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I ITRODUO!IOI 

.t.:,: . . 
' 1 ,, r. ·t r .-1 . 

When cows are ailked under commercial eonditiona 

milk 7ields are normallJ greater in the moraine than 

in the evenins, mainly because a longer time interval 

precedes the morning milking. In addition the per-

centage of fat in the ailk is generall7 lower in the 

morning and higher in the evening. The alternation 

of high milk 7ields of low fat percentage, with lower 

milk fields of higher tat percentage, form a diurnal 

This will depend partiallJ on the length ot 

time between morning and eTening ailkill&•• for the 

difference in yield and fat percentage is reduced as 

the time intervals approach equal length. 

fhere 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 &n7 diurnal rhythm would be caused solel7 DJ 

s7nthesia. However, neither the aaount, nor the fat 

percentage ot the reaidual milk remains constant at 

aornin,; and eTenin& ailldnga. Thus the diurnal rhythm 

m&J' be attributed. to two general causes, firatl7 

a7nthesia, &D.d. s\lperimpoaed on to this a diurD&l 

Tariation in rea14ual ailk. 
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The differences in ailk 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 probl m. 

1. To measure differences in the rate of synthesis 

in alternate night and day periods. 

2 .  To meaauro 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 OP LITERATURE 

It i s  no t intended to review the broad fie ld of 

literature con cerning mi lk secreti on and e �e ctio n, but 

to co ver the fo llowi ng aspects . 

1. !o examin the li terature to find what d iffer ences 

i a  ai lk yi eld s and fat percent age bet wee n morning and 

e veni ng ai lki ng s are thought to ooeur. 

2 .  To examine possi ble causes of t he di fferences 

d efined above. 

It i s  sugg ested t hat wo rkers in thi s fie ld have 

no t gi ven sufficie nt consideration to t he secreti on of 

water in relation to the mi lk solids. The vari ati ons 

in yi eld and co mpositi on whi ch occur bet we en the quar­

ters of aa udder have a lso been neg le cte d .  

The osmoti c pre ss ure of milk r emains remarka bly 

const ant o ver t he normal range o f  mi lk: yi eld and coa-

positi on, Davi s and MacDonald (1953). Oemoti o press-

ure involves a a  equi li bri um  be t we en wat er and solut es . 

It would b of i nterest to know whether thi s equi ­

li bri um i s  maintained bJ wat er ent ering or water leav­

ing t he lumen of the alveolus , beca us e  thi s would si ve 

a clearer und erstandi ng of changes in fat peroent ace, 

whi ch i s  the ratio of f at x lOO • 

ii!i 

Ther e  is a �en4enoy t o  regard fluctuati ons in per­

centace coapoaitiea aa a direct reault of a parti cular 
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set of conditions, for example, plane of nutrition, 

and to ignore the possibility of the osmotic pressure 

equilibrium influencing composition, tor 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 tat percent­

age have been made of samples from the combined yield 

of the four separate quarters of the udder. This has 

the disadYantage 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 

(195�. 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 ailkinga. 

( l) Fat Percentase. 

The low tat percentages aermall7 occurring at the 

morning milking have been recognized tor m&nJ years. 

Investigations made DJ Xrull aa early as 190' have been 

confir.med by Bartlett (1929} and Edwards (1950). 

(2) 11lk Y1el4. 

!he difference between morning and eveninc ailk 



-5-

fields depends largely on the difference in �he time 

intervals between those milkinge. This can be a llowed 

for by dividing the yield b7 the length of time betwee n 

milkings . This gives the yield pe r hour, which may 

diffe r from the rate of synthesis if residual milk 

vari e s between alterna�e ailkings. 

I� was necessary to find out whether the yield per 

hour was likely �o be th.e same in bo th intervals, or 

whether it wa� lower for the in�erval preceding the 

morning milking. 

Bartlett (1929) and Edwards (1950) found the yield 

per hour was consietefitly lower for the interval pre­

ceding the morning milking but that 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 intervals, the accuracy ot the ee�1mate of the 

time intervals might not be satisfactory. 

Although not decisive, the evide nc e presented by 

these three workers suggested that the yield per hour 

was lower in the long nicht interval, 

The "night eftect•. 

Oampbell (1930, 1931, 1933) reported the existence 

of higher yields ot Jlilk and fat at Bight thaa 111 
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intervals ot the same leqth during the clay. Termed 

the "night efteot " this appears to have been wi dely 

acce pted, and has been quoted by Johansson (1940), 

Edwards {1950) and Korkman {1953). Critical examination 

ot Campbell's work oasts some do ubt on the validity ot 

his conClusions. 

(a) The Jlight effect at unequal intern.ls 

between milking a. 

Campbell'a results were obtained trom cows milked 

at alternate 9 and 15 hour 1�tervals throughout lacta-

tion. !he following critioiSJaa are made of his exper-

imental tecrdlique. 

the intervals of 6.30 a.m. to 3.30 p.m. and 6.30 a.m. 

to 9.30 p.m. alternated in pe riods of several weeks' 

duration. But Bartlett (1929),subaequently confirmed 

by Edwards (1950), showed changes over the lactation in 

the ratio of morning yield to evening yield. Thus 

C&mpbell's results could have been confounded b7 stage 

of laotation. 

The ;s riods ot long night interval iendei to co­

incide with the �rioda when the stock were housed. 

r.his is evident troa f1€�•s l - 6 Caapbell {1931). 

This also may have oontounded the r•sults. 

fhe change 1a routine from a long night interval 

to a long day- in-terval., 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 ant low yields 

recorded aa a result ot abnormal let down would be 

expected at the 9. 30 p.m. milking, tending to inflate 

the following aorning yield, and thus the yield per 

hour for the interval preceding that milking. 

It is possible to obtain evidence ot inflated 

morning yields by comparing the ratio of morning to 

evening yields with the ratio of the respective tiae 

intervals. It has been shown that the yield per hour 

in the interval preceding the morning milking is leas 

than in the interval preceding the evening milking 

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

less than the ratio a.m. time interval. 
p.m. time lnterv&i 

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

a.m. time interval it is regarded as evidence ot 
p.m. time interval 
inflated morning yields due to the chanse in the even-

ing milking routine. SUch evidence may be found for 

three of the six cows in Table I C&mpbell (1931) which 

is reproduced below. 
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!able 1 

Ratio ot milk yield to milk 7ield 

(after Cam.pbell 1931 ) 

Milkiy Hours 

Cow 6.30 a.m. and 6 . 30 a.m. and 
- 3.30 p.m. 2·l0 p.m. 

Cherry 10 1 to 1.73 1 to 1.35 

Rookrose 19 1 to 1.82 1 to 1 . 29 

Rookrose 5 1 to 1.63 1 to 1.36 

Rockrose 9 l to 1 . 87 1 to 1 . 57 

Fill pail 8 l to 1 . 56 1 to 1 . 41 

Du.chess 7 1 to 1 . 61 1 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, name�. the results in column 

1, is questioned there is inadequate evidence ot 

greater milk production in a long night interval than 

in a long day interval. 

(b) The night effect at equal 12 hour intervals. 

Caapbell ( 1933 ) reported as evidence ot the night 

effect the milk 7ields tor 6 oows over several weeks at 

two stages of lactation. 
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6 a.m. 6 ;2.m. 

Stage 1 4561.25 4186.00 

Stage 2 3232.5 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 waa oonsistentl7 greater 

than the 6 a.m. yield. f.hus it appeared unreasonable 

to conclude that, at 12 hour intervals there wae 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 Oampbell has 

been disputed. 

B .  The poaaible causes ot any difference between 

morning and •Tening milk and fat production 

have been examined aa -

(1) Variation in eJection which oauae4 differ­

ences 1n the &Jaount of Jlilk and fat 

let� 1a the ud4er. 
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(2) Variat ion in the rat e of milk 

synthes is. 

1 .  Ejection. 

Hamllond ( 1913 ) us ed pituit ary extracts to show 

that all t he milk was not removed from the udd er at any 

particular milking. !he mi lk which remained in the 

udd er was subsequently t ermed "residual milk". 

Johansson ( 1940 )  cit ed Krull as having s uggested in 

1950 -

"That the cause of t he eo aparatively low tat 
content of mo rning milk was n ot primarily a 
d ifference in secretion ot tat in r elation to 
milk s erum, but that t he emptying of the udd er 
was less co mplete when the g lands were mo re 
highly d ist ended with milk aft er the long nig ht 
interval. "  

Johansson ( 1940 ) test ed t his hypo thesis us in g  

pituitary extr acts to re move residual mi lk aft er each 

one of t hree milking a per day. He reas on ed t hat if 

res idual milk wer e  t ha cause of d ifferences in f at per­

cent age then tho se d ifferences sho uld be r emoved when 

the udd er is evacuated by t he uae of let d own hormon e  

at successive milkings. Unf or1unat ely Johansson•s 

resul t a  were in conolusi ve. Hi a experiment s might 

have off ered more d eci sive r es ults had t here been t wo 

milkings per d� instead of three. He merely conclud ed 

•It i s  quit e possible that t here is a diurna l var iat ion 

in the rat e  of f at synt hesi s ". lo menti on waa m ade of 

aD7 diurnal clifferencea in t he volume of aili 

s 1Jl•heai a e4. 
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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 o t  residual 

milk left in the udder at the morning milking compared 

with the evening milking. The relationship was 

expressed as the regression ot 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�ere likely to be the result of variation 

in the amount of resi dual milk. 

2. Synthesis. 

Amongst other r easons it has been suggested by 

Johansson (1940) that different rates of synthesis may 

contribute to the differences in fat percentage between 

morning and evening llilkings. 

1'u.rner (1953) bas suggested that the rate of milk 

secretion remains constant for periods approaching 24 

hours, but on the other hand Bailey (1954) in aprelim­

inar,r note reported results which �ggea�ed the rate 

decreased af ter approx1matel7 12 hours. !his latter 

work appeared to be caretullJ executed and suggested 

that the rate of a)'Ilthesis in a long interval. waa leas 
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than in a short interval. 

not investigated. 

The e ffect of "night" was 

Plan of the Investigation. 

The revi ew of 11 tera'ture did not defini te}J' show 

that the yie ld per hour in a long nigh t interval was 

less than in a short d� interval . However, after 

this was confirme d by a..n examinati on ot the Masaey 

College herd tes� data, it was decided to plan an inves­

tigation of the c ontribution of s,yntbesis and eje c tion 

to this lower yield in the night interval. 

1. Synthesis . 

Turner (1953) assumed the rate of synthesis 

remained constant and that the lower 7ield per hour in 

the night interval was caus ed by' a greater volwae of 

residual milk remaining in the udder after the mo:ming 

milking than after the evening milking. It was planned 

to milk cows at 12 hour intervals and as a check on the 

tNe rate of qn.thesis to eliminate any varia tion due 

to let down by superstripp1Dg them. nu a would show 

aJJ.7 difference in synthesis between the period 5 a . m .  

to 5 p . a .  and 5 p . m .  to 5 a. m. , and thus give a test ot 

the assum.pUon ._hat the rate ot synthesis remained con­

stant. 

2. Ejection . 

!he quantit7 and tat percentage of residual milk 
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would be examined in relation to primary yield in 

order �o investigate the role of residaal 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 diurnal 

differences in milk a.nd fat yield in eae."'l cow wou.l.d 

require separate explanation. 
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PRELIMINARY EXAMIIA!IOI OF MASSEY COLLEGE 

HERD TES! RECORDS 

fhe review of literature did not provide 

conclusive evidenee of a lower yield per hour in 

the long night interval than in the short day 

interval. fhe Massq College herd test data was 

used to clarify this pGint before proceeding with 

the .main investigation. 

The monthly herd test reaords 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 evening milk y-ields. fh.is had 'been 

sugg sted by an examination of the 1952/53 bulk 

milk records which showed some avidenoe of greater 

evani.ng yields, aolltradicting Cam:pbell (19.32). 

2. To investigate in the main Massey College herd, 

the claim mad-e b7 Edwa.rds (1950) and Bartlett (l929), that 
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the milk yield per hour was less ia a 14 hour night 

interval preceding the morning milking. 

