Report to the Local Government Board upon
the awvallable data in regard fto the value
of boiled milk as a food for infants and
young animals. By Janet E. Lane-
Claypon, M.D., D.Sc. (Lond.).

February 24th, 1912,

(This report embodies the result of an inguiry undertahen in
connection with the Board’s Graat for Auwxiliory Srientific
Investiguations. )

Part 1. Introductory.
Part II. Experimental Evidence.
Part III. Clinical Evidence.

Part IV. The Special Material used and the
Results obtained.

Part V. Summary and Conclusions.

Part IV.—METHOD AND RESULTS O¥ WORKING UP
THE BERLIN MATERIAL,

The material for this research was obtained, as already mentioned
(p- 4), from the Infant Consultation of the Naunyn Strasse in
Berlin. This consultation is conducted by Dr. Ballin, to whom 1
am deeply indebted for permission to use his material.

Source of the Maieriul—Six years ago, infant consultations were
started by the municipality of Berlin, under the auspices of a
special fund, the Schmidt-Gallisch Stiftung.

Four were first started, and then another, and finally two more,
thus making seven in all, in different parts of Berlin.

Each of these consultations is in charge of a medical officer who
has made a special study.of the diseases and allments of children.
The attendance is so large that assistants have been appointed to
assist the medical officer in the discharge of his duties. The
consultations are held daily, and at the Naunyn Strasse (where the
material here dealt with was obtained) the average daily attendance
is about 100 babies.

Bach Counsultation has its own staff of health visitors attached.
These are women who have been thoroughly trained for work
among children, and are appointed by the mumcipality to visit the
homes of the babies who are brought up to the consultation.
Their duty is to instruct the mothers in the general care and
hygiene of the infant in accordance with the directions given by
the medical officers at the consultation.

The clientéle of the consultation consists exclusively of the
working classes. The fathers of the children who are brought up
to the conanléatinn ara fav thna waned mox -0 - T s e N
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Parents whose income is over 40 marks a week are cxpected to
pay a private doctor, and are only allowed to attend in very special
BHEN

The attendance at the consultation is entirely voluntary, except
i a few cases where the babies are illegitimate, and arc boarded
out under the Poor Liaw authorities; here the consultation is used
as a means of keeping the baby under medical supervision.

The simpler ailments of children are dealt with at the consul-
tation, but sick children in need of in-patient treatment are referred
to the hospital.

Breast-feeding is actively cncouraged, and the great majority of
the children are breast-fed. Small nursing-bonuses are given to
the nursing mothers. (Usually about two marks a week.)

The Milk Supply to the Consultation.—Regulations to ensure
the quality and purity of the milk for the babies attending the
consultation were drawn up when the consultations were first
started, and tenders were invited from dairies who were willing to
comply with the regulations. The milk was required to be
of a high standard, and was subjected to regular chemical and
bacteriological examination by the municipality.

Two years ago, the town of Berlin started its own dairies outside
Rerlin, and all the municipal institutions are now supplied from
these municipal daires.

In these dairies 200 cows are kept which are tubercle-free, and
the farm is conducted upon all the model lines of an up-to-date
dairy.

The milk is examined chemically and bacteriologically, and I was
informed that the fat content is never less than 3 per cent., and the
bacterial count varies from 20,000 to 30,000 per c.c. The milk is
thus one of great purity.

After milking, the milk is rapidly filtered, bottled, and cooled
to 3-4° C., at which temperature 1t is kept in the cold chamber. It
is sent off as soon as possible by special train to Berlin, where it is
delivered in cooled vans to numerous centres (about 80) in various
parts of the town, whence it is fetched by the mothers of the
infants attending the consultation, who are being artificially fed.

Milk is not given out by the consultafion, except in a very few
cases in which for some reason a plain milk dilution is not considered
suitable.

The milk is paid for in full if possible by the parents of the
babies, or in part if the social conditions are poor. Each case is
dealt with on 1ts own merits on the report of the health visitor, and
in some cases the milk is given free. No child is allowed to have a
deficient supply of milk as a result of the poverty of its parents.

Over-feeding is avoided by the amount ordered by the medical
officer being written on a separate card, which the mother has to
show to the dairy when the milk is fetched. The card is valid only
for a certain number of days (usually 7-10 days, according to the
discretion of the medical oflicer of the consultation), being stamped
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with the date up to which the milk may be given out by the dairy.
After that date the mother must bring the baby up to the consulta-
tion in order to have the card stmmped for a further perviod. The
food of the infant and the milk of the municipality are thus kept
under control.

The miik is ordered to be diluted on much the same lines as are
followed in this country. The preparation of the milk in the home
is under the care of the lealth visitor who personally instructs the
mother in this impertant matter. The milk is fetched from the
dairy, i3 cooled, and is directed to be brought to the boil, and to be
allowed to froth up twice. [t is then at onée covered, and placed
i o vessel of cold water. In hot weather the water 1s directed to
be changed frequently. Thus every care is taken of the food for the
ar tlﬁcmlly -fed baby.

The Notes taken at the Consultation.—Full and careful notes are
taken at the Consultation, and entered on special sheets. The notex
show the date of the child’s birth, the date of its first attendance at
the consultation, the feeding of the infant before its first attendance,
the health of the parents, the number of children in the family, the
wages and the general social condition of the family, the legitimacy
or illegitimacy of the infant, and any other point which may require
noting.

During the attendance of the infant the dates of its attendance,
the welght at each attendance, the directions as to feeding, and the
medical notes as to the child’s health are all entered upon thesc
sheets. In addition the remarks of the health visitors as to the
general condition of the home, the baby, and the milk are entercd
after each visit. The visits are made at frequent intervals.

The records are thus very complete, and many thousands of such
charts are stored at the consultation in the Naunyn Strasse.

In copying the data required from these consultation sheets, the
following points were taken—

(1) The date of the child’s birth.

(2) The date of its first attendance at the consultation.

(3) The legitimacy or otherwise of its buth (Nearly all were
legitimate. ) : : :

(4) The wages of the father.,

(5) The number of children in the iamlly

(6) The weight at each attendance.

(7) Lhe date of each attendance.

(8) The medical notes.

'f_"I_‘he last three points were tabulated in columns in the following
manner, the day of age of the children being worked out afterwards
and carefully checked—

Date. Day of Age. Weight. Remarks.
10th August, 1908. 20 3,300 grammes. Breast, six times
a day. .
20th August, 1908, 30 3,500 ’ Bronchitis,

and so on.
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Selection of Material—It will be remembered that the object of
the investigation was to compare the nutrition, as measured by
weight, of infants fed on the breast and on boiled cows’ milk.
The selection of the material presented several points of difficulty.
It was necessary to deal with two main series of infants :—

(1) Healthy babies of the average artisan class, fed upon
milk in various forms, in order to have a control
consisting of the average baby.

(2) Healthy babies of the same class but fed only upon
boiled cows’ milk, in order to study the difference, if
any, produced upon the average baby of the class by
feeding it exclusively upon boiled milk, as com-
pared with the infant of class (1).

In considering the babies of this first class, it appeared that far
the larger portion were fed upon the breast, and that all the others
were fed upon boiled cows’ milk. There were a very few cases of
mixed feeding upon the breast and on boiled milk, lasting over a
few weeks.

This was of course foreseen, since the material which was to be
used was that of an infant consultation where the babies were if
possible fed upon the breast, and failing that upon boiled milk.

Hence if the babies attending the consultation had been taken
seriatim, regardless of the variety of feeding they were receiving,
and had been ntilised for preparing control statistics under the first
head given above, the results would have been complicated by the
presence of a considerable number of babies of the second class,
which was required to be a class by itself. It was decided to
exclude from the control series all babies who had received less than
four months breast feeding, taking into consideration further points
described below.

Further, in order to eliminate the effects of temperature it was
considered advisable as far as possible to take the babies of both
classes from the same years. They were all taken from the years
1907-08, and 1908-09, and about half the cases taken came from
each of these years.

The most serious difficulty in the selection of the material arose
from the varied age at which the children commenced attendance,
the varied length of attendance, and the question of the serious
illness or death of the child during its attendance at the consulta-
tion or soon after the cessation of its visits. It was finally decided
to exclude () all infants who were over four months of age at the
time of their first attendance ;. (d)all who did not attend over a
period of at least four months with regularity ; (¢)‘all babies who -
were suffering from constitutional diseases, or who developed such
during their attendance at the congultation ; and (d) to exclude all
babies who died during their attendance at the consultation, owing
to the difficulty of ascertaining how far tliey had been initially
healthy babies.

