OBSERVATIONS ON THE MILK
OF NEW ZEALAND WOMEN

BY

HELEN EASTERFIELD DEEM, M.D.,
Lady Truby King Scholar in the University of Otago, N.Z.

PART I. THE DIURNAL VARIATION IN THE FAT CONTENT OF
‘ HUMAN MILK.

The composition of human milk has been the subject of many researches
but reference to the literature indicates that little attention has been paid to
the question of diurnal variation in the fat content of the milk. No definite
approach to regularity in this variation has hitherto been observed.

Reiset! as far back as 1849 observed that the fat percentage of human milk was decreased
and the amount of milk increased by extending the time between successive milkings. Helbich?
from the examination of the milk of six wet nurses concluded that the fat percentage of human
milk expressed at four-hourly intervals was highest at 10 a.m. and 2 p.m. Talbot® from the
examination of the milk of six women concluded that the fat percentage of milk expressed at
three-hourly intervals was highest at noon or later on in the day. The data submitted show,
however, that two of his six cases did not support his conclusion. Myers? records the analysis
of the milk of three women whose breasts were expressed at different times of the same day ;
variations in the composition were noticed and the paper is concluded with an apt quotation of
John Thomson ° that the composition of human milk, like other secretions, varies from time
to time and even during the course of the day.’

The object of the present investigation was to record, under rigidly con-
trolled conditions, the limits in the diurnal variation in the fat percentage of
the milk of a large number of women in order that any regularity of variation
might become apparent. In such an enquiry meticulous attention must be
paid to the collection of the samples which are to form the basis of the research,
for, unless the samples are carefully taken under strictly comparable conditions,
the deductions must be open to question however carefully analysis of the
samples is carried out. Additional precautions are needed in investigating
human milk because of the recognized influence of psychological factors.

For the collection and analysis of the samples employed in the research
the following conditions were postulated :—

(a) The women must be healthy and well nourished, and must have a
fairly abundant milk secretion.

(b) The milk in any one experiment must be expressed by the same
operator at regular intervals.
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(c) The greatest care must be taken to avoid loss of fore milk by leakage,

and that the after milk or “ strippings ”’ should be expressed as com-
pletely as possible.

(d) The mother should be kept in a contented state of mind, by cheerful
talk and sympathy, during the whole process of expression.

All samples of milk were expressed either by the writer or, as in Series 4,
under the personal supervision of the writer. The precautions taken in pro-
curing the samples are dealt with in the experimental part of the paper.

Four separate series of experiments were carried out during the past
eighteen months and the diurnal variations in the fat content of the milk of
thirty women were recorded. This has involved the determination of the fat
percentage of 332 samples.

Eighty-one samples were analysed completely for fat, protein, sugar and
ash, in order to determine the question of diurnal variation in the constituents
other than fat.

The diurnal variation in the fat content of the milk of four women was
determined on seven different days, one week elapsing between each experiment.
The results are expressed graphically in Graph TIT.

In 27 cases, the milk was expressed from one breast only throughout the
day. In three cases, the milk of both breasts was expressed separately and
the samples independently analysec.

The mothers from whom the samples were taken were healthy, well
nourished women of European stock. With two exceptions, all were born in
New Zealand. Their ages ranged from 17 to 38 years, but 5 only were above
the age of 28 years. The mothers included in the first three series were
temporary residents of the Karitane Home, Dunedin. Those included in the
fourth series were, with one exception, residents of St. Mary’s Home (for
unmarried mothers), Otahuhu, Auckland, N.Z. 4

The infants were, with the exception of one case of pyloric stenosis, healthy
and thriving on their mothers’ milk. Their ages ranged from 5 to 36 weeks.
Four of the babies received a small complement of modified cow’s milk ; the
remainder were adequately suckled by their mothers.

It is commonly stated that fore milk has a much lower fat percentage than
end milk or strippings. Analyses made during this investigation bear out
this contention. Care was therefore always taken to empty the breasts as
completely as possible. It is assumed that some milk remained in the deeper
recesses of the mammeae at the end of expression, for Gaines® who conducted a
series of careful experiments on goats proved that hand milking did not empty
the goat’s udder as efficiently as did the suction of the kid, but he concluded
that hand milking ensured a uniform degree of emptying at each milking.
Similarly, the writer contends that when hand expression is done by one

experienced individual an uniform degree of emptying will take place at each
expression.

Great attention was paid to the psychological factor for it is generally
recognized amongst farmers that even in cattle the holding back of the milk
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will take place if the animal is not completely at its ease. The same psycho-
logical factor is by no means uncommon amongst nervous and excitable nursing
mothers ; hence a practice was invariably made of securing the confidence and
friendship of the mother before taking a sample of her milk.

It was found that the large flat muscular type of breast could not be
emptied effectively by manual expression, and for this reason samples were not
taken from women with this type of breast.

