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I NTRODUCTION

When cows are milked under commercial conditions
milk yields are normally greater in the morning thsan
in the evening, mainly because a longer time interval
precedes the morning milking. In addition the per-
centage of fat in the milk is generally lower in the
morning and higher in the evening. The alternation
of high milk yields of low fat percentage, with lower
milk yields of higher fat percentage, form a diurnal
rhythm, This will depend partially on the length of
time between morning and evening milkings, for the
difference in yield and fat percentage is reduced as

the time intervals approach equal length.

There is left in the udder after a normal milking
an appreciable quantity of milk of high fat percentage
which has been termed “"residual milk". In a hypo-
thetical case if the volume and fat percentage of this
milk remained constant after each milking, then the
yield obtained from the udder would represent synthesis,
and any diurnal rhythm would be caused solely by
synthesis. However, neither the amount, nor the fat
percentage of the residual milk remains constant at
morning and evening milkings. Thus the diurnal rhythm
may be attributed to two general causes, firstly
synthesis, and superimposed on to this a diurnal

variation in residusl milk,
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The differences in milk and fat yield between morn-
ing and evening milking constituted the general field
of this investigation and the following general
objectives were formulated in an attempt to achieve a
clearer understanding of this problem.
l. To measure differences in the rate of synthesis
in alternate night and day periods.
2. To measurs the amount and fat content of the
residual milk in the udder after normal milk

ejection and removal had been completed.
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REVIEW OF LITERATURE

It 18 not intended to review the broad field of
literature concerning milk secretion and ejection, but
to cover the following aspects.

l. To examine the literature to find what differences
in milk yields and fat percentage between morning and
evening milkings are thought to occur.

2. To examine possible causes of the differences
defined above.

It i8 suggested that workers in this field have
not given sufficient consideration to the secretion of
water in reletion to the milk solids. The variations
in yield and composition which occur between the quar-
ters of an udder have also been neglected.

The osmotic pressure of milk remains remarkadly
constant over the normal range of milk yield and com-
position, Davis and MacDonald (1953). Osmotic press-
ure involves an equilibrium between water and solutes.
It would be of interest to know whether this equi-
librium is maintained by water entering or water leav-
ing the lumen of the alveolus, because this would give
a clearer understanding of changes in fat percentage,

which is the ratio of fat x 100 .
T milk

There i8 a tendency to regard fluctuations in per-

centage composition as a direct result of a particular
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set of conditions, for example, plane of nutrition,
and to ignore the possibility of the osmotic pressure
equilibrium influencing composition, for instance, the
entry of additional water into the alveolus to achieve
osmotic pressure equilibrium, with a consequent fall
in percentage composition.

Many of the studies of milk yield and fat percent-
age have been made of samples from the combined yield
of the four separate quarters of the udder. This has
the disadvantage of obscuring the differences in yield
between quarters demonstrated by Crossman et al. (1950),
and also the differences between quarters in the rise
in fat percentage during milking shown by Johansson
(19523). Therefore the value of any future work in
this field would be increased by separate examination

of the milk from each quarter.

A. The differences in milk yield and fat percentage
between morning and evening milkings.
(1) Pat Percentage.

The low fat percentages normally occurring at the
morning milking have bgen recognized for many years.
Investigations msade by Krull as early as 1905 have been
confirmed by Bartlett (1929) and Edwards (1950).

(2) Milk Yield.
The difference between morning and evening milk
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yields depends largely on the difference in the time
intervaels between those milkings. This can be ellowed
for by dividing the yield by the length of time between
milkings. This gives the yield per hour, which may
differ from the rate of synthesis if residual milk
veries between alternate milkings.

It was necessary to find out whether the yield per
hour was likely to be the same in both intervals, or
whether it was lower for the interval preceding the
morning milking.

Bartlett (1$2S) and Edwaras (155C) found the yield
par hkour was consisteutly lower for the iunterval pre-
ceding the mornicg milking but thet it varied with the
stage of lactation. On the other hand Korkman (1953)
found equal yield per hour at both morning and evening
milkings. Since these data were not collected with the
particular aim of measuring the milk yield per hour for
the two intervale, the accuracy of the eatimate of the
time intervals might not be satisfactory.

Although not decisive, the evidence presented by
these three workers suggested that the yield per hour
was lower in the long night interval.

The *"night effect".
Campbell (1930, 1931, 1933) reported the existence
of higher yields of milk and fat at night than in
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intervals of the same length during the day. Termed

the "night effect” this appears to have been widely
accepted, and has been quoted by Johansson (1940),
Edwards (1950) and Korkman (1953). Critical examination
of Campbell's work casts some doubt on the validity of

his conclusions.

(a) The night effect at unequal intervals
between milkings.

Campbell's results were obtained from cows milked
at alternate 2 and 15 hour intervals throughout lacta-
tion. The following criticisns are made of his exper-
imental techrijyus.

The intervals of 6.30 a.m. to 3.30 p.m. &nd 6.30 a.m.
to 3.20 p.. alternated in periods of several weeks'
duration. But Bartlett (1929),subsequently confirmed
by Edwards (195C), showed changes over the lactation in
the ratio of morning yield to evaning yield. Thus
Campbell's results could have been confounded Yy stage
of laotation.

The periods of loag night intervai tendad to co-~
incide with the pszriods when the stock were housed.
This i3 evidont from figures 1 - 6 Campbell (1931).
This also may have confounded the results.

The change 1n routine from a long night interval
to a long day interval, and back again, was achieved
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by altering the time of the evening milking, and keep-
ing the morning milking constant. Thus any low yields
recorded as a result of abnormal let down would be
expected at the 9.30 p.m. milking, tending to inflate
the following morning yield, and thus the yield per
hour for the interval @mreceding that milking.

It is possible to obtain evidence of inflated
morning yields by comparing the ratio of morning to
evening yields with the ratio of the respective time
intervals. It has been shown that the yield per hour
in the interval preceding the morning milking is less
than in the interval preceding the evening milking

which results in the ratio a.m. yield normally being
p.m. yleld

less than the ratio a.m. time interval.
P.R. me interv

When the ratio a.m. yield is greater than the ratio
p.m. yie

a;m. time interval it is regarded as evidence of
p.R. time interval

inflated morning yields due to the change in the even-
ing milking routine. Such evidence may be found for
three of the six cows in Table I Campbell (1931) which

is reproduced below.
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Table 1
Ratio of milk yield to milk yield
(after Campbell 1931)

Milking Hours
Cow 6.30 a.m. and 6.30 a,m. and
3.30 p.m, 9.30 p.m.
Cherry 10 1l to 1.73 1l to 1.35
Rockrose 19 1l to 1.82 1l to 1.29
Rockrose 5 1l to 1.63 1l to 1.36
Rockrose 9 1l to 1.87 1l to 1.57
Fillpail 8 1 to 1.56 1 to 1.41
Duchess 7 1 to 1.61 1l to 1.49
Ratio of time
intervals 1 to 1.67

The postulated night effect depends on a comparison

of the results in columns one and two,. Since the
basis of the comparison, namely, the results in column
l, is questioned there is inadequate evidence of
greater milk production in a long night interval than

in a long day interval.

(b) The night effect at equal 12 hour intervals.
Campbell (1933) reported as evidence of the night
effect the milk yields for 6 cows over several weeks at

two stages of lactation.



Stage 1 4561.25 4186.00
Stage 2 EEEELZ 3296.00
Total 7793.75 7482.00

Whilst over the whole experiment the milk production

at the 6 a.m. milking exceeded that at 6 p.m.,in the
second stage the 6 p.m. yield was consistently greater
than the 6 a.m. yield. Thus it appeared unreasonable
to conclude that, at 12 hour intervals there was greater
milk production in the interval preceding the morning
milking, and that this constituted a "night" effect.

The situation may be summarized as follows.
l. Lower fat percentages occurred at the morning
milking after a long night interval.
2. The yield per hour under these conditions was
probably less than in the short day interval.
3. The "night" effect postulated by Campbell has
been disputed.

B. The possible causes of any difference between
morning and evening milk and fat production
have been examined as -

(1) Variation in ejection which caused differ-
ences in the amount of milk and fat

left in the udder.
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(2) Variation in the rate of milk
synthesis.
l. Ejection.

Hammond (1913) used pituitary extracts to show
that all the milk was not removed from the udder at any
particular milking. The milk which remained in the
udder was subsequently termed "residual milk",
Johansson (1940) cited EKrull as having suggested in
1950 -

"That the cause of the comparatively low fat
content of morning milk was not primarily s
difference in secretion of fat in relation to
milk serum, but that the emptying of the udder
was less complete when the glands were more
highly distended with milk after the long night
interval."

Johansson (1940) tested this hypothesis using
pituitary extracts to remove residual milk after each
one of three milkings per day. He reasoned that if
residual milk were ths cause of differences in fat per-
centage then those differences should be removed when
the udder is evacuated by the use of let down hormone
at successive milkings. Unfortunately Johansson's
results were inconclusive. His experiments might
have offered more decisive results had there been two
milkings per day instead of three. He merely concluded
“It is quite possible that there is a diurnal variation
in the rate of fat synthesis". No mention was made of

any diurnal differences in the volume of milk
synthesised.
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Turner (1953) examined the same problem in a differ-
ent way. He assumed no diurnal differences in syn-
thesis, and accepted the lower fat percentages and
lower yield per hour for the night interval reported
by Edwards (1950) and Bartlett (1929). These he con-
sidered the result of the greater volume of residual
milk left in the udder at the morning milking compared
with the evening milking. The relationship was
expressed as the regression of residual milk on total
udder contents. He was able to show that the differ-
ences in morning and evening milk yields reported by
Edwards (1950 ;were likely to be the result of variation
in the amount of residual milk,

2. Synthesis.

Amongst other reasons it has been suggested by
Johansson (1940) that different rates of synthesis may
contribute to the differences in fat percentage between
morning and evening milkings.

Turner (1953) has suggested that the rate of milk
secretion remains constant for periods approaching 24
hours, but on the other hand Bailey (1954) in a melim-
inary note reported results which suggested the rate
decreased after approximately 12 hours. This latter
work appeared to be carefully executed and suggested
that the rate of synthesis in a long interval was less
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than in a short interval. The effect of "night" was
not investigated.

Plan of the Investigation.

The review of literature did not definitely show
that the yield per hour in a long night interval was
less than in a short day interval. However, after
this was confirmed by au examination of the Massey
College herd test% data, it was decided to plan an inves-
tigation of the contribution of gsynthesis and ejection
to this lower yield in the night interval.

l. Synthesis.

Turner (1953) assumed the rate of synthesis
remained constant and that the lower yield per hour in
the night interval was caused by a greater volume of
residual milk remaining in the udder after the morning
milking than after the evening milking. It was planned
to milk cows at 12 hour intervals and as a check on the
true rate of synthesis to eliminate any variation due
to let down by superstripping them. This would show
any difference in synthesis between the period 5 a.m.
to 5 p.m. and 5 p.m. to 5 a.m., and thus give a test of
the assumption that the rate of synthesis remained con-
stant.

2. Ejection.
The quantity and fat percentage of residual milk
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would be examined in reletion to primary yield in
order to investigete the role of residuasl milk as a
possible cause of diurnal differences in milk yield
and fat percentage, and to find out whether the
relationship of residual milk and primary yield
varied between cows; and thus whether the diurnsl
differences in milk and fat yield in esch cow would

require separate explanation.
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PRELININARY EXAMINATION OF XASSEY COLLEGE
HERD TEST RECORDS

The review of literature did not provide
conclusive evidence of a lower yield per hour in
the long night interval than in the short day
interval. The Massey College herd test data was
used to clarify this point before proceeding with
the main investigation.

The monthliy herd test records collected by
the Herd Improvement Association were examined

with the following aims in view.

1. To search in the 1953/54 records of the"pro-
duction per acre” experiment in which the milking
interval equalled 12 hours for a difference between
morning and eveniag milk yieids. Tais haud been
suggested by an examinstion of the 1952/53 bulk
milk records which showed some evidence of greater

evening yields, contradicting Campbell (1932).

2. To investigate in the main Massey College herd,
the claim pede by Edwards (1950) and Bartlett (1929), that
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the milk yield per hour was less in a 14 hour night
interval preceding the morning milking.
Herd Improvement Association Records.

In compiling these records it was the practice of
the testing officer to carry forward the odd tenths of .
a pound from the evening milking to be cided to the tenths
recorded at the morning milking, before rounding them
off to the nearest pound. This inflated the yield per
hour in the interval preceding the morning milking. 1In
spite of this, results will be presented showing a lower
yield per hour in that interval.

A continuous set of records from August to November
was required and therefore only records of cows which
had calved in or before August 1953 were used in this
analysis.

(a) Milk Yield Data for cows milked at unequal

intervals.

In the mein Jeraey herd 34 of the animeals calved
in or before Auguast 1953; these were selected for the
present analysis. The time intervals praceding the
mnorning and evening ailkings were estimated as 14.17
and 9.33 houra respectively. To give yleld per hour
the morning and evening milk yields were therefore
divided by 14.17 and 9.83. The mean rate in the
period preceding the evening milking was 1.075 lbs. per
hour and preceding the morning milking 1.001 1lb., a
difference of 0.74 1lb. per hour. Analysis of Variance



for these data is given in Table 2, which shows
Table 2

Analysis of Variance of Milk Production data of
the Main Jersey Herd

.. Source at S.S. H.S. z Result
Cows 33 13,425.251 406,82?
Intervels 1 373.983 378.933 13.47 *
Months 3 1,281.098 427.033
Cows x

Months 99  3,942.827  39.827

Cows x
Intervals 33 502.438 i5.227 .95

Intarvals x
Months 3 84.403 28.134 1.75

N Error 99 1,588.368 16.049
L Total 271 | 21,203.919 ‘ i

the lower yield per hour in the interval preceding
the morning milking is statistically significant.

Turner (1953) had suggested that similar results
put forward by Edwards (1950) were due to residual
milk. It was concluded that a further investigation
should be made of the part played by residual milk in
producing these results.

(p) Kilk Y121d data for cows milked at 12 hour

intervals.

