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In the treatment of digestive disturbances in infancy, especially in acute
gastro-enteritis, aci(I milk mixtures have been used with success for some
considerable time. Buttermilk was first used empirically in Holland, with
very good effect, and was then adopted elsewhere abroad. At the present
time the use of buttermilk, Finkelstein's Eiweissmilch, or concentrated protein
milk, can be regarded as the usual routine treatment in acute gastro-enteritis,
both on the continent and in America. Protein milk mixtures arc, of course,
acid milks, consisting of cow's milk curds mixed with buttermilk, or with equal
parts of buttermilk and water.

Faber (1) and Levine ( 2) have both recently written excellent reviews
concerning acid milk mixtures and their use in infant feeding. It is, however,
still impossible to give an exact reason why such mixtuires prove beneficial.
Marriott and Davidson (3) believe that the reduction of 'the buffer value of the
milk itself, which is brought about in acid milks, is chiefly responsible for their
good effect, as it allows gastric digestion to be accomplished more easilv.
Since the secretion of hydrochloric acid in the stomach is decreased in infants
suffering from gastro-intestinal disturbances, this is obviously a point of
importance. Schiff and Mosse (4), however, doubt this explanation of the
efficacy of these mixtures, and after an exhaustive and critical review of all
the data, together with the results of their own experiments, frankly confess
that they are unable to assign any one particular reason for their good effect.
Gyorgi suggested that perhaps the lactate ion itself might be the responsible
factor in the case of milks soured by lactic acid, but Brahdy (5) has been unable
to find evidence of this.

It is possible that in the percentage composition of the mixtures them-
selves lies the explanation of their value. It has, however been generally
considered that sweet milk mixtures of similar percentage composition do not
achieve such good results.

If it be conceded that an acid milk mixture of the type above referred to
is the food of choice in gastro-enteritis or in digestive disturbances, then it is
a matter of importance, especially in hospital out-patient practice, to be able
to employ a mixture of this sort which is easy of preparation or readily obtained,
and which is cheap.

Discussion of a Buttermilk Substitute.-Fresh buttermilk itself is not
easily obtained in this country. Its preparation by skimming or centrifuging
cow's milk and subsequently inoculating this with Bacillus Bulgaricus, is not
uisually feasible in out-patient practice, any more than is the preparation of
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ARCHIVES OF DISEASE IN CHILDHOOD

protein milk. In any case, neither of these preparations can be arranged for
by the ouit-patient mother herself. There exist dried powder preparations of
both protein milk and buttermilk, buit although this facilitates matters, the
expense of such proprietary preparations puts them beyond the scope of the
class with which we are dealing.

TheLre is left the possibility of uisinig ordinlary skimmed cow's milk to
which lactic acidl has heen added, such as is employedl in cases of acute gastro-
enteritis b)v Marriott. Although this may be properly prepared in certain
cases, it presents (lifficulties in the majority of homes in this country, where
ice is an unknown ltuxury. That is to say, the acid is poured inlto milk insuffi-
ciently cooled, and the formation of large tough curds results. In addition
to this objection, the milk itself, unless kept properly covered and coming
from a reliable source, will only be contaminated and augment the existing
enteritis.

To get over these difficulties it was thought that skimmed milk powder
prepared by the addition of water to which lactic acid (B.P. 75 per cent.),
had been previously added, would effectually achieve the desired results. The
milk powder is cheap, relatively sterile, and the addition of lactic acid to the
water necessary to reconstitute such a milk so easy as to be virtually fool-
proof. Numerous experiments have shown that the lactic acid in the propor-
tion of a drachm to the pint (0 7 per cent.) can be added to the water required
for admixture with the milk powder. and this brought to the boil and poured
on the milk powder while stirring, wsithout causing any more than the finest
flocculent curd, all of which will easily pass through the teat of a bottle. It
has also been found that no further clotting takes place in this mixture on the
addition of rennin.

