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1. COLLECTION OF MILK SAMPLES

The greatest single difficulty in -the study of human
lactation has always been the collection of milk, and if
the study is to be of practical physiological significance
the milk .collected for analysis must be at least all that
the infant would have taken by suckling both in quantity
and in composition. Further—and this will be demon-
strated in later papers—a true estimate of the quality of
lactation at any stage must be based on an analysis of
milk representing the whole of every feeding for 24
hours.

To satisfy these conditions the infant must be replaced
at each feeding by some mechanism which will remove
milk without disturbing the course of lactation. It can
probably never be known to what extent this is possible,
because the suckling of a baby has, for the mother,
emotional overtones beyond the mere local stimulation
of the nipple and areola.; and the mechanical replace-
ment of this local stimulus, however ingenious, cannot
hope to be an entirely effective substitute for the baby.

The shortcomings of artificial milking methods have
been controlled in the past, so far as may be, firstly,
by the use of methods which are reputed to be effec-
tive and to cause little or no discomfort ; and, secondly,
by the choice of subjects who are interested and willing
to take part in the study. The advantages of having
co-operative subjects are obvious, but restriction of a
study to volunteers tends to select those with higher
milk ‘yields, as, for example, those donating a surplus
to a milk bank. -

Methods of Milk Expression

Most authors in the past have found hand expression
more satisfactory than the mechanical pump, and one such
manual method, used by Macy in her extensive studies, is
described in detail by Davies (1945). It was used in the
study by Roderuck et al. (1946a, 1946b), and a progressive
rise in milk yield ‘during five-day sampling periods found
by these authors has been illustrated by Morrison (1952).
The level of milk production prior to the sampling periods
is not shown, so there is no evidence that the method of
sampling revealed the true yield. Morrison interprets the
rise as a return towards normality from an initial depression.
Deem (1931), who described a similar method, found that
an infant put to one breast obtained more milk from it than
could be obtained from the other breast by manual expres-
sion, but no cross-over experiments were made to eliminate
the possibility of unequal breast capacity. She also found
manual expression to be unsatisfactory when applied to
the “large flat muscular type of breast,” and excluded such
cases from her study.

Personal experience in the use of both manual expression
and the standard types of mechanical breast pumps has
shown them to have many drawbacks. Both are uncom-
fortable, and the pumps often cause oedema and cracking
of the nipple. Although skilled manual expression can
probably empty a breast, it is time-consuming, and the
use of a single operator to maintain a standardized technique
throughout a 24-hour period is impracticable. The
mechanical pumps are, on the whole, less effective than
manual expression in emptying the breast.

*Described in the British Medical Journal, 1951, 2, 234.

The most recent work in man and animals stresses the
importance of the milk ejection reflex in assisting milk
removal, and it has been shown that injections of pitocin
may replace or amplify the mechanism. Newton and New-
ton (1948), who used a mechanical breast pump, found that
more milk was obtained from one breast when the other
was simultaneously suckled and even more if pitocin was
given first. These results do not suggest that the yield
induced by pitocin is necessarily that which most closely
represents the normal yield to the infant. It is also prob-
able that the prospect of five intramuscular injections in
one day will upset many subjects and thus have the effect
of diminishing the milk yield. It would be better, there-
fore, to try to find a mechanical method which would imitate
suckling to the extent of inducing the milk ejection reflex
in the normal manner.

In the present studies, a recently devised breast pump,
the “humalactor,”* has been used. This apparatus
mechanically mimics the mouth action of the baby. It is
much more comfortable than manual expression and seems
to evoke milk ejection in each case where this has been
experienced in suckling the baby. So far as can be judged,
it is slightly more effective than expert hand expression
in emptying a breast, since it is rarely (and only in some
apprehensive subjects) that milk can be forced from the
breast by hand when the humalactor has finished, whereas
the humalactor can, in many cases, remove a little milk
from a breast which has already been stripped by hand.

The humalactor has additional advantages. Firstly, the
technique is standardized and there is no dependence on
skilled operators ; secondly, a great deal of time is saved
for the nursing staff ; and, thirdly, more patients are willing
to undergo a subsequent 24-hour sampling when the initial
sampling has been easy and comfortable.

Results
Data by which the two methods can be compared are

> presented in Tablés I and II.

TABLE 1.—Milk Yield

6th Day 7th Day 6th Day 7th Day
Yield Yield Fat Yield Yield Fat
(ml.) (ml) |(g./100 mL) (ml) (mL) |(g./100 mL)
580 695 3-40 720° 575 ° 295
540 435 1-70 110 105 3.60
305 158 285 620 355 2:90
590 370 250 80 102 3-45
370 330 260 410 130 2:80
360 425 2-50 910 1,110 2.75
350 116 3.80 700 510 220
570 325 195 270 380 475
\ 500 595 3.40 410 490 3.70
170 il 4-60 360 400 3.70
550 270 380 515 3.05
350 420 2:90 510 506 250
160 1 290 530 166 1-60
410 510 280 410 158 2-50
90 300 250 630 545 240
210 215 275 300 402 3.25
390 355 205 340 345 3-00
570 345 420 870 860 230
230 275 275 670 256 370
620 530 1-90 390 305 370
540 365 315 310 275 3.40
1,260 1,250 3.60 440 520 2:00
450 502 2.90 500 380 3.00
520 445 3.70 390 265 1.95
400 270 240 580 415 220
450 370 240 620 490 240
650 400 3.50 410 180 280
100 90 200 310 370 225
160 115 540 100 100 250
210 210 4.05 340 51 3.00
470 335 3.05 240 370 2-65
330 360 240 400 150 2-60
500 . 445 3-90 400 425 2:90
230 76 3.80 580 385 280
430 395 3.75 450 540 2-40
570 620 280 230 200 220
470 512 280 390 100 3-00
330 187 4-40 530 765 235
530 363 270 880 580 2-40
620 370 3.05 340 500 3-05
500 500 2:70 620 295
270 165 2:60 )
Mean: 441-3 397-6
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TasLe II.—Milk Yield (The Seventh-day Yield was by the