Figures kindly supplied to me by Dr. Ballin, which are not here
reproduced, confirm the conclusion, at which I had independently
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wrived, that the exclusion of babies mentioned under (d) above
lid not materially affect the statisties.

Analysis of the Muterial—The material has been analysed with
Le view of showing the age of the babies at their first attendance
t the consultation, and “also how long they remained under the
are of the medical officers of the consultation.

The day of age of the babies has been worked out for each
ttendance (as already explained) npon the copies of the consultation
‘harts.

A table was then constructed of the day of age of the children at
hetr first attendance and of the age at which they ceased attending
he consultation.

It was then apparent that the duration of attendance of the infants
vhich were brought up at the same day of life, was so varied that it
vould be nnpossﬂbm to construct a table of any reasonable form
vhich would give the length of attendance in weeks, much less days.
Turther the calculation of the age of an infant in weeks becomes
omewhat inaccurate towards the later months of the first year,
wing to the difference between the calenday and lunar month.
Chus 36 weeks is nearer eight calendar months than nine, and thus

‘weeks " _gives a false impression of the age. A month of 30 days
vas therefore taken as the unit of attendance in the table given below.
Chus the age of life from 180-210 days is taken as from the 6-7
aonth of age. ‘Any child leaving the consultation between thosc
lays of life, comes under the column dealing with the 6-7 month,
nd so on. Many of the cases attended up to 13 months of age or
ven rather over but they have not been dealt with over 12 months
1 age.

The unit of grouping for the first attendances has been taken as
ne week (seven days), since where only 120 days (four months)
the limit of age allowed in this research for the first attendance)
vere being dealt with, (see p. 31), 30 days is evidently too large

unit. As 120 days is between 17 and 18 weeks, 18 weeks have
een entered upon the table, although 120 days was the figure
aken in collecting the material.

It seemed of interest to give the actual number of children who
ttended for the first time upon each day of life, and therefore a
pecial column (column II.) gives the actual numbers of children
ho were brought up for the first time on each consecutive day of
ge of the period of seven days under consideration.

The length of time of breast-feeding in both series -evidently. .
' eqlures consideration, but it could not be given in the same table,
nd is therefore given separately below. (See pp. 34, 35.)

In the tables given (Tables I. and II.)—

Column I. gives the age of the babies at the first attendance
at the consultation grouped in periods of one week (seven
days).

Column TII. gives the actual number of children who were
brought up for the first time on each of the consecutive
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days, of the period of seven days of column I. Thus
the number of children who were 25 days old when first
brought up wounld be given by the fourth figure of the
fourth period of seven days.

Column III. gives the ages of the children on leaving the
consultation which had been first brought up at the age
given in column I. grouped in periods of 30 days.

Column IV. gives the total number of children which were
brought up for the first time during the period of age
given in column I.

Tasre L

Showing the age of first attendance and of leaving the Consultation
of the Babies of the Control or Breast-fed Series.
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This table shows that comparatively few of the children attended
only the minimum period of 120 days. The actual number of such
cases was 28 in all, made up of

- 11 babies whose first:attendance was at a_n'age of from 1-30 days.

9 ” ” 1) 33 39 30-60 ”"
7 3 ) I3 53 33 60-90 LH)
1 baby . . . . 90-120 ,,

'l‘wel}ty-one of these babies appear in the first column of column
III which gives the numbers who attended up to the age of from
120-150 da_ys, and seven babies in the other columns of column III.

22306 -
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TasrLre 1.

Showing the age of first attendance and of lewving the Consultaiion
of the Babies of the boiled cows’ Milk Serics.

{

I11. ’ Iv.

1. TI. Age on leaving (in months). Total
Agein No. brought at each in

weeks, day. i each

d-b. | 5-6. | G-7.| 7-8.] 8-9. | 9-10.| 10-12.| weck.
R o il g

1 2.0.0.1.2.0. 2. 1 0 1 1 0 0 4 T
2 2.1.1.1.5. 7. 2 0 1 4 2 0 3 9 19
3 6.4.3.8.2.4. 2 0 1 3 0 1 2 221 24
4 6.2.4.4.4.4.3. 3 3 2 1 3 1 14 27
5 1. 1. 3. 1. 4. 2. 4. 0 0 2 0 1 3 10 16
6 1.2.1.2. 4, 1. 1. 3 0 2 3 0 1 .3 12
7 1.2.2.2.2.0.5. | — | — 1 2 0 1 10 14
8 1.3.2.3.8.24, {— | — | — 2 0 2 1 141 18
9 2.0.3.4.2,0.2. | - | — 2 1 2 2 6 13
10 0321102 |— [— [|— 1 0 1 7 9
11 0.3.1.1.1.0. 2. | — | — 1 2 2 1 2 8
12 0.3.1.0.0.1.1. | — | — | — 2 0 0 4 6
13 1.2.4.0.1. 1. 1. — — 1 1 2 1 5 10
14 1.1.1. 1. 1. 1. 0. — — — — — 1 5 6
15-18 — e e T 3 1 61 10
., a6 |19 |18 |13 |20 |191 204

Here still fewer children attended only the minimum number of
days, but three attended a few days under the 120.
Including these three, in all ninc babies attended the minimum
time and these were as follows :—
4 babies whose first attendance was at an age of from 1-30 days.

3 99 L3 IR 99 30-60 tH)
2 . 60-90 ,,

» 3 9

Seven of these children appear in the first column of column
TTI. where the numbers who attended up to the age of irom
120-130 days are given.

These tables show that the great majority of children attended
well over the minimum period of 120 days, or four months. All
the children who attended up to from 8-9 months of age, must
evidently have attended over four months. = = '

On this basis adding together the figures in the last three columns
of column III. it is seen that in the control or breast-fed series
170 children attended over four months. While in the other series
or boiled milk serics 154 babies attended over four months. This,
however, does not give the full number, since in the other columns

-of . colnmn. I1I, there are many-childrven who hadalready- attepded‘:. Lo

many morc than fonr months at the age of eight months.

Length of Breast-feeding.—Iu the control or breast-fed series of
babies, all had been breast-fed for at least four months; about 10
of these children were having allaitement mizte part of this time,
but as it is impossible to take every minor point into consideration
this was ignored.  Moreover this series was taken as a general
control, and not as a purely breast-fed series.

Age of Weaning in Control Series,—In this series there were in



35

all 52 babies who were weaned between the ages of four and six
months. The rest were weaned at about nine months of age.

Age of We eaning the Serics of Babies fed wupan Bailed Cows
Milk.—In this series, out of 204 bahics—

78 had never been breast-fed.

41 had been breast-fed for periods varying from 1-8 days.

15 had been breast-fed for periods varying from 9-14 days.

40 had been breast-fed for periods varying from two weeks
to two months.

17 had been breast-fed for periods of over two months, but
under four months.

13 had been breast-fed once or twice a day for a few weeks
after birth, but otherwisc had had only boiled cow’s
milk.

204

Analysis of the Medical Notes upon the Health of the Babies which
attended the Consultation.—Before proceeding to the results obtained
from the material itself the health of the babies under review
must be considered. It has already been stated that the minor
allments although noted upon the charts, have been ignored. Bat,
the notes upon the condition of the habies as regards rickets are of
interest. These are of course only of use where the child attended
up to from 9-10 months of age. There are a few notes as to
rickets in the children under this age, but these will be neglected,
and only the notes of the older children will be considered. Every
baby who is still attending the consultation at the age of 12 months,
is examined for rickets, and if no note is entered it means that no
evidence of this trouble could be detected. (Dr. Ballin explained
to me that this was the usual routine of the consultation.)

The remarks fall into several main headings, including teeth, no
teeth, rickets, rickets with teeth, and rickets but stands.

Taking the babies who were still attending at the age of from
10-12 months, it is seen from the analysis of the cases _]ust given
that 116 babies of the control or breast-fed series, and 121 babies of
the boiled milk series, were still attending at that age.

Only the remarks as to the presence of rickets need be considered,
the other cases being taken as healthy. Tabulating the notes the
following figures are obtained—

Number of children noted as showing

In the control series. In the boiled milk series.
No teeth e 2 5
Rickets - T ... 15and 1?
TRickets with teeth 16 and 27 " 1land 27?7
Rickets but stands 5 5 ? rickets.
30 and 2°? 31 and 87

If failure to cut a tooth by the age of 10 months be taken as a
sign of rickets, then out of 116 babies of the first series there were 30
bables who showed deﬁnlte evidence of rickets, and 2 where it wag
doubtful.