The records of the cows in the "production per

acre” experiment, in which the cows were to be milked
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as nearly as possible at 12 hour intervals were used
in this analysis. After observing routine operations
it was decided that the time intervals and the herd
test data were sufficiently accurate for a preliminary
analysis.

Twenty of the total number of cows in the herd
had calveé in or before August 1953 and their records
were selected for apalysis. The ylelds were not con-
verted to rates per hour since the tize intervals were
egual.

The mean yields were -

Afterrocn ~ 14,75 lbs.
Morning - 14,34 v

Difference 0.41 "

The herd test system of carrying over the frac-
tions of & pound of milk from the evening to the morning
milking would have reduced this difference of 0.41 1b.
Also the greatsr evening milk yield appeared remarkably
consistent and therefore although the difference between
the means was non-significant as shown in Table 3, a
more accurate investigation of this difference appeared

desirable.
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Table 3

Analysis of Variance of Milk Production data of the
Production per acre experiment
T ! |

1 R |

! {
|

Source = df SeS. | M.S. )3 Result
Periods 1 6.782 6.782 <1.0 N.S.
Cows 19 G20.544
Months 3 51.244
Periods x

Cows 19 74.093 3.500 1.2 N.S.
Periods x _

Months 3 30.593 10.198 3.4 L
Cows X

¥M.nths 57 177.331

Error 57 171.032 3.001

__ Total 159 {1431.669 . |

Summary
Por the cows milked at 10 and 14 hour intervals

higher yields per hour were found in the 10 hour inter-

valg preceding the evening milxing. This made the

ratio of p.m, milk yield greater than the ratio of the
a.m, milk yileld

respective time intervals, which agrees with Bartlett
(1929) sud Edwards (1950). Turner (1953) considered
that a greater volume of residual milk was left after
the morning milking than after the evening milking.
The excess of the morning residual milk over the even-
ing residual milk was added to the secretion produced
in the day interval and resulted in a higher yield per
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hour in that interval. T™his explanation could be
tested by an examination of the relationship of re-
sidual milk to primary yield.

The greater evening yield found when the inter-
vals hetween milkings were 12 hours was the reverse
of the night effect reported by Campbell (19:3).
Although this greater evening yi=ld was non-significant
it was concluded that mora accurate measurement was

required.
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EXPERIMENTAL METHODS

A. Residual Milk Estimation.

Milk ejection can be evoked in the udder by use
of commercial pituitary extracts possessing oxytocic
activity. In these experiments the Parke Davis pre-
paration "Pitocin"™ was used, having a claimed con-
centration of 10 IU (oxytocic) per cec. Ten IU were
considered satisfactory for the removal of the resid-
ual milk in the udder by Shaw (1942), Smith (1947),
and Swanson and Hinton (1951) and by Brumby (1953).

Preliminary investigation of the removal of re-
sidual milk showed that occasionally a very small
additional volume of milk was obtained by increasing
the amount of Pitocin injected from 10 IU to 20 IU.
Therefore in this work 10 IU were considered satis-
factory for an estimate of the milk retained in the
udder after normal ejection.

The milking routine prior to the collection of
Residual Milk followed the normal pattern except that
primary yield was collected in a herd test bucket
until milk flow was negligible. Let down was not
affected by the experimental technigque and thus a
valid estimate should have been obtained of the re-
sidual milk left after a normal milking.

After collecting the primary yield the cows were

led to a crush pen in a separate building where one c.c.
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of "Pitocin" was injected into the Jjugular vein.

The animal was then immediately milked by machine;
during the latter stages the claw was pulled downwards,
and the udder vigorously massaged until milk flow was
negligible.

A pilot experiment was carried out on the indiv-
idual quarter milking machine used by McDowall (1946).
The machine was found to be too large for accurate
measurement of residual milk and it upset the normal
ejection reflex at the primary milking. Therefore
no attempt was made to collect yields of individual
quarters.

B. Milk and Fat Recording

To ensure uniform fat distribution at all milk-
ings, the milk was tipped from one bucket to another
three times and then weighed to the nearest 1/10th of
a pound. A sample was taken and from this the fat
content was subsequently estimated in duplicate by the
standard Babcock techniques, British Standards
Institution. (1337)

c. Farmm Organisation

Cows in the Massey College dairy herd were made
available for this work. The hexrd was split into
three units.

l. Friesians.

2. Main Jersey herd.

3. Jerseys on the "production per acre" experi-

ment.
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The order in which these cows were milked was

as follows:-

[ Morning | Evening ]
l. Jerseys on "production 1. Friesians.

per acre" experiment

at 5 a.m.
2. Priesians. 2. Main Jersey herd.
3. Main Jersey herd. 3. Jerseys on “production

per acre"” experiment

at 5 p.m.

The design of this routine allowed the Jerseys
on tre "production per acre" experiment to be milked
at 12 hour intervals. However, the milking times
varied when seasonal operations and unexpected disturbd-
ences made this necessary.

The Friesians and the main Jersey herd were organ-
ized on a commercial basis which limited the acope of
experirental work.

The "production per acre" experiment, described
by Riddet and Hyde (1954) was designed to study pasture
utilization and the production of butterfat.
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DIURNAL RHYTHMS IN MILK ARD BUTTERFAT
PRODUCTION

INTRODUCTION

In section A the difference between morning and
evening milk and fat yield is described when the inter-
val between milkings i1s 12 hours. Two experiments
were carried out. In the first the cows were normally
milked and therefore both milk synthesis and ejection
¢ould contribute to any difference in yield. In the
second experiment the udders were evacuated by "pitocin®
after each milking, thus eliminating any potential
difference in let-down at morning and evening milkings
and measuring only variation in synthesis. Examination
of the results of both these experiments would allow not
only the definition of any diurnal differences in yield
when the interval between milkings was 12 hours, but
also an assessment of the relative importance of
synthesis and ejJection in producing this result.

In section B normal milk yield was measured when the
night interval between milkings was 14 hours and the day
interval 10 hours. Turner (1953) had claimed that
under these conditions any difference in yield per hour
between day and night was caused by consistently more
residual milk remaining in the udder after the morning
milking. It was planned to test this view by relating

these results to measurements of residual milk.
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A. 12 HOUR INTERVALS BETWEEN MILKINGS

l. Milk yield at 12 hour intervals following
normal ejection.

Experimental.

The yield of the cows in the production per
acre experiment was measured without interfering with
the normal routine of that experiment; except that a
request was made for close observance of the 12 hour
time interval between milkings. In spite of this re-
quest for exact timing a difference in time intervals
resulted in the mean night interval being 8 minutes
longer than the mean day interval.

Results
(a) Milk Yield.

The preliminary analysis of the herd test data on
page 16 for these cows had shown a difference of 0.4l
1lb. between the afternoon and morning yield which was
non-significant. The present experiment was designed

to further investigate these differences.
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Table 4
Mean Milk Yields for 30 cows over 4 days

Mean Yield l1bs., Mean Yield 1bs.

Cow Cow
" No. P.M. AM. No. P.M., AM,
1l 14.0 13.5 16 15.7 14.4
2 10.1 9.2 17 16.2 15.4
3 11.0 10.6 18 12.8 13.2
4 12.1 12.1 19 13.1 12.8
5 14.5 14. 20 13.5 13.2
6 14.7 185 21 16.4 17.0
g 14.1 13.7 22 19.1 17.1
15.2 k5. il 23 13.2 12.1
9 13.1 13.8 24 12.5 11.7
10 14.1 14.2 25 12.7 13.0
11 6.3 6.2 26 11.1 10.5
12 18.5 18.3 27 14.8 13.8
13 11.4 11.9 28 13.6 12.4
14 19. 18.4 29 10 .2 9.3
15 ; 15. 15.3 , 30 13.8 9.4

Mean PM 13.76
Mean AM 13.19
Difference 0.57 1b.

These data have been analysed by Analysis of
Variance, Table 6.

The results in Table 4 show that the afternoon
milk yield was 0.57 1lb. greater than the morning, which
is not only greater than in the preliminary analysis
but also significant at the 9% level. (Table 6).
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Table 5
The mean daily morning and evening bulk milk
yields for 31 cows in the production per

acre experiment.

{
H

| Week ending P.M. A.M.
9.11.53 471 lb. 451 1h.
16.11.53 445 448
23.11.53 438 416
30.11.53 455 416
T.12.53 459 437
14.12.53 446 421
21.12.53 440 427
28.12.53 434 413
4.1.54 418 417
11.1.54 416 430
18.1.54 404 395
25.1.54 391 396
1.2.54 386 386
8.2.54 372 374
15.2.54 381 373
22.2.54 361 349
1l.3.54 353 330
7070 6879 .
Mean 415.9 404.6
diff 11.3

for 31 cows

) S5

This difference of 0.57 lb. (Table 4) was
supported by an examination of the record of the bdbulk
milk produced by these cows at the morning and evening
milkings, reproduced in Table 5. These records
taken from the production per acra experiment were

collected under routine conditions, when milking times
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were only approximately 12 hours apart, the mean day
interval being slightly shorter then the mean night
interval. However, in spite of the shorter time for
secretion in the day interval the production in that
time was still greater than in the night interval.
Table 5 shows the mean dalily production for the weeks
when the time intervzls were observed to be approx-
imately 12 hours.
Table 6
Analysis of Variance of Milk Production of the

30 cows on the production per acre experiment.

Source af Sums Sqs. MS | F Result
Cows 29 1708.11
Days 3 10.68
Days x Cows 87 51.62
Periods 1l 19.55 19.55 6 .63 p =0.0C9
Periods x Cows 29 52.97 1.83 2..8 #=
Periods x Days 3 8.86 2,95 3.51 *
Error 87 73n 87 0.84
Total 239 1925.16 i !

i i i | i

The statistical test which has been used in Table
6 showed a low level of statistical significance for
the difference between the mean milk production in the
two periods. The interactions "Periods x Days" and
"Periods x Cows" were both significant and therefore
the appropriate test of significance for "periods"

would not be using the usual test with "error" as the
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denominator. The most valid test was against the
larger interaction as the denominator, but the low
number of degrees of freedom for this interaction
makes significance difficult to obtain but none the
less it has been used. A more appropriate test might
be to use a combination of Error and Interaction Mean
Squares as denominator. However, the appropriate
number of degrees of freedom are not known and
although this procedure might have given a highly sig-
nificant test it cannot be used.

These results show that the greater evening pro-
duction could h:ve occurred by chance alone 9 times in
a hundred, that is, they were significant at the 9%
level. The significant interaction between periods
and days showed that the difference changes from day
to day. This could be the result of differences in
milking efficiency. The significant interaction
"Periods x Cows" was of more interest because it showed
that the diurnal rhythm differed between cows, and
therefore the overall difference between morning and

evening production required examination in each cow.

(b) Pat Yield.

Similar trends to those for milk yield were
observed in differences between morning and evening fat
production. Table 7 shows the mean fat production for
each cow for the four day period and the difference

between the mean morning and evening fat yields.
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Table 7

Mean Fat Yields in 1lb. for 30 cows over 4 days.
Wean Yield 1D. Vean Yield 1D.

Cow Cow
No. P.M. A. M. No. . P.M. A.M.
1l . 827 .708 16 .865 «T19
2 .624 .528 17 .923 .T46
3 .540 .478 18 - T47 .T724

5 667 .670 20 .667 «592

6 .885 AT5 21 .886 913
% .569 . 702 22 «995 «T27
«931 .871 23 .T40 <575
9 . 722 .708 24 .842 677
10 778 .716 25 711 691
11 .348 .g26 26 .785 .626
12 1.023 .885 27 .940 .T762
13 .635 . 647 28 <793 .582
14 .961 .839 29 570 .499
15 .348 .338 ; 30 ' R .408

Mem P.M. 00775

A.M, 0.673

Difference 0.10 1lb.

The Analysis of Variance (Snedecor 1946) showed Unt
in Table 8 the difference in Table 7 of 0.10 lb. of
fat between the mean fat yield was highly significant.
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Table 8
Anelysis of Variance of fat production of 30 cows

on the production per acre experiment.

Source af Sume Sgs MS P Result

Cows 29 4,3216 .1490

Days 3 0776 . 0258

Days x Cows 87 .6365 .0073

Periods 1l .6282 6232 30,60 #»
Periods x Cows 29 . 4609 .0156 1.71 =+

Periods x Days 3 . 0629 .0209 22.5 "
Error 87 .8077 . 00928

Total 239 6.9954

The difference between the mean morning and
evening fat production was tested in Table 8 in the
same way as in Table 6 for the milk yield data, but
in Table 8 a highly significant result was obtained
when tested against the larger interaction.

The significant interaction "Days x Cows" showed
that the diurnal rhythm in fat production differed
between days; this could have been caused by variation
in milking efficiency. The significant interaction
"Periods x Cows" showed that the diurnal rhytha
differed between cows, but since fat is suspended in
the milk the significant interaction for milk yield
in Table 6 and fat yield in Table 8 may have common

cause.
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(c) Fat Percentage.
The mean fat percentage for morning and evening
over the experimental period was -
Evening 5.65%
Morning 5.11%
Difference 0.54%

The influence of variation in let-down on fat
rercentage is discussed in Part II Section "E" where
it has been shown that higher yields due to more com-
plete evacuatipn of the udder result in a higher fat
percentage at that milking. Conversely a lower fat
percentage was found when yield was reduced by a poor
let-down. It is possible that the higher fat per-
centage at the evening milking was caused by a con-
sistently bigger let-down which would add more of the
high fat percentage strippings to the primary yield.
It is interesting to note that if the extra 0.10 1b.
of fat were suspended in the extra 0.57 1lb. of milk
this milk would be 17.5% fat, which is not greatly
above the fat percentage found in strippings. How-
ever there is no evidence to show that the extra
yield of fat and milk was in the strippings.

The problem was to find a test for the hypothesis
that 8 bigger let-down occurred at the evening milk-
ing. If there had been a bigger let-down there would
have been more strippings added to the primary yield.
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From the normal milking to milking variation in fat
yield it was possible to estimate how much extra fat
would be added by the let-down of an additional

0.57 1b. of milk. This relationship between fat yield
and milk yield is discussed in Part II Section "E".