Method of investigation.—The milk was obtained from the breast by
hand expression in the following manner. The breast was grasped at the
proximal boundary of the areola by thumb and fore-finger of the operator’s
right hand ; the left hand was used to steady the breast. Kach pressure of
the fingers was accompanied by a downward and forward movement without
any manipulation or squeezing of mammary tissue. The milk flowed freely
from the breast in a series of jets.

During the course of an experiment, the infant of the mother in question
was allowed one breast only throughout the 24-hour period of the experiment,
and was weighed before and after going to that breast. When the infant had
been fed from one breast, the entire content of the other was expressed, well
mixed, and a sample taken for analysis. The remainder of the milk was given
to the baby by bottle. In general, the quantity of milk obtained by expression
was less than the amount obtained directly from the breast by the baby. This
is in accordance with Gaines’s results already mentioned. In each case the
amount of milk obtained by the baby indicated the amount of milk that might
be expected as the result of expression. In some instances, where the flow had
apparently ceased and yet the amount of milk expressed was considerably less
than had been obtained by the baby, a rest for a minute or two, together with
gentle stroking of the breast, again produced a free flow of milk. Had not this
after milking been carried out, the richest portion of the milk would have been
missed and a grave error would have been introduced.

Women with an abundant milk secretisn frequently stated that when the
infant commenced to suck from one breast, at the 6 a.m. feeding in particular,
the milk simultaneously leaked away from the other breast. This statement
was confirmed by personal observation, and it is in accordance with the observa-
tions of Gaines on the mechanism of milk secretion in lactating animals. Care
was therefore taken to collect all milk which leaked away from the one breast
as a result of the general stimulus to milk flow provided by the sucking of the
child at the other breast. Thus no fore milk was lost.

In order to give a mother confidence and at the same time assure her that
the process of expression was simple and not painful, one breast was expressed
as completely as possible at the feeding time before the actual experiment was
commenced. Succeeding specimens were then obtained at four-hourly*
intervals during the day, with an eight-hour interval during the night. Five
specimens were thus obtained at the usual feeding times, 6 a.m., 10 a.m., 2 p.m.,
6 p.m. and 10 p.m.

*In 3 cases, the specimens were obtained at three-hourly intervals throughout the day,
commencing at 6 a.m.
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Four separate series of observations were made. In the first three series, -
every sample of milk, with one exception, was expressed by the writer. .In
the fourth, the mothers, who were all skilled expressors, did their own expressing
under the supervision of the writer. In this series the final expression took
place at 11 p.m. after the mothers had had between two and three hours’ sleep.

Analysis.—Four separate series of analyses were made.

I. In the first series the author determined, by the Babcock method, the percentage of fat
in thirty samples of milk expressed by herself from six women at the four-hourly intervals.
The mean curve for the diurnal variation of Series 1, as shown in Graph I, was sufficiently
striking to demand confirmation by other series of experiments in which the analyses were
conducted by independent observers.

II. In the second series (comprising 7 individual cases) the diurnal variation in the fat and
other constituents of the milk was determined. Complete analyses of 81 samples of human milk
were made by the Dunedin Government analyst, Mr. L. S. James, M.Sc., F.I.C.

III. In the third series (8 cases) the fat only was determined.  This also was done by Mr.
L. S. James.

1V. In the fourth series (9 cases) the analyses were carried out by Mr. K. M. Griffen, M.Sc.,
F.I.C., Auckland Government analyst, and only fat determinations were made except in special
cases where the effect of diet on milk production was being studied.

In the analyses conducted by the Government analysts the fat was determined by the

Gerber process ; the protein by the Kjeldahl method ; the ash by incineration ; and the sugar
by difference.

Average fat.—Since the weight of milk obtained is not the same at each
expression, the average percentage of fat cn one day is not identical with the
arithmetical mean of the five fat percentages recorded on that day. The
average percentage of fat in the day’s milk is obviously found by dividing the
total weight of the fat by the total weight of the milk expressed and multiplying
by 100. The averages in the annexed tables are calculated on this basis.

Results.
The results of the investigation are given in the following tables and graphs.

TABLE 1.—Series IV, showing the diurnal variation in the fat content
of the milk of twenty-seven women expressed at four-hourly intervals.

TaBLE 2.—Showing the diurnal variation in the fat content of the milk
of three women expressed at three-hourly intervals.

TaABLE 3.—Showing the diurnal variation in the constituents of the milk
other than fat.

GrarH [.-—Showing the mean curves for the diurnal variation in the fat
content of the milk of each series.

GRAPH II.—Showihg the average curves of diurnal variation of all the
series in respect to fat content and volume.
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TABLE 1.

SHOWING THE DIURNAL VARIATION IN THE FAT CONTENT OF THE MILK
OF TWENTY-SEVEN WOMEN.