Herd Iaprovement Association Recorda. 

In compiling these records it was the practice of 

the testing officer to carry forward the odd tenths of . 

a pound from th e eveniDg milking to be added to the tenths 

recorde d at the morning mil king, before rounding them 

off to the nearest pound. !his inflated the yield per 

hour in the interval prece ding the morning m11k1ng. In 

spite of this, results will be presented showing a lower 

yield per hour in that interval. 

A c ontinuous set of rec ords from August to November 

w-as required and therefore only recor ds of cows which 

had calved in or before August 1953 were used in this 

analysis. 

(a) Milk Yield Data for cows milked at unequal 

iutervals. 

In the main Jeraey herd 34 of the animals calved 

in or before August 1953; these were selected tor the 

present analysis. !he time intervals prece din& the 

morning and eve.a1ng milkings were estimate d  as 14.17 

and g.S) hours respectively. !o giYe yield per hour 

the m.oraing a.nd evening milk 7lelds ••re thtretore 

d1T14ed b7 14.17 an4 9.8). !he mean rate in the 

period preoeding the eveniDB milking was 1.075 lbs. per 

hour and preoedi-a t he aorning milking 1.001 lb., a 

d1tferenoe ot 0.74 lb. per hour. Analysis of Va:ri&D.ce 
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data is given in !able 2, which shows 

fable 2 

of Variance of Milk Production data of 
the Main Jersez Herd I 1 t 

Source M. .§&_. M. S. ! Result -

Cows 33 13,425.251 406 .. 8�. 
'· 

Intervals l 378. 983 378.g8j' 13. 47 * 

Months 3 1,281.098 427.033 

Cows x 
Months I 99 3,942.827 39.827 

Cows x 
Intervals 33 502.489 15.227 .95 

Intervals :x; 
Months 3 84 . 403 28.134 1. 75 

Error l 99 1,588. 868 16.049 

!ota_! 271 1 21,203.919 l 

the lower yield per hour in the interval preceding 

the morning milking is statistically s1,n1f1eant. 

furner ( 1953 ) had suggested that a1a1.lar results 

put forward DJ Edwards (1950) were due to residual 

Jli.lk:. It was concluded that a further inveettsation 

should be made of the part played by resiclu.al ld�k in 

pro�cin& these results. 

(o) Milk T1�ld dat� fer eows milked at 12 hour 

interTSls. 

The recorcls of the cows iu the •producti-on per 
acre " •xperilaeDt, in which the cows were to be ailked 
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as near ly 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 preliminar.y 

analysis. 

Twenv of the total. number of cows in the herd 

had calved. in or before August 1953 and their recorta 

were selected for analysis. The yields were not con­

verted to rates per hour ninc.e the time intervals were 

equal. 

The mean yields were -

Afternoon - 14.75 lbs • 

Morning - 14.34 " 

Difference o. 41 

The herd test system of carrying over the frac­

tions of n pound of ailk from the evening to the morning 

milkiug would have reduced thi s difference of 0.41 lD. 

Also the greater gyeniag milk Jield appeare d remarkably 

consistent and th refore alth ough the difference between 
the means was non-significant as shown in hble 3, a 

more accurate investigation of this diftereaoe appeared 

de iraltle. 
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Table 3 

Analysis of Variance of Milk Production data of the 
Production per acre experiment I I I I 

Source 

Periods 

Cows 

Months 

Periods x 
Cows 

J:ez·iods x 
Months 

Cows x 
:MJnths 

Error 

L... Total 

&"ummaq 

i ! 
df S. S. M. S. F Result! 

-· - - -

l 6.782 1.0 

19 920.544 ' 

l 51 . 244 

19 74.093 ).�00 1.3 

3 30.593 10. 198 

57 177.331 

57 171.032 3.001 
I 
I 

,159 ! 1431.669 

N. S. 

N. s. 

• 

For the cows milk ed at 10 and 14 hour intervala 

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

vala preceding ·the evening milki.ug. This iilade the 

ratio of p.m. milk yield greater than the ratio of the 
a.m. milk yle!t 

respective time intervals, which agrees with Bartlett 

(1929 ) &ud Edwards ( 1950). Turner (1953) considered 

that a areater volume ot reai&wal milk was left after 

'the aorning milking than after the eveniag milking. 

The exoea• ot the morning reeidual milk over the even­

ing reaida&l milk wae added to the secretion produced 

1n the day internal and reaul tecl ill a higher Jield per 
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hour in that interval. This explanation could be 

tested by an examination ot the relationship of re­

sidual milk to primary yield. 

The greater evening yield found when the 1n�er­

vals between milkings were 12 hours was the reverse 

of the night e:ttect reported by Campbell (1933). 

Although this greater evening yield was non-aigniticant 

it was concluded that more accurate measurement was 

required. 
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EXPERIMENTAL METHODS 

A. Residual Milk Estimation . 

Milk e j ecti on can be evoked in the udder by use 

of commercial pitui tary extracts pos sessing oxytocic  

activity . In these experiments the Parka Davis pre­

parati on "Pitocin" was used, having a claimed con­

centration of 10 IU ( oxytocic ) per cc . Ten IU were 

considered satisfactory for the removal of  the re si d­

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

si dual milk showe d that occasionally a very small 

additional volume of milk was obtaine d by increasing 

the amount of Pitocin injected from 10 IU to  20 IU. 

Therefore in this work 10 IU were considered sati s­

factory for an e stimate of the milk retained in the 

udder after normal eje ction. 

The milking routine prior to the collection of 

Residual Milk followed the normal pattern except that 

primary yield was oolleoted in a herd test bucket 

until milk flow was negligible. Let down was not 

affect d by the experimental technique and thus a 

vali d  e stimate should have been obtained of the re­

sidual mi lk left after a normal milking. 

Aft r collecting the primary yield the cows were 

led to a cruah pen in a separate building where one o.c. 
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of "Pitocin" was injected into the jugular vein . 
The animal was then immediately milked by machine; 

during the latter stages the claw was pulled downwards, 

and the udder vigorousl1 massaged until milk tlow 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 l arge 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 Recor ding 

To ensure uniform fat distributi on at all milk­

i.Dgs, the milk was tipped from one bucket to another 

three times and then weighed to the nearest 1/lOth of 

a pound. A sample was taken and from t his t he fat 

content was subsequentl7 estimated in duplicate by the 

standard Babcock techniques, British Standards 

Institation. (1937) 
0. lal'lll Orcaniaa tion 

Cows in the Kaaaey College 4&117 hercl were made 

available for this work. 

three units. 

1. lrieaiaaa. 

2. Main Jersey herd. 

!he herd was split into 

3. Jerseys on the "production per acre" experi-
meDt. 
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The order 1n which the se oows were millce d was 

as fellows:-

- Morning 

1. Jerseys on "production 1. Friesians. 

per acre" experimen t 

at 5 a.m. 

2 . Friesians. 

3. Main Jersey herd. 

2. Main Jersq herd. 

3 .  Jerseys on Mproduction 

per acreu experi.men� 

at 5 p.m. 

The design of this routine allowed the Jerseys 

on the "pro duction per acre" exper iment to be milked 

at 12 hour intervals. However, the milking times 

varied when seasonal operations and unexpected disturb­

ances m ade this necessar,r. 

!he 7riesians and the main Jersey herd were organ­

ized on a commercial basis which limited the aoope of 

experiaental work. 

The "production per acre" experiment , described 

'b7 Ridd.et and Hyde (1954) was d.es1pe4 to stuq pasture 

utilization and the production ot �tterfat. 
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DIURNAL RHYTHMS IN MILK AND BUTTERF A� 
PRODUCTION 

INTRODUC!ION 

In section A the difference between morning and 

evening milk and fat yield is described when the inter-

val be�een milkings is 12 hours. Two experiments 

were carried out. In the firs� the cows were normally 

milked and therefore both milk synthesis and ejection 

uould contribute to any difference in yield. In the 

second experiment the udders were evacuated by "pitoein" 

after each milking, thus eliminating any potential 

difference in let-down at morning and evening milk1ngs 

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 ejection in producing this resul�. 

In section B normal milk yield was measured when the 

night interval between milldngs was 14 hours and the day 

interval 10 hours. Turner (1953) had claimed that 

under these conditions aD7 difference in yield per hour 

between d y and night was caused by consistently more 

residual milk remaining in the udder after �he morninc 

milking. It was planned to test this view by relating 

these results to measurements ot residual ailk. 
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A .  12 HOUR INTERVALS BETWEEN MILKINGS 

1. Milk yield at 12 hour intervals following 

normal ejection . 

Experimental . 

The yield of the cows in the production per 

aore 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 teat data on 

page 16 for these cows had shown a difference of 0 . 41 

lb . 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 3 0  cows over 4 days 

l lean Yiei<I Ios . Jiiean !Iei<I Ios . 
l Cow Cow 

No . P . M . A . M .  No . P . M .  A . M .  

1 14 . 0  13 . 5  16 15 . 7  14 . 4  
2 1 0 . 1  9 . 2  17 16 . 2  15 . 4  
3 11 . 0  10. 6 18 12 . 8  1 3 . 2  
4 12 . 1  12 . 1  19 13 . 1  12 . 8  
5 14 . 5  14 .A 2 0  13 . 5  13 . 2  
6 14 . 7  13 . 21 16 . 4  17 . 0  

b 14 . 1  13 . 7  22 19 . 1  17 . 1  
15 . 2  15 . 1  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  2 6  11 . 1  10 . 5  
12 18 . 5  18 . 3  27 14 . 8  13 . 8  
1 3  11 . 4  11 . 9  28 13 . 6  12 . 4  
14 19 . 1 18 . 4  29 10 . 2  9 . 3  
15 15 • . 15 . 3  ,3 0  13 . 8  9. 4 

Mean PM 13 . 7 6  
Mean AM 13 . 19 
Difference 0 . 57 lb . 

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 lb . 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 
!he mean daily morning and evening bulk milk 

yields for 31 cows in the production per 

acre experiment . 

I Week ending P.M. A.M. 

I 9 . 11 . 53 471 lb . 451 lb. 
16 . 11 . 53 4 45 448 
23 . 11 . 5 3  438 416 
30. 11 . 53 45 5 416 

7 . 12 . 53 459 437 
14 . 12 . 53 446 421 
21 . 12 . 53 440 427 
28 . 12 . 53 434 413 

4 . 1 . 5 4 418 417 
11 . 1 . 5 4  416 430 
18 . 1 . 5 4  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 

1 . 3 . 5 4  353 330 
7070 6879 

Mean 415 . 9 404 . 6  

diff 11 . 3  

for 31 cows 

!his difference of 0 . 57 lb. ( !able 4 )  was 

supported by an examination of the record of the bulk 

milk produced by these cows at the morning and evening 

milkings, reproduced in !able 5 .  !hese records 

taken from the production per acra experiment were 

collected under routine conditions, when ailking tiaes 
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were only approximately 12 hours apart, the mean day 

interval being slightly shorter than 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 daily production for the weeks 

when the time intervals were observed to be approx­

imately 12 hours. 

Table 6 

Analysis of Variance of Milk Production ot the 

30 cows on the production per acre experiment. 

Source df SUms Sqs. MS F Result 

Cows 29 17 08 . 11 
Days 3 10 . 68 
Days x Cows 87 51 . 62 
Periods 1 19 . 55 19 . 55 6 .63 p =0. 09 
Periods x Cows 29 52 . 97 1 . 83 2 • .J..8 ** 
Periods x Days 3 8 . 86 2 . 95 3 . 51 * 
Error 87 73 . 37 0 . 84 

Total 239 1925 . 16 : 
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 �a" and 

"Periods x Cows" were both significant and therefore 

the appropriate teat of sigDificanc� for " periods " 

would not be using the usual teat with "error" as the 
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denominator. The most valid t est was against the 

larger interaction as the denominator, but the low 

number of degre e s  of freed om f or this interaction 

makes significance difficult to obtain but none the 

less it has been used . A more appropri at e t est might 

be to use a combination of Error and Int eracti on Mean 

Squares as denominator. However, the a ppropri at e  

number of degrees of freedom are not known and 

although this procedure might have given a hi ghly sig­

nificant test it cannot be used. 