Table 9.
Analysis of Covariance to test the significance
of the difference in fat yield between periods
after gllowance for the regression of fat yield

(y) on milk yield (x).

Errors of Estimate |
Source af Ssy!* af’ M.S.  F Result

Total 239
Cows 29
Days B
Periovds 1
Days x Cows ki

Periods x Cows 29
Periocds x Days 3
Error 87 0.288 86_0.00335

Ferdods + Errar 88 | 0.428 87

A

i

Difference fcor test-
adjusted period |
means 10,140 l:0.140 41.79 i

A 1 - i

Table 9 shows that the difference between the
mean fat yields remained significant after allowance
for the regression of fat yield on milk yield. It
was possible that this relationship between milk

yield and fat yield may show some departure from
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linearity, but it is not likely to be important in
this analysis. It is concluded that let-down did not
produce all the difference in fat yield between morn-
ing and evening milkings. However, this test can
only show that let-down could not have produced all
the difference, but does not show whether it produced
part of the difference. This test would have given
a more decisive result if the difference in fat yield
had been non-gsignificant after allowing for the extra
milk yield, because then it would have been concluded
that a difference in let-down had occurred and a

difference in syntresis had not oceurred.

2. Milk yield at 12 hour intervals following
superstripping.
Experimental

The use of "Pitocin" as a technique for evacua-
tion of the bovine udder has been discussed under the
general heading of Experimental Methods. It hes
been assumed that the contractile elements in the
udder showed uniform sensitivity to one c.c. of
"Pitocin" at morning and evening milking and this gave
uniform evacuation at both milking times. Thus
differences in total yield were interpreted as differ-
ences in synthesis. The 10 Jersey cows made avail-

able from the main Massey College herd were milked
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in the same order, starting at 5 a.m. and 5 p.m.

The length of the intervals between milkings were
estimated from the time the cups were removed from
each cow. Care was taken to prevent the feed con-
ditions from influencing the results, and as far as
possible the feed offered during the day period and
the night period was similar. A ratiaiof 4 1lb. of
commerciel dairy meal was offered to each cow after
each milking. The meal helped tc maintain production
and elsc allowed the cows to settle down to the new
routine. The cows were allowed to graze irrigated
pagture for approximately three-quarters of an hour
after eating their meal. For the remainder of the day
they were on medium quality grese, plus ample silage.
This supplementery feed was msnde unecessary by the dry
summer of 1953/54.

Starting on 23rd February five days were allowed
for the cows to become accustomed to the new conditions;
then the injection routine was in operation from 28th
February to 5th March and the return of normal let-

down was observed from 5th March until 8th March.

Results
(a) Milk yield.
The mean night interval was 12.12 hours, and the
day interval 11.89 hours, a difference of 14 minutes.
In spite of the shorter day interval the yield of
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milk gynthesised during the day was the greater.
Therefore the difference of 0.28 1lb. in mean yield,
Table 10, between periods in these results could not
have been caused by the uneven time intervals, rather

it may have been reduced by the uneven time intervals.

Table 10
Mean milk ylelds at morning and evening for 6

superatripped cowe for 6 da;s.

Cow Morning - Evening
1l 9.72 9.18
2 10.80 11.12
3 9.93 9.83
4 9.20 10.10
5 11.62 11.95
6 16.27 17.30
7 9.62 ©.97
8 11.67 1l.2
9 13,03 13.4

10 10.20 10.67
Mean 11.21 11.49

) 1 -

Mean Difference 0.28 1b,

The relation tetween time and production has
been examined in Table 11 which shows a positive
relation between milk production and time over the

short intervals involved in these data.
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Table 11
Test of the significance of the diiference in
milk yield vetween periods, after allowing for
the regresaion of fat yield (y) on time

intorval (x).

T Errors of Estimate
Source df Sy at: M.53. P Result
Totel 114
Cows 9
Deyse 5
Periods 1
Deys ¥ Cows 45
Days x Nriods 5
Priods x> Cows 9
Error 45 19,864 44 0.451
Rriods + Brar 46 26.1596 45
3 L‘l d .k -
Difference for |
testing Adjusted | ;
Period leans | 6.2956: 1 6.296 13.9¢ **
! 4 :
Table 12

Adjusted leen ¥ilk Yields
EE - 120003 1bo b = 2.079

T Tesn T X “Wean — AlJisted ¥een
Period Time Dev from Product Productian . Froduction
FExp. ¥ean | b.x ‘ Y Y-bx
AM 12,116 +0.113 = 0.235 11.205  10.970

PM  11.890 -0.113 =0.235 11.490 11.725

A i " 4

Differernice 755 1lb.




=37~

The additional 0.28 1b. of milk produced at
the evening milking (Table 10) may have been influenc-
ed by the shorter time interval in the day period.
Therefore this difference of 0.28 1b. was adjusted
by Covariance in Table 11 for the regression of milk
yield on time interval. Table 12 shows the differ-
ence of 0.7 1lb. between the mean milk yields after
this adjustment was made.

The pain and rough treatment associated with the
"Pitocin® injections caused inhibition of normal let-
down which resulted in retention of more residual
milk, When the injections were completed, measure-
ment of milk and fat yield was continued. By 8th
March let-down appeared to have become approximately

normal and no permanent effect could be observed.

(b) Pat Yield.
No significant difference was found in fat pro-
duction between the morning and evening periods.

Table 13 shows the mean yields.
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Table 13
Mean fat yields at morning and evening for

6 superstripped cows for 6 days.

Cow Morning Evening
1l 0.583 1b. 0.564 1b.
2 0.625 0.642
3 0.569 0.543
4 0.485 0.526
5 0.735 0.681
6 0.737 0.739
g 0.608 0.639

0.633 0.626

9 0.691 0.676

_ 10 | 0.615 ! 0.606
Mean 0.628 0.624

Mean Difference 0.004 1lb.

It was recognized that these results might have
been influenced by the 14 minute difference in time
interval, in the same way as the milk yield in Table
11. A Covariance analysis in Table 14 showed this
difference in fat production to be non-significant
after allowing for the regression of fat yield on
time interval.
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Table 14
Anelysis of Covariance to test the significance
of the difference in fat yield between periods
after allowing for the regression of fat yields
(y) on time interval (x).

Errors of Estimate

Source ar SSy! ar’ M.S. F Reult
Total 119
Cows 9
Days 5
Periods 1l

Days x Cows 45
Days x Periods 5
Reriods x Cows 9
Error 43 .05648 42 0.00134

Rericis + Brrar 44 .05653 43

i

Difference for
testing adjusted
means for Redals .00005 l .00005 ¢ 1 u.5.

A Il 1 i

In Table 14 the Error degrees of freedom have
been reduced by Two in order to allow for two miss-
ing plots. In this Table the usual null hypothesis
has been used in the statistical test. The hypo-
thesis set up was that no difference existed between
the mean fat production in the two periods, the test
in Table 14 does not disprove this hypothesis nor
does it prove that there was no difference between
the mean fat ylelds. Therefore it is not possible
to prove that the rate of fat synthesis remained
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constant throughout the 24 hours.
(c) Pat Percentage.
The evening fat percentagesin Table 15 were
below those for the morning, since fat yield in
Table 14 remained constant and milk yield in Table

ll rose in the afternoon.

Table 15

Mean fat percentage at the morning and evening

milking for 10 superstripped cows for 6 days.

Cow Morning Evening
1 6.01 6.13
2 5.79 5.77
3 5.74 5.50
4 5.13 5.21
5 6.34 5.71
6 4.53 4.28
g 6.33 6.41

5.44 5.56

9 5.31 5.01
10 6.04 5.68
Mean 5.67 5.52

! i
Mean difference 0.15%

The significance of the difference between the
Mean fat percentages in Table 15 has not been tested
since both Milk yield and fat yield have been tested
in Tables 11 and 14 respectively. The separate
analysis of fat yield and milk yield follows the
approach of Cox (1953), although his dilution
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analysis has not been used.

DISCUSSION OF THE DIFFERENCE BETWEEN MORNING AND
EVERING MILK AND PAT YIELDS IN COWS MILKED AT

12 HOUR INTERVALS

In the cows milked under the normal routine at
12 hour intervals the evening milk and fat yield was
slightly greater than the morning yield. This is
not in agreement with the "night" effect reported by
Campbell (1933) who showed greater yields at the
morning milking. In the review of literature crit-
ical examination of Campbell's results showed that
even his own data did not conclusively demonstrate a
*night" effect. This evidence taken in conjunction
with the present results cast considerable doubt on
the existence of such a "night" effect. Instead, 1t
is suggested that, in cows milked under the normal
routine, the slightly greater yields of milk and fat
at the evening milking constituted a "day" effect.

It was not possidble to decide whether the addit-
ional evening yield in these results was caused entire-

ly by 2 higher rate of synthesis in the day interval,

_ or by a more complete let-down at the evening milking.
This latter alternative was supported by Korkman's
(1953) discussion of difference: in let-down between
morning and evening milkings. The analysis of co-
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variance in Table 9 showed that, even if there was any
difference in let-down between milkings, it was unlike-
ly to have caused all the difference in fat yield and
fat percentage. Therefore it was suggested that
synthesis almost certainly contributed to this result.
This has been discussed in detail under the heading
"Fat Percentage" on page 31l.

In a separate experiment, deseribed on page 33,
variation in let-down was eliminated by use of "Pitocin"
to evacuate the udder after each milking. Thus the
milk obtained should have been synthesised in the in-
terval since the preceding milking. A greater milk
yield was also obtained at the evening milking under
these conditions. The difference of 0.28 1lb. was
small, but when allowance wes made for the regression
of milk yield on time interval this difference in milk
vyield was increased to 0.76 1lb., which is approximate-
ly the same as that obtained in the normally milked
cows, This was regarded as further evidence that the
spall differences in milk yield, hetween morning and
evening milkings in normally milked cows, are largely
caused by differences in synthesie in night and day
intervals of equal length.

It is not yet possible to associate these rhythmic
differencec in production with metabolic activity or
with the alternate light and derk periods, although
it would be of interest to test the differences between
morning and evening yield when the photo period is
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artificially reversed. If there are any differences
between morning and evening yield due to let-down,
they would be very small.

The difference tetween the fat yield results in
the normally milked and superstripped cows require
further explanation. In the normally milked cows a
greater fat yield was obtained at the evening milking,
but in the superstripred cows the yield was the same
at both milkings. The occurrence of greater milk
Yields in both experimants has already been discussed.
In considering these results it is important to remem-
ber that the differenccs in milk yield are small, of
the order of 2% of the daily yield and it seems
unreasonable to speculate on the possibility of let-
down causing a difference in fat yield in the normally
milked cows and not in the superstripped cows.

The extra milk yield &t the evening milking in
the superstripped cows was caused by the secretion of
more water in proportion to fat. It is of interest
to note that Hillman et al. (1950) and Aschaffenburg
et al. (1950) report smaller freezing point depressions
in evening than in morning milk, though these occurred
under abnormal husbandry conditions and therefore may
have limited application. It would be of interest
to indirectly measure the difference in osmotic press-
ure equilibrium of milk between morning and evening

through the freezing point depression.
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No significant interaction,between periods and
cows, was observed in the superstripped animals where
variation in let-down was eliminated. This result
can be derived from the data in Table 1l. In the
normally milked cows, there was a significaut inter-
action, Table 6. Since superstripping eliminated
the interaction the differences between the normally
milked cows in the way the greater evening yield was
produced i.e. the interaction, could be attributed to
the ejection mechaniam.

These reaults show that Turner (1Y53) was un-
Justified in his assumption that the rate of milk syn-
thesis was coustant in voth periods. His evidence
showed that the rate of synthesis remained constant
for periods as lomg as a 14 hour night interval, but
these results show a diurnal change in the rate of syn-
thesis which is a differeant kind of variation. A
further poiut oi importence wiil be toc consider these
diurnal variations in the rate of milk syathesis in
experimeatal designs, as for example, in the work
reported by Eisenreich and Mennicke (1950) and Bailey
et al. (1954,



B. MILE YIDLDS AT UNEQUAL INTERVALS
BETVEEN MILKINGS

Introduction

The work descrided in this section was undertaken
with the following =aims:

l. To investigate differences between cows in the
ratic of evening to morning milk yield, because if
these differences were large they could be important
in considering the usefulness of Turner's (1953)
explanation of the lower rate of yield in a long night
interval.

2. To obtain the 2v=2rage yield per hour in the long
night and short day intervals and thus check the
report of Bartlett (1929) and Edwards (1350) that the
yield per hour was lower in the long night interval.
It was proposed to relate the lower yield per hour,
if it were confirmed, to the regression of residual
milk on primasry yield, in order to test the explana-
tion of Turner (1953) thet more residual milk was left
in the udder after the morning milking than after the
evening milking, thus causing the lower yield per hour
in the long night interwvzl.

Experimental

The production of 51 cows in the Massey College
herd was recorded for 14 consecutive milkings from
11th Pedbruary to 17th February 1954. It was not
poesible to superimpose a fixed milking time on the
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normal routine. The milking intervals were calculated
from the average time at which milking started, which
should be satisfactory since the cows were milked in
approximately the same order and the time taken to

milk the herd was almost constant. The herd and its
management have been previously described under the

heading “Experimental Methods".

1. Differences between cows in the evening to
morning milk yield ratios. .

From the evening and morning milk yields the
ratio of evening to morning yield was calculated.

Talle 16 sho#s the mean ratio for each cow.
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Table 16.

Mean Ratio of Evening to Morning milk yield

for 51 cows for 7 days.

Number Ratio

Cow Number Ratio Cow
1l 0.744
2 0.758
3 0.821
4 00640
6 0.656
g 0.766

0.634

g 0.608
10 0.648
il 0.763
12 0.614
13 0.720
14 0.688
15 0.636
16 0.656
17 0.758
13 0.858
20 0.538
21 0.772
e 0.680
23 0.733
24 0.729
25 0.566
26 0.641

General kiean O.
Interval preceding the
morning milking

Interval preceding the
evening miking

27 0.682
28 0.804
29 0.680
30 0.700
3l 0.799
32 0.656
33 0.630
34 0.715
35 0.639
36 0.667
3 0.778
3 0.617
39 0.669
40 0.629
41 0.649
42 0.824
43 0.645
44 0.757
45 0.707
46 0.849
47 0.658
48 0.626
49 0.645
50 0.708
51 0.807

689

14.133 hrs.