Humalactor)
6th Day 7th Day 6th Day 7th Day
Yield Yield Fat Yield Yield Fat
(ml.) (ml.) (g./100 ml.) (ml.) (ml) (g./100 ml.)
120 ! 525 3-30
370 514 3-10 210 800 2:20
160 258 270 2-60
600 695 1-70 350 380 3.00
430 356 3-40 330 298 3.00
400 352 2-40 450 540 4-10
420 410 3-60 220 250 410
130 170 270 320 445 1-80
270 150 1-90 620 3:70
570 990 4-50 270 375 3.25
660 405 370 415 455 3-05
580 380 3-50 505 630 3-80
540 4-10 400 420 2:00
600 433 2:10 435 4 3-20
500 220 4-50 170 275 2-10
440 400 2-20 365 375 3-60
520 460 3-20 310 270 2-40
460 330 2-80 350 350 2-70
390 720 2-80 670 510 3-60
75 91 3-40 570 3-20
510 385 4-10 360 420 3-40
140 170 3-80 430 450 2-85
390 315 270 320 270 3:50
610 470 290 410 370 3-50
500 855 2:90 410 670 4-00
640 560 2-80 280 265 4-60
380 350 2:90 680 4-35
510 426 1-85 1,180 1,034 3-50
350 265 2-40 350 225 2:20
490 3.00 300 260 1-60
590 3-80 260 215 2-65
590 2:40 390 575 2:25
275 225 590 510 545 2:30
410 470 2-50 430 310 2-30
255 555 3-00 490 550 5-00
680 3-20 470 330 3-50
395 450 2-40 500 560 3.00
335 275 3:30 500 518 3:65
460 400 400 610 3-10
415 | 415 375 350 400 2:90
372 310 2-60 340 690 410
440 450 260 420 440 2:35
220 3.00
Mean 419-8 45

Table I shows a series of 83 subjects in a study made in
1948-9. Milk yield on the sixth day was computed from
test weighing of the infant at each feed, with the addition
of any residual milk manually expressed after each feed.
_Milk yield on the seventh day represents the result of
manual expression of the whole of every feeding by an
experienced and skilful nurse.

In Table 11 a series of 85 subjects from a current study,
the sixth-day yield is again computed from test weighings
and measured strippings, but the seventh-day yield was
removed entirely by the humalactor.

In neither table, therefore, are the yields on the sixth
and seventh days strictly comparable, since only the seventh-
day yields are measured accurately. At this stage of lacta-
tion the yield is generally increasing, although many factors

affect the day-to-day output, but in two series as large as
" these some increase in the mean from the sixth to the
seventh day would be expected, whatever individual
fluctuations there might be.

In the first series the mean seventh-day yield was 379.6 ml.
and the sixth-day yield 441.3 ml. The reduction of 61.7 ml.
is statistically significant at the 5% level.

In the second series the seventh-day yield averaged
445 ml. and exceeded that of the sixth day, 419.8 ml., by
25.2 ml, a difference which, while not statistically signifi-
cant, is nevertheless an increase, and in line with the
expected trend.

It is well known that a progressive rise in fat content
occurs during a feeding, so that milk from completely
emptied breasts would be expected to have a higher average
fat content than milk from breasts which have been only
partially emptied. There is no significant difference between
the fat.contents of the seventh-day milk in the two series ;
nor is any difference found if the mean fat content of milks
which have decreased from the sixth to the seventh day
is compared with that of milks which show an increased
yield on the seventh day.

This suggests that both methods of milking can probably
empty a given breast at any time in most subjects, but that
manual expression, either from its discomfort or because of
its lack of natural stimulation, at the-time or in anticipation,
causes a decreased amount of milk to be secreted.

Summary
The collection of a complete 24-hour milk output
involves more than the mere emptying of the breasts
at the usual feeding-times. The mechanism for milk
removal should be such that not only is all the milk

taken from the breast but also normal milk production
is undisturbed.

This is probably not possible in all subjects, especially
the more excitable, but the use of the humalactor
breast pump gives encouragingly better results than
manual expression. ‘

I am grateful to Professor Dugald Baird and to the staffs of the
Midwifery Department and the Aberdeen Maternity Hospital for
invaluable help; to Dr. I. Leitch, of the Commonwealth Bureau
of Animal Nutrition, Bucksburn, for criticism and advice; and
to Mr. W. Billewicz, of the Social Medicine Research Unit of
the Medical Research Council, for statistical assistance.
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II. VARIATION IN MAJOR CONSTITUENTS DURING

A FEEDING
The change in milk composition during the course of a
feeding has been discussed in medical writings since
Bartholomeus Metlinger (1473) advised that “ . . . the
wet nurse should first milk the breast so that the watery
part runs from it, and then give the child to suck.”
During the past 50 years there have been frequent
descriptions of the variations, both in man and in
animals.

Morrison (1952) has made a comprehensive review of
the literature on human milk, and it would be profit-
less to duplicate this. He quotes few exceptions to the
general finding that the fat content increases from the
beginning to the end of a feeding. However, Waller
(1943) and Newton (1952) found a variable pattern, and
Lucignani (1934) observed that the fat increased to a
maximum in ten minutes and thereafter declined
slightly. ‘

There have been comparatively few observations of
the variation of the other major constituents. Novellis
di Coarazze (1936) described a diminution in lactose
content, followed by a later recovery, in 15 out of 20
cases, but other workers have found no significant vari-
ation. A number of investigators describe no signi-
ficant change in the total nitrogen content, but Macy
et al. (1931), who examined milk from the fitst and last
halves of the feeding, found a small but highly signi-
ficant rise. The variation of nitrogen has been studied
in more detail by Waisman and Petazze (1947), who
found that the casein nitrogen rose and the non-casein
nitrogen (including the non-protein nitrogen) fell as the
feeding progressed.

Most previous observations have been made on only
two or three samples from the feeding. The usual
method has been to remove a sample from the breast
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by hand before the infant is fed and another by stripping
the breast when it is finished. One sample, or some-
times two samples, may be removed after interrupting
the infant during the cpurse of the feeding. Macy et al.
(1931) bad the entire feeding expressed by hand, but
were content to divide it into first and last halves. Thus,
in the human, the pattern of change in the constituents
of milk throughout a feeding has not been observed in
any great detail.

