,297).

In h ib ito r  a sso c ia te d  w ith  f a t

A g g lu t in a te d  o r g a n ism s  a n d  a lso  in d iv id u a l  c h a in s  h a v e  b e e n  o b s e r v e d  to  a g g r e 
g a t e  a r o u n d  th e  f a t  g lo b u le s  (2 6 6 ). T h e  m o d e  o f  a d s o r p t io n  a n d  th e  fo rc e s  in v o lv e d  
m u s t  b e  o f  so m e  in te r e s t , a s  th e  h y p o th e s is  o f  s t a r v a t io n  o f  b a c t e r ia  in  th e  c r e a m  
la y e r  i s  n o t  fu l ly  c o n v in c in g . T h e  q u e s t io n  a r is e s  h o w  th e  in h ib ito ry  s u b s t a n c e s  
a s s o c ia te d  w ith  th e  f a t  g lo b u le s  a n d  a lso  fo u n d  in  th e  sk im -m ilk  f r a c t i o n (2 6 6 ,2 8 8 ) 
a re  a s s o c ia te d  w ith  th e  in h ib it io n  o f  s t a r t e r s .  F u r th e r m o r e , th e  in te r re la t io n sh ip  
b e tw e e n  a n t ib o d ie s , in h ib ito r s  a s s o c ia t e d  w ith  th e  f a t  g lo b u le s  a n d  th o se  o f  th e  sk im - 
m ilk  f r a c t io n  n e e d  fu r th e r  e lu c id a t io n . I n  a  v e r y  re c e n t  p a p e r  S tad h o u d ers(2 9 8 ) 
c o n firm e d  t h a t  a  sm a ll  p a r t  o f  th e  in h ib ito r y  p r in c ip le  in  ra w  m ilk  i s  a s s o c ia t e d  w ith  
th e  f a t  g lo b u le s  a n d  th e  g r e a t e r  p a r t  i s  p r e s e n t  in  th e  sk im -m ilk  f r a c t io n . H e  fo u n d  
t h a t  th e  f r a c t io n s  o f  e u g lo b u lin , p se u d o -g lo b u lin  a n d  jS - lac to g lo b u lin  a g g lu t in a t e d  
a  s t r a in  o f  S t r .  crem o ris  b u t  o n ly  th e  e u g lo b u lin  f r a c t io n  sh o w e d  a n y  in h ib it io n  o f  
a c id  d e v e lo p m e n t .

Bacteriology. Starters  4 4 1



4 4 2 B .  R e i t e r  a n d  A . M d l l e r -M a d s e n

N a t u r a l  in h i b i t o r s  o f  m i l k — c o n c lu s io n s

I t  c a n  b e  co n c lu d e d  t h a t  th e  b a c te r ic id a l  a c t iv i t y  o f  m ilk  o r ig in a lly  d e sc r ib e d  d o e s  
n o t  a p p e a r  to  b e  id e n t ic a l  w ith  th e  in h ib it io n  a s s o c ia t e d  w ith  la c to p e r o x id a s e . D e la y  
in  g ro w th  a s s o c ia te d  w ith  th e  p re se n c e  o f  la c to p e r o x id a s e  se e m s to  b e  d u e  to  a n  
in h ib ito ry  sy s te m  c o n s is t in g  o f  la c to p e r o x id a s e , H 20 2 a n d  t h io c y a n a te , in  w h ich  
t h io c y a n a te  i s  o x id iz e d  to  a n  in te r m e d ia te  p r o d u c t ,  th e  n a tu r e  o f  w h ich  is  n o t  y e t  
k n o w n . A g g lu t in in s  o r  a n t ib o d ie s  p r e s e n t  in  r a w  m ilk  h a v e  a n  in h ib ito ry  e ffe c t  e ith e r  
b y  re m o v in g  th e  o r g a n ism s  in to  th e  u p p e r  c re a m  la y e r , w h ich  m a y  c a u se  ‘ s t a r v a t io n  ’ 
c f  th e  ce lls , o r  b y  th e  p h y s ic a l  a g g r e g a t io n  o f  th e  o r g a n ism s  a r o u n d  th e  f a t  g lo b u le s  
w h ich  m a y  p e r m it  th e  a c t io n  o f  a n  in h ib ito r  a s s o c ia te d  w ith  th e  f a t  g lo b u le s . T h e  
n a tu r e  o f  th e  in h ib ito r  a n d  t h a t  o f  th e  fa c t o r  a s s o c ia te d  w ith  th e  sk im -m ilk  f r a c t io n  
is  n o t  k n o w n . I t  w ill b e  n e c e s s a r y  to  i so la te ,  p u r i fy  a n d  id e n t i fy  e a c h  o f  th e  in h ib i
t o r s  b e fo re  i t  i s  p o s s ib le  to  e lu c id a te  th e ir  m o d e s  o f  a c t io n .

I n  p r a c t ic e , th e  a g g lu t in in s  a s s o c ia t e d  w ith  in h ib it io n  d o  n o t  co n ce rn  c h e e se 
m a k in g  a s ,  o f  c o u rse , th e  re n n e t t in g  o f  th e  m ilk  p r e v e n t s  th e  ‘ c r e a m in g  u p  ’ . L a c t o 
p e r o x id a s e  se n s it iv e  s t a r t e r  s t r a in s  a re  n o t  a s  r a r e  a s  f ir s t  b e lie v e d , b u t  s t i l l  r a r e  
e n o u g h  n o t  to  b e  a  m a jo r  so u rc e  o f  s t a r t e r  in h ib it io n .

BACTERIOPHAGE IN  CHEESEMAKING

T h e  ro le  o f  b a c te r io p h a g e  in  c h e e se m a k in g  h a s  b e e n  r e p e a te d ly  re v ie w e d  (299-302), 
a n d  w e sh a ll  th e re fo re  g iv e  o n ly  a  g e n e ra l  a p p r e c ia t io n  o f  th e  p ro b le m  a n d  t r e a t  a  
few  sp e c ific  a s p e c t s  in  d e ta il .

P h a g e  i n  r e l a t i o n  to  s in g le -  a n d  m u l t i p l e - s t r a i n  s t a r t e r s

T h e  in tro d u c t io n  o f  s in g le - s tra in  s t a r t e r s  fo r  C h e d d a r  c h e e se m a k in g  c r e a te d  id e a l 
c o n d it io n s  fo r  th e  p r o life ra t io n  o f  p h a g e . T h e  f ir s t  p a p e r  o n  ‘ th e  o c c u rre n c e  o f  
b a c te r io p h a g e  in  c u ltu re s  o f  la c t ic  s t r e p t o c o c c i ’ b y  W h ite h e a d  & C o x (303) c le a r ly  
s t a t e d  tw o  o b je c t s  o f  fu r th e r  r e s e a r c h : ‘ F r o m  a  p r a c t ic a l  p o in t  o f  v ie w  i t  i s  n e c e s s a r y  
to  fin d  so m e  m e th o d  o f  e l im in a t in g  th e  p h a g e  o r  o f  u s in g  a n  o r g a n ism  im m u n e  to  i t s  
a c t io n . T h e  i so la t io n  o f  p h a g e  im m u n e  v a r ie t ie s  se e m s to  o ffe r  th e  g r e a t e r  p ro m ise  
o f  s u c c e s s . . . ’ A la s , o n ly  th e  f ir s t  o b je c t iv e  h a s  b e e n  a c h ie v e d , w h ile  r e la t iv e ly  few  
w o rk e rs  h a v e  a t te m p t e d  to  in v e s t ig a te  p h a g e - im m u n e  s t r a in s .