1‘ ERYws
Series|Case| Age 6 a.m. 10 a.m. 2 p.m. ! "6 p.m. "~ 10 p.m. Average
No. | weeks
Fat 9, c.cm. Fat 9%, c.cm. Fat 9, c.cm. Fat 9% c.em. | Fat 9% c.cm. Fat 9,
1 11 30 2-8 142 52 83 41 98 3-7 53 37 75 37
2| 24 42 135 73 60 5 45 5-4 60 6-2 33 53
3| 23 2.8 120 4-5 68 77 98 55 75 5-8 53 5-1
4| 20 32 135 54 60 4-5 75 4-2 75 39 45 4
] 11 32 128 53 60 4-8 60 b 60 4-9 45 4.3
6 4 37 113 5-7 30 56 68 4-6 38 4-6 90 4-5
Av'age| 33 129 56 60 5-3 74 4-8 60 4-8 60 45
11 la| 24 41 135 77 83 59 60 4-4 53 4-2 60 52
7 16 41 135 79 90 5-05 60 5-05 75 4-9 60 5-3
8| 34 39 165 57 83 4 60 5-2 53 4-7 90 4-6
9| 27 32 225 6-7 83 5-4 90 47 83 — — 4-4
10| 16 |(R)34 90 45 45 3-95 68 3-8 60) |33 38 3.7
3 41 -5 33 35 90 3-3 5 33
(L)2-65 165 37 112 2-7 113 3-2 120 33 113 3-07
ell 6 [(R)3 83 4-6 38 3-7 30 3-8 63 41 38 3-6
2-8 4-6 56-5 39 37 63 39 35
(L)2:65) 150 45 75 4-1 68 36)] 75 37 60 35
12 7 2.7 90 4 60 3-9 60 3-8 53 4-2 45 3-6
13| 18 |(R)36) 450 465 195) 3-2 158 3-5 165 295 165 36 1
35 -5 4-7 201-5 33 35 165 2-8 5 3
34 j 465 4-7 210} 34 158 3-5 165 275 165 3-5 J
Av'age| 345 182 57 92 4-3 78 4-2 79 4-0 78 4-2
I | 14| 20 2:55 -120- 153 75 5-05 7% 5:15 75 52 60 4-3
15| 36 5 143 9 . 60 5-4 64 4-6 75 57 90 . 56
16 12 2.7 158 4-8 90 4 83 3-6 83 3-9 75 35
18 3 3-2 60 4 30 3-8 34 34 . 30— 33 .. 26 3-48
19 73 3 120 52 53 4:2 53 3-8 53 3-5 45 3-7
20 7 4-7 105 7-8 75 54 45 4-6 45 5-4 45 5-2
Av’age| 35 118 6 64 4-7 59 4-2 60 4-5 57 4-3
6 a.m. 10 aum. 2 p.m. 6 p.m. 11 p.m.
v | 21 6 4-06 267 548 132 44 132 4-1 142 4-2 150 4-29
22 15 2-86 180 4-71 111 391 - 99 3-48 93 3-24 108 3-51
23| 25 29 126 5-06 75 4-54 66 3-38 48 2-9 69 37
217 15 30 129 52 60 4-1 72 41 69 35 75 3-8
25| 21 46 90 6-5 60 16-2 60 5-5 52 4-9 60 5-0
26 5 3-8 127 4-1 82 29 78 3-6 75 33 82 3-57
27 8 3:6 127 4-5 78 4-8 60 4-55 82 4-45 67 4-28
30| 36 2:45 138 5-3 78 4-8 69 35 84 3-4 87 3-6
Av’age| 34 147 5-1 845 8-5 795 4-1 80-5 37 87 4-0
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TABLE 2.