These results show that the greater evening pro­

duction could h�ve occurred by chance alone 9 time s in 

a hundr ed , that is, they were significant at the 9% 

level. !he significant int ra ction between peri ods 

and days showed that the difference changes from day 

to day. This could be t he res ult of differenc es in 

milking effici ency . The significant interacti on 

"Period s x Cows" was of mor e interest because it s howed 

that t he diurnal rhythm differed between cows , and 

theref ore the overall diff erence between morning and 

evening prod uction required examinati on in each cow. 

(b) Pa t Yield. 

Simi lar trends to those f or milk yi eld ware 

obs erved in diff erences be�een morning and even ing fat 

producti on .  !able 7 s hows t he mean fat prod ucti on tor 

ea ch cow f or t he f our day peri od and t he differ en ce 

between the mean aornin g  and even ing ta t yi eld s. 
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Table 1 
Mean Fat Yi elds in lb. tor 3 0  cows over 4 days .  

lean Yiein I'6. Mean Yieia I'6. 
·cow Cow 
No . P . M .  A • .M . No . P . M. A. M • 

1 . 827 • 708 16 . 865 . 719 
2 . 62 4  . 528 17 . 923 - 7 46 
3 . 5 40 . 47 8  1 8  . 7 47 · 72 4  
4 . 721 . 660 19 . 637 · 597 
5 . 667 . 670 20 . 667 - 592 6 . 885 . 775 21 . 886 . 91 3  
7 . 869 .�02 22 . 995 - 727 8 . 931 • 71 23 . 7 40 . 57 5  
9 . 722 . 7 08 2 4 . 842 . 677 

10 . 77 8 . 716 25 . 711 . 691 
11 . ) 48 . �26 26 . 7 85 . 62 6 
12 1 . 023 • 85 27 . 9 40 . 7 62 
13 . 635 . 64? 28 . 793 . 5 82 
1 4  . 9 61 . 83 9  2 9  . 57 0  . 499 
15 . 848 . 8)8 ' 30 . 777 . 408 

j 

Mean P . M .  0 . 775 
A. M .  0 . 67 3  

Difference 0. 10 lb. 

The Analysis of Variance ( Snedeoor 1946) showed ttat 

in Table 8 the difference in Table 1 of 0 . 10 lb . of 

fat between the mean fat yield was highly significant. 
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Table 8 

Analysis of Variance of fat production of 30 c ows 

on the pro duction per acre experiment . 

Source df Sums Sqs M S  F Result 

Cows 29 4 . 3216 . 1490 
Days 3 . 077 6  . 025 8 
Days x Cows 87 . 6.3 65 . 0�3 
Periods 1 . 6282 . 62 2 3 0 . 60 • •  
Periods x Cows 29 . 4609 . 015 6 1 . 71  * 
Periods x Days 3 . 0629 . 0209 22 . 5  ** 
Error 87 . 8077 . 00928 

Total 239 6 . 995 4  

The difference between the mean morning and 

evening fat production was te sted in Table 8 in the 

same way as in Table 6 for the milk yiel d data , but 

in Table 8 a highly significant re sult was obtaine d 

when t e s t e d  against the larger interacti on .  

The significant interacti on " Days x Cows " s howe d 

that the diurnal rhythm in fat production differed 

between day s ; this could have been caused by variati on 

in milking effi ci noy . fhe significant interacti on 

"Periods x Oows" showe d that the diurnal rhytha 

differ d between eows , but since tat is susp nd d in 

th milk the signifi cant interacti on for milk yield 

in Table 6 and fa� yield in fable 8 may have common 

cause . 
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( o )  Fat Percentage . 

The mean fat percentage for morning and evening 

over the experimental period was -

Evening 5 . 65% 
Morning 

Difference 

5 . 11% 
0 . 5 4% 

The influence of variati on in let-down on fat 

percentage is di s cusse d in Part II Se cti on " E" where 

it has been shown that higher yiel ds due to more c om­

plete evacuati on of the udder re sult in a higher fat 

percentage at that milking . Conversely a lower fat 

percentage was found when yield wa s re duced by a poor 

l e t-down . It i s  po s sible that the higher fat per­

c entage at the evening mi lking was caused by a con­

s istently bigger let-down whi ch would add more of the 

high fat percentage strippings to the primary y i el d .  

I t  i s  intere s ting t o  not e that i f  the extra 0 . 10 lb . 

of fat were suspended in the extra 0. 57 lb . of milk 

this milk would be 17 . 5� fat , whi ch is not greatly 

ab ove the fat percentage found in strippings .  How­

ever there i s  no evi dence to how that the extra 

yield of fat and milk was in the s trippings . 

The problem was to find a test for the hypothe i s  

that a bigger le t-down oc curred at the vening milk­

ing . If there had been a bigg r let- down there would 

have been more atrippincs added to the primary Jield . 
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Prom the normal milking to milking variation in fat 

yi eld it was pos s ible to e stimate how much extra fat 

would be adde d by the l et-down of an additional 

0 . 57 lb . of milk . This relati onship between fat yield 
and milk yield i s  di scussed in Part II Section " E". 

Table 9.  
Analysi s of  Covariance t o  t e st the signifi cance 

of the difference in fat yield between peri ods 

after all owance for the regre ssi on of fat yield 
( y )  on milk yiel d ( x ) . 

Source 
Errors of Estimate 1 ' f SSy ' df ' M . S .  F Re sult 

Total 
Cows 
Days 
Peri t�ds 
Days x Cow s 
Periods x Cows 
Peri o ds x Days 
Error 

Iedods + Errar 

239 29 
3 
1 

87 
29 

3 
87 0 . 288 

88 l 0 . 428 

Differenc e f o r  te � 
adjusted period 1 
means 1 0 . 140 

86 , 0 . 00335 

87 

1 I 0 . 1� 0 1 41 . 79 
I 

I I 
* *  

!able 9 shows that the difference between the 

mean fat yields remained significant after al1owance 

for the resre ssion of fat yield on milk yield . It 

was possible that this relationship be�ween milk 

yield and tat yield may show some departure troa 
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linearity , but it i s  not likely to be �portant in 

thi s analysi s .  It i s  co ncluded that let-down did not 

produce all the difference in fat yield between morn­

ing and evening milkings . However, this te st can 

only show that let-down could not have produced all 

the di fference, but does not show wh e ther i t  produced  

part of  the difference . This test would have given 

a more decisive re sult if the difference  in fat yield 

had b een non- significant after allowing for the extra 

milk yield , because then it would have been concluded 

that a difference in let-down had o ccurre d  and a 

difference in synthe s i s  had not o ccurre d .  

2 .  Milk yield at 12 hour intervals following 

superstripping . 

Experimental 

The use of "Pitocin" as a techni que for evacua­

tion of the bovine udder has been discusse d under the 

general heading of Expe rimental Methods . It has 

been assume d that the c ontractile elements in the 

udder showed uniform sensitivity to one c . c . of 

"Fitoc1n" at morning and evening milking and this gave 

uniform evacuation at both ailking times .  Thus 

differences in total yield were interpreted as differ­

ences in s,nthe sia . !he 10 Jersey c ows made avail­

able from the ma in  Masaey College herd were milked 



-3 4-

in the same order , starting at 5 a . m .  and 5 p . m. 

The l ength of the intervals between milkings were 

e st imate d from the time the cups were remove d from 

each oow. Care was taken to prevent the feed c on-

ditions from influencing the re sults , and as far as 

pos sible the feed offered during the day peri o d  and 

the night peri o d  was si�lar. A ratia1 of 4 lb . of 

commercial dai ry meal was offere d to each cow after 

each mi lking . The meal helpe d t o  maintain production 

and al so allow e d  the cows t o  settle down to the new 

routine . Th e  c o w s  were allowed to graze irrigated 

pas ture f or approximately thre e- quarters of an hour 

after eating their meal . For the remainder of the day 

they were on m� dium quality gras s ,  plus ample silage . 

Thi s  supplementary f e e d  was �de ne cessary by the dry 

summe r of 1953/5 4 .  
Start ing on 2 3rd Pe bruary f ive day s were allowed 

for the cows to become accustome d to the new conditions ; 

then the inje cti on routine was in operati on from 28th 

February to 5 th March and the return of normal let­

down was ob served from 5 th March until 8th March . 

Re sults 

( a )  Milk ;yield . 

�e mean night interval was 12 . 12 hours , and 1he 

day interval 11 . 89 hours , a diff rence of 14 minut e s .  

In spite of the shorter 4&1 interval the yield of 
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milk synthe si se d during the day was the greater . 

Therefore the difference of 0 . 28 lb . in mean yi eld , 

fabl e 1 0 ,  betwe en peri o ds in the se re sults could not 

have b e en cause d by the uneven time intervals , rathe r 

it may have been reduced by the uneven time interval s .  

Table 10 

Mean milk yi elds at morning and evening for 6 

supe rstri ppe d cows for 6 da�· s .  

Cow fuorning Evening 

1 9 . 72 9 . 18 
2 10 . 80 ll . l2 
3 9 · 93 9 . 83 
4 9 . 20 1 0 . 10 
5 11 . 62 1 1 . 95 
6 16 . 27 17 . 3 0 

' 7 9 . 62 � . 97 
8 ll. 67 11 . 2A 

I 9 1 3 . 03 13 . 4  
' 10 1 0 . 2 0  1 0 . 67 

Mean 11 . 21 11 . 49 

Mean Difference 0 . 28 lb . 

The relation b e twe n time and production has 

been examined in !able 11 whi ch shows a po sitive 

relation between milk production and time over the 

short intervals involved in the s data . 
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Table 11 

Te s t  of the significance of the difference in 

mi lk yield b etv:e en peri o ds , after allowi ng for 

the regression of fst yield ( y ) on time 

into rval ( x ) .  

�� --------------------�E�rr�o-r-s�o2f�E�s�t�i�ma-�t�e---------- � 

Source df S �  d1' ' M .  3 .  F Re sult 

Total 
Cows 
Days 
Periods 
Day s x Cows 
Days x B!r:'io ds 
:Rniod s x Cows 

Error 

119 
9 
5 
1 

45  
5 
9 

45 19 . 864 44 o.  45 1 
-------"--------- -·-�----� 

46 2 6 . 15 <: 6  45 
I I 

Difference f or I 
testing Adj usted 

6 . 295 6 · Peri od Means I l 

Ta b le 12 

Adjus t e c  Mean Milk Yie lds 

X •• 12 • 00 3 1 b • b • 2. 079 

I I M'ean l x 
Perio d  Time .Dw �n  1 Pro duct 

1 AJI 

Erp. Nam  b . x  
' 

J2.116 I +0 . 113 0 . 235 

Difference . 755 lb . 

6 .  296 13.96 * *  

Mean AdjiStid hi! 
lrochatl<n , Pro duction 

Y Y-bx 

11 . 205 

11 . 490 1 u .  725 
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�. additi onal 0 . 28 lb . of milk produced at 

the evening milking ( fable 10 ) may have been influenc­

e d  by the Shorter time interval in the day peri o d .  

Therefore thi s differenc e  of o . 28 lb . 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  lb . between the mean milk yields after 

this adjustment was made . 

f.he pain and rough treatment associat e d  with the 

" Pi t o cin" inje ctions caused inhibition of normal let­

down which resulted in retention o f  more re si dual 

milk. When the in j e cti ons were completed,  measure­

ment of milk and fat yield was continue d .  By 8th 

March let- down appeare d to have become approximatel y 

normal and no permanent e ffe ct could be obs erve d .  

( b ) Pat Yield. 

No significant difference was found in fat pro­

duction between the morning and evening peri ods . 

Table 13 shows the mean yields . 
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fable 13 

Mean fat yi elds at morning and evening for 

6 superatrippe d cows for 6 days . 