Method

Collection of Samples.—In the present study a number of
small samples have been taken during the emptying of a
breast by the ‘humalactor,” a machine whose efficiency
has been shown in Part I of this paper. The humalactor
was applied to the breast in the usual way, using, instead
of a collecting-bottle, a test-tube marked to contain 12 ml.
When this tube was filled it was replaced by another without
stopping the machine. In this way a consecutive series of
12-ml. samples was obtained until the breast was emptied.

Methods of Analysis—Fat was estimated by the Gerber
method, lactose by a modification of the chloramine-T
method of Hinton and Macara (1927), and nitrogen by a
modification of the micro-Kjeldahl method described by
Steel (1946) for plasma protein. Casein was precipitated by
acetic acid at 40° C. (Rowland, 1938) and total protein by
dialysed iron. When all these constituents were estimated

it was necessary to mix adjacent samples to give the neces-

sary volume of milk. This had the effect of bhalving the
number of samples in these cases.

TaBLE 1.—Fat in g./100 ml.

Post-|
Case | par: Sample Number
No. | tum
Day| 1 2 3 4 &) 6 7 8 9 01
4 7 {090(090|125| 1.70]1-80 | 2-30 | 2:60 | 415 |49
1-80 | 1-952-05| 3-3013-30 | 3-45
S 6 [135]/14011.50| 2:40|3-25| 3-25|4-65|5-05|5-10 | 595
3.951445|535| 595
6 | 4 [1-15]|1-2011-25] 1.95[2-45| 3-45]3-95
1-85|1-3511-50 | 190 |2-25| 2-95]2-55
6 |1401165|1-40| 1-502-10 2-50|2-05|3-30 { 3-20
1-70 | 1-50 {2-10 | 1.9511-90 | 230 | 4-05 | 4-35 | 4-70
7 7 1190 [2:60 |3-60 | 4-15|4-80
8 6 |1:802-202-20| 3-10|4-00
3-50 | 3-15 | 4-20
10 5 |3.60(3-55(4-10| 660 |7-00
11 6 13-10(3-2013-90} 5-85
12 5 |1.2011-45]2-15| 2-25{2-25| 1-902:90 | 4-10
1-4512:05}2-75| 3-60|4-20| 5-05)4-30 | 6-10 | 625
13 7 |3:40]3-65|435| 545|730
29512551230 | 2-95]3-55
9a 13901340 |3-55| 5-40|6-60
3.90 | 3.-70 | 4-55 | 4-80
9b | 5:40 1570 | 6-50 | 7-00
4-40 | 440 | 520 | 5-80
10a {3-95|4-15]|5-80| 685|715
10b | 5-30 | 6-25 | 7-20 | 7-40
40544515201 590
11 |2:3513-30|425| 575585
4.8515-50 |5-00 | 5-40
14 |3-5013-40|4-45]| 4-85!490 50, 5-65
3.35|4-55|600| 595;6-30| 7-30|8-90
16 |1-701-65]2-35| 2-45]3-50
2-30|3-00 | 5-60 | 6-35
18 13-10]2-90]2-95| 3-70
090 10-5511-25| 1.95]3-70 | 4-25|4-45
23 [3-05]4-20|4-95
2:102-40 {3-25| 4-40|5-80
14 | 5 |1-30}4-65]|2-30| 395|390
1-65-12:10{2-70 | 3-25
15 5 (1501150170 | 2-40}2-45| 3-85
1-70 | 1-70 | 2-20 | 2-3012-80 | 2-35}2-45|1-90 | 2-50
16 | 3 |3-85|440|3-80| 4-40|4-50| 6-20 | 6-30
490 |5-30 | 575 | 795|660 | 10-15
7 |195]2:00]2-05| 2-80|2-30| 2-45|2-75|4-45|5-50 | 4-40
300 |3-50 {370 | 4-30]4-65| 4-70
18 | 4 |045{070]0-60| 100 |1-05| 1-90]2-65|3-10|3-80 | 4-80*
0-5510-70 | 0-95 { 2-20|3-70| 4-25
19 3 |555]670 | 815
5-40 | 6-40 | 8-05
20 3 {11511-60|3-00
0-70 [ 1-50 [ 2-45 | 2-90
85 6 |2-20|4-05 595 |10-05
101 | 8 [1.20/1-30|2-50| 4-40 | 7-00
196 | 7 [200{2-10]2-40| 2-90}3-40 | 4-80
1202 | 7 |3-30/3-304-95| 670
208 | 8 |260[365|490| 695

¢ The-amount increased to 5-90 and 625 in the eleventh and twelfth samples
respectively.

Results .

In any one case the breasts seldom produced equal
volumes of milk unless both had been emptied completely
at the previous feeding. The breast which gave the larger
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Fig. 1.—Case 18, fourth post-partum day, showing the progressive
rise in fat content of the milk during emptying of the breasts.
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F16. 2.—Case 16, seventh post-partum day, showing the degree of
irregularity which can occur in the usually progressive rise in
the fat content of milk during emptying of the breasts.

volume was usually the one at which the infant had suckled
last and which had been left with more residual milk than
the other. ‘

The changes during a feeding in fat, lactose, and nitrogen
found in this investigation are shown in Tables I, II, and

III. The experiments are numbered so that when more

than one consti-

tuent was esti- 87 .

mated the values RIGHT BREAST

of all constituents 77 i

can be compared <

together. 61 K,
Fat—Arisein fat

concentration al- 337 LEFT BREASY

ways occurred, but g

there was consid- <47

erable variation in

both the regularity 37

of the rise and its
degree (Table I). 2
Fig. 1 demon-
strates the most 1
commonly found
shape of curve, — y 1 T r y r
showing a flat, v 2 3 4" 5 6

hat i . NUMBER OF SAMPLE
iomew at  IITegu-  Fyg, 3.—Case 13, seventh post-partum
ar start and an day, showing, in the right breast, the
increasingly rapid smooth and rapidly rising fat content
terminal rise. The Wh(}cl? e Toft bras tth‘:hbm’t l:sdempt:e%

and, in the reast, the usual degree o
curve from the irregularity found.
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right breast represents the maximum percentage rise found
In the series: from 0.45 g. to 6.25 g. per 100 ml. Fig. 2
shows a more irregular rise that was sometimes found. The
abrupt changes of direction seen in the curve from the right
breast are discussed later. Fig. 3 shows, in the curve from
the right breast, the smooth uninterrupted curve which was
seen on only three occasions.