9. 867 hrs,
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The differences between cows in these ratios was
tested by Analysis cf Variance (Table 17) which shows
a significant difference between cows in the ratio of
evening to morning yield.

Tatle 17.
Anslysis of Variance of the ratios of

evening to morning milk yields

Source (s$ ¢ SS MS F Result
Cows 50 2.19345 C.04387 1.48 * P).05
DPays 6 0.45708
Missing

plots 9

Error 291 ‘8.63857 J0.0297

Total 356 11.289510

4 J

Variation in the individual ratios may have been
increased by small morning yields resulting in very
high ratios. This is a disadvantage inherent in the
use of ratios. On completion of this znalysis it
became evident that use of the rate of yield per hour
would overcome this disadvantage and at the same time
give a greater amouat of information; therefore in
any future work the rate of yield would ve analysed
rather than the ratio of evening to morning yield.

Turner (1953) assumed no differences between cows
in these ratios. It is evident that in these data

at lasacs*, such an assumption was unjustified.
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In discussing the significant interaction
"Periods x Cows" in Table 6 for normally milked cows
in relation to Table 11 for the superstripped cows
where there was no significant interaction (though
the result is not shown in the Covariance Table),
it was suggested that let-down was the most likely
cause of the significant interaction. It was not
possible to formulate a similar argument for these
results obtained from cows milked at 10 hour and 14
hour intervals because no cows were superstripped at
these intervals. However, it seems likely that
these differences between cows in the ratio of even-
ing to morning yield could also be attributed to let-
down differences between cows.

If let-down, and not synthesis, causes the differ-
ences between cows in the ratio of evening to morning
yield, then it would be of interest to test the
differences between cows of the regression of residual
milk on primary yield.

Edwards (1950) has shown that the ratio of evening
to morning yield would change with the stage of lacta-
tion, and therefore it might have contributed to the
observed differences between ratios. The seasonal
calving programme resulted in only limited differences
between cows in the stage of lactation. When the

stage of lactation was plotted against the mean ratio
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of evening to morning yield for each cow, no relation-
ship could be distinguished. However, this did not
constitute a satisfactory test of the influence of
stage of lactation on the ratio of evening to morning
yield, but these data did not allow use of a more
decisive test.

Discounting the possibility of stage of lactation
causing all the differences between cows in the ratio
of evening to morning yield it is concluded that any
explanation of any difference between intervals in
the yield per hour require separate examination in

each cow.

2. The rate of milk yield in the intervals
preceding the morning and the evening mikings.

Purner (1953) examined the lower yield per hour
at the morning milking, reported by Edwards (1950),
by using the ratio of morning to evening yield.
Differences between cows in these ratios have been
demonstrated in the preceding pages. This cast doubt
on the validity of Turner's (1953) method of explain-
ing any lower yield per hour in the interval preceding
the morning milking.

In this section the object was to decide whether
any such lower rate of yield existed in the Massey
College herd, and thus whether Turner's (1953) explan-

ation was in fact necessary.
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The ratio of Mean evening yield = 8.304 = 0.689
Mean morning yle 1z.

The ratio of the tims intervals = 9.867 = 0,698
14,

It is evident that any difference between the
ratio of the milk yields and the ratio of the respec-
tive time intervals is negligible, that is, the rate
of yield per hour is constant in the night and the
day intervals.

The relation between residual milk and primary
yield has been discussed in Part II. The "between
cows" regression of residual milk on primary yield
showed that residual milk increased with primary yield.
If this occurred "within cows" more residual milk
would be left after the morning milking when the yield
is normally greater than the evening. This would
cause the yield per hour at the morning milking to be
lower than at the evening milking since more complete
evacuation would occur at the evening milking and thus
the ratio of evening to morning yield would be greater
than the ratio of the respective time intervals. These
results do not show such an increase in ratio for the
ratio of the yields equals the ratio of the respective
time intervals. There appear to be two possible
explanations.

1. Residual milk was constant in volume at both milk-

ings and the rate of secretion was constant. Under
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these conditions there would be no"within cows"
regression of residual milk on primary yield.

2. These results may not be repeatable. A possible
source of error would be in estimating the time inter-
vals although it is difficult to see how this would
have occurred. It is surprising that differences in
synthesis alone did not produce a ratio of evening to
morning yield in excess of the ratio of the intervals.
A lower yield per hour would be expected at the morn-
ing milking because, firstly, the diurnal rhythm in
synthesis (Part I section "A") would lower the morning
yield, and secondly, secretion would be inhibited in
the long night interval, since Bailey et al. (1954)
have given an indication that secretion rates may fall
slightly after approximately 12 hours.

These results do not agree with those obtained by
Edwards (1950) and Bartlett (1929) who both showed a
higher rate of yield per hour in the short day period,
which resulted in ratios of afternoon to morning yield
being greater than that for the ratio of the time
intervals. However, they do confirm Korkman's (1953)
results. The data collected by Edwards, Bartlett and
Korkman were not for the express purpose of measuring
production in relation to time, therefore the time

intervals may not be accurately estimated.
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The discrepancy between these data and the

herd test results.

The preliminary examination of herd test data
showed significantly lower yield rates at the morning
milking. The monthly herd test was done six days
after the present data were collected, This again
showed lower yield rates at the morning milking. Under
the herd testing routine the fractions of a lb. above
the round figure were carried forward to the morning
milking, i.e. 12.75 1lb. at the evening milking was re-
corded 22 12 1lb. and the three-guarters was carried
forwvard to the morning yield. This would merely de-
crease the evening yield which in the herd test data
has already been shown greater than the morning.

No explanation was apparent for lack of agreement
between the experimental data and the herd test results.
It will be of interest to attempt to repeat them. If
this can be done it seems liikely that some factor
operated during herd test milkings which biased the
results. For instance, it would not be unexpected to
find the cows more thoroughly milked when the tester
arrived for the first milking in the aftermoon. Ir
the discrepancy between the two sets of data can be
substantiated the possibility would arise of a similar
tias in the results reported by Edwards (1950) for
herd test data.
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Turner (1953) has based his explanation of the
difference in yield per hour at morning and evening
milkings on Edwards' data (1950). If these data are
inaccurate Turner has explained a situation which in

fact does not exist.

DISCUSSION OF DIURRAL RHYTHMS IN MILK AND
FAT PRODUCTION

Any difference between morning and evening milk
yields must be considered in relation to the length
of the time interval over which the milk was produced.
The belief that production is maximised when the inter-
vals between milkings are approximately equal has re-
sulted in a tendency towards a 12 hour day interval.
This tendency is opposed by the need to restrict the
working day to a reasonable length. In practice the
day interval ranges from approximately 9 hours uﬁ to
12 hours. As this interval increases the night inter-
val decreases by the same amount.

This investigation has been concerned with two
sets of conditions. Firstly, the interval between
milkings was 12 hours and therefore equal. A separate
examination of milk yields was made when the day inter-
val was 10 hours and the night interval 14 hours.

Production from the cows milked at equal intervals
showed the evening milk and fat production to be
slightly greater than the morning production. The
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greater evening milk production is substantiated by

the bulk milk records for the same cows over the period
November to February. This was the opposite of the
greater morning milk production reported by Camphell
(1933). This difference in production at 12 hour
intervals was then examined in superstripped cows,
where again greater evening rilk production was found,
though fat production was equal in both intervals.

It is suggested that the greater milk production
at the evening milking was largely the result of a
slightly higher rate of synthesis in the day interval,
although there is as yet nc evidence to show what
changes occur in the rate of synthesis from one hour
to another over a 24 hour cycle. The possibility of
éifferences in let-down contributing to the greater
afternoon yield has been considered.

Milk production was alsoc measured when the day
interval was 10 hours and the night interval 14 hours.
These results show approximately equal yield per hour
in both interwvals; thus, at least, under certein con-
ditions there is no difference in yield per hour on
which to test the hypothesis put forward by Turner
(1953).

I+t bas been shown that the differences in yield
per hour which occur at 12 hour intervals between milke

ings are not exhibited in the same way in each cow.,
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It has also been shown that the ratio of evening to
morning milk yield differed in the cows milked at 10
and 14 hour intervals; thus the average yiéld per hour
used by Turner (1953) conceals the individual differ-
ences between cows. Within each cow the yield per
hour appears to depend on a combination of factors
which will eventually require separate explanation in
each cow.

A further aim of the work was to check another
assumption made by Turner (1953) that the rate of syn-
thesis remained constant. In view of the differences
in yield found at 12 hour intervals in this work and
the report by Bailey et al. (1954) of an inhibiting
effect of a long interval on synthesis, it seems un-
likely that synthesis does remain constant.

Thus :~

1. The lower yield per hour in the interval preceding
the morning milking reported by Edwards (1950) and used
by Turner (1953) has not been confirmed.

2. It has been shown that Turner (1953) has neglected
the need for separate explanation in each cow of any
difference in yield per hour between night and day
intervals.

3. The assumption made by Turner (1953), that the
rate of synthesis remained constant throughout a 24

hour period has been disputed.
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THE RELATIONSHIP BETWEEK RESIDUAL MILK AND
PRIMARY MILK YIELD

INTRODUCTION
Krull in 1905 suggested that some of the observed
milking-to-milking variation in milk and fat yield

could be attributed to the different amounts of milk
left in the udder after a normal milking. This hypo-
thesis and'the work it stimulated has been discussed
in the review of literature. The aim of the present
investigation was to obtain estimates of the amount and
composition of the residual milk and also of the re-~
lationship between residual milk and primary yield in
the ¥assey College Dairy Herd. At a2 later date it
was hoped to test Krull's hypothesis by relating this
information tc the morning and evening milk yields
observed in the =ame herd.

EXFPERIMENTAL

The technique used for residual milk collection
has been described under the heading "Experimental
Methods". Particular care was observed in obtaining
normal let-down response at the primary milking, in
order to obtain normsl partition of the udder contents
into the primary and residusl fractions.
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Reagidual milk was collected from 44 cows over
the course of several weeks. These animals were

selected at random sand each one injected only once.

A. RESIDUAL MILK IN THE JERSEY HERD

The results are given in detail in Appendix 4.
The Sums of Squeres and Sums of Products from which
the regression of Residual milk on Primary yield was
calculated are given in Table 18.

Tatle 18
The relationship between resvidual nmilk (y)
and primary yizld (x)

Residual Milk n
Mean y 2.14 1lv.
Sums Sys ¥y 74.99

Primery Yield
Mean x 12.79 1b.
Sums Sgs x  699.49

44

Sums Products xy 149.¢6
b.yx 0.214 #»
r.yx 0,635 ##

Table 19 shows the ragrescicr of residual ailk
on primary yield tc be highly significant.
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Table 19
Test of significance of regression of Residual

Milk on Primary Yield

Source ar SSy = Ms F 'Result
Regression 1 32.15 32.15 31.52 *%
Error 42 42.84 1.02
Total 43 74.99
“ 1 | N 3 ;1 i 4

These data can bhe alternatively analysed for the
relationship hetween residual milk and the total
udder contents. Table 20 shows the Sums of Sqjuares
and Sums of Products for the dsta analysed in this
form.

Teble 20
The relationship between Residual Milk (y)
and Totel Yield (x)

Residual Milk n w 44
Mean y 2.141
Sums Sgas y 74.99

Total Yield
HMean x 14.927

Sums Sqs x 1074.41
Sums Products

XYy 224095 i
b.yx 0.209
T.yX 0.TY3%=

Table 21 shows the regression of residusl milk
on total udder contents to bs highly significant.
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Tadble 21

Test of Significance of regression of Residual

Milk on Total Yield.

Sourcea af 3Sy M3 F Result
Regression 1 47.10 47.10 71.36 ne
Error 42 27.33 .56
Total 43 74.99
L 1 i { - | i isd

From these data the followlng regression
ejuations were derived,
Regidual HMilk = .21 Primary Yield - C.6
Recidual Milk = .21 Total Yield - 0.98

When the relationships between residual milk
and primary yield and also between residual milk and
total udder contents had been established, it was
necessary to decide which form to use. Total udder
contents equales primary yield plus residual milk,
therefore these two regressions can be interpreted in
a rather similar wey. Turner (1553) has used the
relation between residual milk and total udder contents
as shown in Tables 20 and 21. He claimed "A depen-
dence of residual milk on the total amount of milk in
the udder at the start of milking seems most logical"®.
He did not explain why this seemed most logical and

in this work no sequence of cause and effect has been
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found suggesting preference for either method. There-
fore the preference was decided on statistical grounds.
Table 22 shows the correlations calculated in both

forms.

Table 22
Residual Milk Correletions

Correlation between residuel

nilk and primary yield df

Correlation between regidual

nilx and totul yield cf
r = 0.723 42

The relationship existing between residual milk and
total yleld can be »ritten elfternatively as residual
milk and primary yield plus residual milk. The
presence of residusel milk in tre total yield inflated
the correlation between residual milk and total yield
and therefore preference wag giver to the use of the
regression of residual milk on primery yield. The
Tegression of residusl milk on total udder contents
has been used to relate this analysis to that of
Turner (1953). - His regression coefficient (b = 0.16)
does not differ significantly from the value obtained
in these data where b = 0.21, as shown in Table 23.



Table 23

Test of significance of the difference between
Turner's regression (1653) of residual milk
on total yield and these data

Source ar S8y M.Si F Result

Iifference due to
regression 1 1.88 1.881< 1 W:9.

Deviations from
individuel re-

gressions (Error) 98  424.99 4,34
Total a9 426.87
' L i i . =

Johannson (1952b) zZiveg the correlation between
primary yield and residual millz 2¢ r = C.606, for 104
degrees of freadom, The prescunt estimate is r = 0.655
for 42 degrees of freedon.