Cow Morning Evening 

1 0 . 583 lb . 0 . 564  lb . 
2 0 . 625 0 . 642 
3 0 . 5 69 0 . 5 43 
4 0 . 485 0 . 526  
5 0 . 735 0 . 681 
6 0 . 737 0 . 739 

� 0 . 608 0 . 6.39 
0 . 633 0 . 626 

9 0 . 691 0 . 676 
10 0 . 615 0 . 606 

Mean 0. 628 0 . 624 

Mean Difference 0 . 004 lb . 

It wa s rec ogni zed that the se result s might have 

b e en influenc e d  b7 the 14  minute difference in time 

interval , in the same way as the milk yield in Table 

11 . A Covariance analys i s  in Table 14 showe d  thi s 

difference in tat pro duction to be non-significant 

after allowing for the regre s sion of tat yield oa 

time interTal . 
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Table 14 

Analysi s of Covariance to test the signifi cance 

of the difference in fat yield b etwee n periods 

after allowing for the regression of fat yields 

( y )  on time interval ( x ) .  

Errors ot Estimate 
Source df SSy ' dt ' M .  S .  

Total 119 
Cows 9 
Days 5 
Perio ds 1 
Days x Cows 45 
Days x &rioda 5 
Rdods x Cows 9 

Error 43 . 05 648 42 o. 00134 

Par.iois + Errcr 44 • 05 65 3 4 3 

Difference for 
testing adjustad 
means for :adais . 00005 1 • 00005 

., REEU.ltt 

< l 1\ " ,. 
1� • ;::) • 

In Table 14 the Error degree s of freedom have 

be en re duced by Two in order to allow for two mis s-

ing plots . In this !able the usual null hypothesis 

has been used in the statistical test. fhe hypo-

thesis set up was that no difference existed between 

the mean fat produe·U.on in the two periods , the test 

in !able 14 does not disprove this hypothe sis nor 

does it prove that there was no difference between 

the mean fat y1 lds . !herefore it is not possible 

to prove that the rate ot fat sTQtheaia remained 



c onstant throughout the 24 hours . 

( c )  Fat Perce n1age . 

The evening fat percentages in Tab le 15 were 

below tho se for the morning , since fat yield in 

rable 14 remaine d constant and milk yield in Table 

11 rose in the afternoon . 

TRble 15 

Mean fat percentage at the morning and evening 

milking for 10 supe ratripped c ows for 6 day s . 

Cow Morning Evening 

1 6 . 01 6. 13 
2 5 . 79 5 - 77 
3 5 - 7 4  5 . 5 0 
4 5 . 13 5 . 21 
5 6 . 34 5 . 71 
6 4 . 5 3 4 . 28 

l 6 . 33  6 . 41 
5 . 44 5 . 5 6  

9 5 . 31 5 . Ol 
1 0  6 . 04 5 . 68 

Mean 5 . 67 5 . 52 

Mean difference 0. 15% 

The signifi cance of the difference between the 

Mean tat percentage s in !able 15 has not been t e st e d  

since both Milk yield and tat 7ield have b e e n  te sted 

in Table s 11 and 14 re spe ctively . The separate 

analysis of fat yield and milk field follows the 

approach ot Cox ( 195 3 ) ,  although his dilut i on 
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analysis has not beQn u s e d .  

DISCU S S I ON OF THE DIFFERENCE BETWEEN MORN ING AND 

EVENING MILK M�D PAT YIELDS IN COWS MILKED AT 

12 HOUR INTERVALS 

In the cows milke d under the normal routine at 

12 hour intervals the evening .ailk and fa'tt yield was 

slightly greater than �he morning yiel d .  This i a  

not in agre ement with the "night " e ffect reported by 

Campbell ( 1933 ) who sh owed greater yields at the 

morning milking . In the review ot literature crit-

i cal examination of Campbell ' s  re sult s showed that 

even his own data di d not oonclusively demonstrate a 

"night " effect . Thi s evi dence taken in conjuncti on 

with the pre sent results cast considerable doubt on 

the existence of such a "night " effect . Instead , it 

i a  sugge sted that , in cows milked under the normal 

routine , the slightly greater yields of milk and fat 

at the eveninc milking cons-.1tute d a " day " effect . 

It was not po ssible to decide whether "he addi"­

ional evening yi ld in the se re sults was caused entire­

ly by a higher rate of synthe is in the day interval , 

or by a aor oGaplete let-down at the evening milking . 

This latter alternative was supported b7 Korkman • a  

( 195 3 ) dis cussion of differenc� in lei-down between 

morninc and ev niq a1l.k1ngs . The analysis of eo-
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variance in Table 9 showe d that , even if there was any 

difference in let-down between milkings , it was unlike­

ly to have caused all the difference in tat yield and 

fat p ercentage . !herefore it was suggeste d that 

synthesis almost certainly contribute d  to thi s  re sult . 

This has been dis cuss e d  in detail under the heading 

11Fat Percentage " on page 31 . 

In a separat e  experiment , described on page 3 3 , 

variati on in let-down was eliminated b7 use of " Pitocin" 

to evacuate the udder after each milking . !hue the 

mi lk obtained should have b een synthe si sed in the in­

terval since the pre c e ding milking . A greater milk 

yield was al so obtained at the evening milking under 

the se c onditions . The difference of 0 . 28 lb . was 

small , but when allowance was made for the regre s sion 

of milk yield on time interval thi s difference in milk 

yi e l d  wa s increased to 0 .76  lb . ,  whi ch is approximate­

ly the same ns that obtaine d in the normally milke d 

oows . Thi s was regarded as furthe r  evidence that the 

small di fferences in milk yi el d ,  between morning and 

evening milkings in normall.T milked cows , are largely 

caused by differences in synthe sis in night and day 

intervals of e qual length. 

It i s  not ye� po ssibl to associate the se rhythmic 

differences in producti on wi th metabolic act1v1� or 

with the alternate light and dark periods ,  although 

it would be of in�erest to test th difference s  between 

morning and evening yield when the pho1o period i s  
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artifi cially reverse d .  I f  there are any differenc e s 

betwe en morning and evaning yield due to +et- down, 

they woul d b e  very small . 

� e  differenc e  b e tween the fat yield re sul t s  in 

the normally milke d and superatrippe d c ows re quire 

further explanation. In the normally milke d c ows a 

greater fat yield was ob taine d at the evening milking , 

but in the superstrip�e d cows the yield was the same 

at both mi lkings . The o c currence o! greater milk 

yields in both experimants has already been di s cussed . 

In consi d e ring the se rasult s  i t  i s  Lmportant to remem­

ber that the di fferences in milk yield are small , of 

the order of 2% of the daily yield and it seems 

unreas onable to spe culate on th e possibility o! le t­

down causing a difference in fat y ield in the normally 

milke d c ows and not in the superatrippe d c ows . 

ftle extra milk yield at the evening milking in 

the supe rstripped cows was cause d by the se creti on of 

more water in proportion t o  fat . It i s  of int ere st 

to note that Hillman et al .  ( 195 0 )  and Aschaffenburg 

e t  al . ( 195 0 )  report smaller free zing point depre ssions 

in evening than in morning ��k , though these o ccurre d 

under abnormal husbandry conditions and therefore may 

have limited application . It would be of intere st 

to 1ndirectl7 measure the difterenee in oemot1o press­

ure equilibriwa of ailk between aorn1ng and evening 

through the tr esing point depreaa1on . 



-44-

Ho significant interaction, b etween periods and 

cows , was observe d in the superstripped animals where 

variation in let-down was eliminated. Thi s  result 

can be derive d from the data in Table 11 . In the 

normally milke d cows , there was a significant int er­

action ,  Table 6. Since superstripping eliminate d 

the interaction the differences between the normally 

milked c ows in the way the greater evening yi eld was 

pro du.ce d 1 .  e .  the in·terao t i on ,  c ould be attribut e d  to 

the e j e c ·ti on me chani sm .  

The se reaul t s  show that Turner ( 195 3 ) was un­

justifie d in hi s assumpti on that the rate of milk syn­

the si s was constant in o o th pe riods . Hi s evidence 

showe d that "ihe rate of synthesis remaine d constant 

for peri o ds as long as a 1 4  hour night interval , but 

these results sho w  a di �rnal change in the rate of syn­

the sis whi ch i s  a different kind of variati on. A 

f urthe r point oi' importance will be to consider the se 

diurnal variations in the rate of milk synthesis in 

experimental de signs , as for example , in the work 

reported by Eiaenreich and Mennioke ( 195 0 )  and Bailey 

et al . ( 195�. 
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B .  MILK Y IELDS AT UNEQUAL INTERVALS 

BETY:EE.t'1 MILKINGS 

Intr o d u c ti on 

The work d e s c ribe d in thi s s e ction wa s undertaken 

with the following aims ; 

1 .  To inve stigate difference s  between c ows in the 

rat i o  of evening to morning milk yi e l d ,  be cause if 

the se differences were large they c ould b e  important 

in c onsidering the usefulne s s  of Turner ' s  ( 195 3 ) 

explanation o f  the lower rate of yi eld in a long night 

interval . 

2 .  To obtain the ev� rage yield per hour in the long 

night and sh ort day int ervals and thuo check the 

report of Bartle tt ( 1929 ) and Edwards { 195 0 )  that the 

yield per hour wa R lower in the long ni ght interval . 

It was proposed to relate the lower yield per hour, 

if i t  were c onf i rme d ,  t o  th e regre s si on of r e s i dual 

milk on primary yiel d , in order to t e at the explana­

tion of Turner ( 195 3 ) that more re si dual milk was left 

in the udder after the morning milking than after the 

evening milkinB , thus causing the lower yield per hour 

in the long night interval . 

Experim ntal 

The production of 51 cows in the Mass ey College 

herd wa s  re oorded for 14 consecutive milkings from 

11th 7ebruary to 17th Febru&r7 195 4 .  It was not 

pos sible to superimpo se a fixed milking time on the 
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normal routine . The milking interval s were cal culate d 

from the average time at whi ch milking starte d ,  which 

should b e  satisfactory s inc e  the c ows were milk e d  in 

approximately the same order and the time taken to 

mi lk the herd wa s a�o s t  c onstant . The h e rd and it s 

management have b een previ ously de scribe d under the 

heading .. Experimental Me thods " .  

l .  Di ff erence s b e tween c ows in the evening to 

morning milk y i e l d  rati o s .  
� 

�·rom the evening and morning milk yie l ds the 

rat i o  o f  evening t o  morning y i e l d  was cal cul ate d .  

':tab l e  1 6  sho .vs the mean ra ti o f or ea ch c ow .  
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!able 16 . 

Mean Rat i o  of Evening to Morning mi lk field 

for 51 c ows for 7 days . 

Cow Number Ratio COR Number Rat i o  

1 0. 1 44 27 0 . 682 
2 0 . 75 8  28 0 . 804 
3 0. 821 29 0. 680 
4 0 . 6..:0  30 0 . 700 
5 0 . 602 31 0 . 799 
6 0 . 65 6  32 0. 65 6  

b 0 . 7 6 6  33 0 . 630 
0 . 634 34 0 . 715 

9 0 . 6 08 35 0 . 639 
10 0 . 648 3 6  0 . 667 
11 0 . 7 63 SA 0 . 77 8 
12 0 . 614 0 . 617 
13 0 . 7 20 39 0 . 669 
14  0 . 688 40 0 . 629 
15 0 . 636  41 0. 649 
16 0 . 65 6  42 0 . 82 4  
17 0 . 75 8 43 0 . 645 
18 0. 85 8  44 0 . 757 
19 o .  615 45 0 . 7 07 
20 0 . 938 46 0 . 849 21 0 . 772 47 0 . 65 8  
22 0 . 680 48 0 . 626 
23  0 . 7 33 49 0 . 645 
2 4  0 . 729 5 0  0 . 708 
25 0 . 5 66 51 0 . 807 
2 6  0 . 641 

Gf!neral Mean 0 . 689 
Inte rval preceding the 

morning milking 14 . 1 3 3  hrs . 