Lactose.—The lactose content shows an inverse relation-
ship to the fat, falling from a maximum in the first sample
to a minimum at the end of the feed (Table II). This is to

TaBLE II.—Lactose in g./100 ml.

Post- Sample Number
%a;e partum
. Day 1 2 3 4 5 6 7 8
11 Ta 6:70 | 6-50
To 675 | 6-64 .
681 | 658 | 658 | 664 | 658
12 5 623 | 643 | 640 | 623 | 6:12 | 6-i0 | 610 | 602
660 | 660 | 650 | 638 | 6:35 | 640 | 635 | 617
45 4 685 | 671 |, 6:57 | 651 | 651
46 9 678 | 694 | 678 |
664 | 647
47 3 617 | 6:60 | 6:57 | 6:60 | 6-55
8 698 | 708 | 695 | 698 | 7-08 | 698
57 5 527 | 5051495 495 | 485
64 5 637 | 644 | 644 | 630 | 596
78 7 520 | 500
79 5 692 | 698 | 704 | 6:51 | 664 | 657
85 6 660 | 640 | 592 | 565
86 5 615 | 596 | 568 | 548
101 8 684 | 676 | 672 | 655 | 640

be expected, since, in a given quantity of milk, the volume
of water is dependeng on the volume of fat present, so
that a rise in fat will cause, by displacement, a lower volume
of water, and therefore less water-soluble constituents. The
overall change in lactose was usually small, and the maxi-
mum fall, from 6.60 g. to 5.65 g. per 100 ml., was associated
with an increase in fat content from 2.20 g. to 10.05 g. per
100 ml.

Nitrogen.—The total nitrogen gave a variable pattern,
but the changes were in any case usually very small (Table
II). In milk of the first three or four days of lactation the
total nitrogen falls from beginning to eénd of the feeding,
but after the fifth day there is usually a slight increase.

TaBLR III.—Nitrogen in mg./100 ml.

Case Post- Sample Number
No. | partum
- | Day 1 | 2 (3 | 4| s | 6|7
! !
! Total Nitrogen
45 4 333 323 318 316 316
46 9 280 285 282
332 330 342
47 3 425 400 394 372 382
8 259 277 270 259 266
57 5 298 300 307 | (Lost) | 308
64 5 283 277 297 297 297
78 7 356 356 372
79 5 290 291 297 291 300 302
85 6 288 292 294 277
86 5 347 344 342 333
101 8 238 238 238 232 238
190 6 295 290 297 307 295 295
196 7 276 263 267 269 270 269
197 6 | 312 321 317 315 304 307
202 7 312 291 273 276
203 6 349 335 340 333 336
208 8 273 276 272 265
209 6 400 393 399 407 402 399 416
Casein Nitrogen
101 8 87 84 83 84 95
190 6 131 123 133 143 126 128
196 7 121 113 114 108 117 109
197 6 126 140 141" 139 123 116
202 7 137 144 134 132
203 6 104 104 117 112 111
208, 8 112 126 119 121
209 6 131 162 182 179 177 179 179
Non-protein Nitrogen
45 4 56 58 53 52 51
46 9 70 72 7
47 3 62 53 50 56 38
8 67
57 5 56 62 64 64
64 5 67 56 62 70 56
9 5 76 67 69 78
85 6 64| 53 48
86 5 53 67 67 56
101 8 47 38 40 50

The inconsistency may be explained if the protein is recog-
nized as two fractions differing in behaviour. Casein,
which may be partially adsorbed to the fat, either rises
slightly at the end of the feed or remains at an almost con-
stant level, but the soluble protein falls as less water per
unit volume is available. The pattern- for total nitrogen
will depend, therefore, on the relative proportion of its
fractions, and in the very early milk the fall is due to the
characteristic preponderance of globulin. Non-protein
nitrogen showed a haphazard variation in most cases,
although changes were small. There was a decrease in a
few cases. .

Mechapism

A number of theories have been advanced to explain the
mechanism of the rise in fat concentration. The belief has
been expressed by earlier workers that the fat globules are
arrested  mechanically
by the finer ducts in the
breast and ‘are squeezed
out finally only by the
pressure of milking, but
Petersen (1929), who
studied the distribution
of fat in the bovine
udder histologically,
denied this. Lowenfeld
et al. (1927) and von
Sydow (1944) have sug-
gested that the magni-
tude of increase in fat
is dependent on the
method of extraction, a
more forcible process
causing a higher final
fat comtent; and Gélz
(1940), who attributed
the increase to a differ-
ence in viscosity be-
tween fat and the other
solids, believed the in-
crease to become appa-
rent only with inexpert
evacuation. Johannson
et al. (1952), who sup-
ported the theory of
mechanical arrest of
the fat globules, were
able to obliterate the
rise in fat content, in
the cow, by vigorous
massage of the udder
before milking.

The steep terminal rise found in many of the present
experiments is suggestive of fat being adherent to the
alveolar and duct surfaces of the breast, probably by adsorp-
tion ; if this is so, it should be possible to duplicate the
phenomenon by exposing milk to a large and suitably
arranged surface for a few hours. A rubber sponge was
chosen to test this. This type of sponge has finer spaces
than others available, and it is thus more nearly comparable
to the breast in structure, There are, however, no spaces
fine enough to hinder the passage of any fat globule.
Rubber has no specific affinity for fat in globules. The

Fi1a. 4.—Apparatus used in_demon-
strating the adsorption of milk fat to
the surface of a sponge.

~ sponge, cut to fit a porcelain filter funnel (Fig. 4), was filled

with milk and allowed to remain immersed in it for four

TaBLE IV
Fat (g./100 ml.)
Sample Time of Immersion
3 Hours 4 Hours 12 Hours
1 2-30 2-65 0-70
2 2-30 2-85 115
3 2-85 3.35 200
4 4-00 528 4-45
5 6-60 75 9-80
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hours. At the end of that time it was removed from the
milk and the excess not held within it was allowed to drain.
It was then placed in the filter funnel and compressed by
a plunger until empty. In a number of experiments the
sponge was inverted in the filter funnel so that any effect
of “creaming > within the spaces could be eliminated. The

milk was collected
o as successive 15-ml.
samples, and the
fat contents of
these samples in-
variably gave a
curve similar to
Fig. 5. The steep-

o

varied with the
time allowed for
adsorption, and
Table IV shows
the fat contents of
samples
from a sponge im-

mersed in milk for
. P 3, 4, and 12 hours.
This is in accord
with the behaviour
of the breasts, the
gradient for fat
being steeper on
the side which has
been left the longer.