In the boiled milk series there were 31 out of 121 babies which
had definite rickets, and 8 which were doubtful,

. 042 e S e
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Whichever way the figures are taken they are too close to admit
of any deductions as to any greater incidence of rickets as a result
of feeding upon boiled milk as compared with breast-feeding. Nor
arc a series of 116 and 121 cases large enough for this purpose. All
that can be said is that, as far as the ﬁmues “of these particular cases
go, there is no evidence of any greater frequency of rickets among
the babics fed upon boiled cows " milk than in those fed upon the breast.
The percentage of Berlin babies which are suffermu from rickets
ix known to be high. t

In this connection compare Escherich (p. 26).

Results obtained by working up the Material.—Ia working up the

material which had been obtained from the Berlin consultation the
first point was to add the weights of all the babies of each series at
the same day of life, and then divide by the number of babiex
weighed, thus obtaining the average weight of the babies under
consideration at the same day of life.
" The average weights so obtained showed considerable inequalitics,
and the number of average weights thus obtained was unwieldy and
cumbersome. It was therefore decided to take the unit of age as
eight days, and to group together all the weights of the babies from
1-8, 9-16 days of age and so on up to 368 days of age.

The total WOIO'htS of all the babies which were Welo‘hed in each
cight-day peuod of life were divided by the total number of babies
weighed. Thus the average weight of all the babies of each series
for consecutive periods of eight days of life up to one year of age
was obtained, the inequalities of the averages for each day being
thus smoothed out and the number of average weights reduced
to a convenient number for plotting on a curve.

No serious overlapping of weighings was produced by this method,
since the babics were usually brought up at intervals of eight or ten
days, so that it was only in exceptional cases that the weight of the
same baby was recorded twice in any period of eight days

Table III. shows the results obtained by "thus working up the
babies of the control or breast-fed series, and Table IV, the corre-
sponding results for the babies of the boiled cows’ milk series.

In these tables

Column I. shows the age in periods of eight days of the bable%

"~ consideéred.

Column II. given the number of observations, i.e., the number
of babies which were weighed upon each of the consecutive
days of each period of eight days; the figures being
given in chronological order. .

Column III. gives the total number of observations (welghanQ)

' ‘in each perlod of eight days, as given in column - ’

Column IV. gives the average weight of the babies of e;tch -

series for each period of eight days corresponding to the
period of column I.

NoTeE.—As regards Column II., in collecting the Welghts of
the babies the weights were worked up for each day
separately up to 100 days of age, from 100-224 days of
age they were worked up ir two-day periods, and from
224368 days the weights were worked up in four-day
periods, This is shown in the tables,
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The average weights found, and shown in Tables I1L. and LV. are
plotted on Diagram I.
The total number of obscrvations worked up for the cases in
Series I. amount to 6,297 and for Series IL. to 5,444.

Tapre IIL

Showing the average weights of the babies of the control or bireast-fed
series, grouped in periods of cight days, and the number of obser-
vations made.

Iv
I II. I11. o
Age in days. No. of observations on each day. Total No. %val?l‘ic
Grammes.
1-8 3. 2. 0. 4. 0. 4. 6. 5. 24 3,185
9-16 10 10 9. 11.11.12. 12. 22, 97 3,317
17-24 16. 21. 23. 19. 19. 20. 13. 13. 144 3,507
25-32 20. 24. 16. 19. 20. 19. 81. 18. 167 3,746
33-40 16. 19. 19. 27. 23. 25. 18. 15. 162 3,939
41-48 29. 18. 27. 19. 19. 24. 29. 27. 192 4,119
49-56 18. 19. 33. 25. 19. 18. 26. 17. 175 4,291
57-64 29. 29. 31. 24. 30. 29. 25. 27. 224 4,443
65-72 23. 20. 35. 27. 27. 25. 27. 35. 219 4,638
73-80 26. 24. 28. 19. 32. 34. 31. 21. 215 4,737
81-88 34. 40. 27. 29. 31. 25. 26. 26. 238 4,937
89-96 35. 22. 41. 32. 27. 30. 23. 22 232 5,079
97-104 26. 27. 25. 33. 61. 52. 224 5,191
105-112 54. 58. 45. 60. 217 5,380
113-120 b4. 54. 58. 50. 216 5,666
121-128 60. 57. 61. 53. 231 5,659
129-136 52. 61. 59. 55, 227 5,757
137-144 60. 48. 56. 56. 220 5,929
145-152 47. 50. 51. 43. 191 6,033
153-160 47. 56. 45. 43. 191 6,237
161-168 50. 50. 45. 39. 184 6,274
169-176 47. 47, 48. 40. 182 6,312
177-184 41. 41. 46. 43. 171 6,434
185-192 41. 32. 217. 47. 147 6,458
193-200 32. 28. 41. 27. 128 6,664
201-208 32.  37. 29. 35. 133 . 6,709
209-216 31. 31. 30. 28. 120 6,734
217-224 32. 317, 35. 32. 136 6,798
226-232 - b4, : 56. 110 6,778
233-240 55. 54. 109 6,886
241-248 58. 42, 100 6,891
249-256 42. 47, 89 7,118
257-264 38. 40. 78 7,276
265-272 46. 40. 86 7,217
273-280 43. 38. 81 7,388
281-288 36. 41. 77 7,281
989:296 [ - re8 o -85 .83 1 7,608 -
297-304 34. 38. 72 7,567
305-312 36. 32. 68 7,801
313-320 22, 36. 58 7,555
321-328 32. 26. 58 7,753
329-336 37, 20. . 57 7,704
337-344 26. 22. 48 7,752
345-352 21. 22. 43 8,034
353-360 22. 15 37 8,077
361-368 . 19. 15. 34 8,274
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TasrLe IV.

howing the weerage weights of the babies of the hoiled cows’ milk
series, qrouped in periods of eight days, and the wwmber of
observations made.

; v
L I1. 111, o

Age in days, No. of observations on each day. Total No. :::fgl}?f;

\

Grammes.
1-8 2. 0. 0. 1. 2. 0. 8. 2. 10 3515
9-16 2. 3. 2. 6. 7. 5. 9. 6. 40 3090
17-24 7.11. 6.15.11.13. 4. 9. 76 3358
25-32 15.17. 15. 14. 14. 13, 11, 14. 113 3472
33-40 15. 14. 15. 14. 17. 17, 15 18. 125 3708
41-48 12.13. 21. 13. 17. 15. 23. 17. 131 3848
49-56 15. 23. 16. 16. 17. 21. 17. 18. 143 3991
57-64 23. 14. 26. 21. 18. 12. 19, 19. 152 4082
65-72 21. 20. 21. 20. 15. 23. 15. 20. 155 4240
73-80 22. 20. 24 20. 20. 22, 22. 9. 159 4407
81-88 25. 16. 26. 31. 20 24, 26. 28. 196 4486
89-96 18. 13. 34. 16. 20. 21. 32. 25. 185 4628
97-104 15. 22. 30. 10. 55. 30. 162 4814
105-112 47. 49. 39. 38. 173 4935
113-120 46. 46. 44. 42, 178 5052
121-128 41. 53. 40. 45. 179 5171
129-136 46. 38. 46. 41. 171 5326
137-144 41. 45, 43. 35. 164 5436
145-152 40. 40. 41. 41. 162 5569
153-160 47. 40. 37. 36. 160 5669
161-168 36. 45. 40. 27. 148 5831
169-176 45. 41, 39. 39. 164 5915
177-184 20. 38. 41. 36. 144 6146
185-192 33. 33. 37. 37. 140 6242
193-200 36. 37. 34. 31. 138 6319
201-208 67. 62. 129 6475
209-216 77. 53. 130 6467
217-224 68. 65. 133 6677
225-232 66. 67. 133 6721
233-240 52, 59. 111 6770
241-248 62. 52. 114 7010
249-256 h3. 70, 123 7112
257-264 37. 57. 94 7204
265-272 53. 41. 94 7274
273-280 39. 41. 45 7347
281-288 48, 43. 91 7481
289-296 317. 48. 85 7512
297-304 40. 39. 79 7610
305-312 42, 42, 84 7788
. 313-320 28. 34. 62 7765
321328 - 40, 27. 67 7887

329-336 36 28, T4 el 8281 -

337-344 28, 31. 59 7985 -
345-352 20, 23. 43 8194
353-360 27. 21. 48 8281
361-368 25. 13. 38 8613

Analysis of the curves of Iiagram I.—Diagram; I. shows at
once that a considerable divergence between the two carves starts in
the early days of life, and continues well-marked up; to about the
208th day, after which it disappears fairly rapidly. {The question
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suggested by these curves is,—Is the difference between the average
weight of breast-fed and of babies of the same age fed upon boiled
cows’ milk due to the method of feeding ?