Interval prec·eding the 
9 . 867 hrEt . eve ning miMing 

· �  

- ......, I 
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The differen c e s  b e twe e n  c ows in the se ratio s was 

t e s t e d  by Analy s i s  of Variance ( Tabl e  17 ) •nhi ch shows 

a signifi cant di ffere nc e betwe en c ows in the rati o  of 

evening to morning y i e l d . 

Tab le 17 . 

Analy s i s  of Variance of the ratios ot 

evening to mo rnin� milk yi elds 

I source df ss MS F 

Cows 5 0  2 . 19 3 45 0 . 043 87 1 . 4 8 
, Day s 6 0 . 4 5708 
Mis sing 

pl o t s  9 
Error 291 8 . 63857 0 . 0297 

Total 35 6 1 1 . 2 8910 

R e sult 

* .F )  • 05 

Variati on in the indivi dual rati os may have b e en 

increase d by small morning yields resulting 1n very 

high rati o s . This i s  a di sadvantage inherent in the 

use of rati o s . On c ompleti on of thi s analys i s  it 

be eace evi dent that u se o f  the rate of yiel d  per hour 

would overcome thi s di sa dvantage and at the same t ime 

give a greater amount of informati on ;  the re fore in 

a� future work the rate of yield would b e  analyse4 
rather than the ratio of evening t o  morning yi el d .  

Turner ( 1953 ) assume d no differenc e s  be�een cows 

in �he se ratio s .  I t  i s  evi dent that i n  the se data 

at laae� � such an assumpti on was unjustifi d .  
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In discussing the significant interacti on 

" Periods x Cows" in Table 6 for normally milked cows 

in relati on to Table 11 for the superstrippe d  cows 

where there was no significant interaction ( though 

the re sult i s  not shown in the Covariance Table ) ,  

it was suggested that let-down was the mos t  likely 

cause of the significant interacti on . It was not 

possible to formulate a similar argument for these 

results obtained from c ows milked at 10 hour and 14 

hour intervals because no cows were supe rstrippe d at 

these intervals .  However ,  i t  seems likely that 

the se differences betwe en c ows in the ratio of even­

ing to morning yield could also be attributed  to  le t­

down differences between c ows . 

If le t-down , and not synthesis , causes the differ­

ences between cows in the rati o of evening to morning 

yield, then it would be of interest to test the 

differences  between cows of the regre ssi on o f  residual 

milk on primary yield . 

Edwards ( 195 0 )  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 c ows in the stage of lactation . When the 

stage of lactation was plo tted against the mean ratio 
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of evening to morning yield for each cow , no relation­

ship could be di s t ingui she d .  However, thi s  di4 not 

consti tute a satisfactory t e st of the influenc e of 

s tage of lactati on on the rat i o  of evening to morning 

yiel d ,  but the s e  data di d no t allow us e of a more 

de ci sive t e s t . 

Di scounting the po ssibil i ty of stage of lactati on 

causing all the difference s  b e �ween cows in the ratio 

of evening to morning yield i t  is conclude d  that any 

explanation of any differenc e b e twe en int ervals in 

the yi eld per hour re quire separate examinati on in 

each c ow .  

2 .  The rate o f  milk yield in the interval s 

pre ce ding the morning and the evening mi�ngs . 

furner ( 195 3 ) examine d the lower yield per hour 

at the morning milking , report e d  by Edwards ( 19 5 0 ) , 

by using the ratio o f  morning to evening y i el d . 

Differenc e s  b e twe en cows in the se ratios have b e en 

demons trate d  in the pre ce ding page s .  This cast d oubt 

on the validit.y of Turner ' s  ( 1953 ) me tho d  of explain­

ing any lower yield p er hour in the interval pre ce ding 

the aorning milking . 

In thi s se ction the ob J ect was to de cide whether 

any such lower rate of 7ield existed in the Masaey 

College herd , and thus whe ther Turner ' s  ( 195 3 ) explan­

ation was 1n tact ne c e a sar.y . 
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The ratio of Mean evening yield - �·6�1 • 0. 689 
lean morning yield 1 • 

The ratio of the tims intervals : � • 0.- 698 
14.""ITI 

It i s  evident that any difference between the 

ratio of the milk yields and the ratio of the re spec­

tive time intervals i s  negligible , that i s ,  the rate 

of  yield per hour is constant in the night and the 

day intervals .  

The relation between residual milk and primar,r 

yield has been di scussed in Part II . 

cows " regre ssion of re sidual milk on primary yield 

showed that residual milk increased with primary yiel d .  

If thi s o ccurred "within c ows " more re si dual 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 t o  be  

lower than at the evening milking since more c omplete 

evacuation would occur at the evening milking and thus 

the ratio of evening to  moraing yield would be greater 

than the ratio of the respective time intervals .  !hese 

result s do not show such an increase in ratio for the 

ratio of the yields e quals the ratio of the respective 

tiae intervals . 

explanations . 

!here appear to b� two possible 

1 .  Resi dual milk was constant in volume at both milk-

1ngs and the rate of secretion was constant. Under 
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the s e  conditions there would b e  no " wi thin c ows " 

regre ssion of re si dual milk on primary yield.  

2 .  The se re sult s ma y  not be repeatable . A po s sible 

source of error would be in estimating the time inter­

vals although it i s  diffi cult to see  how thi s would 

have o ccurred .  It i s  surpri sing that differenc e s  in 

synthe si s alone did not produc e  a ratio of evening to 

morning yield in exce ss of the rati o of the int erval s .  

A lower yield per hour would b e  expected at the morn­

ing milking be cause ,  fir stly ,  the diurnal rhythm in 

synthe sis  ( Part I se cti on " A 11 ) woul d lower the morning 

y i eld , and secondly , secreti on would be inhibit e d  in 

the long night interval , s inc e Bailey et al . ( 19 5 4 ) 

have given an indicati on that se creti on rate s  may fall 

slightly after approximately 12 hours . 

These results do not agre e with tho se obtaine d by 

Edwards ( 195 0 )  and Bartlett ( 1929 )  who both showe d a 

higher rate of yi eld per hour in the short day pe ri o d ,  

whi ch re sult e d  in rati o s  of afternoon t o  morning yield 

b eing greater than that for the ratio of the time 

int e rval s . However ,  they do confirm Xorkman ' s  ( 1953 ) 

re sults . The data coll e c t  d by Edwards , Bartlett and 

Korkm&n were not for the xpre ss purpo se of measuring 

pro duction in relation to time , there for the time 

interval s may not be ao ouratelJ e stimated . 
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The dis crepancy b e tween the se data and the 

herd test results .  

The prel iminary examination of herd t e s t  data 

showe d s igni f i cantly lower y i e l d  ra t e s  at the morning 

milking . The monthly herd te st was done s ix days 

after the pre sent data were coll e cted. Thi s  again 

showe d lower yi e l d  rat e s at t he morning milking . Under 

the herd testing routine the frac tions of a lb . above 

the round figure were carri e d  forward to the morning 

mi lking , i . e .  12 . 75 lb . at the evening milking was re­

corded a s  12 lb . and the thr e e - quarte r s  was carrie d  

f orward t o  the morning y i e l d . Thi s  woul d merely de­

crea s e  the eveni ng y i e l d  whi ch in the herd t e at data 

has al re ady b e e n  shown greater than the morning . 

No explana tion wa s a pparent for lack of agre ement 

b e tween the experimental data and the herd test re sul t s . 

It w i ll b e  of intere s t  to attempt to repeat them . If 

thi s can be done i t  seems li ke ly that s ome factor 

o perat e d  during h e rd test mi lkings whi ch bia s e d the 

re sul t s . For i nstanc e ,  it woul d not be unexpe ct ed to 

find the cows more thoroughly milke d when the � e ster 

arrived for the first milking in the after.ao on . If 

the dis crepancy betwe en the two sets of data can be  

su b stant iat e d  the possibility would ari s e  of a similar 

bia s  in the re sults reported by Edwards ( 195 0 ) for 

herd te st data .  
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!urner ( 195 3 ) has base d  his explanation of the 

difference in �ield per hour at morning and evening 

milkings on Edwards ' data ( 195 0 ) . If the se data are 

inaccurate Turner has explaine d a situation whi c h  in 

fact doe s not exist . 

DI SCUSSION OF DIURNAL RHYTHMS IN MILK AND 

FAT PRODUCTIOI 

Any difference between morning and evening milk 

y ields must be considered in relation to the length 

of' the time interval over whi ch the milk was produc e d . 

The belief that product ion i s  maximised when the inter­

vals between milkings are approximat ely e qual has re­

sulted in a tendency towards a 12 hour day interYal . 

!his t endency is opposed by the nee d  to restrict the 

working day to a reasonable length . In practic e  the 

day interval ranges from approximately 9 hours up to 

12 hours . As this int erTal increases the night inter­

val decrease s by the same amount . 

!his investigation has been concerned with two 

sets of conditions . Firstly , the interval between 

milking& was 12 hours and therefore equal . A separate 

exaaination of aili 7·i elds was made when the day inter­

val was 10 hour a and the night intenal 14 hour s .  

Produc1ion fro• the cows milke d at equal intervals 

showed the evening ailk and tat production to be 

slight� greater than the aorning production . fhe 
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greater evening milk pro duction i s  substantiated by 

the bulk milk records for the same cows over the peri od 

Novemb er t o  February . Thi s  was the oppo site of the 

great e r  morning milk pro ducti on report e d  by Campbell 

( 1933 ) .  This difference in pro duc ti on at 12 hour 

intervals wa s then examine d in superstri pped cows , 

where again greater evening nlilk pro ducti on was found, 

though fat pro duction was equal in both int erval s .  

It i s  sugge sted that the greater milk pro du cti on 

at the evening milking was largely the re sult of a 

slightly higher rate of s7nthe si s in the day interval , 

although there i s  as y e t  no evidence to show what 

change s o c cur in the rate of synthe s i s  from one hour 

to another over a 24 hour cycle . The po s s ibility o f  

differences in let- down c ontributing to the greate r 

afterno on yield has b e en considere d .  

Milk pro duc ti on was also measure d when the day 

interval was 10 hours and the night int e rval 14 hours . 

The se resul t s  show approximatel7 equal yi eld per hour 

1n both interval s ;  thus , at least , under c ertain c on­

ditions there i s  no difference in yield per hour on 

whi ch to te st the hypo the sis put forward by furner 

( 1953 ) .  
It has b e e n  shown that the difterene e s  in 7ield 

per hour whi ch o c cur at 12 hour intervals be�een milk­

ings are not e xhibite d in the same way in each cow .  
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It has al s o  been s hown thai the rati o  of evenins to 

morning milk yield di�fere d in the cows milke d at 10 

and 14 hour interval s ; thus the average yield per hour 

used by Turner ( 1953 ) conceals the indivi dual differ-

enc e s  b e tween cows . Within each c ow the yi eld pe r 

hour ap pears to depend on a comb inati on of factors 

whi ch will eventually re quire separate explanat ion in 

each cow . 

A further aim of the work was to che ck another 

as�tion made by Turner ( 195 3 ) that the rate of syn­

the s i s  remained c onstant . In vi ew of the differenc e s  

i n  yield found a t  12 hour intervals i n  thi s work and 

the report by Bail ey et al . ( 195 4 ) o f  an inhibiting 

effe ct of a long int erval on synthe si s , i t  s e ems un­

l ike ly that synthe s i s  does remaia constant . 

Thus : -

1 .  !he lower yield p er hour in the int erYal pre c e ding 

the morning milking report e d  by Edwards ( 195 0 )  and used 

by Turner ( 1953 ) has not b e en confirme d .  

2 .  I t  has been s hown that Turner ( 195 3 ) has negle cte d 

the ne e d  for separate explanation in each cow ot &DJ 

di fference in 7ield per hour be tween nisht and day 

interval s .  