FAT:G./100 ML.
» “w

H 7 3 4 s
4 NUMBER OF SAMPLE

F16. 5.—The progressive rise in fat con-
tent which oocurs when a sponge soaked
in breast milk is emptied by compression.
Curve I is from a sponge after four !
hours’ immersion in milk, and curve II In most cases the
from a sponge after 12 hours’ immersion.  ¢.cond breast to be
. sampled was, as in

the usual breast-feeding practice, the breast first suckled at
the previous feed. It may therefore. have had an hour
longer than the other breast for adsorption. This effect has
also been demonstrated in the cow, a steeper gradient
occurring after the long night interval than after the shorter
daytime intervals (Johannson ef al., 1952). A breast whith
has been incompletely emptied at the previous feed will
show a higher initial fat content than one which has been
stripped ‘completely, since its residual milk, to which the
subsequent secretion is added, is of high fat content.

9-
1§

8-

w o ~
1 f 1

‘FAT: G./100 ML.
FS

L] L] L) v
X 2 . 3 4 s
NUMBER OF SAMPLE
Fic. 6.—The effect of refilling with milk a sponge which has
been only partially emptied. rve I is from a sponge partially
emptied after four hours’ immersion in milk, and curve II from
the same partially emptied sponge after a funher four hours’
immersion in more of the same

ness of the fat rise’

obtained -

Fig. 6 shows the effect produced when the sponge, after four
hours’ immersion, is partially emptied of milk and then re-
immersed in more of the same milk for a further four hours
before it is squeezed empty.

It is neot surprising that the breast seldom shows in its
output of fat the smooth curve of Fig. 5, since it consists
not of a simple unit like the sponge but of up to 20 separ-
ately drained lobules. Only if all the lobules act in unison
-can such a curve be expected. Clinically, this is observed
infrequently, and if the collecting-bottle of the breast pump
is watched the steady trickles of milk can often be seen
to be joined by an additional jet as a new lobule comes into
action. In this way the rising fat concentration may be
suddenly reduced by the dilute first milk of the new lobule
(Fig. 2). This may explain the occasional reverse changes
found by some workers, and particularly the terminal drop-
described by Lucignani. = The findings of Lowenfeld et al.
and of von. Sydow also might be explained by the theory
of physical adsorption, since the removal of the fat closely
adherent to the walls of the ducts would require consider-
able mechanical force.

The other major constituents behaved in the sponge as
they do in the breast. This would confirm that the fall in
the water-soluble constituents is due to simple displacement
by the fat.

Summary
During the course of a feeding there is a progressive *

and usually large increase in the concentration of fat,
associated with a small decrease in the concentration of
lactose. The total nitrogen falls from the begining to the
end of a feeding during the first few days of lactation,
but as the milk matures there is usually a small increase
due to a relative rise in the casein concentration.

It is suggested that the behaviour of the fat is due to
the mechanical phenomenon of adsorption of the fat
globules to the large secretory and duct surface of the
breast, and the changes in the other constituents are
secondary to this.

The entire picture has been duplicated by soaking
a rubber sponge in breast milk and emptying it by
mechanical compression.

I am grateful to Professor Dugald Baird and to the staffs of
the Midwifery Department and the Aberdeen Maternity Hospital
for invaluable help, and to Dr. 1. Leitch, of the Commonwealth
Bureau of Animal Nutrition, Bucksburn, for criticism and advice.

REFERENCES
Golz, H. (1940). Lait, 20, 145.
Hinton, C. L., and Macara, T. (1927). Analyst 52,
Johannson, I., Korkman, N and Nelson, (1952) Acta agric. :cand
43,

2, 43.

Lowenfeld, M. F., Widdows, S. T., Bond, M., and Taylor, E. I. (1927).
Biochem. J., 21, 1.

Lucignani, D. (1934). Riv. Clin. pediat., 32, 412.

Macy, 1. G., Nims, B., Brown, M., and Hunscher, H. A. (1931). Amer.
J. Dis. Child., 42, 569.

Metlinger, Bartholomeus (1473). Eyn Vast Nfiitzuck Regiment der Jungen
Kinder, Augsberg. (Quoted by J. Ruhrth, Amer. J. Dis. Child., 1928,

35, 492)
(1952). Human Milk : Yield, Proximate Principles, and

Morrison, S. D
Inorganic Cmmﬂuenu Commonwealth Bur. Animal Nutrit. Tech.

Commun No. 18.
Newton, (1952). Amer J. Obstet. Gynec., 64, 397.
Novellis di Oonram, . (1936). Riv. Clin. pediat., 34, 1057.
Petersen, -W (1929). Amer. J. Physiol.,, 90, 592.
Rowland, S. (1938) J. Dairy Res., 9. 30.
Steel, A. E. (1946) Bull. Inst. med. Lab. Tech., 12.
von Sydow, G. (1944). Acta paediat., Stockh 32 75 6
Waisman, S. G., and Petazze, M. L. A. (1947). Rev. Asoc. argent. Diet.,

5, 121.
Waller, H. K. (1943). Lancet, 1, 69. »

II. DIURNAL VARIATION IN MAJOR
CONSTITUENTS OF MILK

The more recent literature on human milk has paid
particular attention to the diurnal variation of both yield
and composition, since most of the earlier work done on
-milk from a single feeding gave widely divergent results
and little indication of the sort of milk which would be
available for the whole 24 hours.
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Most workers have examined the output of milk at
the conventional feeding-times of 6 a.m., 10 am., 2
p.m., 6 pm., and 10 p.m., with an eight-hour interval
between 10 p.m. and 6 a.m., and there is general agree-
ment that the volume is maximal at the 6 a.m. feeding
and decreases during the rest of the day. Macy et al.
(1930), however, made an analysis of milk drawn off
every four hours during the day and night, including
one sample at 2 am., and found no such early morn-
ing peak. Apart from this unusual sampling method,
their results are in any case not strictly comparable
with other studies, since their subjects were quite excep-
tionally large milk producers whose lactation had been
artificially maintained and prolonged by manual expres-
sion. .