Diagram I. would seem to have answered this question affirmatively.
Before, however, stating this definitely to be the case, it is advisable
to consider whether some other factor may not be concerned, to which
this difference can be attributed.

Such a factor might be the error due to the so-called « Error of
Sampling.” If this error is significant, then the curves may have a
different interpretation to the apparently obvious oue, and it therefore
becomes essential to examine the importance of this factor, before
proceeding to draw deductions from the curves as they stand in
Diagram I.

Analysis of the Data by Statistical Methods.*—In dealing with the
error of sampling the imaportant point will evidently be to ascertain
how much the mean value obtained from the observations as shown
on the curves is likely to differ from the mean of all babies in the
same class, that is to say what is the probable error of the mean.

Suppose M, and M, are the means of the two sets of observations,
then the accuracy of each must evidently depend upon

(a) The number of observations upon which it is based, and
(8) The divergence of these ohservations from their mean
value.

s .
In statistical work the expression *67449 N taken to re-
I's

present the probable error, where s == the square-root of the average
of the squares of the distances of the observations from the mean,
and is known as the “ Standard Deviation,”and where N = the
number of observations. (Cp. Yule. Introduction to the Theory of
Statistics. Chaps. VII. and XVII.)

The measures of reliability or the “ probable errors” for the two

. 8y - Sg .
11 be 67449 —== d 67449 —=~ respectively. Th
means will be N, an ! N, espectively ese

ex%ressions may be called E, and E,.
xperience has shown that unless the difference between M, and
M, is at Jeast two or three times as great as  E + E.? then it is
not safe to assert that the difference found 1¢ really significant ; it
might be due to an error of sampling.

This method is only strictly speaking applicable when the
variables, ie., the observations are *“normally ” distributed (vide
~--Yule, op. cit. Chap X.) but it may fairly be used as a sufficiently
accurate test for material such as the present. . ... ... . .

This test of the error of sampling has been applied over'three -
periods of eight days, in each of the series. The three periods
seleccted were the three consecutive periods included from the 137th
to the 180th day after birth. These periods were selected as being
those where there were a large number of observations in both series,
and where the numbers of each series were most nearly equal.

¥ For instruction in the statistical methods employed and for supervision of
the results obtained I am deeply indebted to Dr. Major Greenwood, Junr., of
the Lister Institute, and have much pleasure in thanking him for his most
valuable help.
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The unit of grouping taken was 200 grammes, and the results
obtained arc given in the accompanying table.

Mcan weight Differ- Probable error.
(in grammes). ence Value of Ratio of
Daysofage.| — 7 | _l MAM, "7 —‘d-'.—,u"—,-}; ~M, .
L . (in . . VE B ITRES
Series 1. |Series IL. grammes). Series 1. | Series I1. VB R,
137-144 5,929 5,436 495 44-98 4459 636 7-8
145-152 6,033 @ 5,569 455 43-84 41-20 601 7-6
153-160 6,237 5,669 548 4825 44-00 651 84

The mean of these observations bears therefore such a ratic to the
value of K+ E,* as to show clearly that the difference between
the mean values of the two series can hardly be due to an error of
sampling.

It appears that there is a difference between the values obtained
for the series of babies fed upon the breast and for those fed upon
boiled cows’ milk, and that this difference can hardly be attributed
to errors of sampling. It does not, however, necessarily follow
that the difference of food has been the causative factor, and it
becomes necessary to ask whether there. can be any other factor at
work which is producing the difference found.

The question of the health of the children need not be taken
into consideration since the children were all, as far as it was

possible to judge from the careful medical notes, in a good state
of health.

The social class of the children seemed a possible factor, and in
spite of the fact that the parents of the children all belonged
approximately to the same social class, it was considered advisable
to investigate the possible significance of any difference which
existed hetween the social conditions of the homes.

Nothing very striking in this direction could be expected at the
outset, since in no case was the family in circumstances of more
than moderate comfort, such persons not being encouraged to
attend the ‘consultation, and only being received in quite exceptional
cases. On the other hand no infant was allowed to suffer from any
deficiency of food, since in cases of ‘poverty the milk for the infant
is supplied free by the town. Hence the question of possible relative
starvation does not come in at all.

In order to arrive at the significance, if any, of the social

. -conditions- upon the observed difference in .the weight.of the two

series of babies, it was necessary to investigate the relation between
the weight of the infant, the wages of the father, and the method of
feeding.

For this purpose the weights of the babies of both series at the
age of 137-144 days of life were taken. Illegitimate infants and
those of families who were living upon the wages of the mother,
were omitted, as not being entirely comparable. 345 obsérvations
were avallable for this purpose.



"The correlations between the three variables taken in pairs were

found to be
*(1) For artificial feeding and wages, "16.
*(2) For artificial feeding and weight of child, — -28.
1(8) For weight of child and wages of father, — -02.

The correlation between weight of the child and the method of
feeding was determined, the wages of the father being kept constant,
(coefficient of partial correlation, vide Yule, op. cit., pp. 225-249)
and the figure obtained was — *29 + 03, and the correlation between
wages of parents and weight of the infant, keeping the feeding
constant, is — 026 + -036.

It would appear therefore that the weight of the child is more
closely associated with the nature of the food than with the social
class, as indicated by the wages of the father.

It must, however, again be emphasised that we arc herce dealing
with a class of persons who are by no means a random sample of
the population, but are almost a selected social class. A table of

_the wages of the parents as found to be distributed in making out
the correlation of the feeding in relation to the wages 1s given below
(see Table VI); it might appear at first sight that this table showsa
considerable range of distribution since the wages show a variation of
from 10-42 marks a week. A further examination will show that
the great majority of the fathers were earning from 20-30 marks
a week, that 1s to say, they were carning the average artisan wage,
and the cases taken belong as a whole to a definite class of the
population ; it would be hardly possible te confine the cases to a
smaller range of wages than 20-30 marks a week. The cases
falling below this figure are rendered more equal than appears from
the table by the fact that no baby is allowed to have a deficient
food-supply, since if it is artificially-fed the milk is supplied free if
the family cannot afford to pay for it, and the nursing mothers
receive a nursing bonus, and if necessary may receive a further
subsidy. '

The . question of environment may have some influence in this
connection since presumably a fawily earning 15 marks a week will
not live in such sanitary rooms as one earning 30 marks, but this is
again partly mitigated by the regular visits of the health visitor,
who endeavours to procure fresh air and cleanliness for the child.

Hence these figures, although of interest, cannot be used for more
general deductions as to the velation of the weight, wages, and
method of feeding of the infant population as a whole. It 1s fairly
certain that, inasmuch as few of the more prosperous artisans attend

the consultation “the “correlation ~between - weight - of -infant and - -

wages is less than would have been found in the general population.
Riven, however, assuming that the infants attending the consultation
belonged to much more widely distributed social strata, it is unlikely
that the correlation would be raised to any value approaching that

2 Determined by the method of Peurson () (in Biometrika VII,, 1909,

. 96).
b + Determined by the ordiniry product-moment method. (Cp. Yule (%),
ap. ¢it., Chap. IX.) _ _

The ~ve sign iudicates that body-weight decreases as the proportion of
artificially-fed babies increases. _
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found for the correlation between the method of feeding and the
body-weight.  Moreover this last correlation would probably be
higher in the general population.

The distribution of the weight in relation to the food of the
infants under consideration is given in Table V and shows that the
maximum of the weight-frequency occurs at a lower level of weight
in the boiled cows’ milk series than in the breast milk series.
Table VI gives the distribution of the feeding in relation to wages.

In both Tables V and VI therc are only 345 observations in a
total number of 504 children owing almost entirely to the fact that
a number of the children did not happen to come up for weighing at
the age of life which was taken, namely, from 137-144th day of life.
Only a very few children were omitted because of illegitimacy or
because the mother was the wage-earner of the family,

TasrLe V.