) .  !he assumption made by furner ( 1953 ) ,  that the 

rate of s.ynthe i s  remaine d constant throughout a 24 

hour period haa b e en di spute d .  
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THE RELATI ON SHIP BETWEEN RESIDUAL MILK AND 

PRIMARY MILK YIELD 

INTRODUCTI OJ' 

Krull in 19 05  ��gge sted that some of the observed 

milking-to-milking Tariati on in milk and fat yi el 4 

could be attribute d  to the different amounts of milk 

left in the udder after a normal milking . 'rh i a  hypo-

th e s i s  and the work it stimulated ha s b e en d i s cuss e d  

i n  the revi ew o f  literature . The aim of th e pr sent 

inve stigation was to obtain e stimat e s  of the amount and 

c ompo s ition of the re si dual milk and al so of the re­

lati onshi p b e twe en re s i dual milk and primary yield in 

the Mas s ey College Dairy Herd . At a later date it 

wa s hope d to t e s t  Krul l ' s  hypothesis by relating thi s 

informati on to the morning and evening milk yields 

ob serve d in the same herd . 

EXPERIMENTAL 

!he te chni que used tor re si �al milk colle ction 

has b e en described under the heading " Experimental 

Me thods " . Parti cular care wae observed 1n obtaining 

normal let-down re ponse at the primary m1lk1D& , in 

order to obtain normal partiti on of the u dder oon tenta 

into the prima.17 and re si dual traetions . 
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Re sidual milk was colle cted from 44 c ows over 

the course ot several weeks . !heae animals were 

sele cted at random and each one inje cted only once . 

A .  RESIDUAL MILK Ilf THE JERSEY HERD 

The results are given in detail in Appendix 4 .  

The Sums of Square s  and SUms of Products from which 

the regre ssion ot Re sidual milk on Primary yie l d was 

calculated are given in Table 18 . 

Table 1 8  

The relC:t.ti onshi:p be twe en re �li dual milk ( y ) 

;md primary yi�ld ( x )  

Re s i dual Milk n = 4 4  
Mean y 2 . 14 lb . 
Sums S �s y 7 4 . 99 

Primary Y i e l d  
Mean x 12 . 79 lb . 
Sums S�s x 699 . 49 

Sum D Produ c t s xy 
b . yx 
r . yx 

1 49 . 9 6  
0 . 214 •• 
0 . 655 ** 

Table 19 show .s the regression of re sidual. milk 

on primary yield to be highly significant .  
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Table 19 
Te st of significance of regre s s i on of Re sidual 

Milk on Primary Yield 

1 Source df SSy 
I 

MS l Re sult 

Regre s s i on 1 32 . 15 32 . 15 31 . 5 2 ** 
Error �4�2--��4�2�·�8�4----�1�·�0=2�----�------� 
Total 74 . 99 

The a e  data can b e  alternatively analy sed for the 

relati onship h e tween re s i dual milk and the total 

udder conte nts . Table 20 Gh ows the Swns of Sq_uare s 

and SUms of Pro duc t s  f or the ds.ta analys e d  in thi s  

form .  

Table 2 0  

The relationship betw•e� Re si dual Milk ( y ) 

and Total Yield ( x )  

Residual lti.lk 
Mean y 
Sums Sqs y 

To tal Yield 

2 . 1 41 
74 . 99 

Mean x 1 4 . 927 
Sums Sqs x 1074 . 41 

Sums Products 
xy 
b . yx 
r . yx 

224 . 95 
0 . 209 * *  
0 . 793** 

n • 44 

Table 21 8hows the regre s sion of re si dual milk 

on total ud der content s to b highly sign1fi can1 . 
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Table 21 

Test of Signifi canc e of regre s sion of Re si duRl 

Milk on Total Yield . 

Source df S Sy  M S  F Result 

71 . 36 ** �egre ssion 1 47 . 10 47 . 10 
Error �42----·-·�2�7�·-89�_.--�·-6�6----------------
To tal 43 7 4. 99 

From the se data the foll owi ng �egre s s i o n 

e ':iuat i o n s  ·;;e re derive d ,  

Re s i dual iU l k  = . �? 1  Pri ma r'y Yi el d - 0 . 6 

Re s i dual Mil k = . 2 1 To tal Y i e l d  

When the relati onships betw e en re s i dual milk 

and primary yield and also between residual milk and 

total udder c ontents had been e stabli shed , i t  was 

ne c e s sary to de c i d e  whi ch f orm to use . 

contents equals primary yield plus re sidual milk, 

therefore these two resressions can be interprete d in 

a rather similar way . turner ( 195 3 ) has used the 

relation between residual milk and total udder c ontents 

as shown in Tablea 20 and 21 . He claime d " A  depen-

dence of residual lllilk on the total amount of milk in 

the udder at the start of milking se ms aost logical " .  

Ha did not explain wh7 this seemed most logical and 

in this work no sequence of cause and ettec� has been 
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found sugge sting preferenc e for ei ther method . There­

f ore the preferenc e was de cide d  on stati sti cal grounds .  

Table 2 2  shows the c orrelati ons cal culate d  in b oth 

forms . 

!able 22 

Re si dual Milk Correlations 

Correlati on b e tween re sidual 
mi lk and primary yi eld df 

r = 0 . 65 5  42 

Corr e lat i on b e twe en r e s i dual 
milk and total yielt df 

r = 0 . 793  4 2  

The relati onship exi sting b etwe en re s i dual milk and 

t otal y i e l d  can b e  ·,vri tten al ternatively as re s i dual 

milk and primary y ield plus re si dual milk . The 

presenc e of re s i dual milk in the total yield inflate d  

the c orrelati on betwe en re sidual mi lk and total yield 

and therefore preferenc e wa s give� to the use of the 

regre s s ion of re ei �al milk on primary field . fhe 

regre s sion of re si dual milk on total udder contents 

has be en used to relate this anal7sis to that of 

TUrner ( 1953 ) .  · His  re1resaion c o effi oient ( b  = 0 . 16 )  

does not differ signi f i cantly from the value obtained 

in the se data where b • 0 . 21 ,  as shown in Table 23 . 
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Table 23 
Test of signi fi cance of the differenc e between 

Turner ' s  regression ( 195 3 ) of re � i dual milk 

on total yield and the se data 

Source 

Dif fe rence due t o  
regre ss i on 

df 

1 

Deviati ons from 
indivi dual re­
gre s s ions ( Error ) 98 

Total 99 

SSy M . s .  F Re sult 1 

1 . 88 1 . 88 < 1 N .  S .  

424 . 99 

426 . 87 

Johan 3 s on ( 1 9 5 2 b )  giv c c  the c orrela ti on be�ween 

primary yi e l d  e.n d r � s i dua l milk es r = 0 . 606 , for 1 04 

degre e s  of free d om .  The present e s tima t e  i s  r = 0. 65 5  

for 4 2  degre e n  of fre e dom . 

The re sul t s  i n  �)art I I , S e c ti on. " .;-;; " ,  show con-

s i derabl e  vari a ti on in t:�e vo lUJn e  of r·e sl d·u.al milk 

left in the udder a.fter milking i s  complete d .  The 

total ud der c ontent i s  relat ively o ons tau:i; ; any 
de erea· e in prima ry y i e l d  i n  a c c ompani ed by an increase 

in re si dual mi lk th erefora variati on in le t-down would 

produce a nega tive c orrelati on between re s i dual milk 

and primary y i e l d  " w i thin c owo � whi ch would c ontribute 

to the error variation ( Table 19 ) in the "be tween c ows " 

regre s s i on of re s i dual m11� on pr�ry yield sinc e 
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thi s  has a positive slope . Collection o! extra data 

for each cow to give an average within cow regression 

would therefore increase the a c curacy of this estimate .  

It would b e  of intere st to kuow why "between cows " 

more re sidual milk wa s left in the udder as the primar,y 

yield rose , for as yet no causal relationship has been 

e stabli shed betwe en prim.a.ry yi eld and re s i dual milk . 

B .  RESIDU AL  MILK IN THE FRIESIAN HERD 

11 cows were used in thi s experiment . The larger 

size of the se animals , combine d with their excitable 

disposition , pre sented  practical difficulties with the 

limited assistance available . Whenever a large 

Frie sian cow decline d to enter the crush bail little 

could be done to  force it in. Thus the sample of c ows 

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 aaounts of re sidual ailk were found in 

those c ows having the highest primar,y yield , as was 

found in the Jersey breed. The aethod of analysis 

in Table 24 was �he same as that used for the Jerseys 
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in !able 18 . 

Table 24  

The relationship between Residual Milk (y ) and 

Primary Yield ( x ) in the Fri esian breed .  

Residual Milk 
Mean y 
SUms Sqs Y 

Primary Yield 
Mean x 
Sums Sqs x 

Sums Products xy 
b .yx 
r . yx 

2 . 35 
19 . 05 

n = 11 

19 . 07 
255 . 5  

5 0 . 2 6  
0 . 197** 
o .  720** 

Table 25 

Test of significance of the regression 

of residual milk on primary yield . 

Source ' df SSy liS RESULT 

·R egre ssion 1 9 . 89 9 . 89 8 . 6 • 
Error ' 8 2-16  1 . 12 

I Total 9 19 . 05 
I 

lrom these data the following significant re­

gression e quation ( Table 25 ) was derived :­

Residual Milk = 0 . 197 Primarr Yield - 1 . 5  

The difference  between the sl ope of this re­

gression and the one for the Jeraey breed is aot 

statistical lY s ignificant as shown in !able 26 . 
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Table 26 

Te st of significance of the difference between 

Jersey and Friesian regre ssions of residual 

milk on primary yield.  

Source dt SSy ' M .  S .  F Re sult 

Difference due to 
regression 1 0 . 06 0 . 06 1 N .  S .  

Deviation from 
indivi dual re-
gressions ( Error ) 51 52 . 00 1 . 02 

Total 5 2  5 2 . 06 

The difference in resi dual milk between the two 

breeds was tested by Covarianoe in Table 27 after allow­

ing for the regression of residual milk on primar.y 

yield . 
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Table 27 

Analy sis of Covarianc e to t e st the difference in 

amount of re s i dual milk between Jerseys - Fri e sians 

after allowing for the regre ss ion of re s i dual milk 

( y ) on primary yield ( x ) .  

Errors of Estimate 
Source dt SSy ' df ' M . S .  · P Result 

Total 5 4  
Bre e ds 1 
Error 5 3  5 2 . 05 4  52  1 . 0010 
B .., E 5 4  60 . 052 53 

Difference 7 . 998 1 7 . 99 8 7 . 99 ** 

The difference b e tween the adjusted means is shown 

in Table 28 . 

I 

Tab le 28 . 

Cal culati on o f  re s i dual milk in Jersey s and Frie sians 

after allowing for the regre ssion of re s i dual milk 

( y )  on primar,y yield ( x ) .  
-
X • 14 . 044 lb . b • 0. 210 

YJ = 2 . 141 - 0 . 210 ( 12 . 786 - 14 . 044 ) • 2 . 405 lb . 

jyl = 2 . 345 - 0 . 210 ( 19 . 073 - 14 . 044 ) = 1 . 289 lb . 

D1ffe1•ence 1 . 12 lb . 

It ie evi dent that in the Fri e sians there i a  

appre ciably le as re s i dual milk in proportion t o  primary 

yield .  In the �uocee ding di s cussion this difference 



! 

- 67-

in residual milk between the bree ds is related to 

the difference in fat percentage of the milk of the 

two breeds . 

C .  THE BUTTERJ'AT PERCENTAGE OF RESIDUAL 

MILK 
-

Table 29 shows that a positive correlation was 

found between the volume of the resi dual 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 29 

The relation between the fat percentage of  

residual milk and other fractions of the 

udder contents .  

Correlation be tween 
Pat Percentage ot 
Residual Milk and 

Jersey Frie sian 
Correlation Coefficient " r" 

df df 

11 .  Volwa of residual 
milk 0 . 6.31** 42 9 

l 2 . Volume of primar.r j yield 0 . 607** 42 0 . 499 KS 9 

I J . fat percentage ot 
I primary yield 

I 
-0 . 103 IS 42 0 . 5 43 I S  9 

I 
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Table 29 shows �hat the correlation between the 

fat percentage of residual �ilk $nd the fat percentage 

of the primary yield doe a  not reach the usual signif­

i cance level . 