A se p t ic  p r o p a g a t io n  o f  s in g le - s tra in  s t a r t e r s  h a s  la r g e ly  e l im in a te d  th e  h a z a r d s  
o f  c h e e se m a k in g  a s s o c ia t e d  w ith  p h a g e . T h e  te c h n iq u e s  u se d  h a v e  n o w  re a c h e d  a  h ig h  
d e g re e  o f  so p h is t ic a t io n . T h e y  in c lu d e : th e  u se  o f  sy r in g e s  fo r  in o c u la t in g  la b o r a t o r y  
a n d  in te r m e d ia te  c u l t u r e s ; th e  u se  o f  w a te r - se a le d  o r t o t a l ly  im m e rse d  b u lk  s t a r t e r  
c a n s ; s e p a r a t e  s t a r t e r  ro o m s k e p t  u n d e r  p o s i t iv e  p r e s su re  w ith  f ilte re d  o r  s te r i liz e d  a i r ; 
a e r o so l  d is in fe c t io n  o f  th e  a ir  in  th e  la b o r a t o r y  a n d  ch ee se  r o o m ; a n d  e v e n  c o n t in u o u s  
e x c h a n g e  o f  th e  a ir  in  th e  f a c t o r y  (299,304-308). P r o te c t io n  o f  th e  b u lk  s t a r t e r  a g a in s t  
p h a g e  c o n ta m in a t io n  c a n  a lso  b e  a c h ie v e d  e ith e r  b y  re m o v in g  th e  c a lc iu m  fro m  th e  
s t a r t e r  m ilk  b y  io n  e x c h a n g e  o r  b y  se q u e s te r in g  i t  ch e m ic a lly (2 4 i,1 2 8 -1 3 2 ,309-315), 
s in c e  p h a g e s  o f  th e  la c t ic  s t r e p to c o c c i  a n d  la c to b a c i l l i  r e q u ir e  c a lc iu m  fo r  m u lt ip l ic a 
t io n  (316-321). I n  g e n e ra l, i t  a p p e a r s  t h a t  th e  fo rm e r  m e th o d  is  su p e r io r  to  th e  l a t t e r  in  
su p p r e s s in g  p h a g e  b u t  m o re  s t a r t e r s  sh o w  lo w e re d  a c t iv i t y  in  th e  io n  e x c h a n g e d  m ilk .

T h e  p ro d u c t io n  o f  p h a g e - fre e  b u lk  s t a r t e r  w a s , a n d  re m a in s , th e  c h ie f  w e a p o n



a g a in s t  s lo w n e ss  in  th e  v a t .  N e v e r th e le s s , i t  w a s  so o n  fo u n d  t h a t  w h e y  w ith  h ig h  
p h a g e  t i t r e s  c o u ld  s p r e a d  so  m u c h  p h a g e  in  th e  a ir  o f  th e  c r e a m e ry  a n d  t h u s  in fe c t  
ch ee se  m ilk  a n d  u te n s ils , t h a t  fu r th e r  p r o te c t iv e  m e a su r e s  w ere  n e c e s sa r y . A n d e r so n  
& M e an w ell (322,323) f ir s t  s u g g e s te d  a  r o ta t io n  o f  p h a g e - u n r e la te d  s t a r t e r s ,  a n d  th is  i s  
n ow  a  w e ll-e s ta b lish e d  p r a c t ic e  fo r  co n tro llin g  b u ild -u p  o f  sp e c if ic  p h a g e s  in  th e  
c r e a m e ry  (324-328). W h e n e v e r  p o ss ib le  th e  le n g th  o f  th e  l a te n t  p e r io d  a n d  b u r s t  s iz e  o f  
th e  p h a g e  (n u m b e r  o f  p h a g e  p a r t ic le s  r e le a se d  p e r  cell) o u g h t  t f  b e  c o n s id e re d  (329). 
H u n te r  (330) fo u n d  t h a t  r e n n e t te d  m ilk  c o u ld  s u p p o r t  th e  g ro w th  o f  s t a r t e r  in  s p i te  o f  
p h a g e  in fe c t io n , a n d  fro m  h is  o b s e r v a t io n s  th e  te c h n iq u e  d e v e lo p e d  o f  a d d in g  th e  
re n n e t  p r a c t ic a l ly  s im u lta n e o u s ly  w ith  th e  p h a g e - fre e  b u lk  s t a r t e r  (330-334). T h is  
e lim in a tio n  o f  th e  r ip e n in g  p e r io d , to g e th e r  w ith  r o ta t io n  o f  p h a g e - u n re la te d  s t a r t e r  
s t r a in s ,  h a s  g r e a t ly  c o n tr ib u te d  to  th e  e l im in a t io n  o f  s lo w n e ss  c a u se d  b y  s t a r t e r  
fa ilu re . U n fo r tu n a te ly  so m e  t y p e s  o f  ch ee se , fo r  e x a m p le  C h esh ire , r e q u ir e  v e r y  
r a p id  a c id  d e v e lo p m e n t  (3 h  a s  a g a in s t  4 J - 6  h  in  C h e d d a r  c h e e se m a k in g ) fro m  s e t t in g  
to  m illin g , w h ic h  is  n e a r ly  im p o ss ib le  w ith o u t  a  r ip e n in g  p e r io d . S e le c t io n  o f  s t a r t e r s  
w h ich  a re  o n ly  a f fe c te d  b y  p h a g e  r a c e s  w ith  a  lo n g  la te n t  p e r io d  (u p  to  90  m in ) 
c o u ld  th e o r e t ic a l ly  o v e rc o m e  th is .

W h en  i t  w a s  f ir s t  sh o w n  (322,324) t h a t  m u lt ip le - s t r a in  s t a r t e r s  c a n  b e  a f fe c te d  b y  
p h a g e , m a n y  B r it i s h  c re a m e r ie s  a d o p t e d  th e  sa m e  p r o te c t iv e  m e a su r e s  w h ic h  h a d  
b e e n  d e v e lo p e d  fo r  th e  p ro te c t io n  o f  s in g le - s tr a in  s t a r t e r s .  N e v e r th e le s s , m a n y  ch ee se  
fa c to r ie s  in  G r e a t  B r i t a in  a n d  p r a c t ic a l ly  a l l  th e  c o n t in e n ta l  fa c to r ie s  m a in ta in  th e ir  
s t a r t e r s  su c c e s s fu lly  w ith o u t  t a k in g  a n y  o r  o n ly  few  p r e c a u t io n s  a g a in s t  p h a g e . 
T h e re  a re  se v e ra l  r e a so n s  fo r  th is .  C o n t in e n ta l  c h e e se s  d o  n o t  r e ly  o n  e x te n s iv e  a c id  
p ro d u c t io n  in  th e  ch ee se  c u rd  b e fo re  h o o p in g , a c id i t y  d e v e lo p in g  slo w ly  in  th e  u n 
s a l t e d  c u rd  d u r in g  d r a in in g  a n d  p r e s s in g ; a  d e la y  in  a c id  p ro d u c t io n  w o u ld  th e re fo re  
o n ly  b e c o m e  a p p a r e n t  i f  c o m p le te  ly s i s  o f  th e  s t a r t e r  o c c u rre d . T h is  i s  u n lik e ly  to  
h a p p e n  w ith  g e n u in e  m u lt ip le - s t r a in  s t a r t e r s  b e c a u s e  a  p h a g e - ly se d  s t r a in  w o u ld  b e  
r e p la c e d  b y  p h a g e - u n r e la te d  o r  p h a g e - r e s i s t a n t  s t r a in s  (335-339). C h e d d a r  a n d  C h esh ire  
c h e e se m a k in g  re q u ir e s  f a s t  la c t ic  a c id  p r o d u c t io n  in  th e  v a t ,  a n d  se v e re  d iff ic u lt ie s  
in  m a k in g  a s  w ell a s  in  ru n n in g  th e  c r e a m e ry  a re  e x p e r ie n c e d  i f  p h a g e  p r e v e n t s  th e  
s t a r t e r  fro m  p ro d u c in g  la c t ic  a c id  a t  th e  re q u ir e d  r a t e .  T h e  sc a le  o f  c h e e se m a k in g  
(u p  to  100  000  lb  o f  ch ee se  p e r  d a y  p e r  f a c t o r y ) , c e n tr ifu g a l  s e p a r a t io n  o f  f a t  fro m  w h ey  
(w h ich  c a n  s p r e a d  d r o p le t s  o f  w h ey  w ith  p h a g e  t i t r e s  u p  to  1010/m l) o r  w h e y  d r y in g  
(p h a g e  s u r v iv e s  in  s p r a y - d r ie d  w h ey  (324)) h e lp  to  a g g r a v a t e  th e  p h a g e  p ro b le m .