Deem (1931) studied the output of a single breast in
27 cases and was able to demonstrate a mean yield
dropping from 150 ml. at 6 a.m. to a level of approxi-
mately 75 ml. for all other feeds. That the yield follow-
ing an eight-hour interval was double the yield after a
four-hour interval strongly suggests a constant hourly
secretion rate for the whole 24 hours, but no other
studies have been able to confirm this, and Morrison
(1952), who reviewed this literature in some detail,
believes there is insufficient evidence that the yield
varies only with the interval between milkings. .

There is more general agreement about the very con-
siderable variation in the fat content, the agreed pattern
showing a minimum value at 6 a.m., rising steeply to a
maximum at 10 a.m.,"and fallmg off during the follow-
ing three feeds.

TaBLE 1.—Yield in Millilitres

Case Day 6 am 10 a.m 2 p.m. 6 p.m. 10 p.m.
28 3 116 61 118 115 51
29 3 14 12 13 37 45
31 3 1 1 28 31 41
42 - 3 235 125 84 155 100

172 3 7 33 68 61
21 4 152 142 67 143 62
27 4 8 57 48
43 4 T 136 116 88 48
172 4 69 33 7 142 95
23 5 82 85 57 72
26 5 87 38 39 49 74
30 5 81 82 14 41 32
34 5 109 87 51 21 36
172 5 212 56 92 45
22 6 163 155 150 116
33 6 175 137 162 133 131
37 6 80 85 - 72 66
40 6 103 97 102 39
41 6 210 107 59 76
172 6 150 85 170 5
25 7 126 97 128 116
36 7 149 122 76 89 8
39 7 3 133 127 145
172 7 133 90 120 1 100
181 7 100 32 76 133
200 7 76 54 114- 42 70
163 7 166 74 95 109 78
38 8 61 24 61 23
172 8 210 135 100 120 108
Mean . 116-5 874 807 90-6 679
3 21 290 192 143 157 172
159 100 58 36 53 5
162 32 178 86 100 133 118
3 37 281 174 153 138 189
198 38 222 120 114 126
138 95 120 108 80
119 41 81 68 54 S
151 47 192 30 129 147 145
116 135 88 128
161 43 158 137 50 74 62
1 238 205 164 173 177
118 49 63 56 51
74 114 113 117 117
102 143 88 149 56 87
139 50 227 146 146
110 53 120 75 89 130 7
1 53 148 125 3 130 137
121 62 228 180 133 9 142
174 62 172 el 59 8s
15 135 198 198 135 118 113
Mean 168-3 1269 109:1 106-8 110-6

No systematic change in any of the nitrogen fractions
or in lactose has been described, although for both
there may be substantial dlfferences from feed to feed
in the same individual.

The collection of the entire milk output for 24 hours
presents considerable difficulties, particularly without
the convenience of a hospital, and it would be much

‘more practicable to collect merely the total output of

one feeding. The following study was partly under-
taken, therefore, to discover to what extent any smgle
feed is representative of the whole day.

TasLeE II.—Fat in g./100 ml.

Case Day 6am 10a.m. | 2p.m 6 p.m. 10 p.m.
28 3 2-55 245 2-30 3-00 225
29 3 2:20 2:60 2-25 2:25 2-20
31 3 1-55 215 1-65 1-90 195
42 3 1.95 345 2-70 225 2:05

172 3 2-40 4-40 3-50 3-30 4-00
21 4 2:10 335 3-50 290 3-40
27 4 3-90 3.95 425 3-50 3-50
43 4 1-70 2-65 375 4-35 3-30

172 4 2-70 2-80 2-50 2:20 3-60
23 5 1-90 3-05 2-80 2-15 2-00
26 5 2:95 3-05 1.95 1-70 1-65
30 5 1-00 2:30 3-05 2-20 2-60
34 5 1-20 3-50 5-60 275 4-05

172 5 3-40 3-90 4.05 320 2-80
22 6 2-60 3-40 3.35 \ 4-50 4.00
33 6 2:90 4.05 4-65 2:70 390
37 6 1-65 2-30 4-20 285 3.35
40 6 1-30 1.95 2:35 2:90 2:45
41 6 395 6-70 5-85 4-40 3-80

172 6 1.90 320 3-60 275 295
25 7 3.35 4-70 4-30 310 395
36 7 2-70 275 3-30 3-60 3-30
39 7 2:00 2:90 2-40 315 290

163 7 320 4-70 3-50 4:10 3-40

172 7 1-90 3-00 3-10 2:70 310

181 7 2-20 1-80 2:70 4.00 3-00

200 7 2-50 4-00 4-10 370 3-00

38 8 1-85 1-40 1-35 ‘130 1-35
172 8 2-40 3-90 3-80 2:90 2-60
Mean . 234 - 325 332 298 298

35 21 295 415 4-65 - 3-65 3-30
159 2 3:30 5-70 5-00 430 3-80
162 32 2-60 5-80 3-20 3-40 3-80

35 37 215 530 335 3.35 275
198 38 310 4-20 4-60 4.00 3.00
138 320 375 3-80 300 |. 3-40
119 41 2:30 3-80 4.00 390 3-40
151 47 280 520 320 4-95 5.25
116 48 1-90 3-10 2-80 3:30 2:20
161 48 1-50 270 210 2-60 1-40
163 43 320 4-60 4-50 4-30 4-50
115 49 1-40 2-60 1-60 0-70 0-95

74 50 1-80 2-50 2-70 310 2:90
102 50 2:60 3.00 3-80 415 3.00
139 270 4-30 4-00 4-20 4.00
110 53 3-00 400 .| 3-00 2-80 2-10
177 53 2-55 320 4-00 3-70 310
121 62 3-90 4-70 5-90 5-50 4-10
174 62 2:90 5-00 5-40 315 2-20

75 135 3-00 5-30 4-50 3-60 320
Mean 2-64 4-15 381 3.58 312

Method

Altogether, 49 24-hour samples were collected from 42
subjects. The 24-hour sample comprised the whole output”
of both breasts collected by the “ humalactor ”-at the usual
feeding-times of 6 a.m., 10 a.m., 2 p.m., 6 p.m., and 10 p.m.
To ensure that no residual milk from the previous 24 hours
was included, the breasts were completely emptied by the
humalactor after the last feed prior to the sampling period.
Samples from the first week of lactation were obtained from
patients in the Aberdeen Maternity Hospital, and the more
matyre samples from patients in the mother and baby unit
of the Royal Aberdeen Hospital for Sick Children and from
unmarried mothers in the Aberdeen Mother and Baby
Home. The methods of chemical analysis used have been
outlined in Part II of this paper.