Showing the distribution of the Observations on the Weight of Infants
i relation to their Food at the 137-144th day of life.

Number of Infants having such a weight
Weight of Infants
10 grammes. - 1n breast milk 1n hoiled milk .
series. ):ei'ies. Total.
3000-3200 1-0 5 1-5
3200-3400 1-0 g 15
3400-3600 0 0 0
3600~-3800 4-0 25 65
3800-4000 3-0 35 6'5H
4000-4200 6-0 35 95
4200-4400 30 60 90
4400-4600 2:0 4-0 60
4600-4800 6'5 85 156
4800-5000 80 9'5 175
5000-5200 : 100 11-0 21-0
5200-5400 10-0 105 205
5400-5600 135 105 240
5600-5800 14-0 17°5 315
5800~6000 165 16:0 32°5
6000-6200 190 155 345
6200-6400 20°5 4'H 250
- 6400-6600 o o110 70 180
-6600-6800~ " 1 1800 - g 2140
6800-7000 ' 100 40 140
7000-7200 135 5 14-0
7200-7400 65 *5 70
7400-7600 — 5 -5
7600-7800 30 b 35
7800-8000 2'5 - 2:H
8000-8200 ‘5 — ‘5
8200-8400 1-5 C - 1'5
8400-8600 . ) — ‘5
2050 1400 3450
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Tasre VI

Showinyg the distrivation of the Observations on the Ieeding of the
Lufants in relation to the Wages.

Number of Fathers carning such weekly wagce
Weekly Wages o ) o
of Father
in Marks. In breast milk In boilgd milk Total
series, serles. ’

10 1-0 ‘5 15
11 40 25 65
12 00 0 0-0
13 ‘5 -5 10
14 H ) 10
15 30 00 30
16 5 5 1-0
17 20 1-0 30
18 b 25 50
19 70 2:0 9-0
20 22'5 130 355
21 20°5 70 270
22 310 155 465
23 28-0 12:5 40°5
24 17-0 14:0 310
25 20-5 195 40:0
26 80 50 130
27 11-0 120 230
28 95 95 190
29 15 50 65
30 10-0 130 230
31 20 00 20
32 ) 0-0 5
33 ) 1-0 1-5
34 — — 00
35 — .20 2:0
40 10 1-0 2:0
42 1-0 — 10

2050 140-0 3450

The following inferences may be drawn as to the divergence of
the two curves in Diagram I up to the 208th day :— o

(1) Thereis a significant difference between the average weight
of infants fed upon the breast and upon boiled cows’
milk, in favour of the former; and

(2) An important factor in this result 1s the method of feeding.
The curves of Diagram I may be divided ‘into three parts,
namely :—

(1) The first part where the curves ¢ross and then diverge;
the curve of the boiled milk series, which starts above
the curve of the breast-fed series; falling rapidly below
this latter curve. o

(2) The second part of the curves where the two curves run
approximately parallel from about the 24th to the 200th
day of life, and
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(3) The last part of the curves where the divergence ix
obliterated, the subsequent tendency being for the curve
of the boiled cows™ milk series to show a value a little
above that of the breast-fed series.

From the preceding statistical analysis it appears that the diverg-
ence of the middle part of the curve is to be attributed essentially to
the difference in the method of feeding of the two series.

The first and third parts of the curves remaiu for consideratiou
and will now be dealt with, the first part being taken first.

Further Analysis of the First Part of the Curves of Diagram I.—
At no part of the curves is the tendency to diverge so markedly
shown as in the first part of the curves, during a period extending
over the first three of the eight-day periods of life. The average
weight of the breast-fed babies shows a rise from the first, while
that of the babies fed upon boiled cows’ milk falls throughout the
two first eight-day periods, and shows no rise above the first eight-
day period until the 33-40th days of life.

It is a matter of common knowledge that every baby loses weight
during the first few days of life, and a drop in the average weight
of the breast-fed babies in the second eight-day period was almost
to be expected. This possible fall in the curve 1s concealed to some
extent by the grouping of the weights into periods of eight days,
the first period including the period of fall in weight. In many of
these cases the observations would commence at a time when the
loss of weight after birth had already taken place, and the child
was again beginning to increase in weight. The absence of fall in
the curve of the breast-fed babies can therefore be explained.

When a comparison is made between the two curves, it appears
that while one curve rises the other falls, and evidently there is
- cither some fundamental factor or factors at work producing this

difference, or some source of error has crept into one or both of the
curves. :

It was considered desirable first to eliminate any possible source
of error. The same source of error as was sought for in the middle
part of the curves may evidently be at work in this part of the
curves, namely, the error of sampling, and this was therefore
investigated. :

Statistical Examination of the Average Weights obtained in the
Sirst four periods of Eight Days.

" The same method and notation as were used in dealing with the. .
middle 1%au't of the curves was applied, viz. :— o
=Number of observations.
s = Standard deviation.
E=Probable error, and is represented by the expression
;67449 Y
M, and M; are the means of the two series, their difference
being “D.” .
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By this method the following values werc obtained and are
tabulated below :—

_ Days of Mean Standard | Probable D T D
Age. | (in grammes). | Deviation. | Hrror. VEIHE; W E B2
Series I ... | 1-8 | 3,185 622 §5-8
D=330 122-0 2:9
Series IT ... 1-8 3,515 410 674
SeriesI ...} 9-16 | 3,312 544 37-3
D=222 605 37
Series I ... 9-16 | 3,090 452 483
Series I ... | 17-24 | 3,512 632 354
~ D=145 495 2-92
Series 1T ... | 17-24 | 3,367 460 357
Series I ... | 25-32 | 3,745 652 341
D=272 475 57
Series 1T ... | 25-32 | 3,473 522 331

The average weight of the babies fed upon boiled cows’ milk is
higher for the first eight-day period than that of the breast-fed
babies. The former value is bated upon 10 observations, and the
latter upon 24 ; it becomes a qucstion whether any importance can
be attributed to this difference in average weight or whether it may
not be due to an error introduced by the extr emely small number of
observations available for the boiled cows’ milk series.

Ten observations are not sufficient for the formula given in the
above table of results to be justifiably employed, since the reliability
of the method is exaggerated when the number of observations is
very small.

The method infroduced by * Student ”” (1) is applicable for small
rumber of obscrvations. It is based upon the probability of the
occurrence of the mean value obtained by the ordinary method
among the average population.

Taking 3185 =+ 85:8 (the “probable error” of 3185 is 85°8)
grammes as the mean weight of babies in the average population it
appears that the chance of 10 observations from such a population

-having a mean of 3515 grammes with a standard deviation of 410
is 1 in 50. Suppose, however, that the mean weight of the average
baby in the population were 3367 grammes, it is then found that the
probability that a population with a mean weight of the babies of
this age ol 3357 grammes (3185 + twice the probable error, i.e., 172)
should give in 10 observations a mean of 3515 i 1 in7. It may be

- remarked that so far as the evidence goes, there is about 1 chance

in 10 that the mean weéight of the controls is not legs than 3359,

It seems therefore that the difference between the welghts of the' B
two series for the first eight-day period, might be considered as due
to an error of sampling brought about by the extremely small
number of observations available for the series of babies fed upon
boiled cows’ milk. It may be taken that the babies of both series
whose weights were observed during this period of life can be
considered as average samples of the population, the influence of
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other factors, if present, which would tend to cause a divergence of
the two series, heing inappreciable compared with that caused by
the crror of sampling.

The figures of the later periods, are based upon suffictently large
number of observations for the ordinary method to be reliable.

The tabulated results show that the ratio of the difference of the
means to the measure of the sum or difference of the probable
errors (B2 + EJf) is in all cases greater than 2, and hence the
difference in weight of the two series, may fairly be attribnted to
some factor other than the error of sampling. '

A source of crror might arise in respect of the distribution of the
variables.

In applying the usual method, it is assumed that these ar:
“normally ” distributed ; inspection of the distribution of the
individual weights suggests that this condition is not accuratecly
fulfilled, and the process is not then strictly reliable (*).

The figures, however, approximate sufficiently to the normal type
for it to be unlikely that an appreciable error is introduced in basing
the results obtained upon the application of this formula.

Some factor other than the error of sampling must therefore be
sought for.

The possible influence of the social conditions has already becn
dealt with fully in a previous section of this report (see pp. 41, 42)
in connection with the middle part of the curves, and it has been
shown that in this part of the population, which is to a great extent
a selected population, this 1s a negligible factor. It need not
therefore be raised again.