T h e re  i s  l i t t le  d o u b t  t h a t  s c a r c i ty  o f  c o n t in e n ta l  s t a r t e r s  d u r in g  th e  w a r  y e a r s  
c o n tr ib u te d  to  th e  h ig h  in c id e n c e  o f  p h a g e  o u tb r e a k s  in  G r e a t  B r i t a in .  I n  m o re  
re c e n t  y e a r s  s lo w n e ss  d u e  to  s t a r t e r  fa ilu r e  h a s  n o t a b ly  d im in ish e d , p a r t ly  b e c a u s e  
m ix e d  s t a r t e r s  fro m  v a r io u s  so u rc e s  h a v e  b e e n  fre e ly  a v a i la b le  a n d  p a r t ly  b e c a u s e  o f  
th e  a b se n c e  o f  a  r ip e n in g  p e r io d . U p  to  fo u r  p h a g e  c y c le s  c a n  t a k e  p la c e  in  2 h  
(w h ich  i s  a b o u t  th e  lo n g e s t  r ip e n in g  p e r io d  u se d ) , r a is in g  th e  t i t r e  o f  a n y  p h a g e  

p r e s e n t  in  th e  m ilk  to  h ig h  le v e ls .
A b se n c e  o f  s t a r t e r  t r o u b le  d o e s  n o t  m e a n  t h a t  n o  p h a g e  i s  p r e s e n t  in  a  c re a m e ry . 

M u lt ip le - s tr a in  s t a r t e r s  h a v e  f r e q u e n t ly  b e e n  fo u n d  to  b e  c o n ta m in a te d  w ith  
p h a g e  (339). A  re c e n t  su r v e y  in  U .S .A .  sh o w e d  t h a t  74  %  o f  s a m p le s  o f  c u ltu re s  a n d  
w h ey  t a k e n  in  fa c to r ie s  in  w h ich  p r o d u c t io n  w a s  n o rm a l w ere  in fe c te d  w ith  p h a g e , 
w h ile  93  %  o f  s a m p le s  fro m  fa c to r ie s  in  w h ic h  s t a r t e r  fa ilu r e s  r e g u la r ly  o c c u r re d  w ere  
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in fe c te d  (340). I n  a n o th e r  su r v e y  in  S c o t la n d  (341) 18 o f  23 a c t iv e  a c id - p r o d u c in g  m ix e d  
s t a r t e r s  u se d  r e g u la r ly  in  7 fa c to r ie s  w ere  fo u n d  to  h e  in fe c te d . T h re e  m u lt ip le - s t r a in  
s t a r t e r s  c a r r ie d  p h a g e  a g a in s t  o th e r  m u lt ip le - s t r a in  s t a r t e r s ,  a n d  9 o f  15 s in g le - s t r a in  
s t a r te r s  w ere  ly se d  in  15 in s ta n c e s  b y  p h a g e s  p r e s e n t  in  th e  m u lt ip le - s t r a in  s t a r t e r s .

T o  th is  i t  m u s t  b e  a d d e d  t h a t  fa c to r ie s  w h ich  n o rm a lly  p r o te c t  th e ir  s t a r t e r s  fro m  
p h a g e  in fe c t io n  o fte n  e m p lo y  m e th o d s  w h ic h  a r e  f a r  fro m  p e r fe c t . T h e  se n io r  a u th o r  
h a d  o c c a s io n  to  u se  a  s t a r t e r  ro o m , s e p a r a t e d  fro m  th e  m a in  f a c t o r y ,  w h ic h  w a s  
b e in g  u se d  su c c e s s fu l ly  fo r  th e  p r e p a r a t io n  o f  m ix e d - s t r a in  s t a r t e r s  b u t  w a s  fo u n d  to  
b e  c o m p le te ly  in a d e q u a te  fo r  th e  p r o te c t io n  o f  a  s in g le - s tr a in  s t a r t e r .  A f t e r  m a k in g  
ch eese  w ith  th e  s in g le - s tr a in  s t a r t e r  fo r  2 d a y s ,  i t s  h o m o lo g o u s p h a g e  w a s  d e te c te d  
in  th e  a ir  o f  th e  s t a r t e r  ro o m . A n o th e r  in d ic a t io n  o f  th e  in a d e q u a c y  o f  th e  
p ro te c t iv e  m e th o d s  i s  fo u n d  in  a  r e p o r t  o f  a  su r v e y  o n  c o n ta m in a t io n  o f  s t a r t e r s  
u se d  in  ch ee se  fa c to r ie s .  O u t o f  16 s t a r t e r s  fro m  d if fe re n t  c r e a m e r ie s  7 c o n 
ta in e d  la c to b a c i l l i ,  b u t  o f  29 m ix e d - s t r a in  s t a r t e r s  k e p t  in  th e  la b o r a t o r y  n o n e  w a s  
fo u n d  to  b e  c o n ta m in a te d . A s  la c to b a c i l l i  a r e  in v a r ia b ly  fo u n d  in  th e  a ir  o f  ch ee se  
fa c to r ie s  (342), o n e  c a n  a s s u m e  t h a t  i f  a  f a c t o r y  c a n n o t  e v e n  p r e v e n t  b a c te r ia l  c o n 
ta m in a t io n  p h a g e  in fe c t io n  m u s t  su re ly  t a k e  p la c e  f r e q u e n tly .

In c o m p le te  m e a su r e s  o f  p ro te c t io n  c a n  b e  p o te n t ia l ly  m o re  d a n g e r o u s  t h a n  a b se n c e  
o f  p r o te c t io n . B u lk  s t a r t e r s  a re  u s u a l ly  in c u b a te d  fo r  1 6 -1 8  h . T h e re fo re , w ith  an  
in fe c t io n  w h ich  i s  h e a v y  e n o u g h  to  c a u se  ly s is ,  th e re  c a n  h e  su ffic ie n t t im e  fo r  se c o n d 
a r y  g ro w th  a n d  c h e e se m a k in g  m a y  p ro c e e d  n o rm a lly . W ith  a  l ig h t  in fe c t io n  ly s is  
m a y  b e  d e la y e d , a n d  i f  th e  su sc e p t ib le  p h a g e - in fe c te d  s t r a in  i s  b e in g  re lie d  o n  fo r  a  
m a jo r  p a r t  o f  a c id  p r o d u c t io n  slo w n e ss  d u r in g  c h e e se m a k in g  w ill o ccu r .