The results in Pert LI, Section "i", show con-
siderable variz<ion in {the voluae of residual milk
left in the udder =fter milkiug 1s completed. The
total udder content is relatively coustant; any
decreace in primary yield ls accompanied by an increase
in residual milk therefore variation in let-down would
produce a negetive correlation between residual milk
and primary yield "within cows” which would contribute
to the error variation (Table 15) ia the'between cowa®

regression of residvel milk on primary yield since
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this has a positive slope. Collection of extra data
for each cow to give an average within cow regression
would therefore increase the accuracy of this estimate.
It would be of interest to kmow why "between cows"
more residual milk was left in the udder as the primary
yield rose, for as yet no causal relationship has been

established between primary yield and residual milk.

B, RESIDUAL MILK IN THE FRIESIAN HERD

11 cows were used in this experiment. The larger
size of these animals, combined with their excitable
disposition, presented practical difficulties with the
limited assistance available. Whenever a large
Friesian cow declined to enter the crush bail little
could be done to force it in. Thus the sample of cows
was not a random one. Residual milk was collected by
the same technique as has been described for the Jerseys.
The Friesian and Jersey cattle are milked in the same
shed and since they are run on the same farm there are
no important differences in the management of the two
herds.

Greater amounts of residual milk were found in
those cows having the highest primary yield, as was
found in the Jersey breed. The method of analysis

in Table 24 was the same as that used for the Jerseys
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in Table 18.

Table 24
The relationship between Residual Milk (y) and
Primary Yield (x) in the Friesian breed.

Residual Milk n =11
Mean y 2.35
Sums Sqs y 19.05

Primary Yield
Mean x 19.07
Sums Sqs x 255.5

Sums Products xy 50.26

b.yx 0,197
r.yx 0.T720%%
Table 25

Test of significance of the regression

of residual milk on primary yield.

Source ar SSy MS F RESULT

Regression 1l 9.89 9.89 8.6 »
Error 8 9.16 1,15 | |
Total 9 19.05

S i L l

From these data the following significant re-
gression equation (Table 25) was derived:-
Residual Milk = 0.197 Primary Yield - 1.5
The difference between the slope of this re-
gression and the one for the Jersey breed is not

statistical ly significant as shown in Table 26.
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Table 26
Test of significance of the difference between
Jersey and Friesian regressions of residual

milk on primary yield.

Source af SSy M.S. F Result

Difference due to
regression 1 0.06 0.06 < 1 N.S.

Deviation from
individual re-
gressions (Error) 51 52.00 1.02

Total 52 52.06
i 1 } i { 3

The difference in residual milk between the two
breeds was tested by Covariance in Table 27 after allow-
ing for the regression of residual milk on primary
yield.
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Table 27
Analysis of Covariance to test the difference in

amount of residual milk between Jerseys - Friesians
after allowing for the regression of residual milk

(y) on primary yield (x).

Errors of Estimate

Source dr SSy ! ar! M.S. P Result
Total 54

Breeds 1l

Error 53 52.054 52 1.0010

B +E 54 60.052 | 53

Difference 7.998 1l 7.998 7.99 s+«

L. i L ! [ | A i

The difference between the adjusted means is shown

in Table 28.

Table 28.
Calculation of residual milk in Jerseys and PFriesians
after allowing for the regression of residual milk

(y) on primary yield (x). X = 14.044 1b. b = 0.210

Yp = 2.345 = 0.210 (19.073 -~ 14.044) = 1.289 1v.
Difference 1.12 1b.

It is evident that in the Friesians there is
appreciably less residual milk in proportion to primary
yield. In the suoceeding discussion this difference
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in residual milk between the breeds is related to
the difference in fat percentage of the milk of the

two breeds.

C. THE BUTTERFAT PERCENTAGE OF RESIDUAL

MILK

Table 29 shows that a positive correlation was
found between the volume of the residual milk and
the butterfat percentage of this milk, and also
between the volume of primary yield and the butter-

fat percentage of the residual milk.
Table 2

The relation between the fat percentage of
residual milk and other fractions of the

udder contents.

{

} Jersey Friesian |

|Correlation between Correlation Coefficient "r"|
Fat Percentage of ar
Residusal Milk and

‘1. Volume of residual

milk 0.631%% 42 0.726% 9
2. Volume of primary !

yield 0.607#* 42 0.499 KS 9
3. Fat percentage of

primary yield -0.103 NS 42 0.543 §S 9 |

‘ |
i 4
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Table 29 shows that the correlation between the
fat percentage of residual wilk and the fat percentage
of the primary yield doea not reach the usual signif-
icance level.

A high fat percentage in the r esidual milk is pro-
bably associated with a large rise in the fat percentage
during milking, and thus the positive correlation be-
tween the fat percentage of residual milk and the
volume of primary yield can be reconciled with the re-
port by Johansson et al. (1952a) of a rise in fat per-
centage during milking which was greatest in cows with
the largest primary yield. Johansson et al. (1952a)
also showed that within a breed the volume of primary
yield was more importart than the fat percentage of
the primary yield in producing this rise in fat percen-
tage. The mean fat percentage of the Friesian residual
milk (11.52%) was lower than the mean fat percentage of
the Jersey residual milk (15.48%). This implies a
lower rise in fat percentage in the Friesian breed
during milking. Therefore it was suggested that between
these breeds the fat percentage of the primary yield
is more important than the volume of the primary yield
in causing a rise in fat percentage. Alternative
explanations for the difference between breeds might
involve factors influencing the clustering of fat
globules.
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The positive correlation between the volume of
residual milx snd fat percentage ol residusal wmilk,
rejulres cnrelul interpretation becouse of the <ppear-
ance of the volume of residusl milk in both varisbles.
“he correlation is between residusl miik luv. and

residual fat lb. Nevertheless it was sug:sested
residual milx 1b,

that some degree of association existed between the
volume 91 residual milk 2nd fat percentage of
residual milk.

The correlation between the volume of residual
milk «nd fat percentage of residusl milk may be ex-
plained iu terms oif the hypothesis put forward by
Jhittlestone (1493) to account ior the rise in fat
percentage wiiich occurs during wilking. Triz depended
on the fat globules clustering to iform larger
particles, which are partly filtered out in the udder
by the iine ducts ot the ulveoli. Therefore the
last milk to leave this resion will ve veiry rich in
fat. Quite clearly Whittlestone considered the high
fat milk was preferentially retained.

It may be possible to carry this argument further,
¥hittlestone (1953) regarded the fat as difficult to
eject. It may be that the final fractions are not
merely more difficult to eject but not normally ejected
because of the difticulty of removing them from the
alveoli. This would establish the fat content as a
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causal factor in the retention of residual milk. How-
ever, if this were the sole cause the fat percentage
would rise as it becomes gradually more difficult to
eject, until eventually a fat percentage is reached
where ejection ceases, the final strippings would
reach this constant fat percentage. Since this does
not occur, the difficulty of ejecting this high fat
milk cannot be regarded as the only reason for the in-
complete evacuation of the milk in the udder.

However, the comparison between the Jerseys and
the Friesians in the present data suggests it may be a
contributory cause. This hypothesis would lead one to
expect less residual milk in a breed with a low fat per-
centage in the residuwal milk. In fact this is supported
in Table 28 by the smeller amount of residval milk in
the Friesians (1.12 1b.) after adjusting them for the
regression of residual milk on primary yield.

D. RESIDUAL MILX AT MORNIRG AND EVENIRG MILKINGS

The earliesr ss2ctions of this Chapter dealt with
the “between cows" regression of residual milk on prim-
ary yield. The higher yielding cows had a greater
volume of residual milk.

This section is concerned with the relationship
between residual milk and primary yield which exists



"#ithin cowz", that is, the chauge in resiiusl rili

over the incresse in primary yield irom evenin 1o morn-
ing wilziae., urner (1953) hug asswned uo sirnilicant
differsnce between the "withia cows® =nd "between cows"
relaticnuships. The present aim is coufined to an in-
vesvigaiion of wny . ifference tetween mornin. »nd even-
ing: recidual wilx which @i ht be linke: to the differewce
in yield ;.er hour between mornin and evenins wiliinces,
Iv has alresdy vee. snown that if more residusl milk
wvere leift after the morning milkinx then the yield

per hour st thie «iilkin:, would be lowered.
1. The "belween cows" residual wilk dnta.

The dutr I'rou which the ;enersl relatioaslip was
estavlished was split into two groups, one collectad mt
the mornins wilkin , the other at the evealas milxin,
with the sim of calculatin: the diflerence iu re:-idual
uilk between roruin. nnd eveniu: wilxinis.

Theze datn were collecled from different cows, but
Tsble 30 shows that the difterences in residusl milk
need Lot heve been cnused by differences in primary
yield bec:use there was no significant difference between

the daily production for the two groups.



Table 30

Mean daily milk yield in 1lb. for the months
December, January, February, from monthly

herd test records.

f
i

Morning Group 23.8 1lv.
Evening Group 22.4 1lb.
Difference l.4 1b

(¢ = 1.02 37 4f N.S.)

Table 31
Mean residual milk and mean primary yield at
morning and evening milkings.

Mean ‘Mean Fat Percentage
Milking Primary Residual of
Yield Milk Residual Milk
Morning group 14.57 1lb. 2.32 1lv. 17.3
Evening group 10.33 1lo. 1.7 1bv. 13.7
Difference 0.62 1b.

(t = 2.76 #+ 37 ar )

Table 31 shows the difference between the mean
residual milks to be highly significant.
If it cen be assumed that the levels of production
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for these two groups are comparable it would appear
that greater amounts of residual milk of higher fat per-
centage are left at the morning milking.

Table 32
Analysis of Covariance to test the difference in
amount of residual milk at morning and evening
milkings after allowing for the regression of
residual milk (y) on primary yield (x).

Errors of Lstimate

Source af 3Sy ! af* M. 3. ¥ Result
Total 533 54.02 32 1.063

Periods 1

Error 32 33.21 31

Difference for

test of signif-

icance of ad-

Justed means 0.81 1l c.81 0.762 N.S.

L i L \ | . |

Table 32 shows the difference in residual milk
between morning and evening was nct significant after
allowing fof the "between cows" regression of residual
milk on primary yield. Thus the difference in residual
milk which would be expected within a cow Letween morn-
ing and evening milkings is of the same order as pre-
dicted by the "between cows" relationship. However,
these date do not prove that the "between cows" and

"within cows" relationships are =imilar.
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2. The Difference on a "within cows" basis between

morning and evening residual milk.

A further test was carried out on 8 cows with the
sole aim of testing the statisticel significance of
the difference between the mean morning residual milk
and the mean evening residual milk. The cows were
autumn calvers selected from the Massey College Jersey
herd. The triel was osrried out in July when the
milking intervals were 93 and 14¢ hours.

Appendix 5 gives the primsry yield and residual
milk for eech cow et each milking. Two cows, numbers
3 and 4 were in oestrus when residual milk was collected;
their let-down was abnormel, therefore these results
were excluded from the analysis.

Teble 33
Morning and Evening Mean Primary Yield srnd Residual

¥4lk (4 estimetea for ezch of &€ ccows).

Wean Primary Yield  Fean Residual Filk

— __(1b.) ___(1v.) ,
A.NM, 14.12 3.08
| P.M. 11.06 1.69

Difference 1.39
(t = 3.015%+ 27 4ar)

Table 33 shows that the difference between the
mean morning and mean evening residual milk was highly
significant.
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Examination of Appendix 5 shows considerable
variation in the morning residual milk but there
appeared to be no valid reason for the exclusion of
any of these figures.

The significantly greater amounts of residual
milk left after morning milking agree with results dis-
cussed in Section D.1l.

Discussion of the difference in volume and
fat percentage of residual milk at morning

and evening milkings.

Taking both sets (D.l and D.2) of results to-
gether the evidence suggests that a greater volume of
residual milk is left at the morning milking when the
primary yield is greater. The difference in residual
milk appears to be of the same order as would be
explained by the "between cows" relation in Table 18.

The fat percentage of the residual milk remain-
ing after the morning milxing was nigher than the fat
percentage of the residual milk remaining after the
evening milking (Table 31) and therefore the fat per-
centage of the morning primary yield would be
lowered. In addition there appeared to be more of
this high fat percentage residual milk left after the
morning milking; together these could explain the
lower fat percentage of morning milk.
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E. THE RELATIONSHIP BETWEEN RESIDUAL MILK AND
PRIMARY YIELD AT 12 HOUR IRTERVALS
BETWEEN MILKINGS.

The aims of this investigation were -
l. To examine the difference between residual milk at
morning and evening milkings at 12 hour intervals.

2. To examine differences between cows in the relation
of residual milk to primary yield.
3. To determine the influence of variation in residual
milk on milking-to-milking variation in milk and fat
yield.

Experimental.

The six cows used in this work were from the herd
of the "production per acre" experiment. These cows
were not in calf, but in other respects were unselected
animals. They were grazed and milked in the normal
way with the herd, the interval between milkings being
approximately 12 hours. Following the primary milk-
ing the residual milk was on ten occasions collected
using the technique described under the heading Experi-
mental Methods. The injection schedule was as follows:
| Day 1 2 3 4

Milking |AM PM/ AM PM/ AM PM/ AM PM/
Injection| x x x

ey

5 6 7 8
AM PM/ AM PM/ AM PM/ AM PM/ etec.
X X e

—— e e

—
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In this routine the effect of time was not con-
founded with yield and in addition a suitable period
was allowed for the residual milk to return to normal

after super evacuation.

l. Differences in Residual Milk at morning and
evening milking..

The mean evening residual milk was not significant-
ly greater (Table 35) than the morning residual milk.
Appendix 2 gives the individual results.

Table 34
Residual MNilk after morning and evening
milkings
Cow PN AM !
1 4.40 3.98
2 2.74 4.16
3 1.42 1.86
4 2.80 1.38
5 1.08 1.30
6 2.68 4.08
Mean 2.79 2.52

Difference .27 1lb.