I first used this type of preparation in 1925 and subsequently iDr. Hamilton*
has employed it in certain cases of digestive disorder w-ith success. Powers (6)
has recently stated that he has used a similar mixture in cases of acute gastro-
enteritis with beneficial results.

Properties of the Acid Dried Skimmed MIill: Mixture.-If a preparation so
cheap and so easy to prepare has properties similar to buttermilk, there can
be no reason why it should not be employed under similar conditions.

The percentage composition of buttermilk varies to a slight extent, bilt
the following two aralyses may be taken as representative

Veith
(quoted by Finkelstein(8)
Thomson(7)

Protein... ... ... ... 3.600 2.6%
Fat ... ... ... ... 0.500 0.7500
Lactose ... ... ... 4.600/ 3.25%

* Personal communication from Dr. C. K. J. Hamilton.
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SUBSTITUTE FOR BUTTERAILK IN DIGESTIVE DISORDERS 162

We may average these figures and take the following as the percentage
composition

Protein ... ... ... ... ... ... ... 3 2%
Fat ........ ... ... ... ... ... ... 0 6%
Lactose ... ... ... ... ... ... 3.9%

The salt content may be regarded as 0 75 per cent., and the calory value
is equal to ten calories per ounce.

Two well-known firms provide skimmed milk powders, which when
reconstituted by the addition of water in the proportion of one part of powder
to ten parts of water have, according to their analyses, the following percentage
compositions:- A B Average.

Protein ... ... 3 5% 3.30 34%
Fat ... ... ... 0.1% 0.0700 0°08%
Lactose ... ... 5 2% 4.50 4.800
Ash ... ... ... 08% 07°,h 0°75%

The calory value of these is equal to approximately 10 calories per ounce.
If, as is the almost universal rule, the mother measures out the feeds by

means of a teaspoon, a slightly different percentage composition will result.
It has been found experimentally that two level teaspoonfuls of skimmed
milk powder are of such weight that when added to an ounce of water a
dilution of one part of powder to nine parts of water will result. This mcakes
a ten per cent. increase in the above figures. Taking this into account, the
difference in round numbers to be noted between the percentage composition
of buttermilk and skimmed milk powder, is that the latter contains 15 per
cent. more lactose and 0 5 per cent. less fatt.

In the treatment of acute gastro-enteritis the lower fat content can be
looked upon as an advantage. The slightly increased percentage of lactose
present cannot be regarded as seriously disadvantageous. In the first place,
the addition of 11-3 per cent. of carbohydrate is nearly always prescribed
with buttermilk itself, when it is employed. Secondly, the lactose content
of the skimmed milk powder is less than 1 per cent. higher than the lactose
content of breast milk which, when skimmed, is above all others, the food
of choice in acute gastro-enteritis. There seems no good evidence that lactose
itself in the amount present is liable to cause any harm.

The hydrogen ion concentration and buffer value of this mixture are the
two other properties calling for description, and comparison with those of
buttermilk.

Experiments to Determine the Hydrogen Ion Concentration and Buffer
Value of these Preparations.-In order to compare these properties in the case
of buttermilk and the acid dried skimmed milk, determinations of the hydrogen
ion concentration and titration curves were carried out with both.

Dried skimmed milk was made up in the usual way by the addition of
water, to which, however, lactic acid had been added in the proportion of
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0*7 per cent. of the mixture. This was centrifuged, and 5 c.c. of the super-
natant fluid was pipetted off, placed in collodion sacs and dialysed against
0 85 per cent. CO 2-free saline. The hydrogen ion concentration of the dialysate
was estimated colorimetrically by Gillespie's method(9) (10). For comparative
work this method is as accurate as desired. Whether the skimmed milk was
made up in the proportion of one part of powder to ten parts of water, or in the
proportion of one part powder to nine of water (two level teaspoonsful to the
ounce), no apparent difference in the hydrogen ion concentration resulted,
and therefore the readings obtained in these two dilutions have been considered
together. In a series of fourteen experiments carried out with the above
mixtuire, the following results were obtained:

In 1 expt., H.-ion concentration was equal to pH 4-4
,,6 ,, ,, ,, ,, ,, ,, pH 4-6

,, 4 ,, ,, ,, ,. ,. ,, pH 4 7
,, 2 ,, ,, ,, ,, ,, , pH 48
,, 1 ,, , ,, ,, ,, ,.pH 50

Excluding the two extreme values, an average pH of 4.7 was obtained
in twelve experiments. The figures were remarkably constant and in no
case did the duplicate estimates vary by more than 0 1, and in the majority
of experiments they were identical.