The main factor for consideration will evidently be that of the
feeding and it seems not unreasonable to suppose that the loss in
welght which occurs i all children is on the average more prolonged
in babies fed upon boiled cows’ milk, than in babies fed upon the
breast. R -

Birk (°), in some experiments carried out upon the metabolism of
infants in the first days of life, found that the breast-fed babies
he investigated had regained their birth-weight in 4 or 5 days after
birth. And it appears probable from the data given above in
Table III. that the average breast-fed baby regains its birth-weight

‘at ahy rate within a period.of eight days, since there is a marked -

rise in average weight during the sécond eight-day period.

Birk found that although an infant may show absolute loss of
weight during the first few days of life, yet it is retaining nitrogen,
and in the cases studied by him, at the time the child regained its
birth-weight, namely at the fifth day, there was a positive nitrogen
balance of 951-3 milligrammes.

_This, however, only occurred with breast-fed babies who were
given colostrum.
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A child fed upon the milk of a wet-nurse who was in a later stage
of lactation, and had no lTonger any colostrum, showed a negative
nitrogen balance. It may well be that the colostram 1s of great
importauce in the metabolism of infants during the first days of life.
Colostrum is very rich in nitrogen, and according to Prischer (')
the nitrogen content of the milk has an important relatiouship to
the rate of growth of the young animal of many species. Griffith
and Giittings (*) found that the loss of weight after birth could be
prevented, by giving the child to a wet-nurse during the first day
or two, but that after a few weeks no difference could be detected
hetween the infant whose loss of weight had been prevented, and
one whose loss of weight had been allowed to occur.

The physiological loss of weight which occurs after birth appears
to be greatly accentuated in the case of children fed wpon boiled
cows’ milk, and it seems possible that the absence of colostrum is
an important factor in its causation, in addition to the disadvantage
arising from the use of the milk of another species.

No data appear to be available in regard to babies fed upon the
colostrum of cows, either boiled or raw ; rior any upon infants fed
upon raw cows milk either in comparison with breast feeding or
with boiled cows’ milk.

There are a fair number of data in regard to the causation of the
loss of weight in breast-fed babies, but this is scarcely within the
scope of the present report.

The difference between the curves of the two series is in all
probability very intimately connected with, if not entirely due to the
method of feeding, and points to the great importance of breast-
feeding for infants, espectally in the early days of life : this is also
in entire accord with the clinical experience and has been forcibly
voiced by Czerny (**) and many others.

Analysis of the latter parts of the curves.—The difference between
the average weights of the two series begins to decrease at about the
180th day of life, and then disappears fairly rapidly, until at about
the 230th day it is no longer present. ~ From this age onward no
difference between the two curves can be detected, except possibly
in favour of the boiled milk series towards the end of the first year,

If Tables III.and IV. be referred to it will be seen that the
number of observations is becoming smaller, and that therefore the

.- reliability is somewhat lessened ; the numbers are however .still

sufficiently large for further statistical investigationto be unnecessary.

A considerable number of the healthy babies of the breast-fed
series, which had been weaned at about the age of nine months,
ceased attending before the end of the first year, and there is almost
certainly a tendency for the less robust breast-fed babies to
predominate, in this series. The babies fed upon boiled cows’ milk
tend on the whole to be brought up to the consultation to a some-
what later age, partly no doubt because the mother having got
accustomed to getting the milk through the consultation, and
knowing it to be reliable, prefers to continue getting the milk in this
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manner, and partly also hecause, if she is poor, she gets the milk at
a reduced rate.

It was stated (on p. 35) that of the 300 babies of the b1easbfed
series, 52 were weaned hetween the ages of four and six months,
that a not inappreciable number of the babies of Series I. were
actually recciving the same food as the babies of the other serics,
during the ])Cll()d from the 180th day onwards.

It is not improbable also, that many of the mothers who were
still feeding -their infants dllI'lIJO' the period of from 6-9 months,
werc not giving such a free supply of milk for the infant as at an
carlier penod of the baby’s life. It might well be that the infant
was receiving sufficient milk for the needs of the or ganism, but not
as much as was required for an optimum rate of growth, and might
not be obtaining as rich a food-supply as the babies of the boiled
cows’ milk series, who were receiving a carefully regulated quantity
of food material.

It appears from the work of Schlossmann (*), Budin (%), and
Finkelstein (*) that many wet-nurses are capable of giving large
quantities of milk over prolonged periods, a,mountmtr in some
cases to 10-13 months. This is, however, not unlvemal There
is the additional consideration that the wet-nurses are presumably
in much more favorable circumstances in the regular life and
food of an institution, than the mothers of the average artisan
family.

In Schlossmann’s cases it was found that the quantity of milk
given by a woman who was considered an excellent wet-nurse, and
was under very favorable circumstances increased up to about the
60-70th day of lactation, and tlien maintained a fairly constant and
high level, up to about the 200-210th day of lactation, after which
it became irregular in quantity and tended to decrease. He
observed the same also in a second case. :

Budin and Finkelstein’s cases show a longer period of full
lactation in most of the wet-nurses.

Bunge (1) states. that the period of lactation in. women is
<rradually becoming shorter. Without entering into this much dis-
cussed question, it may be mentioned that the age of weaning is
now considerably younger than it was some time ago, before “the
introduction of artificial feeding. (Cp. Introduction to this report
p. 2.) It may be that the optlm am length of breast-feeding in
the human species is the same. as it always was, but that. children
~were formerly kept upon the breast for.a perlod exceeding the:
physiological period, and a high degree of under-feeding may have
becn the result ; the extremely high rate of mortality among young
children in the middle ages and later, may have had some connection
with an unduly prolonged lactation.

In this connection Silbergleit () has recently shown that among
the population of Berlin as a whole, the percentage of breast-fed
infants has dccreased during the ten years from 1895 to 1905, and
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that the percentage of bottle-fed infants has increased dispropor-
tionately for the later months of infancy. In other cases the
duration of breast-feeding is hecoming shorter among the popula-
tion of Berlin as a whole,

It does not seem necessary to seek any further for reasons as to
the causes of the disappearance of the difference between the
average weights of the two series.

Under the conditions such as obtained in the consultation from
whose records the observations dealt with in this report have been
compiled, it seems that after the age of six to eight months no
appreciable difference in weight between the breast-fed babies and
babies fed upon boiled cow’s milk can be detected.

It is impossible to say how far this would hold for the population
at large, since as soon as the babies come under observation in the
matter of weight, they likewise come under medical care and
attention ; there can however be very little doubt, that this favorable
result is due in a great measure to the medical care and knowledge
which is available for the babies attending the Consultation.

If the average weights of the babies of both series are compared
with the corresponding figures given by Camerer ("), it appears
briefly that, neglecting the weight at birth, the rate of growth of
Berlin babies given in this report is rather less than that given by
Camerer. As a whole, the initial weights ave higher and the final
weight at the end of the first year, lower.

Comparcd with the figures of Finkelstein (Waisensiiuglinge, p. 9)
who has compared his figures with those of Camerer, it seems that
the figures given in this report are intermediate in value between
the average values obtained by Camerer and Finkelstein, Owing to
the differences between the quantity and quality of the material
used in the different sets of observations it would not be profitable
to carry the comparison any further.

T'he percentage rate of growth of bahies of both series.—1t scemed
desirable to study the rate of growth of the babies of the two
series dealt with in this report.

This was done in the following ways :—

(1) By estimating the percentage increase per kilo. of body-~
weight during each period of eight days, each series
being taken separately.

(2) The rate at which growth took place as measured by the
time required by the babies of each series for the

- doubling of the initial average weight, the values’of the.

- first eight-day period being omitted on account of
the small number of observations available in the series
of babies fed upon boiled cows’ milk, )

(3) By estimating the percentage deficit of the average weight
of babies fed upon boiled cows’ milk as compared with
the weights of the breast-fed babies. The weights of
the breast-fed babies being taken as 100.

22306 . D



The results of tlie first method are given in Table VII. and are
plotted in Diagram II. Both serics show an extreme irregularity
in the rate at which the weight inereases, but after the first two
estimations it would be difficult to point out any marked difference

between the values of the two series.

TanrLe VII.

Showing percentage rote of increuse for cach period of eight days, of
the bubies of both series, up to the age of eight months.