EXPRESSED AT THREE-HOURLY INTERVALS,

DIURNAL VARIATION IN THE FAT CONTENT OF THE MILK OF THREE WOMEN

! | |
\ !
(ase No.i  Age | G a.m. 9 am. 12 noon 3 pom. ' 6 p.m. 9 p.m.
| ! |
i i |
: ' Fat 9 c.em. IFat 94 c.em. Fat 9 c.cm. Fat ) c.em. | Fat 9 c.cm. Fat 9 c.cm.
17 ’ 31 32 165 58 82 42 67 43 82 ;1 42 60 41 60
28* i 6 1 29 105 41 H2 34 45 40 56 27 45 34 75
20% + ‘ 36 156 49 84 3-8 72 33 63 | 33 57 | 34 66
\\(mﬂ( ! 3-2 142 49 72-6 3-8 613 39 67 | 34 a4 36 67
*In Cases 28 and 29 the last expression took place at 11 p.m.  This probably accounts for
the comparatively large volume expressed after a five-hour interval of rest.
TABLE 3
SHOWING THE DIURNAL VARIATION IN THE CONSTITUENTS OTHER THAN FAT
OF THE MILK OF SEVEN WOMEN.
(ase ! J
No. 6 a.m 10 a.m. 2 pm. 6 p.m. 1 10 p.m.
TR s f s s T2 5 a5 el s
SRR AR EREAD AN SE IR R0 BE R A0 BN ALY
i&jmj*ﬂ&(m'-ﬂﬁlﬁaiz't&mr<fﬁ 2l =
la 1106 737 (18 112-71 1-117.7-3 | 19 {16:36 1:05|7-17) -19 |14-31 1-12/7-3 | -19 12 96}109 73/' ‘19 ]’ 85
7 121717 <19 11272 1-26/ 7-09] -21 [16-46 1-23!7-26/ -2 |13-74 1-14|7-12! -19 135 113712 2 1335
8 1:06) 6-57 17 |11-7 11-06| 6-8Y| -18 |13-83 1-10/7-13] -17 [12:4  1-12|7-38 -2 |139 1.07 7-36 -2 13-33
o* 1-09{ 7-36. -19 [ 11-79 1-15; 7-04| -18 [15-07 1-11) 7-15; 19 [13-8 *1-11}7-31 -19 133 = — ——‘ — —
10 R 139685 25 [12:09 1-59/6-9 | 25 |13-24 1-62{7-33] -24 |13-14 1-64/7-09. -27 112-8 1-63:7-17 -26 12:61
L11-22 6-40 21 |11-58 1-23/ 7-33| 21 |12-47 1-21| 7-57 -21 |11-C9  1-19|7-42 -22 :12-03 1-27 7-32; -22 :12:11
11 [1-25 747 -2 (1157 1-39 7-11) -21 1321 1-35)7-23] -21 {12891 1-34/7-39) -2 12:58 1-25 722, -2 '12-37
13 ‘1415 7-39 <18 [12:32 1-14; 7-25( 18 [13-22 1-10{7-29, -18 '11-77 1-02[7-41| -19 1212 1-09 7~3l; 19 11-54
P1-131 7540419 112:26: 1415)7-26] <19 [13-3 | 1-11 741 <19 12-11 1-08/7-35! -19 12-12° 1-09 7-43] -18 [11-14
*
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Discussion of results.

The average fat percentage for the day was between 3 and 4 in 16 cases
(533 per cent.); between 4 and 5 in 8 cases (26-7 per cent.); and above 5
in 6 cases (20 per cent.).

The mean average fat percentage was 4-18. This figure is higher than
that given by Richmond® but is lower than that given by various continental
writers. It must be noted, however, that 53-3 per cent. of the cases investi-
gated showed an average fat percentage between 3 and 4.

The highest average fat percentage for the day was 54, and the lowest
3-2. The highest fat percentage of a single sample was 9, and the lowest 2-1.

The milks with the high average fat content showed the greatest diurnal
variation ; one case showed a difference of 4-9 per cent. between the highest
and lowest values for the day.

Four of the six children receiving milk containing over 5 per cent. of fat
were afflicted with infantile eczema ; theyv were, however, all thriving well on
their mothers’ milk, one case (Case 15) being 4 1b. above the average weight of
a child the same age (9 months).

The highest protein in a single sample was 1-64 per cent. and the lowest
-8 per cent.* The child, who was receiving the milk with the low protein
content (-8 per cent.) was 4 Ib. below the average weight of a child of the same
age (94 months).

The average protein percentage of the milk of the cases investigated was
1-2. This figure agrecs with that given by Richmond.

The highest ash in a single sample was -27 per cent. and the lowest - 17 per
cent.

In every case the largest volume of milk obtained at a single expression
was recorded at 6 a.m. The average volume obtained at the specified times
are recorded in Graph II. The largest volume expressed from a subject
during the twenty-four hour period was 2,355 c.em.  This amount was obtained
from the two breasts of a mother of twins.

In Series I the highest fat percentage for the day was found at 10 a.m.
in five of the six cases investigated. The lowest fat percentage for the day
was found at 6 a.m. in all of the six cases.

In Series TI the highest fat percentage for the day was found at 10 a.m.
in seven of the eight cases investigated. The lowest fat percentage for the
day was found at 6 a.m. in seven of the eight cases.

In Series 111 the highest fat percentage for the day was found at 10 a.m.
in all of the cases investigated. The lowest fat percentage for the day was
found at 6 a.m. in five of the six cases.

In Series IV the highest fat percentage for the day was found at 10 a.m.
in seven of the eight cases investigated. The lowest fat percentage for the day
was found at 6 a.m. in seven of the eight cases.

Thus in 24 of the.27 cases investigated (i.e., 89 per cent.) the highest fat
percentage for the day was found at 10 a.m. and in twenty-four of the cases
investigated the lowest fat percentage for the day was found at 6 a.m.

*The mother, who produced the milk of such low protein content, was a strict vegetarian
who absolutely excluded animal protein from her diet. Her protein ration was obtained almost
entirely from whole-meal bread and peanuts—of the latter she consumed 6-2 oz. daily. )
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The average diurnal variation for each series and the average variation
for all cases is represented graphically in Graph 1.

In the three cases investigated, where the milk was expressed at three-
hourly intervals throughout the day commencing at 6 a.m., the fat percentage
was found to be highest at 9 a.m. in all three cases.

No diurnal variation in the constituents of the milk other than fat was
observed.