Results

All estimations of yield and of fat, lactose, and nitrogen
content are shown in Tables I-V. When any relationship
has been tested statistically the level of significance is shown
in parentheses.

.
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TaBLe III.—Lactose in g./100 ml.

Case Day 6 a.m. 10am. | 2p.m. 6 p.m 10 p.m.
28 3 6-67 6-53 6:60 6-53 6-78
42 3 6-23 6-16 6-08 6:16 613

172 3 572 6-09 5-89 575 520
21 4 6-12 617 | 600 6-30 618
27 4 © 612 6-19 6-67 6-74 6-85
43 4 6-45 6-02 5-68 6-02 644

172 4 548 596 5-82 6-20 6-30
34 5 4-30 4.64 4-80 4-88 5-41

172 5 6-37 6-23 6-85 6-02 6-37
33 6 671 6-50 6-64 6-67 6-67
37 6 6-71 6-54 6-51 6-47 6-54
40 6 6-44 6-27 6-09 6-36 6-30
41 6 596 5-73 6-00 6:16 6:33

172 6 6-16 6-57 6-54 6-51 6-33
36 7 6-46 6-47 6-47 6-44 637
39 7 6-57 6-54 6-40 6-16 637

172 7 6-64 6-44 6-51 6-33 6-37
38 8 6-68 6-40 637 6-66 6-68

Mean 624 6:19 622 6-24 6-31
35 21 6-98 6-78 685 6-81 6-85
35 37 7-27 7-10 7-07 7-07 6-85

138 40 6-33 6-68 6-60 6-47 6-37

151 47 6-78 6-78 7-15 6-82 6-95

163 48 7-33 685 6-78 7-05 6-92

115 49 6-64 7-08 7-15 692 6-92
74 50 7-12 7-12 7-29 7-10 722

102 50 7-15 7-26 6-85 692 6-92

139 6-85 6-85 6-92 6-88 6-81
75 135 7-19 7-05 7-05 7-05 6-78

Mean 6-96 696 697 691 6-86

TaBLE IV.—Total Nitrogen in mg./ 100 ml

Case Day 6 am 10 a.m. 2 p.m. 6 p.m 10 p.m.
28 3 360 392 379 368 355
42 3 288 277 266 283 274

172 3 483 420 363 321 309
27 4 435 441 398 378 372
43 4 353 361 364 367 353

172 4 301 287 314 290 281
34 5 525 497 470 575 481

172 5 295 293 301 265 - 294
33 6 255 260 238 253 257
37 6 294 308 316 288 271
40 6 286 305 295 321 316
41 6 388 414 405 402 360

172 6 287 284 281 281 284
39 7 336 312 327 319 343

172 7 290 273 276 265 267
38 8 260 260 256 250 245

Mean .. .. 3397 3365 328-0 3266 316-7
35 21 268 254 275 266 270

138 40 231 221 207 225 223

151 47 213 203 214 218 213

163 48 209 203 218 214 200

118 49 182 216 207 190 186
74 50 194 183 178 179 189

102 50 181 192 206 193 178

139 200 195 195 189 193
75 135 147 141 144 147 141

Mean .. .. 202-8 200-8 204-8 202-3 1992

TaBLE V.—Nan-protein Nitrogen in mg./100 mi.

Case Day 6am. | 10am. | 2p.m. 6 p.m 10 p.m

28 3 74 68 75 62 74
42 3 48 50 49 53 52
43 4 81 60 66 71 71
172 4 68 68 64 65 52
34 5 61 61 63 62 62
172 5 63 60 63 57 65
33 6 63 55 72 73 70
40 6 69 73 67 70 70
41 6 91 83 80 69 69
172 6 54 63 55 68 54
39 7 80 65 71 63 65
172 7 60 57 71 65 65
38 8 65 52 ‘84 78 70

Mean 67-5 62-7 677 658 645
35 21 69 68 72 62 63
35 37 47 43 50 54 - 4

138 40 60 59 52 60 52

151 47 70 62 81 68 76

163 48 55 52 63 52 53

115 49 59 42 62 53 62
74 50 60 62 60 62 65

102 50 45 53 56 48 34

139 39 62 48 55 62
75 135 41 32 39 45 40

Mean 545 535 583 559 551

Yield—The mean diurnal variation in yield is shown
graphically in Fig. 1; milk from subjects on the 21st post-
partum day or later is shown separately from the earlier
milk. In both series the yield at 6 a.m. was significantly
greater (1%) than at the other feeds, which were not signi-
ficantly different from each other, except for the 10 p.m.
feed in the earlier milk (Table I). This feed had a signi-
ficantly (1%) lower volume than the other feeds.
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Fi6. 1.—Mean diurnal variation in the yield of milk. Curve I
represents milk from the 2Ist day of lactation or later, and
curve II earlier milk.

Fat—Fig. 2 shows mean variations throughout the 24
hours in the fat content of both early and more mature
milk. Apart from the overall rise in fat content which
occurs as the milk matures, the flat “ peak " occurring in

5

receasssnesassantesasstg,

teee
®escssccccntecscceacse n

FAT: G./100 ML,

2P.M. 6 10

. FEEDING

F1@. 2.—Mean djurnal variation in the fat content of milk. Curve

I represents milk from the 2ist day of lactation or later, and
. curve II earlier milk.

the middle of the day for early milk changes to the high
10 a.m. peak, which is generally described. There is a
considerable spread of results about the means, as can be
seen from Table II, but the variation at 6 a.m. in both
series is significantly (5%) less than at any other feed.  The
early milk is notably more irregular in pattern than the
more mature milk, but even in established lactation the rise
from 6 a.m. to 10 a.m. is the only invariable characteristic.