A  p r a c t ic a l  e x a m p le  o f  th e  e ffe c t  o f  a  p h a g e  in fe c t io n  on  m u lt ip le - s t r a in  s t a r t e r s  
i s  c ite d  b y  C ra w fo rd  & G a llo w a y  (341). A  m u b ip le - s t r a in  s t a r t e r  w a s  su p p l ie d  b y  th e ir  
l a b o r a to r y  to  a  ch ee se  f a c t o r y ,  w h ere  i t  w a s  u se d  r e g u la r ly  fo r  4  m o n th s . A s e p t ic  
p r e c a u t io n s  w ere  n o t  o b s e r v e d ; p a r t  o f  th e  b u lk  s t a r t e r  w a s  s im p ly  s e t  a s id e  in  m ilk  
c a n s , a n d  u se d  a s  in o c u lu m . W h en  a  n ew  s t a r t e r  w a s  su p p l ie d  b y  th e  la b o r a t o r y ,  i t  
fa ile d  c o m p le te ly . I t  w a s  su b se q u e n t ly  fo u n d  t h a t  th e  f a c to r y  s t a r t e r  n o w  c a r r ie d  a  
p h a g e  a g a in s t  th e  s a m e  s t a r t e r  p r o p a g a t e d  in  th e  la b o r a to r y .

T h is  b r in g s  to  m in d  th e  d a n g e r  o f  th e  co m m o n  p r a c t ic e  o f  c h a n g in g  s t a r t e r s  in 
d isc r im in a te ly  ( ‘ r o t a t i o n ’) a n d  b o rro w in g  fro m  n e ig h b o u r in g  fa c to r ie s  w ith o u t  a d e 
q u a te  la b o r a t o r y  c o n tro l. I n  th e  a b se n c e  o f  k n o w le d g e  o f  th e  p h a g e  r e la t io n sh ip s , 
w h ich  in v o lv e s  c o n t in u a l  c h e ck in g  fo r  c ro ss -p h a g in g , a  r o ta t io n  o r  th e  in tro d u c t io n  o f  
n ew  s t a r t e r s  c a n  so m e tim e s  d o  m o re  h a rm  t h a n  g o o d . A  b e t te r  p r a c t ic e , p e r h a p s , is  
to  u se  th e  s a m e  s t a r t e r  c o n t in u o u s ly  u n t i l  th e  p h a g e  t it r e  o f  d ie  w h ey  r e a c h e s  a b o u t  
106/m l, a t  w h ic h  s t a g e  th e re  i s  a  r i sk  o f  c o n ta m in a t io n  o f  th e  ch ee se  m ilk  g iv in g  
s lo w n e ss in  th e  v a t  e v e n  i f  th e  b u lk  s t a r t e r  is  fre e  fro m  p h a g e .

T h e re  a r e  tw o  w a y s  in  w h ich  a  c u ltu re  c a n  b e  c o n ta m in a te d  w ith  p h a g e  a n d  n o t  
b e  a f fe c te d  b y  i t .  H u n te r  (343) in fe c te d  a  p u r e  s t r a in  w ith  p h a g e  a n d  fo u n d  t h a t  a f t e r  
ly s is  th e  r e s i s t a n t  o r g a n ism  r e g u la r ly  c lo t te d  m ilk , b u t  ev en  a f t e r  m a n y  m o n th s  o f  
p r o p a g a t io n  h e  c o u ld  s t i l l  d e te c t  in  th e  c u ltu re  p h a g e  a c t iv e  a g a in s t  th e  o r ig in a l  
su sc e p t ib le  s t r a in . W h en  su c h  a  p h a g e - c a r r y in g  c u ltu re  w a s  p la t e d ,  th e  i s o la te d  
co lo n ie s  sh o w e d  n o  p h a g e  a f t e r  p r o p a g a t io n . T h a t  p h a g e - c a r r y in g  c u ltu re s  c a n  b e  
fr e e d  fro m  p h a g e  b y  c o lo n y  re - iso la t io n  (o r b y  e x p o s u r e  to  p h a g e  a n t ise r u m )  w a s  r e 
p o r te d  a s  lo n g  a g o  a s  1921 (344,345). P r o v id e d  in fe c te d  c u ltu re s  a re  p r o p a g a t e d  in  l iq u id
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m e d iu m  a  p o p u la t io n  e q u il ib r iu m  b e tw e e n  r e s i s t a n t  a n d  se n s it iv e  ce lls  a r is in g  b y  
m u ta t io n  w ill e x i s t ,  a n d  so  th e  p h a g e  w ill n o t  d ie  o u t .

T e m p e r a te  o r  a v ir u le n t  p h a g e s  a re  c a p a b le  o f  s e t t in g  u p  a  ly so g e n ic  re sp o n se  in  a  
f r a c t io n  o f  a  b a c te r ia l  p o p u la t io n . T h is  re sp o n se  i s  n o t  d u e  to  se le c t io n  o f  p r e - e x is t in g  
m u t a n t s  e ith e r  o f  th e  p h a g e  o r  th e  b a c te r iu m . T h is  i s  in  c o n tr a s t  to  th e  v iru le n t  
p h a g e s  w h ic h  ly se  a ll  th e  su sc e p t ib le  ce lls , t h u s  s e le c t in g  th e  p re - e x is t in g  p h a g e -  
r e s i s t a n t  m u t a n t s .  I n  th e  c a s e  o f  t r u ly  ly so g e n ic  o r g a n ism s , e a c h  ce ll c a r r ie s  p h a g e  
in  th e  n o n - in fe c t iv e  o r  p r o p h a g e  s t a t e  in  i t s  n u c le u s  a n d  t r a n s m it s  i t  to  i t s  p ro g e n y . 
E a c h  ce ll c a n  p o te n t ia l ly  p ro d u c e  in fe c t iv e  p h a g e  p a r t ic le s  a f t e r  in d u c tio n  b y  t r e a t 
m e n t  w ith  U V  o r  X - r a y s  o r  c h e m ic a l a g e n t s ,  b u t  e v e n  w ith o u t  in d u c tio n  a  sm a ll  
p ro p o r t io n  o f  c e lls  o f  th e  o r d e r  o f  1 in  106 r e le a se s  sp o n ta n e o u s ly  fu l ly  in fe c t iv e  
p h a g e  p a r t ic le s .  T h e se  a r e  u n a b le  to  a t t a c k  th e  ly so g e n ic  ce lls , b u t  d e s t r o y  b y  ly s i s  
a n y  su sc e p t ib le  m u t a n t s  w h ic h  h a v e  a r ise n  in  th e  c u ltu re  (346), a n d  c a n  b e  a s s a y e d  
o n ly  b y  th e  u se  o f  su sc e p t ib le  ‘ in d ic a to r  ’ s t r a in s .  F u r th e r m o r e , th e  ly so g e n ic  ce ll is  
n o t  o n ly  im m u n e  to  th e  p h a g e  i t  c a r r ie s  a s  p r o p h a g e , b u t  a lso  a g a in s t  se ro lo g ic a lly  
r e la te d  p h a g e  r a c e s .  L y s o g e n ic  s t r a in s  a re  k n o w n  to  o c c u r  a m o n g s t  a l l  g e n e ra  o f  
b a c t e r ia  a n d  h a v e  a lso  b e e n  r e p o r te d  fo r  l a c t ic  s t r e p t o c o c c i (317,347,348). I n  o n ly  on e 
in s ta n c e  h a s  ly so g e n iz a t io n  o f  a  s t a r t e r  b e e n  su c c e s s fu l ly  p e r fo r m e d  in  th e  la b o r a t o r y  
(C z u la k  & N a y lo r  (348)). U n d o u b te d ly  ly so g e n ic  s t r a in s  c o n s t i tu te  th e  re se r v o ir  o f  
p h a g e  in  n a tu r e , a s  w a s  r e c o g n iz e d  b y  e a r ly  w o rk e rs  in  th e  fie ld  (349).