The foregoing results and the graphs traced from them indicate the
existence of a definite diurnal variation in the fat content of human milk. In
the opinion of the writer, the results warrant the enunciation of the following
Taw :—

If all precautions are taken to secure the fore milk, middle milk and
end milk present in the human breast, and if expression takes place at
regular four-hourly intervals from 6 a.m. until 10 p.m., the fat percentage
is in general lowest at 6 a.m., highest at 10 a.m., high at 2 p.m. and
decreases as the day advances.

When it is borne in mind that physiological functions tend to show
irregularities due to psychological, digestive, and other disturbances, as well
as those characteristic of the individual subject, it is surprising that as much
evidence of the existence of a general law has been observed. It is, however,
obvious that the general rule or law of diurnal variation of fat content of human
milk should not be accepted as a general application until it has been carefully
tested by other observers working on a much larger number of rigidly con-
trolled cases. Tt is also clear, when it is seen how great the diurnal variation
in the fat content of human milk can be, that deductions based on the analyses
of milk expressed at one time of the day only must be liable to very grave error.*

Summary of Part I.
" (1) The diurnal variation in the fat content of the milk of thirty New
Zealand women has been investigated.

(2) The results indicate that it usually takes place according to the following

law 1 —-

If all precautions are taken to secure the fore milk, middle milk
and end milk present in the human breast, and if expression takes place
at regular four-hourly intervals from 6 a.m. until 10 p.m., the fat
percentage is in general lowest at 6 a.m., highest at 10 a.m_, high at
2 p.m. and decreases as the day advances.

(3) No diurnal variation in the constituents of human milk other than fat

was observed. '

(4) The mean average composition of the milk of the women investigated
was :—fat 4-18 per cent., protein 1-2 per cent., ash -22 per cent., and
sugar 7-21 per cent.  In 53-3 per cent. of the cases, the fat percentage
was between 3 and 4, the average of these cases being 3-57.

The importance of a knowledge of the law of diurnal variation is
emphasized.

(

-~

*Probably the high figure given by Wardlan and Dart? for the average fat percentage of
the milk of Australian women is due in part to the fact that all samples of milk were expressed,
at 10 a.m.
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PART 1II. THE EFFECT OF DIET ON THE SECRETION OF
HUMAN MILK.

The object of the present investigation was to determine the effect of
diet on the secretion of human milk.

The effect of diet upon the milk production of the cow is a problem which is constantly
engaging the attention of dairy scientists. The results obtained by many workers in this field
are contradictory, but with reference to certain findings a general opinion is entertained.
Meigs® gives a comprehensive review of the subject and concludes that protein stimulates milk
secretion and thus increases milk yield, and that the composition of milk may be affected by the
feeding of certain diets.

With reference to the effect of diet on human milk production, the text-books in general
state that provided the diet of a nursing mother is adequate, changes in any one of the food
constituents of the diet will not appreciably affect the quality or quantity of her milk.  Reference
to the original literature shows that all too little work has been done on this important subject.

Engel® maintained that provided there was an adequate amount cf fat in the diet of the
nursing mother, an increase in the fat content of the diet did not increase the fat percentage
of her milk. (zerny and Keller' conclude that the milk of nursing mothers cannot be per-
manently influenced by the food except in those instances when they arve partially starved.
Hoobler! investigated the effect of diet on the quality and quantity of the milk of two women.
He concluded that a diet of a caloric value between 2,400—2,900 calories with a protein ratio
of 1:4 was optimum diet for a nursing mother. He also concluded that animal protein in the
diet was superior to vegetable protein. Bell'> added small quantities of rice. tapioca or cream
to a usual hospital diet and fed some mothers on one diet and others on another. She concluded
from her experiments that the different diets given had little effect upon the composition of the
milk.

The present work was carried out at St. Mary’s Home, Auckland, N.Z.
The mothers were taken into the home on the understanding that they were to
reside there for six months after the birth of their infants and they werc
encouraged in every way to breast feed during the entire period. The Institu-
tion food was plain, wholesome and plentiful. The mothers appeared to have
excessive appetites, a fact which is not surprising as they did all the manual
labour of the home, such as milking cows, washing clothes, scrubbing floors
and gardening.

As a routine practice, the mothers were taught the technique of hand
expression during the puerperium. They became so proficient in the art
that it was considered advisable in this investigation to allow them to express
their own milk under supervision. Before selecting the special cases for the
diet experiments, all the mothers in the home were carefully observed over a
period of a fortnight. The diurnal variation in the fat content of the milk of
cach was estimated in the same way as detailed previously. These cases
constitute Series IV in Part I of this paper.

As a result of these observations, it was possible to select suitable cases
for the present investigation and five of the most trustworthy, keen and
intelligent mothers were selected. Four of these were completely feeding their
babies ; one with a slightly inadequate milk supply was chosen with the object
of increasing her supply.