‘Lactose.—There was no systematic change in the lactose
content throughout the day, although differences of the
order of 10% occurred in some cases between one feed
and another (Table III). As with the fat, this haphazard
irregularity was more noticeable in the early milk, and is
clearly illustrated by Case 172. In this subject every feed-

"ing was analysed from the third to the seventh days, and

the maximum value for lactose for each of these five days

occurred at 10 a.m., 10 p.m., 2 p.m,, 10 a.m., and 6 a.m.
Nitrogen.—There was no significant variation in the total

nitrogen from feed to feed in the more mature milk, but
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in milk from the first week of lactation the decreasing nitro-
gen content characteristic of this period is so rapid that it
is obvious even from feed to feed, and a progressive drop
throughout the day can be seen (Table IV). In this small
series the drop is not, however, statistically significant.
Non-protein nitrogen, in general, remains almost constant
through the day, although there are quite large variations in
some cases (Table V). The differences between feeds are
not statistically significant, and the slightly lower mean
value at 10 a.m. is due to a few cases in which the value
was much lower than the average. This may have occurred
because the 10 a.m. specimen was usually analysed within
one hour of its removal from the breast, whereas the other
specimens were stored in a refrigerator for periods up to
20 hours, and some protein breakdown may have occurred.

Apart from the milk volume, which can be estimated with
reasonable accuracy by test-weighing the infant, fat is the
only variable of any practical consequence, and the results
were examined to determine whether any particular feed
had a fat content similar to the overall fat content of the
whole 24-hour output. The fat contents were considered
to be similar if they were within 0.1 g. per 100 ml. of each
other. In 26 cases there was no one feed similar to the
average for the 24 hours, and in 23 cases one feed was
similar—the 6 a.m. in four cases, the 10 a.m. in five cases,
the 2 p.m. in three cases, the 6 p.m. in five cases, and the
10 p.m. in six cases.

Discussion

The difficulties of obtaining milk samples which represent
the normal yield have been stressed in Part I of this paper,
and for this reason the average values, by ironing out such
sampling irregularities as occur in the individual case, may
have more real meaning. With the exception of the low
10 p.m. volume found in the earlier milk, the graphs in
Fig. 1 show a levelling off during the day similar to those
published by Deem; but although the volumes of the
10 a.m., 2 p.m.,, 6 p.m., and 10 p.m. feeds are almost con-
stant, the volumes at 6 a.m. do not support her evidence of
a constant hourly secretion rate in either the early or the
more mature milk. There are, in fact, only three cases out
of the 49 in which the 6 a.m. yield is double the yields of
the other feeds. This does not, in itself, nullify the hypo-
thesis, since the breast must have a limited capacity for
milk storage, so that although most breasts can probably
store four hours’ full secretion, only a few may be able to

accommodate twice that volume. A more detailed discussion-

of breast size and capacity will be presented in a later
publication, but a striking illustration of this limiting effect
is shown by Case 74. This woman had particularly small
breasts, and her output at the five feedings of 114, 113,
117, 99, and 117 ml, strongly suggests a ceiling of milk
storage. <

The low fat content at 6 a.m. rising steeply to a maximum
value at 10 a.m. and falling off during the rest of the day
confirms previous results, although there have been no pub-
lished descriptions of the variation in early milk and of
the changing pattern as the milk matures. There ‘is no
evidence to support Ruzicic’s (1936) belief that the variation
is merely a reflection of meal-times, since all the subjects
supplying early milk, and many of those giving mature
samples, showed widely different patterns while living on an
institutional diet which was uniform in composition and
eaten at strictly regulated times. Nor does it seem to be
an individual characteristic, since the same subject was able
to produce different patterns on different days. For example,
Case 35 on the twenty-first day had fat contents of 2.95,
4.15, 4.65, 3.65, and 3.30 g. per 100 ml, but on the thirty-
seventh day produced 2.15, 5.30, 3.35, 3.35, and 2.75 g.
per 100 ml. at the five feeding times. The pattern of varia-
tion was apparently unaffected by the level of total daily
fat secretion, and two extreme cases—No. 41 with an

overall fat content of 4.80 g./100 ml., and No. 115 with .

1.45 g./100 ml.—both produced the characteristic changes
throughout the day.

Bartlett (1929) found that the fat content of morning
milk was particularly low in cows with small udders. He
believed that the increased tension caused resorption of

milk, but this would imply that the fat was selectively re-
sorbed, which seems unlikely. In these series the low fat
content at 6 a.m. occurred even when the breast was in no
way distended or even apparently full.

Kon and Mawson (1950) found that the fat content tended
to be high in samples taken within four hours of the last
feed and low in samples taken after six hours. This result
could be explained if the breasts had not been fully emptied,
as is possible with manual expression, since the first milk
of a breast left longer will contain less fat than that from
a breast left only a short time (Part II of this paper).

It might seem at first sight that there is some interde-
pendence of fat concentration and milk volume, so that the
rising fat and the falling milk yield would combine to
produce a constant amount of fat for each feed. Fig. 3
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FiG. 3 —-Mean diurnal variation in the output of fat in milk from
the 21st day of lactation or later.
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shows the mean quantities of fat at each feeding, in mature
milk, and it can be seen that almost half the daily fat out-
put is available in the first two feeds. There is no obvious
physiological advantage to the infant in this arrangement.

It is clear from the above data that the total daily output
of fat cannot be assessed accurately from the analysis of

any single feed
Summary

There is a very marked diurnal variation in both the
volume and the fat content of human milk, but the
other major constituents show no systematic change.-
The vanauon, particularly in fat content, is very
irregular in milk from the first week of lactation, but
it tends to conform to a pattern in the more mature
milk. .

The volume of milk obtained at a feeding may be due
to a combination of two factors—the length of time

_since the last milking and the storage capacity of the

breast—but no clear conclusion can be reached from
the data presented.

The reason for the very substantial variation in the
fat content remains obscure.

I am grateful to Professor Dugald Baird and to the staffs of
the Midwifery Department, the Aberdeen Maternity Hospital.
and the Royal Aberdeen Hospital for Sick Children for invaluable
help; to Dr. I. Leitch, of the Commonwealth Bureau of Animal
Nutrition, Bucksbum, for criticism and advice; and to Mr. W.
Billewicz for statistical assistance.
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