T h e  e v id e n c e  a v a i la b le  se e m s  to  sh o w  t h a t  m u lt ip le - s t r a in  s t a r t e r s  c o n s is t  o f  ly s o 
ge n ic  o r  p h a g e - c a r r y in g  s t r a in s  o r  b o th . S in g le - s tr a in  s t a r t e r s  a r e  a r t i f a c t s  s u s c e p 
t ib le  to  ly t ic  p h a g e s  a n d  a r e  in  f a c t  in d ic a to r  s t r a in s  re q u ir in g , th e re fo re , th e  u tm o s t  
p ro te c tio n .

A re  m u lt ip le - s t r a in  s t a r t e r s  th e re fo re  p r e fe r a b le  to  s in g le - s tr a in  s t a r t e r s ?  N o t  
n e c e s sa r ily  so . W e n o w  h a v e  m e a n s  o f  m a in ta in in g  s in g le - s tr a in  s t a r t e r s  in  u se  fo r  
lo n g  p e r io d s ,  a s  h a s  b e e n  sh o w n  in  s e v e r a l  t r i a ls  (132,309); th i s  m a k e s  p o s s ib le  th e  
se le c t io n  o f  a  s t r a in  fo r  a  p a r t ic u la r  t y p e  o f  ch ee se , w h ich  w o u ld  h e lp  th e  ch eese- 
m a k e r  e n o rm o u sly . C a n  w e r e ly  o n  m u lt ip le - s t r a in  s t a r t e r s  to  r e m a in  t r o u b le  fre e  ? 
C e r ta in ly  n o t . N o  la r g e - sc a le  f e r m e n ta t io n  in d u s tr y , a n d  c h e e se m a k in g  i s  b a s ic a l ly  
a  fe r m e n ta t io n  p ro c e s s , sh o u ld  le t  i t s  c u ltu re  c h a n g e  i t s  c h a r a c te r is t ic s  b y  c h a n ce . 
T h e  id e a l  s t a r t e r  w o u ld  b e  a  s t a b le  m ix t u r e  o f  ly so g e n ic  s t r a in s  (see  s e c t io n  on  
a s s o c ia t io n  a n d  c o m p a t ib il i ty ) .  L y s o g e n ic  o r  p h a g e - r e s is ta n t  s in g le - s tr a in  s t a r t e r s  
h a v e  b e e n  t r ie d  in  p r a c t ic e  (343,348) b u t  n o t  e n o u g h  in fo r m a tio n  is  a s  y e t  a v a i la b le . 
T h is  f ie ld  i s  a  ch a lle n g e  to  th e  re se a r c h  w o rk e r .

C a l c i u m  r e q u ir e m e n t s

T h e re  a re  f r e q u e n t  re fe re n c e s  to  th e  ro le  o f  c a lc iu m  in  p h a g e  in fe c t io n  w h ich  n eed  
c o m m e n t. C a lc iu m  is  n o t  r e q u ir e d  fo r  a d s o r p t io n ;  m o n o v a le n t  c a t io n s  a r e  ju s t  a s  
e f fe c t iv e  a n d  e v e n  in  th e  c o m p le te  a b se n c e  o f  c a lc iu m  i t  h a s  n e v e r  b e e n  fo u n d  
p o ss ib le  to  e lu te  p h a g e  p a r t ic le s  a f t e r  a d s o r p t io n , w h ic h  c a n  th e re fo re  b e  r e g a r d e d  
a s  ir re v e r s ib le . I t  w a s  g e n e ra lly  b e lie v e d  t h a t  c a lc iu m  w a s  r e q u ir e d  fo r  th e  in v a s io n  
p r o c e s s  a n d  in je c t io n  o f  th e  D N A  o f  th e  p h a g e  in to  th e  h o s t , a s  w a s  p o s t u la t e d  fo r  
T 5 c o lip h a g e  (350-352) a n d  la te r  fo r  s t r e p to c o c c a l  p h a g e s  (320). M o re  re c e n t  w o rk  on  
c o lip h a g e  T s b y  L a n n y  (353-355) th ro w s a  r a th e r  d if fe re n t  l ig h t  o n  th e  ro le  o f  c a lc iu m . 
S h e  d is t in g u ish e s  b e tw e e n  tw o  s t a g e s  in  th e  in v a s io n  p r o c e s s .  D u r in g  s t a g e  1, p h a g e

29-2

Bacteriology. Starters  4 4 5



446 B .  R e i t e r  a n d  A . M d l l e r -M a d s e n

p a r t ic le s  c a n  b e  re c o v e re d  a f t e r  t r e a t m e n t  o f  th e  c u ltu re  in  a  W a r in g  b le n d e r , b u t  
o n ce  s t a g e  2 h a s  b ee n  re a c h e d  th is  i s  n o  lo n g e r  p o s s ib le . T h e  p ro c e s s  le a d in g  t o  s t a g e  2 
i s  c a lle d  s t a b i l iz a t io n  a n d  d e p e n d s  fo r  i t s  c o m p le tio n  o n  th e  p re se n c e  o f  C a . T h e  
p r o c e s s  o f  D N A  in je c t io n  is  th e re fo re  n o w  th o u g h t  to  b e  in d e p e n d e n t  o f  C a .

M o st  o f  o u r  b a s ic  a s s u m p t io n s  o n  s t r e p to c c a l  p h a g e  h a v e  b e e n  t a k e n  fro m  w o rk  o n  
c o lip h a g e s . D iffe re n c e s  h a v e , h o w e v e r , a l r e a d y  b e e n  d e m o n s tr a te d . F o r  in s ta n c e , 
w ith  T 5 c o lip h a g e  c a lc iu m  m a y  b e  re p la c e d  b y  m a g n e s iu m , s t r o n t iu m  a n d  b a r iu m  
(£50,351) b u t  w ith  s t r e p to c o c c a l  p h a g e s  a lso  b y  m a n g a n e se  (320).

P h a g e  a d a p t a t i o n  o r  h o s t - in d u c e d  m o d i f i c a t io n

A  p h e n o ty p ic  m o d if ic a t io n  o f  th e  p ro p e r t ie s  o f  a n  o r g a n ism  im p lie s  a  n o n -h e r ita b le  
c h a n g e , u s u a l ly  a t t r ib u t a b le  to  so m e  e n v iro n m e n ta l  in flu en ce . O c c a s io n a lly  a  
p h a g e  c a n  in fe c t  a n d  m u lt ip ly  in  a  fo rm e r ly  n o n -su sc e p tib le  h o s t  i f  i t  i s  p r e s e n t  in  
h ig h  c o n c e n tra t io n . T h is  i s  c a lle d  h o st- in d u c e d  m o d if ic a t io n  a n d  i s  r e v e r s ib le . 
T h is  a d a p t a t io n  o f  p h a g e s  i s  th e  b a s i s  o f  th e  te c h n iq u e  o f  V i ty p in g  o f  s t a p h y 
lo c o c c i (58-60). N ic h o ls  &  H o y le  (6 1 ) a n d  W h ite h e a d  & B u s h  (55) u se d  th is  m e th o d  fo r  
ty p in g  s t a r t e r  s t r a in s  a g a in s t  w h ich  th e y  h a d  n o  h o m o lo g o u s  p h a g e s . I t  m a y  w ell 
b e  t h a t  th is  m e th o d  c o u ld  b e  fu r th e r  e x p lo ite d  fo r  th e  ty p in g  o f  s t a r t e r  s t r a in s .