The mothers were healthy and active. Their ages ranged from 17 to
27 years. The infants were healthy and thriving, their ages ranging from
4 to 18 weeks.
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Methods of investigation.—The five mothers selected were subjected to
seven consecutive weeks of dieting under strict supervision. The diets were
given in the following sequence: (1) Institution (St. Mary’s Home Diet),
(2) High Protein, (3) Institution, (4) High Protein + Vitamin B*, (5) High
Sugar, (6) High Fat, (7) Low Protein. Each mother was fed for a period of
7 days on a specific diet. The food consumed by her was weighed and then
calculated in terms calories, protein, fat and carbohydrate. It was not possible
to revert to the Institution diet after each special period of dieting without
unduly prolonging the duration of the whole experiment.

For 6 days, the babies were fed from both breasts at four-hourly intervals
during the day and at eight-hourly intervals during the night, and test-weighed.
Any milk remaining in the breast after feeding was expressed and measured.

On the 7th day, after 6 days’ observation on a specific diet, the baby was
fed from one breast only throughout the twenty-four hour experimental period
and test-weighed, and the other breast was emptied as completely as possible
by hand expression and the volume of milk measured. Thus the total yield
of milk in the twenty-four hours was obtained.

The fat percentage of each expression was estimated in order to observe
the effect of diet on the diurnal variation in the fat content of the milk. The
results are tabulated in Table 6 and expressed graphically in Graph III.

The sample of milk which was analysed for protein, ash, sugar and total
solids was a mixture of samples taken from each of the five daily expressions.

The analyses were conducted by the Auckland Government analyst,
Mr. K. M. Griffen, M.Sc., F.1.C. The protein was determined by the Kjeldahl
method ; the fat by the Gerber process ; the ash by incineration ; the sugar
by difference. The actual average fat percentage of the daily yield was com-
puted in the same way as detailed in Part L of this paper.

Diers.—The caloric value of the Institution diet consumed by the mothers
in question was in the vicinity of 3,000 calories. An attempt was therefore
made to keep the caloric value of the test diets in the neighbourhood of 3,000
calories. This figure was unavoidably exceeded in Diets V and VI.

The protein content of the Institution diet was approximately 90 grm.,
therefore the protein of the test diets (other than the high and low protein
diets) was kept approximately at the original amount.

According to the particular diet used, large increases in the protein, carbo-
hydrate or fat constituents were employed. '

The details of the diets of the mothers are tabulated in Table 4.

The mothers had vigorous appetites and found no difficulty in consuming
the food set before them.

The effects of different diets on the milk secretion of the five mothers are
tabulated in Tables 5 and 6.

*B. Sure!? experimenting with rats proved conclusively that the vitamin-B requirement
of the lactating rat was considerably greater than for its mere growth. Vitamin-B (in the form
of marmite) was therefore given to the nursing mother to ascertain whether its addition to the
diet had any beneficial effect on human milk secretion,
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TABLE 4.
GIVING THE DETAILS OF THE DAILY DIETS OF EACH OF THE FIVE MOTHERS.
Name Diet | Calories P:(-4-F Carbo- Fat Protein Remarks
hydrate
grm. grm.  grm.
Margaret .S 3,168 1:78 469 95 88  Plain,  wholesome  diet.
Daphne s 3,198 1:77 470 97 90 Large quantities of bread
Flossie :; 3,082 1:7-9 1450 96 84 and porridge, Puddings.
Mona = 3012 1:78 433 96 84
Nancy 3,201 1:76 468 98 91
Margaret g 3,069 1:4 410 84 148  This diet included 3 eggs,
Daphne S 3,085 1:4 403 88 150 1,200 c.cm. skimmed milk,
Flossie 2 3,932 1:4 372 87 143 180 grm. fish, 120 grm.
Mona ‘ 5 2,804 1:39 347 87 140 meat.
Nancy 3152 1:4 408 92 152
I U ——
Margaret. | g = 2,944 1:399 379 86 144 As above plus 3 grm.
Daphne 1 5= 2,985 1:39 385 86 148 marmite.
Flossie ‘ 22 2886  1:399 374 84 141
Mona : fgc'; 2,728 1:38 337 84 138
Nancy | T+ | 2952 1:39 377 86 148
Margaret ‘ o 3,836 1:94 630 95 90 ‘ This diet included 90 grm.
*Daphne go 3,978 1:95 654 99 92 dates, 30 grm. raisins,
Flossie » 3,935 1:97 646 99 89 60 grm. jam, 150 grm. iced
Mona 1 o 3,798 1:97 618 98 86 cake, 60 grm. marsh
Nancy T 4,001 1:94 656 100 93 mallow sweet pudding.
Margaret 4,430 1:109 411 255 91  This diet included 150 c.cm.
Daphne o 4,386 1:11 407 253 89 cream, 45 grm. bacon,
Flossie “E 3,995 1:11 375 229 80 30 grm. fat ham, 30 grm.
Mona & 1,303 1:114 382 265 86. butter, 40 grm. dripping,
Naney = 4,461 1:108 420 254 92 60 grm. shortbread, suct
pudding or pastry.
Margaret 2,848 1:10-2 354 123 62 This diet included much
Daphne ?, 2,861 1:102 357 123 62 green salads, pastry and
Flossie § 2,779 1:10-4 340 12: 59 vegetable soup — inevit-
Mona 2 2,783 1:10:3 340 123 60 ably a comparatively high
Nancy é 2,862  1:102 357 123 62 fat diet.