A high fat percen�age in the r esi dual milk is  pro­

bably associate d  with R large rise in the fat percentage 

during milking , and thus the po sitive correlation be­

tween the fat percentage of residual milk and the 

volume of . primary yield can be reconcile d with the re­

port by Johansson et al . ( 1 95 2a) of a rise in fat per­

c en�age during milking which was greatest in cows with 

the large st primary yield. Johanseon et al . ( 1952a ) 

al so shQwed that within a breed  the volume of pr�ry 

yield was more  �portant than the fat percentage of 

the primary yield in prod·u.oing this ri s e  in fat percen­

tage . The mean. fat percen�age of the Frie sian residual 

milk ( 11 . 5 2% ) was lower than the mean fat p ercentage of 

the Jersey residual milk ( 15 . 48% ) .  This implies a 

lower rise in fat pereentage in the Friesian bre e d  

during milking . Therefore it was suggested that between 

the se 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 tor the difference between breeds might 

involve factors influencing the clustering of fat 

globules .  
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The p o s i t ive c or r e la t i on b e t we en  the v o lume of 

re si Jua l  m i l k  mll1 fa t 1) er c en t c  .r:: e of re s i d u a l m i lk , 

re .1 ui re s c : , re i u.l i n t e r p re ta t i on be c r� u.s e  of t he :: i; peR.r-

anc e  of the volume of r e s i d ual m i l k  i n  b o ·L h  va r ia b l e s . 

j'he c orr e l a t i on i D  be t w e e n  r e si d ua l  m i .L k  l b . and 

r e B i du.al f a t  l b .  
re si dual m i l k  lb . 

N ev e r t he l e s s  i t  wa s sugee s t e d  

tha t s ome degree of a s s o ci a t i on e x i s t e d  b e t w e e n  t he 

v o l ume o f  r e si d ua l  m i l k  an a fat pe rc entage of 

r e s i dual m i lk . 

Th e c o rrel a t i on b e twe e n  th e v ol ume of r e s i dua l 

ra i l k  :-2.n d  fat p e r c en t a ge of r e ::;i dufl l m i l k  may b e  ex-

pla i ne d i u  t e rms of th e hyp o th e s i s  pu t f orward by 

Whi t t le s t one ( 1 �5 3 )  to a c c o un t  f o r  the r i s e  i fi f a t  

pe r c entage wh i ch o c curo dur ing oo ilki ng . Thin d e p e nd e d  

o n  the fat g l o bul e s  c l u s t e ri ng t o  f orm large r 

part i c l e s ,  � h i c h  a r e par tly f il t e r e d  out i n  t he u d d e r  

by th e l ine d uc t s  o f  t h e  alv e ol i . There f o re the 

l a s t  milk to le a v e  th i "  re ;:; i on w i l l  be v e r y  r i ch i n  

f a t . Qui t e  c l early Whi t t l e s t one c o ns i d e r e d  th e h igh 

fat milk was p re f e re nt i ally r e ta ined . 

I t  may be p o s s i bl e  t o  carry t his argument further . 
Whi t tl e s t one ( 1 95 3 ) regarded the fat a s  d i ff i cu l t  t o  

e j e c t . I t  may be tha t  th e fi nal fra c t i ons are not 

merely more d i f f i cul t to e j e c t  but not no rmally e j e ct e d  

b e cau s e  o f  the d i f f i culty o f  removing th em from the 

alve o l i . Thi s  w ou l d  e s ta b l i sh the fat c o nt ent as a 

I 
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causal factor in the retention of re sidual milk . How­

ever ,  if thia were the sole cause the fat perc entage 

woul d ri se as it becomes gradually more difficult to 

e j e ct ,  until eventually a fat percentage is reached 

where e j e cti on cease s , the final strippings would 

reach thi s constant fat p ercentage . Since this doe s  

not occur , the difficulty o f  e j ecting thi s  high fat 

milk cannot be regarded as the only reason for the in­

c ompl e te evacuati on of the milk in the udder. 

Howeve r ,  the c omparison between the Jerseys and 

the Fri e sians in the pre sent data suggests it may be a 

contributory cause .  Thi s hypothesi s would l ead one to  

expect l e s s  residual milk i n  a bre e d  with a l ow fat per­

c entage in the re sidual milk . In fact thi s i s  supporte d  

i n  Table 28 by the smaller amount o f  resi dual milk in 

the Fri e sians ( 1 . 12 lb . ) after ad justing them for the 

regre ssion of re si dual mi lk on primary yield . 

D. RESIDUAL MlLK Af MORN ING AND EVENING MILKINGS 

!he earli�r s �ctions of this Chapter dealt with 

the �betw en cows " resre ssion of residual milk oa pria­

arr 7ield . The higher y1elcl1ng cows had a greater 

volume of residual llilk . 

!hi s section i s  c oncerned with the relationsh ip 

be1ween re si dual milk and prim&r.f Jiald wh ich exists 
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" ,r,i t h i n  c o wr; '' , t hl::J. t i s , the cr. n.nc e i r  .. r e : - L . tl", l : i l k  

o v e r  t h e  h. creH s e  i n  lJl' i rttO. I'Y ;; i e l d  1 r:n a  e v tm i u  t o  :r: o rr.­

it• : .; .� .L lti ·. • ....'urne r ( 1 9::> .3 )  hJ G a .� ::,u;:.e d  L-lO s i .!�ni f i cant 

d i f i e re11c c be tv. e e n  th e '' w i t h i u  co ·:J G " a n d  " be t<;c e u  c o w s "  

re l a  t i o n sl1 i.,v D . 

v e ;.:;  � i u�. t i •)n o r  t:my .. i f f er e n c e  be t·:;e e n  r·J o rai n -: '1 H l1  e v e 1l­

inr� re: · i du. a l  ·:. i l f.;: wh i c h  g: i h t  be l inke c i  t o  t h e d i f fere L ; c e  

in. y i e l d  _t ,er hour be twe e n  m 1 rnin · r� nd eveni n .:  :r. il ic in_,�n . 

I t  ht:L.-3 �1 lr�w. Jy ue t=>.t •  sf! o·.:n th r-� -t  i f  m -:>r \:.1 re s i dual rc: i l k 

were l e f t  1 f t e r  t he morn i � �  rn i lkin� the n t he y ie l d  

p e r  h our a t  th i <} �d l.k:in �. v:ou l d bo l owere d . 

1 .  7he ' ' be t v; e e n  t: O'N C "  re .::>i uu.u l rr. U . k  du t·�� . 

The dtt � r·  f ro ::·� r,.·:h i eh t he . � ene rn l r t:: l a  t i onsl . i p wn s 

e s ta b l i sh e d  wne spl i t into two grouv � , one c o l l e c t e d  R t  

th e m ·n·ai n,� :.: i k i n , t he ot h e r  a. t  fihe e v e n i1.1.>7� :n i Ld w . , 

wi th the Hi n; of c11lcula t in , t h e  d i ffe renc e  in re ::. i 'iual 

tu i l k  be t �;een i.l o r u.i u · .  1 nd e v t:: n i w_:  Jfj i lk inrn . 

The ·:e da tFl were c ol l e c t e d  f r om d i f ferent c o ws , but 

Tn ble )0 shows that the ui f f e renc e s  in re s i d ua l  m i l k  

ne e d  n o t  h.s v e  b e �..n o11us e d  b y  ui fferenc e s  in pr ima ry 

y i e l d  be c•�use there wa s n o  s i gnifi cant di f f e rence be twe en 

the da ily pr odu cti on f or the t'� groups . 
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Table 30 

Mean daily milk yield in lb . for the months 

December ,  January , February , from monthly 

herd test rec ords . 

Morning Group 

Evening Group 

Differenc e 

23 . 8  lb . 

22 . 4  lb . 

1 . 4  lb 

( t  = 1 . 02 37 df N . S . ) 

table 31 

Mean re sidual milk and mean primary yi e l d  at 

morning and evening milking a .  

Milking 
ean 

Primary 
Yi eld 

ean 
Re si dual 
.Milk 

�orning group 14 . 57 lb . 

Evening group , 10 . 33 l b .  

2 . 32 lb . 

1 . 7  lb . 

Difference 0 . 62 lb . 

I ( t o 2 .  76 ** 37 df ) 
l 

Table 31 shows the differenc between the mean 

re sidual milks to be highly significant . 

If i t  can be assume d th t the l evels of producti on 
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for the se two groups are comparable i t  would appear 

that greater amounts of re s i dual milk of higher fat pe r­

c entage are left at the morning milking . 

Table 32 

Analysi s of Covariance to test the difference in 

amount of re s i dual milk at morning and evening 

milkings after allowing for the regre ssion o f  

re sidual milk ( y ) o n  primary 7i eld ( x ) . 

So tlrce df 

To tal 33 
Periods 1 
Error i 32 

Di fference for 
t e st of signif-
icance of ad-
juste d means 

Errors of Esiimate 
I S Sy I df t M. o S • 

34 . 02 3 2  1 . 063 

3 3 . 21 31 

0 . 81 1 0 . 81 

Result 

0 . 762 N .  S .  

Tabl e 3 2  s hows the difference in re sidual milk 

be twe e n  morning and e vening was no t significant after 

allowing for the " betwe en c ows " regression of residual 

ailk on primacy yield . Thus the dif!erenoe in residual 

milk which �ou1d be expected within a c ow between morn-

1�g and evening m11kings i s  o! the same order as pre-

dict�d by the "between c ows " relationship .  However , 

these data do not prove that the "between c ows " and 

"within cows " relationships ar sim11ar . 
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2 .  The Difference on a "within cows" basis between 

morning and evening res i dual milk . 

A further teat was carried out on 8 cows wi th  the 

sole aim of t e sting the stati sti cal significance of 

the difference between the mean morning residual milk 

and the mean evening resi dual milk . The cows were 

autumn calvers selected from the Massey College Jersey 

herd . The trial wa s carrie d  ou.t in July when the 

milking interva.ls were 9i and 14t hours . 

Appendix 5 gives the pr�ry yield and resi dual 

milk for eE�.ch cow at each milking . Two cow s ,  numbers 

3 and 4 were in oe strus when re s i dual milk was c olle c te d ; 

th e ir l e t-down wa s abnormal , there fore these re sults 

were exclud ed from the analy s i s . 

Table 33 
Morning and .Evening Mean Primary Y i e ld s nd Re s i dual 

Vilk ( 4  e stima t e s  for each of 8 co�s ) .  

I A. . )'J ,  j P . M .  

Mean Primary Yield 
(lb . ) 

! .. an Re�idUal Milk I 

14 .12 
11 . 06 

Difference 

(lb . )  i 
3 . 08 
1 . 69 

1 . 39 
( t  = ) . 015** 27 df ) 

Table .33 shows that the difference betwee:a the 

mean morning and mean evening residual .tlk waa hich17 

s1gn1:t1cant . 
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Examinati on of Appendix 5 shows con$i derable 

variation in the morning re si dual milk but the re 

appeared to be no valid reas on for the exclusion of 

any of the se figure s .  

The significantly greater amounts of resi dual 

milk left after morning milking agre e with result s  dis­

cussed in Se cti on D. l .  

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 result s to­

gether the evi dence suggests that a greater volume of 

residual milk is left at the morning milking when the 

primary yield i s  greater . The di fferen ce in re sidual 

milk appears to b e of the same order as would be 

explained by the " between cows" relation in Table 18 . 

fhe fat percentage of the, r e s i dual milk remain­

ing after the morning milking was higher than the tat 

percentage of the residual milk remaining after the 

evening milking ( Table 31 ) and therefore the fat per­

centage of the morning primar,r yield would be 

lowered .  In addition there appeared to be more ot 

this high fat p ercentage residual milk l e�t after the 

morning milking ; together thes e  c oW.d explain the 

lower fat percentage of morning milk .  
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E .  THE RELATIONSHIP BETWEEN RESIDUAL MILK AND 

PRIMARY YIELD AT 12 HOUR INTERVALS 

BETWEEN MILKINGS . 