P h a g e  l y s i n

B r o n fe n b re n n e r  & M u c k e n fu ss  (356) re c o g n iz e d  t h a t  p h a g e  ly s a t e s  c o n ta in  a  
‘ fe rm e n t- lik e  ’ su b s ta n c e  o th e r  t h a n  p h a g e . R e c e n t ly , in te r e s t  in  th e  fre e  e n z y m e  
o f  p h a g e  ly s a t e s  a n d  th e  e n z y m e  c o n ta in e d  in  th e  t a i l  o f  p h a g e s  h a s  b e e n  re v iv e d . 
N a y lo r  & C zulak(348) a n d  M u rp h y  (357,358) fo u n d  t h a t  ‘ h a lo  fo r m a t io n ’ a r o u n d  p la q u e s  
o f  c e r ta in  p h a g e s  w a s  d u e  to  a n  e n z y m e  w h ich  ly s e d  th e  su r ro u n d in g  ce lls . T h e r e  is  
n o  d o u b t  t h a t  th i s  e n z y m e  i s  a lso  r e sp o n s ib le  fo r  th e  p h e n o m e n o n  o f  ‘ ly s i s  fro m  
w it h o u t ’ (359) (a  ce ll in fe c te d  b y  p h a g e  a t  h ig h  m u lt ip lic i ty  ly se s  sp o n ta n e o u s ly  w ith 
o u t  l ib e ra t io n  o f  n ew  p h a g e  p ro g e n y ) , b u t  th i s  h a s  n e v e r  b ee n  o b se rv e d  w ith  s t r e p t o 
c o c c a l p h a g e s . A lso  th e  ‘ n a s c e n t  p h a g e ’ p h e n o m e n o n (360-362). w h e re b y  a n  o r g a n ism  
w h ich  i s  n o t  a f fe c te d  b y  a  p h a g e  w h en  g ro w n  in  p u re  c u ltu re  i s  ly s e d  w h en  g ro w n  
to g e th e r  w ith  a  s t r a in  su sc e p t ib le  to  th e  p h a g e , c a n  b e  s im ila r ly  e x p la in e d . P h a g e  
ly s in  o r  ly so z y m e , th e  fre e  e n z y m e  c o n ta in e d  in  h ig h  t it r e - p h a g e  ly s a t e s ,  h a s  b ee n  
p u r if ie d  re c e n t ly  (363). I t  ly s e s  v ia b le  ce lls  o f  a ll g ro u p  N  s t r e p to c o c c i  a n d  a lso  th o se  
o f  th e  c lo se ly  r e la te d  g ro u p  D  s tre p to c o c c i, a n d  i t s  p r o d u c t io n  is  u n d e r  g e n e tic  
c o n tro l o f  th e  p h a g e . L y s i s  b y  th e  e n z y m e  is  p re v e n te d , h o w e v e r , in  th e  p re se n c e  
o f  th e  h o m o lo g o u s  p h a g e , e n z y m e  a n d  p h a g e  a p p a r e n t ly  c o m p e t in g  fo r  th e  s a m e  o r 
a d ja c e n t  s i t e s  on  th e  ce ll w a ll. L y s i s  b y  p h a g e  ly s in  is  a lso  p r e v e n te d  b y  su r a m in , 
w h ich  h a s  b e e n  sh o w n  t o  p r e v e n t  p h a g e  a d s o r p t io n  (364).

I n h i b i t i o n  o f  a  s t r e p t o c o c c a l  p h a g e  b y  s t r e p t o m y c in

B r o c k  (365) h a s  r e c e n t ly  sh o w n  t h a t  a  s t r e p to m y c in - r e s is ta n t  E s c h e r i c h i a  c o l i  w a s  
n o t  a f fe c te d  b y  i t s  h o m o lo g o u s  p h a g e  in  th e  p re se n c e  o f  s t r e p to m y c in . T h is  w o rk  
h a s  n o w  b e e n  e x te n d e d  (366) to  s t r e p to m y c in - r e s is t a n t  s t r e p to c o c c i  (S t r . f a e c i w m , S t .r .  

j a e c a l i s ,  S i r .  l i q u e f a c i e n s  a n d  S t r .  z y m o g e n e s ) .  I t  i s  su g g e s te d  t h a t  s t r e p to m y c in , i f  
p r e s e n t  b e fo re  a n d  d u r in g  a d s o r p t io n , in h ib it s  th e  in je c t io n  o f  th e  p h a g e  D N A  a n d , i f  
p r e s e n t  s h o r t ly  a f t e r  a d s o r p t io n , in a c t iv a t e s  th e  p h a g e  g e n o m e  (g e n e tic  m a te r ia l ) .



O n ce a  p h a g e  g e n o m e  is  e s t a b lish e d  in  th e  h o s t  th e  a n t ib io t ic  h a s  n o  e ffe c t  o n  th e  
m u lt ip lic a t io n  o f  th e  p h a g e . A s  g ro u p  D  s t r e p to c o c c i  h a v e  sc  m a n y  c h a r a c te r is t ic s  
in  c o m m o n  w ith  g ro u p  N  s tre p to c o c c i, i t  i s  l ik e ly  t h a t  th is  a n t ib io t ic  h a s  th e  s a m e  
a n t ip h a g e  a c t iv i t y  fo r  g ro u p  N . I t  i s  in tr ig u in g  to  sp e c u la te  w h e th e r  a  s t r e p to m y c in -  
r e s i s t a n t  s in g le - s tr a in  s t a r t e r ,  a t  le a s t  a s  la b o r a t o r y  a n d  in te r m e d ia te  c u ltu re s , c o u ld  
b e  p r o te c te d  a g a in s t  p h a g e  b y  s t r e p to m y c in  w ith o u t  a f fe c t in g  i t s  a c t iv i ty .

STRAIN ASSOCIATION AND COMPATIBILITY

O u r k n o w le d g e  o f  th e  l iv in g  p ro c e s se s  in  th e  m ic r o b ia l  ce ll is  a lm o s t  e x c lu s iv e ly  
b a s e d  on  p u re  c u ltu re  s tu d ie s  a n d  th e re fo re , a s  y e t ,  w e k n o w  lit t le  a b o u t  th e  f a c t o r s  
w h ich  c o n tro l th e  b a la n c e  b e tw e e n  d if fe re n t  sp e c ie s  o r  d if fe re n t  s t r a in s  o f  o n e  sp e c ie s  
in  m ix e d  c u ltu re . I t  i s  co m m o n  e x p e r ie n c e  t h a t  th e  m ix in g  o f  s t r a in s  o f  S t r .  th e rm o -  

p h i l u s  a n d  L .  b u l g a r i c u s ,  L .  y o g h u r t i  o r  L .  h e lv e t ic u s  d o e s  n o t  n e c e s s a r ily  r e s u lt  in  a  
s t a b le  y o g h u r t  s t a r t e r .  L ik e w ise , th e  s im p le  m ix in g  o f  fr e sh  i s o la te s  fro m  a  c o m 
m e rc ia l  m ix e d  s t a r t e r  r a r e ly  le a d s  to  a  m ix tu r e  w ith  th e  c h a r a c te r is t ic s  o f  th e  o r ig in a l  
s t a r t e r .  I n  a n  e s ta b lish e d  m ix tu r e  th e  p r o p o r t io n s  o f  th e  d if fe re n t  o r g a n ism s  c a n  b e  
a l te r e d  b y  c h a n g e s  in  th e  in c u b a t io n  te m p e r a tu r e , le n g th  o f  in c u b a t io n  o r  s iz e  o f  
in o c u lu m  (see  se c t io n  o n  p r o p a g a t io n ) ,  b u t  i t  i s  d iff ic u lt  to  e s t a b l i s h  a  m ix tu r e  w ith  
sp e c ifie d  c h a r a c te r is t ic s  w h ic h  re m a in  s ta b le .