L (]
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Table 35

Analysis of Variance of the difference between

morning and evening residual milk.

i

Source S8 daf M.S. F ' Result !
Cows T70.1 5

Periods l.12 1l l.12 0.439 N.S.
Error 135.2% 53 2.55

Total 206.47 , 59

[ i

These results show no significant difference in

the volume of residuel milk at morning and eveuning when

the interval between milkings was equal, whereas the

results in Part I might have led to the coaclusions

that a very slightly greater volume of residual milk

would be expected at the morning milking.

2. Differences between cows in the relation of

residual milk to primery yileld.

These data (Appendix 2) were analysed by Co-

variance shown in Table 36 to examine the differences

between cows in the relation of residusl milk to

primary yield.
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Table 36
Anglysis of Covarience to test the significance of

the differences in residuesl milk between cows after
allowing for the regression of residual milk (y) on

primary yield (x)

Errors of Lstimate 1

Source art I‘ Ssy ' ag! M.S. F  Result
Total 59
Cows 5
Deriods 1
PxC 5 N
Error 48 73.65 47 159
Cowes +
Error 53 175.72 52

! |

Difference for
testing ad ust- |
ed Means 102.07 @ 5 20.41 13.00 * %

{ A i

T

Table 36 above shows a significant difference be-
tween cows in the volume of residual milk after allow-
ing for the regfession of residuel milk on primary
yield. The interpretation of these results offered
some difficulties because of the problem of obtaining
estimates of the normal amount of residual milk. The
treatment, which involved injections and a certain
amount of rough treatment may have had a greater in-
fluence on let-down in some cows than in others, and

could have contributed to the present result. On the
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other hand this variability in some cows and uniformity
in others could have been guite a normal difference
between cows.

The numbers in this experiment did not allow an
examination of any possible effect of stage of lacta-
tion, level of production or of age, all of which may
contribute to the observed difference between cows.

It is concluded that these results cast some doubt
on the adequacy of Turner's approach (1953) to the
differences in production between morning and evening
milkings, because he has examined the average relation
between residual milk and primary yield, and has ignored

any differences which might exist between cows.

3. The influence of variation in residual milk
on milking-to-milking variation in milk and
fat yield.

The observed variation in primary yield from milk-
ing-to-milking could be due to both synthesis and let-
down. From Table 36 the within cows, within periods
regression of residual milk on primary yield has been
calculated. The eoefficient which equals -0.459 has
been tested for significance in Table 37. This neg-
ative coefficient suggests that the udder contained a
more or less constant volume of milk and that any
decrease in primary yield was accompanied by a corres-

ponding increase in residual milk. Conversely an
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increase in primary yield was accompanied by decrease

in residual milk,

Table 37

Test of significance of the error regression

of residual milk on primary yield from Table 36.

!

Source s.S. ar M.S. F | Result
Regression 46.69 1l 46,69 29.7 bl
Error 730 65 47 1-57
Total 120.34 48

L § i i i | I

Although it is difficult to be certain that the
treatment did not increase the normal range of variation
in let-down, these results show the importance of let-
down in producing variation in primary yield.

Maximum let-down would increase the volume of
high fat percentage strippings in the primary yield
and give a positive relation between the volume and the
fat percentage of primary yield. Examination of this
relationship would further test the hypothesis that
day to day variation in milk yield was caused by varia-

tion in let-down.

This offered:
(a) A test of the hypothesis that let-down was the

ma jor cause of variation in primary yield.
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(b) An estimate of the proportion of the variation
in fat percentage which was due to variation
in primary yield.

The interpretation of an analysis of the relation be-
tween the volume and the fat percentage of primary
yield presented a difficulty. Fat percentage is

Fat yield , and since milk yield was the other variable
HiTk yield

this would give an undefined degree of relationship
between the two variables. Such an analysis would
have been unsatisfactory.

Therefore, the relation between milk yield and fat
yield was examined in data where the variation in milk
yield was largely due to let-down. From this relation-
ship between milk yield and fat yield it was possible to
predict the changes in fat percentage of the primary
yield which would accompany changes in the volume of the
primary yield. If the regression of fat yield on milk
yield differed significantly from a line passing through
the origin then the fat percentage of the primary yield
would vary with milk yield. The disadvantage of this
analysis was that it would not be possible to predict
what proportion of the variation in fat percentage was
associated with variation in milk yield.

Table 38 shows the significant regressions of
primary fat yield on primary milk yield for six cows,

but in no case was & significant difference recorded
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between the slope of the regression line and the line

drawn from the mean point to the origin.

Table 38
An indirect test of the significance of the

relation between fat percentage and primary

yield.

o SIope of the = "t"  df |[Result

Cow Regression of 1line Jjoining
No. Residual Milk the mean point
on primary yield to the origin

1l 0.0859 0.0609 1.61 8 N.s.
2 0.0894 0.0540 1.54 8 N.s.
3 0.0868 0.0610 1.43 8 N.s.
5 0.1061 0.0716 1.77 8 N.s.
6 0.0519 0.0537 0.09 8 N.s.

The deata in Appendix 1 was suitable for a similar
analysis, derived from Table 9. In these results a
highly significant difference was obtained between the
regression of fat yield on milk yield and the line
drawn from the mean value to the origin (t = 4.5%%

86 df).
The regression equation is
fat yield = 0.088 (Milk yield) - 0.462.

The sl ope of the line drawn from the mean point
to the origin was 0.054 which 18 leas than the sl ope of
the regression line. Therefore higher fat percentages
are associated with the higher milk yields. It has

already been shown that this form of analysis does not
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allow an estimate of the proportion of the variation
in fat percentage which can be accounted for by the re-
gression of fat percentage on primary yield. However,
these results do show that fat percentage rises with
primary yield, and since the last drawn milk is richer
in fat than the first drawn milk it is suggested that
at least part of the day to day variation in fat percent-
age is caused by variation in let-down.

This conclusion supports the results in Table 36
which showed that variation in primary yield was largely

caused by let-down.
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FINAL DISCUSSION

In the Jersey cows the volume of residual milk was
approximately one fifth of the volume of the primary
yield. The mean fat percentage of the residual milk
was 15.5%, Any difference between morning and evening
milkings in this reserve of milk and fat would produce
a corresponding change in yield of milk and fat obtained
at the normal morning and evening milking.

An hypothssis has been put forward which could
partly explain the presence of residual milk in the
udder of the cow. It was suggested that the high fet
percentage of the residual milk may render it more
difficult to eject, and thus the high fat percentage
would itself contribute to the presence of residusl
milk. Mowever, since residual milk probadbly occurs in
pigs where the strippings are not higher in fat percent-
age, the high proportion of fat in strippings cannot
be the sole cause of residual milk in the cow.

Residual milk can be obtained by injection of
"Pitocin*; therefore it seems likely that at a normal
milking insufficient oxytocic hormone is released to
evacuate the udder. This balance between the pituitaery
and the volume of milk in the udder apparently results
in the amount of hormone released being insufficient
to completely evacuate the udder. In some cows a
second ejection response causes a second "let-down".

It would be of interest to measure the volume of resid-

ual milk under these conditions because there may be
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considerably less residual milk.

One of the aims of this work has been to examine
the explanation put forward by Turner (1953) of the
higher yield per hour in the short interval preceding
the evening milking. This led to the measurements of
residual milk which showed that high yielding cows had
a greater volume of residual milk than low yielding
cows. It was inferred from this relationship that
more residual milk would be left in the udder after the
morning milking following a 14 hour night interval
than after the eveuning milking following a 10 hour
night interval. An estimate of that difference in
residual milk can be obtained from the regression of
residual milk on primary yield, and thus an estiimate
of the difference it would produce between the yield
pexr hour in the intervals preceding the morning and
evening milkings. In the case of a cow milked at 10
and 14 hour intervals and secreting 1 1lb. of milk per
hour the estimated difference in residual milk could
cause a difference in yield in those intervals of 0.1l
1lb. per hour. This is approximately the difference
reported by Edwards (1950).

The regression of residual milk on primary yield
was obtained from one record from each of 44 cows.
This was a "between cows" regression. It has been

shown how this was used to prediet the volume of
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residual milk at morning and evening milkings "“within
cows" . In doing this it would be necessary to assume
the "between cows" regression was the same as the
"within cows™ regression. As yet there is no conclus-
ive evidence to support this view.

It has been shown that cows vary in the manner in
which they exhibit differences between morning and even-
ing milk yields. This was demonstrated in the cows
milked at 12 hour intervals by the significant inter-
actions between periods and cows, and in the cows
milked at 10 and 14 hour intervals, by the significant
differences in the ratio of afternoon yield to morning
yield. The regression of residual milk on primary
yield was shown to differ between cows. This evidence
showed that the difference between morning and evening
yields required separate examination in each cow, and
therefore cast doubt on the method used by Turner (1953).

A further probdlem involved in the use of a re-
gression is the difficulty of obtaining a satisfactory
range of primary yields. Por instance, if residual
milk and primary yield are measured at the normal milk-
ings the primary yields would fall into two discreet
groups, one around the average yield after the 10 hour
interval and another group around the aversage yield
after the 14 hour interval. The regression line join-
ing these two groups of data would almost certainly be
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significant, but such data are unsatisfactory for cal-
culation of a regression.

From this discussion it becomes evident that the
use of a regression of residual milk on primary yield
as a means of examining differences between morning and
evening yields has limitations.

When all the data in this work had been collected
it became evident that the major difficulty was to
reconcile the eyual yields per hour in both night and
day intervals for cows milked at 10 and 14 hour inter-
vals, with the claim by Edwards (1950) that higher
yields per hour occurred in the day intarval,
especially since one aim had been to explain the very
differences which were not found at 10 and 14 hour
intervals.

The possibility or otherwise of these differences
existing has been discussed. It haa been supported
by Table 10, that synthesis would be expected to produce
a lower yield per hour in the night interval; also
there is limited evidence to suggest more residual milk
may be left after the morning milking, which would also
tend to produce a lower yield per hour in the night
interval, and this does not support the present results
in which equal yield per hour was obtained in both
intervals. Therefore it appears that at least under
some conditions yields per hour can be equal in the 10
hour and 14 hour intervals.
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Therefore the "between cows" regression of resid-
ual milk on primary yield has not been used to adjust
the morning and evening yields. It seems possible
that under these conditions the slopses of the "within
cows" and "between cows" regressions may differ
significantly.

It has been recognised for many years that the
fat percentage of morning milk is lower than the fat
percentage of evening milk. This could be due to the
retention of more residual milk after the morning milk-
ing, and since this has e high fat percentage the
primary yield would be low in fat percentage. Alter-
natively the larger volume of milk in the udder at the
morning milking might produce a greater concentration
of fat in the residual milk, and thue cause =& low fat
percentage in the morning primary yield. However, both
these factors could operate together. An explanation
of these low fat percentages will first require a
satisfactory estimate of the difference in the amount
of residual milk which remains in a cow after morning
and evening milkings.

On completion of this work it was possible to re-
view the explanetior. put forward by Turmer (1953) of
the supposed differences in milk yield per hour between
night and day intervals. In the first place his
acceptance of the differences reported by Edwards (1950)
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was disputed. It was 3suggested that the difference,
if it exists, is considerably less than claimed by
Edwards (1$50).

Limitations have been found in the use of the
regression of residusl milk on primary yield in examin-
ing differences in residusl milk between morning and
evening milkings.

Turner's (1953) assumption that the rate of syn-
thesis remained constant over a 24 hour period has been
questioned.

Finslly, if any difference in yield per hour is
found between morning and evening milking it is suggested

that it will require separate explanation in each cow.
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SUMMARY

Milk and fat yield have been measured at alternate
morning and evening milkings. When the time between
milkings was 12 hours the night and day intervals were
of equal length. Under these conditions slightly
greater yields of milk and fat were obteined at the
evening milking. These results do not agree with the
"night"effect reported by Campbell (1930, 1931 and
1933). It has been shown that synthesis must have
contributed to this greater evening production. The
possibility of a greater let-down at the evening milk-
ing has been discussed. These differences between
morning and evening production form a diurnsal rhythm.

The limited investigation of milk yields at alter-
nate 10 and 14 hour intervals showed a lack of agreement
with other workers. The yield per hour was the same
in both the short day and long night intervals. The
disagreement between this work and previous reports can
only be resolved by repeating the experiment.

At the same time as these results were being ob-
tained a study was made of the amount and composition
of the milk remaining in the udder after normal milking
was complete. These results suggested that more milk
would be left in the udder after the morning milking.

If this reserve of milk in the udder was reduced at
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the evening milking by more complete evacuation, the
yield per hour in the day interval would be higher
than in the night interval.

It has been suggested that the high fat percentage
of residual milk is one of the causes of incomplete
evacuation of the udder at a normal milking.

At the conclusion of this work, it is suggested
that the differences between mornizg ard evering milk
and fat yield require more accurate definition wxhen a
long night period follows 2 =hort day period. Ir
differences in yield rer hour sre fourd the effect of
synthesis could be measured. Should thiz not eccount
for all the difference in yield per hour, the influence
of residuel milk could be investigeted.
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APPsNDIX

l.