Breast-fed Series, Boiled Cows' Milk Series.
Age
i d%m v, Average Increase. Average Increase.
_ Weight . Weight
(in grammes). | grammes.| Per cent. (in grammes). | 1, grammes.| Per cent.

1-8 3185 — — 3515 — —
9-16 3348 163 51 3090 —425 —120
17-24 3507 159 47 3358 . 268 87
25-32 - 3746 239 68 3472 114 34
33-40 3939 193 51 3708 236 68
41-48 4119 180 46 3848 140 3-8
49-56 4291 172 42 3991 143 41
57-64 4443 152 35 4082 9 29
65-72 4638 195 4-4 4240 158 30
73-80 4737 99 2-1 4407 167 39
81-88 4937 200 42 4480 79 1-8
89-96 5079 142 4-9 4628 142 32
97-104 5191 112 22 4814 . 186 40
105-112 5380 189 36 4935 121 25
113-120 5566 183 36 5052 o117 2-8
121-128 5659 93 1-7 5171 - 119 24
129-136 5757 98 1-7 5326 : 155 30
137-144 5929 172 30 54306 - 110 20
145 152 6033 104 1-8 5569 133 24
153-160 6237 204 34 5669 100 1-8
161-168 6274 37 -6 5831 162 29
169-176 6312 38 ‘6 5915 84 14
J177-184 |- 6434 . . 122 19 . 6146 231 39
185-192 6458 24 4 6242 .96 16
193-200 6664 206 =32 6319 77 12
201-208 6709 45 7 6475 156 2:5
209-216 6734 25 4 6467 — 8 — 1
217-224 6798 64 1-0 6677 210 32
1 225-232 6778 — 20 — 3 6721 44 7
. 232-240 6886 108 1-6 6770 ' 49 7

A

After this age the increase becomes very variable.

The results of the second method are shown in Table VIII. and
are plotted on Diagram III., which shows that as regards rate of
growth there is little to choose between the two series. The babies
fed upon boiled cow’s milk doubled their weight at dhe 185-192nd
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day, or a fortnight earlier than the breast-fed babics, but they
started with an 1initially lower weight, since the first value was
omitted, on account of the small number of observations.

TasrLe VIII.

Showing the percentage rate of Growth of the Buabies of bhotl series
starting from the second eight-day Period of Tafe. Conirol sciies
being the Breasi-fed Babies and the other series beiny Dabies
which were fed upon Boiled Cows’ Milk.

Control Scries,

Boiled Milk Serics.

. Age Increase. Increase.
in days. Average Average
~ Weight _ Weight
(in grammes). In grammes.| Per cent. (in grammes). In grammes.| Per cent.
8-16 3348 — — 3090 — —
17-24 3507 159 4-7 3358 268 86
25-32 3746 398 11-8 3472 382 12-3
33-40 3939 591 17-6 3708 618 200
41-48 4119 771 23-0 3848 758 24'5
49-56 4291 943 281 3991 901 291
57-64 4443 1095 327 4082 992 321
65-72 4638 1290 385 4240 11560 372
73-80 4737 1389 414 4407 1317 426
81-88 4937 1589 47-4 4486 1396 451
89-96 5079 1731 517 4628 1538 497
97-104 5191 1843 550 4814 1724 5577
105-112 5380 2032 60-6 4935 1845 597
113-120 5566 2218 662 5052 1962 634
121-128 5659 2311 690 5171 2081 673
129-136 5757 2409 719 5326 2236 72:3
137-144 5929 2581 770 5436 2346 759
145-152 6033 2685 801 5569 2479 80-2
153-160 6237 2889 862 5669 2579 834
161-168 6274 2926 87-3 5831 2741 887
169-176 6312 2964 885 5915 2825 91-4
177-184" 6434 - 3086 02:1 6146 (- 3056 98-8
185-192 6458 3110 92-8 6242 3152 102:0
193-200 6664 3316 990 © 6319 3229 1044
201-208 6709 3361 1003 6475 3385 1095
209-216 | 6734 3386 101-1 6467 3377 109-2
217-224 6798 3450 103-0 6677 3587 1160
- 225-232 6778 3430 102-4 6721 3631 1175
233-240 | . 6886 . 3538 102-6 . 6770 3680 1190

The third method, giving the percentage deficit of the average
weights of the babies fed upon boiled cows’ milk as compared with
the breast-fed babies, shows that at no period of life does the
deficit exceed 10 per cent., and that during the greater part of the
period under observation the deficit is much less (see Table IX.).

It 18 probable that this favourable result is largely due to the
fact that these babies were attending the consultation, and were
therefore under favorable conditions.
than the majority of the results that have been obtained in the feeding

Itis a more favorable result
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cxperiments upon animals who received the milk of a foreign
species.  The results of clinieal experience and the evidence given
in Parts T and 111, of this rcport, render it doubtful whether
this result could he surpassed hy feeding babies upon raw cows’
milk.

TasLe IX.

‘S'/l.mnz'n‘(/ the percentage relutionship letween lhe averuge weights of
the babies of the two series.

Neries 1. consisting of lreast-fed babies, and Series IL. consisting of
babies fed upon botled cows’ milk.

Average weight in grammes. | .
zzgc in ) .Diﬁ'erence | Poefl cselel:iigeﬁdégc
L ays. in grammes). :

! Series 1. Series 11, (g Series L.
1-8 3,185 3,515 —330 110:3
9-16 3,348 3,080 258 92-2

17-24 3,507 3,358 149 957
25-32 3,746 3,472 274 92-6
33-40 3,939 3,708 231 94-1
41-48 4,119 3,848 271 93-4
49-56 4,291 3,991 300 930
5704 4,443 4,082 361 9018
65-72 4,638 4240 408 914
73-80 4,737 4,407 330 930
81-88 4,937 4,486 451 90-8
89-96 5,079 4,628 451 91°1
97-104 5,191 4,814 377 927
105-112 5,380 4,935 445 017
113-120 5,566 5,052 514 907
121-128 5,659 5,171 488 91-3
129-130 5,757 5,326 431 0925
137-144 5,929 5,436 493 91°6
145-152 6,033 5,564 464 92:3
153-160 6,237 5,569 568 908
161-168 6,274 5,831 443 92-9
169-176 6,312 5,915 397 937
177-184 6,434 6,146 288 955
185-192 6,458 6,242 216 96-6
192-200 - | 6,664 6,319 345 ’ 948
201-208 6,709 6,475 . 234 96'5
209-216 6,734 6,467 267 96-0
217-221 6,798 6,677 121 982
225-232 6,778 6,721 57 991
233-240 6,880 6,770 116 983
241-248 6,891 7,010 —119 101-7
249-25G- . 7,118 _ 7,112 . 6 . _ 99_‘_9 _ E
257964 | TRTe |0k | LTgziL |t 9900
© 265272 7,217 7,274 —b7 100°7

Note.—After this age the percentages are very variable.

Further analysis of a portion of the material,—1t seemed desirable
to investigate the average weights of the babies whose weight-
charts and notes had been copied for the purposes of this report, n
order to get two series, one consisting of babies exclusixely breast-
fed, and the other consisting solely of babies who had never been
breast-fed, but who had been fed from birth upon boiled cows’

milk onlv.
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The charts were re-sorted, and it was found that among the
babies of the breast-fed series, there were 130 whose records were
available from about a fortnight after birth up to at lecast the 200th
day of life, and who dwring this period had reccived only hreast
milk.

Among the 204 babies who had been fed upon boiled cows’ millk
there were 78 who had attended the consultation during the same
period of life and who had received only boiled cows’ milk. In
addition there were 41 babies who had similar attendance records,
and who had been fed for periods of not more than eight days upon
the breast before receiving boiled cows’ milk, as their sole food.

In order to ascertain whether these 41 babies could reasonably be
included in one series with the babies who had never been breast-
fed, the average weights for the 78 babies who had never been
breast-fed and the average weights for those 41 babies who had
received the breast for these few days, were worked out separately.
No appreciable difference in the average weights was found, so the
two sets of babies were added together, and worked up as a series
of 119 babies who had been fed exclusively upon boiled milk. The
figures for the 78 and 41 babies respectively arve given in Table X.

TasrLe X,

Showing the average weights and the number of estimations of 78 babies
who were never breast-fed, and of 41 babies who were breust-fed
Jor eight days or less.