T h e  m ix in g  o f  se v e r a l  s t r a in s  o f  l a c t ic  a c id  s t r e p to c o c c i  in v a r ia b ly  r e su lte d  in  th e  
e m e rg e n ce  o f  a  d o m in a n t  s t r a in  a f t e r  a  v a r y in g  n u m b e r  o f  p r o p a g a t io n s  (307, 368). 
T h is  w a s  g e n e ra lly  th o u g h t  to  b e  d u e  to  th e  p r o d u c t io n  o f  in h ib ito ry  s u b s t a n c e s  b y  
so m e  la c t ic  s t r e p to c o c c i.  M ilk s  c o n ta in in g  su c h  o r g a n ism s , o r  th e ir  in h ib ito r y  p r o 
d u c ts ,  w ere  c a lle d  ‘ s lo w  a c i d ’ o r  ‘ n o n - a c id ’ m i l k s (369-371). M a t t ic k  &  H irsch (372 , 373) 
a n d  O x fo rd  (374) i s o la te d  a n d  p u r if ie d  fro m  su c h  in h ib ito ry  s t r a in s  th e  a n t ib io t ic s  
n is in  a n d  d ip lo c o c c in . A  s t r a in  m a y  a lso  b e c o m e  d o m in a n t  in  a  c u ltu re  th r o u g h  c o n 
t a m in a t io n  w ith  re s id u a l  a n t ib io t ic s  u se d  in  th e r a p e u t ic  t r e a t m e n t  o f  th e  cow , o r  
w ith  b a c te r io p h a g e  d e r iv e d  fro m  o u ts id e , o r  th ro u g h  l ib e ra t io n  o f  p h a g e  fro m  ly s o 
ge n ic  o r g a n ism s .

N e v e r th e le s s ,  C z u la k  & H a m m o n d  (375) e s t a b lish e d  so m e  s t a b le  m ix tu r e s  a n d  a f t e r  
e x c lu d in g  a ll  in h ib ito ry  s t r a in s  fo u n d  t h a t  b le n d s  o f  S t r .  c r e m o r i s  w ith  S t r .  l a c t i s  o r 
S t r .  d i a c e t i l a c t i s  w ere  m o re  s t a b le  th a n  b le n d s  o f  s t r a in s  o f  S t r .  c r e m o r i s .  T h is  w a s  n o t  
co n firm e d  b y  L ig h t b o d y  & M e an w ell (376), w h o  fo u n d  t h a t  S t r .  c r e m o r i s  a lw a y s  
b e c a m e  d o m in a n t. T h e y  su c c e e d e d , h o w e v e r , in  m a in ta in in g  in  a p p r o x im a te ly  
e q u a l  p r o p o r t io n s  tw o  p a ir s  o f  S t r .  c r e m o r i s  s t r a in s  a n d  o n e  p a ir  o f  S t r .  l a c t i s  s t r a in s .  
T h e se  w o rk e rs  c o n c lu d e d  t h a t  th e  b io c h e m ic a l  r e a c t io n s  o f  in d iv id u a l  b a c te r ia l  
c o m p o n e n ts  d o  n o t  n e c e s sa r ily  d e te rm in e  th e  f in a l b a la n c e  o f  o r g a n ism s  in  a  m ix tu r e . 
A lso  a  n u m b e r  o f  o r g a n ism s , e .g . B .  s u b t i l i s ,  E .  c o l i ,  P s .  f l u o r e s c e n s ,  m ic ro c o c c i (377-381) 
a n d  m o re  r e c e n t ly  s t r e p to m y c e s  (R e ite r , u n p u b lish e d )  a s s i s t  s t a r t e r  g ro w th  in  m ilk  
b y  th e ir  p ro te o ly t ic  a c t io n  o n  c a se in . T h e se  o r g a n ism s  o c c u r  f r e q u e n t ly  a s  s t a r t e r  
c o n ta m in a n t s  a n d  a s  c o m p o n e n ts  o f  m ilk  f lo ra . I n  th e  c a se  o f  y o g h u r t  s t a r t e r  i t  w a s  
fo u n d  t h a t  S t r .  t h e r m o p h i lu s  s t im u la t e d  L .  b u l g a r i c u s  b y  th e  l ib e ra t io n  o f  a m in o  a c id s  
(in  p a r t ic u la r  v a lin e ) , a n d  a lso  b y  lo w e rin g  th e  p H  a n d  re m o v in g  re s id u a l  o x y g e n  (382). 
R e c e n t ly , i t  w a s  o b se rv e d  t h a t  a  f a s t  a c id - p r o d u c in g  s t a r t e r  s t r a in  w a s  m a r k e d ly  
s t im u la t e d  b y  a  f i l t r a te  o f  a  m ilk  c u ltu re  o f  a  s lo w e r s t r a in . T h e  a c t iv e  c o m p o u n d  
w a s  d ia ly s a b le  a n d  c o u ld  b e  a d s o r b e d  to  A m b e r lite  I R C  (H + ) re s in  a n d  e lu te d  w ith
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a q u e o u s  a m m o n ia . A c id  h y d r o ly s is  d e s t r o y e d  p a r t  o f  th e  a c t iv i ty ,  b u t  th e  a c t iv e  
c o m p o u n d  h a s  n o t  b e e n  id e n t if ie d  (383). I t  w a s  a lso  fo u n d  t h a t  e x t r a c t s  o f  a u t o ly s a t e s  
o f  S t r .  l a c t i s  a n d  S t r .  c r e m o r i s  s t im u la t e d  th e  g ro w th  o f  L .  c a s e i  a n d  B e t a c o c c u s  c re -  