MILK AND FAT YIilD FOR 30 COWS MILKiD AT 12 HOUR INTZRNALS FROM 11/1 peme to 15/1 aeme

- 1k 11/1 Pellle 12,‘T 8eMe i[Z[I p.Ym. e Ijﬁ_ a:!ﬂ. D"/Trp olileg T 114[1 QelMe ﬂﬂ l)r'm. i _______]‘_.j‘,;l__él‘!mo

0. 8 Fat 7 Fat 7 %E%E Fat Fat = E%&f Fat o Fat %é%% Fat % Fat © Eg%g Fat 5 Fat - *ﬁ%% Fat % Fat t %f Fat Fat Mi%%, Fat Fat

1 1344 6eh0 048576 1he5 5005 048193 13,5 6400 0,8100 12,6 5,00 0,6300 1he7 5670 0483579 1345 5425 0.7088 1442 5,65 0,8023 13,2 5,10 046732
2 3.5 0e35 0640033 1047 6600 066420 93 6605 065027 668 4470 063196 12,3 6420 047020 o7 6620 040014 9ol (425 05688 Geb 5670 045472
3 1165 4e75 005368 10e4 35405 005876 108 5400 05400 10e5 3685 0e4043 1147 4490 045733 1060 4450 044770 10,2 5400 045100 1048 4610 04428
4 1168 640 047552 1340 6408 047800 1145 5035 060153 1243 5625 066458 1242 5465 046893 11¢8 5635 066313 12,9 6440 048256 1142 5620 045824
5 1ho8 4495 067320 1560 4490 047350 1he5 4460 0g6070 1343 4445 05919 1heb 4420 040132 15606 4620 066552 1hel 4465 040557 1447 4675 066983
6 1562 6605 140108 1347 5665 047741 1540 6605 049075 13¢5 5400 047560 1hed 5455 067992 13,9 5670 067923 1442 5480 048236 1369 5460 047784
7 1he7 6695 160217 1443 5600 047150 1249 5650 067095 1362 5el5 066798 1lheb 0ol5 048979 1344 5600 047504 1442 5495 048449 138 4480 046624
8 15¢8 0430 049954 1640 5490 09440 1544 6470 140318 1heh 5485 08424 1349 4460 046394 1545 5660 048680 1548 6470 140586 1446 5470 04,6322
9 1346 5695 048092 14eh 5405 047272 132 585 067722 1342 5450 047200 1341 4420 045502 1hel 5400 047050 12,0 6400 0,7500 1345 5600 046750
10 134k 5460 0,7508 15,2 5420 0,7904 1442 5450 0.7810 1240 5420 066552 1442 5.00 047100 1564 5610 047854 1hgh  6.05  0.8712 1345 4470 046345
11 602 Del0 063782 545 5020 002860 665 5690 063835 62 5485 003027 0Ol 4e80 062928 665 5615 063348 043 5635 063371 beb 5,00 063200
12 19¢1 5460 140696 1941 4675 069073 1764 45490 04852 1942 5620 049984 1840 5665 160170 1743 4e70 048131 1944 5.25 11543 1745 4470 06822

13 11,0 5680 0,6380 1247 5645 066922 1140 5660 0013 116l 5460 0e6216 1240 5635 066420 1l¢4 5620 065928 1145 5,00 0.6440 12,2 5,60 04583

14 2147 5420 141284 1847 4480 068976 1745 4495 068003 17,60 4425 047480 2040 4420 048652 18.1 4,70 048507 1849 5420 0,9826 1961 4450 048595
15 1460 4e30 06020 1645 5655 069158 1065 5690 049735 1lhel 6410 0,8601 1049 5050 069295 1lheh 5,20 0e7488 15,7 5465 0,6871 1642 5010 048262
16 1566 5655 068058 1540 5600 047500 155 520 0,3000 14gl 5,40 047014 15¢h 5425 068085 1349 Leh0 046116 1642 2.05 0.,9801 1445 5615 047519
17 162 0e20 140044 1545 470 047285 1666 5675 009545 1hed 4405 046096 1loes 5,00 048200 106l 5635 048614 1546 5485 049126 1546 4465 047254
18 14,1 5470 048037 14,1 5475 0o8108 2240 620 067812 125 5625 040503 1243 5400 040888 1340 5655 047215 12,1 5,90 047339 1341 5440 047074
19 1342 4435 05742 13eh 4490 046505 1360  5el5 060095 1244 4475 0e5890 1342 4480 065330 1245 heh0 045412 1248 5625 046720 13,1 400 066025
20 1346 4415 05004 1hel 4475 045098 142 5475 048155 1240 4420 045292 13546 5,10 040930 1248 4430 0g5504 12,5 4475 045938 1362 4470 046204
21 16e2 5605 0e9153 1065 5495 049818 1740 5675 069775 1549 5655 069380 176l 5,10 048721 1569 4e80 067052 1543 5610 047803 18.8 5el5 049082
22 197 5el5 160140 17,9 4e40 047876 1963 5625 140133 1645 45030 047095 18es  5el5 009476 1746 4440 047744 1848 5435 140058 1545 3485 046353
25 132 5460 047392 1249 5¢10 046579 1245 5620 046500 1140 4425 004675 1349 5680 068002 12¢1 5e00 066050 1345 575 0e7048 1245 4455 065688
2h  11le7 755 068834 1148 Leh5 065251 13¢h 6660 0488454 1245 6605 008180 1243 6620 067626 1068 5465 066102 12,7 6660 08382 1147 6445 0e7547
25 11e8 4470 045540 1540 5460 00400 1340 6435 068255 1246 4475 005985 1360 5460 067280 1145 5620 065980 12,8 5475 067360 1340 5660 07280
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APPENDIX 2

Primary ;ield and residual milk
at equal (12 hour) milking intervals

erimary Yield Residual Milk
Milk Fat Pat  wilk Fat TPt
(1) (%) (1)  (1p) (D) (1v)
Cow 1
Belle 13.1 8.00 1.048 2.6 15.75 0.410
9.7 6.00 0.582 4 32 14.50 0.609
11l.1 7.40 0.321 1.7 15.10 0.257
7.2 5.45 04392 7.2 14.40 1.037
4.7 620 0.291 4.2 15.20 0.638
Dem, 6.9 4.40 0.304 5.9  14.75 0.870
10.5 4,30 0.4 52 6le'B 15.00 0.975
1103' 6.45 00729 109 13050 00357
S.4 5.30 0.545 3.6 14.70 0.529
10.0 5.50 0.550 4.1 16.60 0.681
Cow 2
Mo 1500 5.00 00750 2.0 13012 0-26&
13.0 3.35 0.4 36 4,9 10.05 0.492
16.0 5.10 0.816 2.8 14,20 0.284
12.1 2.80 0+339 0.7 12.50 0.338
1643 5.35 0.872 5.2 14.50 0.754
pomo 14 03 5.05 0074:‘2 ao} 1203 00283
16 o4 8,05 1l.320 2.0 16.9 0.338
16.8 6.65 1.117 1.8 14.0 0.252
13.3 6,30 04938 2.0 14.0 0.392
6.6 4,00 0.264 4.3 13.1 0.629
Cow 3
a.m. 10.9 6.00 00654 006 10025 00062
10.3 5.65 0.582 2.0 10.40 0.208 .
10.7 6.55 0.701 2 ork 14.40 0.302
10.0 5.75 0.575 2.0 12.30 0.246
9.6 565 0.542 2.6 14.00 0.3%64
Do, 10.4 6,60 0.686 0.8 11.50 0.092
11.1 6.00 0.666 1.9 1%.25 0.214
12.2 6.00 0.7%2 1.4 1€ ,.ng o.:_,%%
11.8 6.80 0.802 1.5 13.60 0.2
10.5 5.90 0.620 1.5 13.80 0.207




Primary Yield

Residual Milk

Milk rat Fat Pat Fat
(1p) (%) (1b) (%) (1b)
Cow 4
Qe¢Te 908 6010 00598 5.0 19.70 Oo394
9.7 5.75 0.558 1.3 16.60 0.216
9.8. 5.05 0.495 1.0 14.70 0.147
10.2  6.45 0.658 1.4 15.50 0.273
9.7 4 .95 0.480 2 14.10 0.169
p.m.  10.2- 4.75 0.490 1 15.00 0,240
11.3 5.25 0.593 1 15,90 0.286
3.9 1.60 0.062 8 10.80 0.896
9.3 5.60 0.521 1 15.90 0.191
9.6 1.10 0.682 1 18.20 0.200
Cow 5
Q.M. 9.9 6.0 0.653 s 16 .50 0.248
9.4 6.30 0.639 1.2 15.60 0.187
3.0 7.30 0,657 1.5 16.30 0.245
9 7.20 D662 1.2 15.50 0.186
9.3 7.60 0.707 l.1 15.60 0.172
Pelle 10.2 Te55 0.710 0.8 17.50 0.140
10.9 7.70 0.839 1.1 16.10 0.177
9.5 745 0.703 2l 17.60 0.194
Jo1l 6.70 2,610 15 i7.70 04230
8.7 6.60 0.574 1.1 14 .40 0.158
Cow 6
a.m. 11.2 5.65 0.633 2.5 16.00 0.400
7.7 3.95 00304 605 J.ZQZO Oi793
11.4 4 .95 0.564 3.6 17.00 0.612
9.1 3.70 0.357 6.4 12.80 0.819
10.7 T.15 0.765 1.4 15.40 0.216
p.m. 13.0 4.60 0.5983 2.2 14.75 C.325
13.8 5.20 0.713 3.0 13.70 0.561
7.4 6.15 C.455 3.0 14.90 0.447
1.7 4.85 Ce373 3. 11.90 C.440
5.3 7.40 C.688 1.5 17.10 (C.257




APPENDIX 3, i ? s
-
MORNING AND EVENING MILK PRODUCTION OF 51 JERSKY COVS - from 11/2/54 to 17/2/5h4.
MILKING cownmmn -
1 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 19 20
11/2 PN, 9e3x g 6.7 8.0 5.2 7.5 6.6 8.1 8.1 5.2 7.4 8.6 6.8 5.1 9.3 7.0 12,6 6.9 4.2 7.3 6.3
A, 15 i1 702 1he3 11,2 10,7 849 1245 13¢) 10,0 122 1545 948 74k 14a2 11,6 15eh 949  Bek 10,8 642
RATIO 04694 0.140 04930 04559 Oghbh 04701 04742 04659 04609 04520 04007 04037 04094 045689 04655 04503 06818 04697 06500 04676 14016
12/2 PM. 960 Beh 740 763 640 7ah 6,9 10,3 7.7 50 508 Bl 6.5 543 646 746 115 05 5.7 5. 542
AdMe 13,0 1347 beb 1344 9¢l 108 BeB 1041 126 9.0  Jeb 1243  10s0 7.1 140  13eh 1647 9e7 849 10,9 55
RATIO 06092 04613 1,061 0,545 06659 04685 06784 1.020 040611 04622 0,017 046335 04650 06746 0o471 00757 04689 04670 04,040 0,514 04945
13/2 P&, 9e8 10,0 645 7.8 68 6.6 640 7.8 862 5e9 649 848 7 60 4e7 1049 8e5 1240 80 443 748 58
Adle 13,3 745 7¢2 1he3 12,0 12,2 942 13,5 13,1 9e9x 1143 13,0 1043  8e1 15,4 12,5 15,0 849 7e5 21,8 7.8
RAT 10 0e737 1e33% 06903 0e545 06567 04541 04652 0,574 04620 0,590 06011 04677 04738 04580 04708 04091 0,800 04899 06573 04358 04744
4 f2 PJi. 908 960 5?7 78 bob 7,0  6e6 4l Beb 642 7.0 B2  7eb 5.1 el 7.4 11l 7.9 5.3  Be47 38
AM. 12,7 175 7¢8 13,8 11,0 12,0 10,0 12,53 12,3 9.4 1042 12,5 11,0 7¢5 1244 1148 1843 8ol 840 9,6 840
RAT 10 00772 0e514 0731 04555 06582 04633 04660 04333 06699 04560 0e745 04656 0e673 04680 04734 04627 04607 04940 04016 04906 04475
15/2 PM. 9.3 10,0 6e2 Bob 648 749 72 5.8 640 6e2 7e7% 643 7eh 560 1040 Be2 11,8 Be3 52 8e8  5e7
AdMe 13,1 1245 8o2 121 11,3 1le7 9l 10,7 1243 9.1 11.0 13,0 10,5 7.9 12,9 11,9 15. 742 667 943  Teb
RATIO 00710 04800 04756 04694 0,602 0,675 04791 0,542 04488 0,681 0,700 04485 04705 04033 04775 04689 04756 1,155 04776 049456 04770
1642 PM. 940 8ol 47 8¢5 belx 7l 740 7.0 7 40 642 8e8 70 748 540 9ok 7.0 13,1 76l Lo8 10,6 55
AMe 1241 13,4 8ol 1245 10,1 11,3 7¢8 11,0 13,2 8.8 De? 1242 9ol 7¢5 1348 1144 15,8 Bed  Hel b o8 692
RATIO Oe7hk 04027 04580 0,680 04604 04028 04897 0,030 04570 06705 14313 04023 04830 04085 OeB0L 040l 04829 04860 04593 24206 04867
17/2 PM. 90 848 5.9 Beh 05 740 6.6 7.2 660 063 648 74l 745 540 949 Bu3  1le0 G4k hoSx 742 307
Adie 10,5 1340 745 1142 Be8 1044 7.9 10,7 1047 Bek 9el 12,1 10,0 042 11.7 1064 lhob Be2 7o 765, D45
RATIO 04857 04677 04787 00750 04739 0s731 00855 04073 0045 04750 04747 0e587 _0s750 0,806 0,846 04798 04806 04780 04608 04960 0,5.9
MILKING COW NUMBER )
PP~ - 27 2h 25 26 27 28 29 30 31 32 33 34 % 35 36 37 38 39 40 41 42
1/2 4, 6,0 8.0 139 7.3 843 7.l 1601 6.5 1046 7.2 8.6 745 1088 10,2 8.0 5,0 8,0  9e5 7.7 1lsl 1243
AM, 1143 11.6 21s0 12,5 1543 10,5 19.6 11,0 1469 1067 12,6 1240 15,2 1042 1242 7¢57 1l1e5 1447 1149 1743 18e4
RATIO _ 04531 04090 Ogbh4 0584 00542 0,670 04821 0591 0e711 04673 04683 04625 0e71l 06630 00656 0e085 04696 04533 04047 0s042 040658
12{2 PM. 8e0 1640 14sl 645 B3 648 1446 6uhk 941 bub BeO 742 1047 9¢5 765  bud 642 9.4 760 1042 1143
AMe 1543 13,k 2040 12,9 1505 1065 2245 11,7 158 Be5 13 46 1243 11.5 1642 1340 760 11,43 1540 12,0 1746 1847
RATIO 0523 14221 0,705 04528 04615 0,648 04649 0,547 04576 06753 04588 04585, o,gtq 06586 04577 04614 04549 04627 04583 04580 04604
1342 P, Bed 7B 1540  648Bx Bl 646 1748 0 755 949 7.0 849 766 *.9ul 1065 “Bs3  "5,0 ¢ 840 10,1 7.5 11,0 13,0
Ad. 122 13,2 1949 1leb 154 1065 1849 11,2 1645  9el 13k 1245 ~15;9 71741 12,8 6e2 < 124 1642 1240 1747 1943
RATIO 06680 0,591 04754 0,580 04526 0,629 0921 oh6]o 0,600 0,769 0.664 e608 ,5}2 06602 Cabl - o,eoe 0.645 ‘06623 09595 0621 04674
14/2 Pe Be2 3.7 14e5 760 ek 6e5 16.0 7.5 ‘946 745 749 6.7 11.2 10.7 B ”a.9 7.5 10,1 8el 1145 10.5
AMe 22,6 - 20,9 . 12,1 14,0.::1340 .22eH 2048 u.9 849 1344 2244 71363 % A5eh 23X . P46 536 A AN, T, 12:2. 375
RATIO 04651 o. 74 0,604 0,628 04671 0.59% 04751 0s094 - 0,644 0.842 0.290 Qs540° o,a«a 06695 04611 - 0.665 04676 0,687 04664 04657 o §§
15/2 PM. 9e9 8s7 15«7 6e2 10,0 748 1642 7.5 10,6 745 8¢ 8e2 1061 ° 1000 Be? 540 7 0 1045 760 1147 15 )
Ad. 11,6 1148 1947 11,1 13e7  1lal  19¢3 960 1349 8.9 1209 1240 156k ' 16el 1242 “6,8 1047 15 116 Ybe7 7k
RATIO 0@9 0,703 04797 0.559 0.250 04703 04839 &?81 0,763 0,843 0;6§? 0.68}; 04771 :0:621 ' 0,715 94733 0.]10 0s724 04655 04701 1,824
1642 Piﬁ’ m,o 1'5. 14 8 P 6.8:: }gﬂ; i lo.o ?‘Z lg.a 7.0 _',16.g§19.8 ig,.gv- _‘5.8, 1;.1: ho.a 1;.3 19.2 12,0
RATIO = 0,880 0 :579 ;22 .208 352 8 756 e;axa g}o 3 04905 0 )0 o ,_';8'26 {: 14055 0gbl o,{ 02595 04632 0.258
17/2 P.l..- 1; % ‘_ 7ok ii.z 646 112 g.g ¥ .; &8 ig.g (e 12'.3' ' 13.0 19.7 4 9¢9 ";’12’2 z 12.2‘ 1 940 lZ"..z il'g iz.
wxo. 0.6 ‘2 5 326 2781 0, 3’ 6_Gerhy 0i633 0.610 0a70C S2is 82 38. 04702 "0 3 ] oit& 3’5& ‘26 3' égeol