78 babies never breast-fed. 41 babies breast-fed 1-8 days.
Age in days.
Average weight. | Estimations. Average weight. Estimations.
1-8 3,350 3 4,325 2 (same baby)
9-16 3,020 17 3,200 9
17-24 3,350 39 3,261 20
25-32 3,485 56 3,245 26
33-40 3,686 55 3,225 35
41-48 3,770 59 3,668 35
49-56 © 3,888 57 - 3906 | - 36
57-64 3,995 68 3781 34
65-72 4,095 66 4,198 33
73-80 4,254 67 4,348 32
81-88 4,424 86 4,342 40
89-96 4,555 81 4,543 29
97-104 4,769 72 4,787 39
- 105-112 - 4810 . .85 o4 | 38
121-128 5,073 63 5,020 41
129-136 5,314 68 5,234 33
137-144 5,393 58 5,132 41
145-152 5,483 56 5,526 41
153-160 5,651 58 . 5,573 31
161-168 5,427 60 5,748 34
169-176 5,816 63 5,803 34
177-184 6,025 - 49 . 5,959 33
185-192 5,861 . 64 5,941 26
193-200 6,295 50 6,335 31
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The figures obtained by estimating the average weights of the
130 exclusively blemet—fed babics and of the bables fed exclusively
upon boiled cows’ milk, show the same main characteristics as the
curves of the two original series of babies the results of which series
were plotted in Dxa(rlam I. The divergence is somewhat more
accentuated, but the tendency for the two curves to approach onc
another after about the 200th day, begins to appear after about the
160th day.

The number of observations for the first eight-day period are too
small in the case of the babies fed upon boiled cows’ milk to merit
any speclal consideration. The average weights are given on
Table X1I. and the results are plotted in Diagram IV.

TasrLe XI.

Showing the average weight of 130 Babies exclusively breast-fed up to
200 days of age, and of 119 Babies of whom 78 had never been
breast-fed, and of 41 who were breast-fed for less than eight days.

Breast-fed babies. Bahies fed on boiled milk.
Age in days. ]
Average weight No. of Average weight No. of
(in grammes). observations. (in grammes). observations.
1-8 3,019 13 3,740 5
9-16 3,325 42 3,083 26

17-24 3,499 71 3,320 59
25-32 3,738 91 3,409 82
33-40 3,955 87 3,682 : 90
41-48 4,171 103 3,732 94
49-56 4,327 85 3,895 93
57-64 4,506 107 3,923 102
65-72 4,760 103 4,129 99
73-80 4,836 99 4,284 99
81-88 5 102 102 . 4,398 126
89-96 5 153 - 98 ' 4,552 ' 110
97-104 5 360 91 - 4,775 111
105-112 5,530 95 4,791 103
113-120 5,688 98 5,016 105
121-128 5,808 95 5,052 104
129-136 5,020 82 5,288 101
137-144 6,085 97 5,285 99

- . 145-152 1 6 229 . .. 84 .. ] . .b501: - - 97

©163-1607. | "B, 272 0 81 <o B BBYL -89 T

161-168 6, 294 ' 67 5,716 94
169-176 6,381 -84 5,811 97
177-184 6,597 71 5,999 82
185-192 6,620 67 5,884 90
193-200 6,856 64 6,310 81

The percentage rate of growth of the babies of these two series
was calculated up to the day at which they doubled their weight,
starting from the second eight-day period. Both the breast-fed
babies and the babies fed upon boiled cows’ milk doubled their
weioht, at the 193-200th dav of life. The rate of orowth as shown
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DIAGRAM V.

SHOWING THE PERCENTAGE RATE OF GROWTH OF 130 INFANTS
EXCLUSIVELY BREAST-FED & OF 119 INFANTS EXCLUSIVELY FED ON
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in the series of breast-fed Dbabies, than in the series of babies fed

upon boiled cows’ milk.

are plotted in Diagram V.

Tasre XII.

The figures are given in Table XTI. and

Showing the percentuge rate of growth of the 119 babies who had never
been breast-fed, and of the 130 babies who were exclusively hreast-
Jed, starting from the average weight at the end of the sixteenth
day of age, and continuing up to the time at which they doubled
their weights.

Breast-fed Babies.

Babies never breast-fed.

Per cont.

768
10-57
19-42
2105
2633
2724
3392
3895
42:65
47-64
54-88
5540
6269
63-86
7152
71-42
7845
80-31
8510
88:48 -
9458
90-85

Age
in dc:’mys. Average Inerease. Average Increase.
. Weight . Weight ————
(in grammes). | 1, grammes.[ Per cent. (in grammes). | 1, gramnies.
9-16 3,325 — — 3,083 —
17-24 3,499 174 523 3,320 237
25-32 3,738 413 12-42 3,409 326
33-40 3,955 630 1894 3,682 599
41-48 4,171 246 2544 3,732 649
49-56 4,327 1.002 30-13 3,895 812
H7-64 4,506 1,181 3551 3,923 840
65-72 4,760 1,435 4315 4,129 1,046
73-80 4,836 1,611 4544 4,284 1,201
81-88 5,102 1,777 53-44 4,398 1,315
89-96 5,153 1,828 5497 4,552 1,469
97-104 5,360 2,035 61-20 4,775 1.692
105-112 5,530 2,205 66-31 4,791 1,708
113-120 5,688 2,363 71-06 5,016 1,933
121-128 5,808 2,483 74-67 5,052 1,969
129~136 5,920 2,695 7804 5,288 2,205
137-144 6,085 2,760 83-00 5,285 2,202
145-152 6229 2,904 87-33 5,501 2,418
153-160 6 272 2,947 8863 5,559 2,476
161-168 6,394 3,069 92-:30 5,716 2,633
169-176 - 6,381 .. 3,056 91-90 5,811 - 2,128
177-184 6,597 3,272 9840 5,999 2,916
185-192 6,620 3,295 99-09 ~.5,884 2,801
193-200 6,856 3,631 106-19 6,310 3,227

104-67

Summary of Results obtained in Part IV.,—The Berlin figures

o d_ea}t with __i_IJ:th.i_s_pa_rt_of. the report.show that, given circumstances- - .
“similar to those of the Consultation from whence the figures are -
taken—

(1) Infants fed upon the breast show a higher average weight
than infants fed upon boiled cow’s milk, up to about the

180-220th day of life.
average weight disappears.

After this age the difference in

(2) This difference must be attributed to the method of feeding,
and not to differences in the social condition of the
infants,
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(3) Thec difference in average weight is most marked in the first
16 days of lifc; this difference must be attributed to the
different method of fecding, and not to any possible
“crror of sampling.”

(4) After the first 16 days the average increase in body-weight
is almost identical in both series of babies.

{(56) The deﬁ(,it of average weight of the babies fed upon boiled
cows’ mille below those fed upon the breast, does not
reach 10 per cent. at any period.

Part V.—SuMMARY AND CONCLUSIONS.

The balance of evidence both experimental and clinical points in
the main to the same conclusions. Both lines of research show—

(1) That there is apparently no serious loss of nutritive value
produced by feeding an animal upon boiled milk derived
from an animal of the same specie:. At the same time
it must be pointed out that the published evidence on
this point is scanty.

(2) That, when an aninal 1s fed npon the milk of another
species, the milk from which has been found to bhe
suitable for this purpose, such small differences as
have been found in the nutritive values of raw and
boiled milk have been in favour of boiled milk.

{3) That the milk of the same species has a considerably higher
nutritive value for that species than the milk of any
other species so far investigated.

The evidence dealt with thloughout this report emphasises very
forcibly the importance of breast-feeding for the young of all
species and shows the special importance of breast-feeding during
the early weeks of life.

Where artificial feeding has been employed in animal experi-
ments, boiled milk of a fore eign species has given more satisfactqry
results than similar milk raw. The Berlin figures dealing with
infants fed on boiled cows’ milk, give extremely Favourable results,
and in view of the evidence collected in this report could scarcely
be expected to be surpassed had raw _cows’ milk been used.

It may be again pointed out that the Berlin babies who are
artificially-fed in connection with the consultation receive milk of a
known excellent quality. The excellence of the results obtained in
Berlin are almost certainly largely due to the care and supervmon
exelclsed At and thlough the conbultatlon L _

The foundations of the information given in this report werc
obtained by me, when working at the Lister Institute as Jenner
Research Scholar, during which period I was also sent abroad to
study the methods used in the countries of the Continent in the
prevention of infantile mortality, especially in connection with
the feeding of infants.

The Berlin material was obtained spemally for this report to
the Local Government Board.
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