m o r i s .  V e r y  l i t t le  s t im u la t io n  w a s  o b s e r v e d  w h en  S t r .  l a c t i s  a n d  S t r .  c r e m o r i s  w e re  
g ro w n  in  a  m e d iu m  e n r ic h e d  b y  th e ir  o w n  ce ll e x t r a c t s .  T h e  c h e m ic a l n a t u r e  o f  th e  
s t im u la to r y  s u b s ta n c e  i s  u n k n o w n  (384), b u t  in  a n o th e r  in v e s t ig a t io n  th e  id e n t i ty  o f  
th e  a c t iv e  c o m p o u n d  in  a  ly s a t e  c o u ld  b e  in fe rre d . L .  b i f i d u s  v a r .  P e n n s y l v a n i a  o n ly  
g ro w s in  s y n th e t ic  m e d iu m  in  th e  p re se n c e  o f  sm a ll  a m o u n ts  o f  h u m a n  m ilk . T h e  
g ro w th  fa c t o r  h a s  b e e n  p u r if ie d  fro m  th e  o ligo - a n d  p o ly s a c c h a r id e  fr a c t io n s  o f  h u m a n  
m ilk  a n d  fo u n d  to  c o n s is t  o f  g lu c o sa m in e s  su c h  a s  A -a c e ty lg lu c o sa m in e (3 8 5 ). A  
ly s a t e  o f  M . l y s o d e ic t i c u s , p r o d u c e d  w ith  e g g -w h ite  ly so z y m e , su c c e s s fu l ly  r e p la c e d  
th e  h u m a n  m ilk  g ro w th  f a c t o r  (R e ite r , u n p u b lish e d ) . ( I n c id e n ta lly , th e  c o n c e n tr a 
t io n  o f  th i s  fa c t o r  in  c o w ’s  m ilk  i s  o n ly  o n e - fift ie th  o f  t h a t  in  h u m a n  m ilk .)  I t  is  
n o w  k n o w n  t h a t  th e  s im p le s t  lo w  m o le c u la r  w e ig h t  p r o d u c t  l ib e r a te d  fro m  ce ll w a lls  
o f  M . l y s o d e ic t i c u s  b y  ly so z y m e  is  a  su b s ta n c e  w ith  th e  p r o p e r t ie s  o f  d is a c c h a r id e  
o f  A - a c e ty lg lu c o s a m in e  a n d  A - a c e ty lm u r a m ic  a c id  (386), a  ce ll-w all c o n s t i tu e n t  w h ic h  
a p p a r e n t ly  L .  b i f i d u s  v a r .  P e n n s y l v a n i a  i s  u n a b le  to  sy n th e s iz e .

A n o th e r  w a y  in  w h ic h  o n e  o r g a n ism  m a y  c o n tr ib u te  to  th e  g ro w th  o f  a n o th e r  in  
m ix e d  c u ltu re  w a s  r e p o r te d  b y  M o lle r-M a d sen  & J e n s e n  (387). T h e y  sh o w e d  t h a t  S t r .  

l a c t i s  a n d  S t r .  c r e m o r i s  p r o d u c e d  fo lin ic  a c id , w h ich  d o e s  n o t  o c c u r  in  m ilk . I t  i s  
th e re fo re  p o ss ib le  t h a t  P e d i o c o c c u s  c e r e v i s i a e ,  w h ich  is  u n a b le  to  g ro w  in  m ilk  b y  i t s e lf , 
c a n  b e  c u l t iv a t e d  in  m ilk  to g e th e r  w ith  S t r .  l a c t i s  o r S t r .  c r e m o r i s .  H ig h  n u m b e r s  o f  
p e d io c o c c i, m o s t  o f  w h ich  re q u ir e  fo lin ic  a c id , a re  fo u n d  in  m a tu r e  c h e e se  a n d  i t  h a s  
b e e n  su g g e s te d  (388,389) t h a t  th e se  o r g a n ism s  p la y  a  ro le  in  th e  d e v e lo p m e n t  o f  f la v o u r  
in  ch ee se . I t  w o u ld  b e  in te r e s t in g  to  k n o w  w h e th e r  th e  p e d io c o c c i d e p e n d  o n  s t a r t e r  
o r o th e r  b a c t e r ia  to  p r o v id e  fo lin ic  a c id .

N u rm ik k o  (390,301) r e a liz e d  t h a t  m ilk  w o u ld  b e  u n s u ita b le  fo r  sy m b io t ic  s tu d ie s  a n d  
b a s e d  h is  w o rk  on  s y n th e t ic  m e d ia . H e  fo u n d  t h a t  L .  a r a b i n o s u s  w h ich  re q u ir e s  p h e n y l
a la n in e , a n d  S t r .  f a e c a l i s  R  (n ow  k n o w n  to  b e  S t r .  f a e c i u m )  w h ich  re q u ir e s  fo lic  a c id , 
fa i le d  to  g ro w  in  p u r e  c u ltu re s  w h en  th e se  c o m p o u n d s  w ere  o m it te d  fro m  th e  m e d iu m , 
b u t  g re w  w ell in  sy m b io s is . W h a t  i s  m o re  in te r e s t in g  is  t h a t  a  r a t io  o f  a p p r o x im a t e ly  
1 r o d :  5 co cc i w a s  m a in ta in e d  w h a te v e r  th e  in it ia l  r a t io  in  th e  in o c u lu m . T h e  b a la n c e  
o f  th e se  sp e c ie s  w a s  th e re fo re  m a in ta in e d  b y  th e  l im it in g  f a c t o r s  s e c r e te d  b y  th e  
o r g a n ism s  th e m se lv e s . W h en  se r in e  w a s  o m it te d  a s  w ell, th e  tw o  o r g a n ism s  g re w  a t  
a  d iffe re n t  r a t io  o f  r o d s  to  co cc i— a p p r o x im a t e ly  1 :5  in  th e  b e g in n in g  o f  th e  sy m b io t ic  
g ro w th , 2 : 3  in  th e  m id d le  o f  th e  g ro w th  a n d  2 :1  a t  th e  e n d  o f  th e  g ro w th . T h is  w a s  
su r p r is in g , b e c a u s e  n e ith e r  o f  th e  o r g a n ism s  re q u ir e d  se r in e  fo r  g ro w th  in  th e  c o m 
p le te  m e d iu m  a n d  i t  w a s  to  b e  e x p e c te d  t h a t  th e  o m is s io n  o f  se r in e  w o u ld  le a v e  th e  
r a t io  u n c h a n g e d . T h e  fo lic  a c id  r e q u ir e m e n t  o f  S t r .  f a e c a l i s  is , h o w e v e r , g r e a t ly  
in c r e a se d  in  th e  a b se n c e  o f  se r in e . I t  se e m e d  lik e ly , th e re fo re , t h a t  L .  a r a b i n o s u s  

w a s  u n a b le  to  su p p ly  su ffic ie n t  fo lic  a c id  to  m e e t  th e  in c r e a se d  r e q u ir e m e n t  o f  th e  
s t re p to c o c c u s . A  la te r  p a p e r  (392) d e sc r ib e s  a  d ia ly s i s  ce ll w ith  6 c o m p a r tm e n ts  
c o n ta in in g  S t r .  l a c t i s ,  S t r .  f a e c a l i s  R ,  L e u c .  c i t r o v o r u m ,  L e u c .  m e se n te ro id e - s ,  L .  a r a b i 

n o s u s  a n d  L .  f e r m e n t i — w ith  fo lic  a c id , fo lin ic  a c id  a n d  p h e n y la la n in e  a s  l im it in g  
fa c to r s ,  p e r m it t in g  g ro w th  o f  a l l  6 s t r a in s  in  sy m b io s is .

S t a b i l i t y  o f  m ix e d  s t a r t e r s  th u s  se e m s t o  d e p e n d  on  se v e r a l  t y p e s  o f  in te r a c t io n .



W ith  th e  p r e s e n t  s t a g e  o f  k n o w le d g e , th e  g r e a t e s t  s t a b i l i t y  se e m s to  o c c u r  w h en  e a c h  
s t r a in  in  th e  m ix tu r e  is  d e p e n d e n t  o n  th e  o th e r s  fo r  a t  l e a s t  o n e  e s se n t ia l  g ro w th  
fa c to r . F u r t h e r  w o rk  in  th is  fie ld  i s  o b v io u s ly  re q u ir e d .
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