=

e



MILKING

11/2 P Ji.
AM.
RiT IO

12/2 p &,
feMae
RATIO

13/2 PM.
AM.
RAT IO

14/2 P .
A.M.
RATIO

15/2 P.ii.
Jl.‘\ii.

RATIO

16/2 Pa.
AM,
RATIO

17/2 PM.
AM,
RATIO

A P PENDTIZX Bs (continued)
COW NUMBER

43 44 45 46 47 48 49 50 51

346 5e3 1242 10,8 Beh 743 68 8ol 15.6
59 76 1G42 15.8 1362 12,5 10,7 11,0 1747
0,610 04097 04035 0,684 0eb36 04584 04636 04764 04881
4 4 55 11,7 17 ,2 8 o2 746 0¢5 7.1 1442
1344 6e5 17.8 8e3 13,1 11,2 1040 11.8 19.0
06328 04846 04657 24072 06626 04679 0,613 0,602 0,747
3ok 6l 1247 9 .5 746 640 6e7 8,8 16,0
50 6e5 18,0 15,8 13,8 13,0 11,5 10,8 20,8
06576 04938 04706 0,601 04551 0h62 04583  048l5 _ 04769
346 S5eb 1246 849 8.1 749 6e8  Be2 1445
6,0 7 oh 1844 16,2 13.8 13,0 11,0 11,5 19,0
04000 04730 04685 04549 04587 04608 04618 0715 0703 _
50 4e7 14,0 948 9.1 746 7¢1 73 149
449 748 1048 167 1341 11,0 10,2 1l  20.1
1o143 04603 0,833 0,587 04005 06691 04596 0,640 04841
340 562 1245 1049 845 742 be5 77 15.6
5ok 645 1645 4¢3 11,1 11,4 9.8 11,4 18,0
08556 0800 04758 04702 04766 04632 04,663 0,675 0,867
be? L6 11,5 9.8 7.8 76 6e7 7.9 1445
6ol 6e7 17.0 14,2 10,5 10,5 9.5 10.6 1845
04705 04687 04676 04690 04743 04724 04705 04745 04784

s on e D bt B A  i



AZ2SYDIX 4.,
Hegidunl wiik snd »rimary Yizld for 44 Jersey Cows 195%%

syimary Yield Residual #ilk Total

w  Milk (1)
Fat .ilk  Fat Fat (Heasidunl

Cow lallk
% (1b) (1b) (9 (1b) & Primary)

¥at,
()

1 1063 6.7/0 0,690 1.3 14.75 D152 11.6
2 1BeH H.7H 0DeINY 1e3 16420 06211 11.8
3 Teb 5405 0,334 2.0 1nNT5 n.2L5 9.6
5 569 He25 D494 NeT 10,00 2,090 Yed
6 8.0 5075 004(70 106 11050 0.184 9.6
7 13.3 5400 0665 242 13,50 04407 15.5
2] Bel 5425 0425 044 1N0.25 04410 85
9% 12,0 44,40 0.548 3.5 13.25% 0.54 15.8
10 1d.5 6040 Ne3NO  led 15.00 NeldlD 1%.9
Bl 17.2 5.55 0,955 4.1 16.00 N.3%6 19,3
12 9-4 .'_304-5 e 51—) 105 1_/1 . 7_5,:' Qo 191 10.9
13 He83 4450 D111l 540 22475 1e133 20,8 |
14 1200 S840 04540 149 167 0,256 11.6
15 Fe8 5430 0466 2.0 21,57 N.,4730 10.8 |
16 SeD 4430 N3 3.9 15,50 DHNS 1244
1/ 1443 4497 04725 240 L2eD0 044068 17.4
13 13.1 800 Le48 2.6 12,75 06410 15.7
19% 14.0 9445 06767 3.0 15.50 0455 17.0
20 1845 4445 0323 4.3 19.50 0.839 2248
21 14.5 B0 N.696 1.3 15.00 04195 15.8
23 CHeO 4415 Lol 740 23420 14645 3346
c4 Te3 6620 Ned34 0.7 13,30 0,093 8¢5
26 123 4440 04541 3.0 16400 04480 1563
27 139 5.10 0709 1.0 14,50 0.145 14.9
23 9,5 0430 04599 1la5 12,25 nN.134 11.0
292 19,1 4.55 0865 3.5 15.25 0,534 22 46
30 1845 5430 04981 34 17.50 04595 21.9
31 15,5 4.30 0.744 1.8 14 .80 0,266 17.3
3 137 530 04726 1.5 18.30 0,232 15.2
33 Te5 Ted0 0.595 1.0 16.00 0.160 845
34 12.8 5405 0,646 1.6 14.25 0.228 14 .4
35 1049 6.00 N.654 0.6 10.25 0,062 11.5
36 15.8 64,35 1.082 1.1 14.30 0.157 16.9
37 10.2 4.75 0.490 1.6 15,00 0.240 11.83
33%  18.5 4.35 0.823 3.4 17.75 O.7§1 22,9
29 o ' ' 0 o<
2% 10125 49520 %p¥fo ‘1ls e 5lzs %455
42 10.0 7400 0.700 0.4 11.88 0.043 10.4
43 11,2 5,65 06633 2.5 16.00 0,400 13.7
44 13.1 5.55 0.727 2.0 19.25 0.385 15.1

*# 12 hour milking intervals
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TOTAL MILK AND FAT PRODUCPION, INGLUDING RESIDUAL MILK ReMOVED BY "PITOCIN".

!

. * Value estimated by missing plot techniques

cow 1. A Aouo ‘;_‘F.MO __'_‘_"‘dMo o PQMO
DATE ¥ILK ~ TIME milk  TH.. o ; T MK MILK TIME S (& 5 :
??%53 INPSRVAL FAT (%) Fa' (1b,)  YIELD Ho,msml,'~~_m1'- (1) FEsT (lb.)  DATH ggﬁ; INTERVAL FAT (%) F4T (Lbe.) YIELD Iirervar F°T (B) FaT (Lbs..
HOURS . (1bs) BB b COW 6 ' HOURS (Lbs.) HOIRS

28/2 /54 8.6 12,033 6450 0.568 84 11,950 - 6420 0.521 28/2/54 14,5 12,083 4,70 0.682 16,3 11.867 4,55 0,742
1/3 8.9 12,250  5.75 0.512 9e3 11,817 ©0.00 0.558* 1/3 15.0 12.183 4,50 04075 17,2 11.867  4.20 0,722
2/3 10,0 12,100  0.30 04530 8.7 11.967 © 5.8 0.509 2/3 17.2 12,167 4440 0.757 15,7 11.785  4.25 0.710
5/3 2.6 11,950  5.50 0.539 9.8 11.885 = 0.20 0,408 33 1640 12,065 4,50 0.747 1849 11.867 4445 0.841
b/3. 10,5 12,117  5.90 0.02C 942 11.900  5.95 0.547 4/3 lo.7 12,017 4.55 0.760 17.8 12.017 3480 0,076
5/3 10.5 12.150  0.00 0.05C 9.7 12.167 0,00 0.040 543 . 17,0 12,483 b e55 0.8uU1 1049 11,017 4,40 0,744
Cow 2, COw 7e

28/2 8.8 12,033  5.95 0.524 10.2 11483545+ 5470 0.581 28/2 Beb 12,300  §.65 0,572 84D 11.750 615 0.529
1/3 10,9 12,300  0.10 0.055 10.4 1125000 5.05 0.586 1/% 10.4 12,183 6.15 0.040 10.5 11,617 0e45 0,077
2/3 11,0 12,133 5470 0.627 11.5 11,967 . 5.90 0.679 2/3 9.1 12,083 6,00 0,546 947 12,000 9450 0.031
3/3 11.2 11.93% 5.80 0.650 11,2 11,900, ' 5.80 0.650 3/3 9.9 11.983 .70 0,053 9e9 11.933 .70 0,503
L/3 11.5 12,117 5,40 0.021 11.8 11,900 . . 5,60 0.961 4/3 10.4 12.033 6.05 0.629 10.2 12,035 5,20 0,632
543 11,4 12,400  5.80 0,001 11,6 . 11.917% 5495 0.690 5/% 9e3 12,207 6. 0.600 10.9 11,683 0,45 0.7C?
CO_"io ';‘;‘ s COw 8.

28/2 8.4 11.8%3 5,10 0,512 847 1198  5.15 0.448 28/2 11,1 11,917 5.35 0.705 10.0 11.833 %430 0.53%0
1/3 A 12,250 6,00 0,504 9¢3 17858 5e35 0.498 143 10.4 12,167 5600 0.532 13.0 11,917 5479 0.6%%
2/ 3 10,5 12,017 5455 0.583 10.3 12,000° i1 5,70 0.%87 2/3 11,6 12,117 520 0.60% 1i.5 11.90 5455 04073
3/3 10,2 12,000 5400 0.571 10.9 11,900  5.75 04027 3/3 122 11.98%  5.15 0,023 11,4 11.84% 550 0,538
4/3 10,3 12,007 De35 0.572 9.0 11.933 5.%0 0.509 4/% 1855 12,057 5415 O.ubk 12,4 11,900 5425 0.n51
5/3 10.8 12,433 5,04 0.509* 10,2 11.8004 ) 5.79 0.587 5/3 12,3 12,400 5,20 0,040 1143 11.867 5460 0.6%3
COw 4, COwi 2.

28/2 560 124000 3435 0.188 10.9 11,9075  5.05 04550 28/2 11.3 12,133 5450 0.622 12,2 12,033  4.85 0.592
1/3 948 12,250 5,70 04559 947 11,8982 5,20 0,504 1/3 12.6 12.067  5.40 0.580 14,5 114603 305 0.7%2
2/3% 9.0 11.950  5.30 0.477 942 11.917%" 5.25 0.483 2/3 12.7 11.983 54,40 0.686 15,7 12,433 5,05 0,092
5/3 11,0 12.03%% 5430 0.583 9.9 11.800 54,40 0.535 3/% 13.5 11.633 5415 0.69% 15,1 11,783 5.20 0.681
4/3 9e7 12.083 5635 0.519 10.7 11.7504 5.20 0.556 4/% 14.0 12.250  5.00 0.700 1445 11.767 5.10 0,740
5/3 10.1 12,617 5480 0.586 10,2 11.78%% . 5.15 0.525 5/% 14,1 124483 5,40 0.761 12.9 11,700 4460 0.619
CO: 5, COv 10,

28/2 1642 11,917 0480 0.694 10.4 11.83% | 6,00 0.024 28/2 946 11,917 6430 0.605 9ol 11.917 5475 0.529
1/3 11.3 12,333 6455 0.740 11.7 11,750  5.80 0.679 1/3 . Bod 12,250 Ge25 0.544 10.5 11.759 5,60 0.588
2/3 1136 12,017 0405 C.702 12.8 11.983 5 .95 0.762 2/3% 10.3 12,083 6400 0.018 10.4 11.800 5450 0.572
5/3% 12,3 12,017 5400 0.812 12.3 11.933:4, 5.80 0.713 3/5 11.3 11.950 5,80 0.655 11.6 12,117  5.90 0.§BA
4/3 12,2 12,017 6405 0.73%8 12,7 - 12{1¥} 5425 0.667 4/3 10.5 11.867 5470 0.599 11.7 12,117 5405 0.6061
5/3 12,1 12,250 5,00 0.726 11.8 11.883  5.45 0.643 5/58 10.8 12,233 6.20 0.67C | 10.6 11,700 5.05 0.599




	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118