For comparison, similar experiments were carried out with fresh buttermilk
and centrifuged cow's milk soured by the addition of Bacillus Bulgaricu8.
The hydrogen ion concentration of both these preparations proved to be similar,
and the results are therefore considered together. The average reading of five
experiments gave a value of pH 4 5, the extreme values differing by 0 2 pH.

From the above experiments it appears that the hydrogen ion concentra-
tion of buttermilk, and of the mixture of lactic acid dried skimmed milk are for
practical purposes the same.

In order to investigate the buffer value, titration curves were carried
out and the results are given below:

N,/lO HCl. per 100 c.c. Milk Mixture.
Skimmed dried)-

MIilk ,-plus 10 c.c. 20 c.c. 30 c.c. 40 c.c.
Expt. I ... ... pH 4.5 pH 4-3 pH 4-1 pH 40

II ... ... pH 4.5 pH 43 pH4-1 pH 3.9
III ... ... pH 4*5 pH 44 pH 41 pH 3.9
IV ... ... pH 45 pH 43 pH 4-1 pH 40
V ... ... pH4., pH 4-3 pH4-1 pH 3*9

Buttermilk plus 10 c.c. 20 c.c. 30 c.c. 40 c.c.
Expt. I ... ... pH 41 pH 3.9 pH 3-7 pH 3-5

II ... ... pH 43 pH 40 pH 3-7 pH 35
III ... ... pH 4-2 pH 4-1 pH 3-9 pH 37
IV ... ... pH 42 pH 3.9 pH 3.7 pH 3.5
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8UBSTITUrE FOR BUTTERMILK IN DIGESTIVE DISORDERS 164

Figure 1 shows these results in the form of a graph made by averaging the
results of all the experiments in each series. It will be observed that although
the readings obtained in experiments with buttermilk are slightly more acid
than is the- case when the acid-dried skimmed milk mixture was investigated,
the buffer values in both sets of curves are approximately the same.

Fig. 1.

pH _ _1_1_ I 11111 1 1'1 111

a 1 ... .
_4'

_ _ _ _ I II _ I I l I I

I 1- I I I I I -

___1 IIII 11I I I1111I I I I II I , [ -
40c.c.

V/10 HuCI. pet 100 c.c. ot .ililk Mixtiore.

The results as portrayed above will be seen to run practically parallel in
the two series.

Summary arnd Conclusions.-The use of an acid dried skimmed milk
mixture as a substitute for buttermilk is discussed. The preparation of the
acid dried milk mixture suggested can easily be carried out in the poorest
home and by the least intelligent person. Lactic acid in the proportion of
0 7 per cent. (one drachm to the pint) is added to the amount of water requisite
for reconstituting the milk powder. This is brought to the boil and then

mnixed directly with the powder, stirring the while. A fine flocculent curd

results, in which it is found no clotting takes place on the addition of rennin.

The percentage composition of this mixture differs little from that of

buttermilk itself, and is suitable for use in cases of gastro-intestinal disturbance

and acute gastro-enteritis.
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165 ARCHIVES OF DISEASE IN CHILDHOOD

A series of experiments has been carried out and shows that the hydrogen
ion concentration and buffer values of this preparation are similar to those of
buttermilk.

This acid dried skimmed milk mixture is therefore recommended as being
suitable for use in all those cases in which buttermilk itself has proved of
value, and can, in fact, be regarded as a suitable and efficient substitute.
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