* Average of 4 days diet : had bilious attack on fifth day.
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TABLE 5.
EFFECT OF DIFFERENT DIETS ON THE MILK PRODUCTION OF FIVE MOTHERS.
I
Name Diet Milk Sugar Fat Protein

eem % %
Margaret . *Institution .. .. j 1,148 | 7-83 44 1:35
High protein . 1,268 753 37 1-41
Home .. ‘ 1,298 7-85 39 1-28
High Protein---Vit. B 1,432 7-58 41 142
High sugar 1,403 | 767 39 1-28
High fat Lo 1,433 J 747 501 i 1-23
Low protein . L230 742 6 134

Daphne . . Institution . . 1,144 ‘ 766 321

High protein 1,298 7-35 312 ‘ 1-2
Home .. 1,298 | 7-37 34 1-07
High protein- Vit. B 1324 732 3-4 109
+High sugar . 1,196 ‘ 7-36 335 | 104

High fat 1,305 7-24 4-0 : 101
Low protein 1,343 | 7-34 39+ ‘98

Flossie Institution .. 694 “ 727 39 1

High protein 690 734 30 1-05
Home .. . 653 | 758 3-3 -86
High protein {-Vit. B S 7358 135 37 1-05
High sugar 630 ' 737 38 98
High fat 683 | 714 4-03 1-03
Low protein 638 7-38 396 | -89
Mona Institution .. 908 = 7-87 36 1-03
High protein 930 747 1 35 117
Home . .. 855 748 | 38 -98
High protein—-Vit, B S| 930 742 35 107
High sugar i L0358 | 73 38 ‘ -96
High fat . 885 | 727 439 -98
Low protein 878 1+ 724 4-32 102
Nancy .. Institution .. 743 771 3-8 144
High protein 998 7-38 35 i 1-46
Home L 908 7.38 33 | 123

High protein-+ Vit. B 1,013 734 36 .
High sugar .. 1,035 7-32 34 l 1-23
High fat. . 1,073 73 j 399 122
Low protein 998 7-42 397 ] 119

|

*Institution diet refers to the ordinary routine diet used in St. Mary’s Home.
+This girl was profoundly upset by the death of her father on the day this set of samples
was taken.

1This girl had a bilious attack (which prevented her eating) on the day this set of samples
was taken,

E
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TABLE 6.

DIURNAL VARIATION IN THE FAT CONTENT OF THE MILK OF FIVE MOTHERS ON DIFFERENT DIETS.

Name | Diet 6am. 10a.m. 2 p.m. 6 p.m. 11 p.m.|Average
% % % % % %

Margaret  Institution .. .. .| 375 65 45 42 46 44
| High protein .. .. .| 345 45 3-8 3-8 35 37

., ., 4VitB.. ..l 89 475 42 365 43 41

. Highsugar .. .. .. | 37 48 473 325 375 | 39
Highfat.. .. .. ..| 30 711 51 47 42 | 509

" Low protein .. .. .. | 46 52 43 48 46 46

Average .. .. | 406 548 444 406 416 | 429

Daphne Institution .. .. 25 41 3.5 365 34 @ 32
High protein .. .. .. | 24 44 33 29 31 & 312
» o +Vit.B.. .o 26 44 37 32 33 | 34

High sugar .. .. .. 28 52 42 325 19 3:35
High fat .. .. .. .. 34 52 4-3 39 38 4-04
Low protein .. .. o 32 50 42 40 395 395

Average .. .. 2-82 472 3-86 3-48 324 3:51
Flossic Institution .. .. .. 2-3 495 4-65 4-05 275 39
High protein .. .. o031 38 3-8 2:55 245 | 30
W e EVIRBL. .| 32 455 45 32 35 | 37

High sugar .. .. o129 55 4.0 35 29 | 366

High fat .. .. .. .. 37 35 46 34 32 403

Low protein .. .. 25 6-1 57 36 26 3-96

Average .. .. | 295 506 454 338 29 | 371

Mona Institution .. .. o024 30 4-3 4-3

35 36

High protein .. .. .. | 24 48 31 37 25 . 33

oo s AVIRB.. ] 24 531 37 39 37 | 35

| High sugar .. .. . 28 475 44 43 35 . 38

Highfat.. .. .. .. 41 57 43 40 34 | 439

CLowprotein .. .. ..} 375 57 44 41 45 432
{ |

Average .. .. | 297 518 406 405 351 @ 381

)

(6am. 9am. 12 3pm 6pm. llpm Av. %

*Nancy Institution .. .. 36 51 42 335 36 315 38

* High protein .. .o 345 47 34 35 31 29 35

U s - +Vit.B.. 33 465 35 33 31 385 ' 36
High sugar . .1 33 50 37 31 2.7 29 34

High fat .. .. | 43 51 317 265 37 375 | 399

Low protein .. 135 50 43 36 375 385 397

Average .. | 357 493 38 325 333 34 371

*It will be noted that with the fifth case, Nancy, the milk was expressed at three-hourly
intervals throughout the day and the last specimen for the day was collected at 11 p.m,
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Discussion of results.

In the following summary the results obtained at the end of one week’s
dieting have been compared with those obtained at the end of the previous
week.

1. High protein diet. (A) ErFEcT oN MILK YIELD.—FKour of the five
mothers showed an increase in the twenty-four hourly yield compared with
that obtained on the Institution diet. The average increase in amount was
108 c.cm.

(B) EFrECT ON cOMPOSITION.—There was a slight increase in the protein
percentage of the milk in every case. The average increase was -09 per cent.

In each case the fat percentage of the milk was reduced.

When the high protein diet was followed by the Institution diet a marked
decrease (averaging -17 per cent.) in the protein percentage of the milk was
noticed. In all cases but one, the protein percentage fell below that present
at the initiation of the experiments. In two of the five cases the increased
milk yield noted in the previous week was maintained, but in three cases the
yield was diminished.

2. High protein diet plus Vitamin B.—This diet appeared to produce
an increase in the twenty-four hourly yield in every case. The average increase
compared with the previous week’s yield was 88:5 c.cm. The protein per-
centage of the milk was again increased : the average increase compared with
the previous week was -1 per cent.

3. High carbohydrate Diet.—Three mothers showed a slight decrease in
the yield compared with that of the previous week. One showed a marked
increase.

The composition of the milk was much the same as it was when the mothers
were fed on the Institution diet.

4. High fat diet.—In general the milk yield was increased very slightly
as compared with the amounts obtained on the previous diet. The com-
position of the milk was strikingly affected. In every case, the fat percentage
of the milk was increased. The average increase on the previous week’s fat
percentage was -6 per cent., and the average increase in the total amount of
fat produced was 20 per cent.

5. Low protein diet.—In general there was a slight diminution in the
yield compared with that obtained in the previous week. One case, Case 1*,
which should, perhaps, be eliminated, showed a marked diminution in amount,
and one (Case 2) actually showed an increase.

The composition of the milk was very little affected. In three cases, the
protein percentage compared with that of the previous week was slightly
lowered ; in two cases it was actually raised.

Discussion.—The increase obtained in the fat percentage of the milk when
the mothers were on a high fat diet was very definite. This finding, though

*This subject was profoundly upset by the death of her father on the day the samples were
taken.
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contrary to the general opinion of dairy scientists in respect to cows, agrees
with the practical observations of the Plunket nurses (Truby King system)
throughout New Zealand. They state that idle mothers who over-indulge
in rich fatty foods invariably have milk with a high fat content. Careful
analyses of the milk of such mothers fully supports this statement. Moreover,
it has been found that this high fat percentage can be reduced by systematic
dieting.

The yield of milk was strikingly increased when mothers were fed on a high
protein diet.  This conclusion is in accordance with the results of observations
made on cows. It also agrees with Hoobler's contention in respect to human
milk production. The vield of milk remained either stationary or was lessened
when the high protein diet was followed by the Institution diet.

The feeding of the high protein diet plus Vitamin B again produced a
marked increase in the milk yield.

Tt is interesting to note that women who were fed on exactly similar diets
showed marked differences in respect to the average fat percentage of their
milk. The high fat percentage is evidently a personal characteristic as in the
case of cows.

Babies receiving milks of such vastly different fat content throve equally
well.  When the fat percentage of the milk was raised as the result of the high
fat diet given to the mother, the babies were not digestively upset. This, in a
measure, may be due to the fact that the mothers were healthy and continuously
engaged in manual work.

The 28 graphs illustrating the diurnal variation in the fat content of the
nilk of the four mothers fed on the six specific diets above mentioned, show
that the generalization arrived at in Part I of this paper still holds even when
there is a great variation in the diet of the mother. The fat content in every
case was highest at 10 a.m. and the diurnal variation in general agreement
with the previous findings. Once again it was observed that the milks of high
average fat content had the greatest diurnal variation.

The writer desires to thank Sir Truby King and Dr. Malcolm for their
advice and assistance. Her thanks are also due to the authorities of the
Karitane Home, Dunedin, and St. Mary’s Anglican Home, Auckland ; and to
the Dominion Analyst, Dr. McLaurin and his representatives, Messrs. L. S.
James and K. M. Griffen.

Summary of Part II.

The effects of different diets on the milk secretion of women have been
studied.

1. The feeding of a high fat diet to nursing mothers was found to increase
the fat percentage of their milk.

S

The feeding of a high protein diet and a high protein plus Vitamin.B
diet was found to increase the milk yield.
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3. The composition of the milk was not appreciably affected by great
changes in the constituents of the diet other than fat.

4. The results of 28 determinations of the diurnal variation in the fat
content of human milk are tabulated and recorded graphically. The
results support the generalization arrived at in Part I of this paper.
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