The aims of this investigation were -

1 .  To examine the difference between residual milk a� 

morning and evening milkings at 12 hour intervals .  

2 .  To examine differences between c ows in the relation 

of residual milk to primary yiel d .  

3 .  T o  determine the influence of variation in resi dual 

milk on milking-to-milking variation in milk and fat 

yield.  

Experimental . 

The six cows used in this work were from the herd 

ot the " production per acre n experiment . The se c ows 

were not in calf , but 1n other respects were unsele cted 

animals .  They were grazed and milked in the normal 

way with the herd, the interval between milkings be ing 

approximately 12 hours . Following the primacy milk-

ins the residual milk was on ten o ccasions collected 

using the technique described under the heading Experi-

mental Methods . 
·- -- -· 

Day 
Milkinl 
Inje ction 

All 
X 

All 

... 

1 
Pll/ 

-- --

5 
PM/ 

The inj ection schedule was as follows : 

2 .3 4 
AJ( Pll/ AJ( Pll/ All PM/ 

X X 

6 7 8 

AJI Pll/ A.K PM/ AJ( PM/ etc . 
X X 

-
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In this routine the effect of �ime was not con­

founded with yi eld and in addition a suitable peri o d  

was allowed for the residual milk to  return to normal 

after super evacuation . 

1 .  Differences in Residual Milk at morning and 

evening milking� . 

The mean evening residual milk was not significant­

ly gr ater ( !able 35 ) than the morning resi dual milk . 

Appendix 2 gives the individual results . 

!able 34 

Residual Milk after morning and evening 

milking a 

Cow PM 

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 
' 2 . 68 4 . 08 

1-

Mean 2 . 79 2 . 52 I Difference . 27 lb . 
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Table 35 

Analysis of Variance of the differenc e be twe en 

morning and evening re s i dual milk .  

! Source 

. Cows 
Peri ods 
Error 

: Total 

ss 

7 0 . 1  
1 . 12 

135 . 25 

206 . 47 

df 

5 
1 

53 

5 9  

M .  S .  

1 . 12 
2 . 5 5 

! Re sult 

0 . 439 N . s .  

The se re sult s show no significant difference in 

the volume of re s i dual milk at morning and everdng when 

the interval b e tween milkings was e qual , whereas the 

resul ts in Part I might have l e d  t o  the c onclusi ons 

that a very slightly greater volume of residual milk 

woul d be expe cte d at the morning milking . 

2 .  Differenc e s  between � ows in the relati on of 

re si dual milk t o  primary yield . 

fhe s e  data ( Appendix 2 )  were analy s e d  by eo­

variance shown in !able 36 to examin the dif feren ces 

betwe en c ows in the relation of resi dual milk to 

primary 7i l d .  
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Table 36 

Analy s i s  of Covari nee t o  test the signifi cance of 

the differenc e s  in re s i dual milk b e twe en c ows after 

al lowing for the regre s sion of re s i dual milk ( y ) on 

primary y i e l d  ( x )  

Source 

To tal 
Cows 
:Periods 
P X 0 
Error 

C O\VS + 
Error 

I 

df 

5 9  
5 
1 
5 

48  

5 3 

Di fferenc e for 
t e s t ing aO. vust-

73. 65 

175 . 72 

l e d  Means 102 . 07  

I 

1 . 57 

5 2  

5 20 . 41 
i 

' 

1 3 . 00 
j_ 

Result 

** 

I 

! 
I 
J 

I 
Table 36 above shows a signi ficant difference be­

twe en c ows in the volume of re s i dual milk after allow-

ing f or the regression of re s i dual milk on primar.y 

yi eld . The interpretation of the se r sults offere d 

s ome difficultie s  bec�use ot the problem of obt ining 

estimates of the normal. amount of resi dual milk . The 

treatment , whi oh involve d inj e cti ons and a c ertain 

amount of rough treatment may ba v had a greater in­

fluence on l et-down in some c ows than in others , and 

c oul d  have c ontribute d to the pre sent re sult. On the 
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other hand this variability in some cows and uniformity 

in others c ould have been quite a normal difference 

between cows . 

The numbers in this exper�ent di d not al low an 

examination of any possible effect of stage of lacta­

ti on ,  level of production or of age , all of which may 

contribute to  the observed difference between cows . 

It i s  concluded that the se results cast s ome doubt 

on the adequacy of Turner ' s  approach ( 195 3 ) to the 

differences in production between morning and evening 

milkings , because he has examine d the average relation 

between residual milk and primary yield,  and has ignored 

any difference s  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 c ould be due to both synthe sis and le t­

down . From Table 36 the within cows , within periods 

regression of resi dual milk on primary yield has been 

calculated .  The eoefficient whi ch equals - 0 . 459 has 

been te sted for significance in Table 37 .  This neg­

ative coefficient suggests that the udder contained a 

more or le ss constant volume of milk and that any 

decrease in primary yield was accompanied b7 a corres­

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

in resi dual milk . 

Table 37 

Te st of significance of the error regressi on 

of resi dual milk on primary yield from Table 3 6 . 

Source s . s .  df M .  S .  F I Result 

Regression 46 . 69 1 46 . 69 29 . 7  ** 
Error 7 3 . 65 47 1 . 57 

Total 120 . 3 4 48 

Although it is  difficult to be c ertain that the 

treatment di d not increase the normal range of variation 

in let-down, the se results Show the importance of let­

down in producing variation in primary yield . 

Maximum let-down would increase the volume of 

high fat percentage strippinge in the primary yield 

and give a po sitive relation between the volume and the 

fat perc entage of primary yield. Exaaination of thi s 

relati onship would further test the hypothesis that 

day to day variation in milk yield was cause d  by varia­

tion in let- down .  

!hi s oftere d a 

( a ) A test of the hypothesis that let- down was t�e 

ma j or cause of variation 1n primary Jield . 
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( b ) An estimate of the propo rtion of the variati on 

in fat percentage which was due to variation 

in primary yield . 

The interpretation of an analysis of the relation b e­

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 
Milk yield 

thi s would give an undefined degree of relationship 

between the two variable s .  Such an analysis would 

have been unsatisfactory .  

Therefore , the relation betwe en 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 po ssible to 

predict the changes in fat percentage of the primary 

yield which would accompany changes in the volume of the 

primary yield . If the regres sion of tat yield on milk 

yield differed significantly from a line passing through 

the origin then the fat percentage of the primary yiel d 

would vary with milk yiel d .  The disadvantage o f  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 . 

fable 38 shows the signifi cant regre ssions of 

primary fat yield on primary milk yield for six c ows , 

but in no case W&a a significant difference rec orded 
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between the slope of the regre ssion line and the line 

drawn from the mean point to the origin. 

Cow 

Table 38 

An indire ct test of the significance of the 

relation between fat percentage and primary 

yiel d .  

" " 

Regre s s i on of 
No . Re sidual Milk 

on :rlm ld 

1 0 . 085 9 0 . 0609 1 . 61 a N .  S .  
2 0 . 0894 o .  05 40 1 . 5 4 8 N .  S .  

. 3 0 . 0868 0 . 0610 1 . 43 8 N .  S .  
4 0 . 07 84 0 . 05 49 1 . 75 8 N .  s .  
5 0 . 1061 0 . 0716 1 . 77 8 N .  S .  
6 0 . 0519 0 . 05 37 0 . 09 8 N .  S .  

The data in Appendix 1 wa.s suitable for a s imilar 

analysis , derived from Table 9 . In the se resul t s  a 

highly significant diff erenc e was obtaine d between the 

regression of fat yield on milk yield and the line 

drawn from the mean value to the origin ( t  • 4 . 5** 

86 d! ) .  

The regre ssion equati on i s  

fat yield = 0. 088 ( Milk yield ) - 0 . 462 . 

!he at op e of the line drawn from the mean point 

to the or i g in was 0 . 054 wh i ch is less than the al op e  of 

the regre s s i on line . The refor e h i gher fat perc entases 

are a s s ociated with the h i gher milk 7ields . It has 

alrea� b e en shown that thi s  form of analy s i s  do es not 
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allow an e stimate of the proportion of the variation 

in fat perc entage whi ch can be accounted for by the re­

gression of fat percentage on primary yield . However ,  

the se results do show that fat percentage rises with 

primary yield ,  and since the last drawn milk i s  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 c onclusion supports the results in Table 3 6  

which showed that variation in primary yield was largely 

caused by let-down . 
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FINAL DISCUSSI OB 

In the Jersey cows the volum. of residual milk was 
approximately one fifth o f  the volume of the primar.y 

yield . The mean fat percentage of the residual milk 

was 15  . 5% .  A:r:ly difference between morning and evening 

milkings in this reserve of milk and fat would produce 

a corresponding change in yie l d  of milk and fat obtained 

at the normal morning and evening milking. 

An hypothesis has be  n put forward which could 

partly explain the presence of residual milk in the 

udder of the cow .  It wa s  suggested that the high fat 

percentage of the residual milk may render it more 

diffi cult to e j e ct , and thus the high fat percentage 

would itself contribute to the pre s ence of r e s i dual 

milk . However , since residual milk probably oceurs 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 re sidual milk in the c ow .  

Residual milk can b e  obtained by inje ction of 

" Pitocin" ; therefore it s eems likely that at a normal 

milking insufficient oxytoci c hormone is r le sed to 

evaeuat the ud der . This balance between th pituitary 

and the vol� of milk in the udder apparently results 

in the amount of hormone rel ased being insuffi c i ent 

to completely evacuate th udder.  In some cows a 

second e j ection response causes a se cond Rlet-down" . 

It would be of interest to mea.ure the volume of re ai4-

ual milk under these conditions becau e there may ie 
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considerably l e ss res i dual milk . 

One of the aims of thi s work has been to examine 

the explanation put forward b7 Turner ( 195 3 ) of the 

higher yield per hour in the sho rt  interval preceding 

the evening milking . Thi s  l ed to the measurement s  of 

re si dual milk which showe d that high yielding cows ha d  

a greater volume of residual milk than low yielding 

cows . It was inferred from this relationship that 

more re si dual milk would b e  le ft in the udder after the 

morning milking fol lowing a 14 hour night interval 

than after the evening milking following a 1 0  hour 

night interval . An e stimate of that differenc e in 

re s i dual milk can b e  obtaine d from the regre ssion of 

re sidual milk on primary yield , and thus an e stimate 

of the difference it woul d produce between the y ield 

per hour in the interval s  pre ceding the morning and 

evening milkings . In the case of a cow milke d at 10 

and 1 4 hour interval s and se creting 1 lb . of milk per 

hour the estimat e d  diff ranee in re si dual milk could 

cause a difference in yi ld in those intervals of 0 . 1  

lb . per hour . This i s  approximatel7 the differenc e 

r porte d by Edwarda ( 1950 ) .  

The regre ssi on of re si dual milk on primary yield 

was obtained from one rec ord from each of 44 cows . 

!hi e  was a " between cows• regression.  I t  has b e en 

shown how thi s was used to pre dict the volume ot 
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res i dual milk at morning and evening milking& "within 

cows " . In doing thi s 1 t would be necessary to as.,ume 

the "between cows" regression was the same as the 

••wi thin cows " regre ssion.  As yet there i s  no conclus­

ive evidence to support this view. 

It has been shown that c ows vary in the manner in 

whi ch they exhib i t  difference s  betwe en morning and even­

ing milk yields . This was demonstrated in the cows 

milked at 12 hour intervals by the signifi cant inter­

actions between peri o ds and cows , and in the c ows 

milke d at 10 and 14 hour intervals ,  by the significant 

differences in the rati o of afternoon yield to morning 

yi e l d .  The regre s si on of res i dual milk on primary 

yield was shown to differ between cows . This evidence 

showed that the difference betwe en morning and evening 

y i elds require d separate examination in each cow ,  and 

therefore cast doubt on the me thod used by Turner ( 195 3 ) . 

A further problem involved in the use of a re­

gre ssion is the diffi culty of obtaining a satisfactory 

range of primary yields . lor instance , if re si dual 

milk and primary yield are meaaured at the normal milk­

inga the primary yields wou1d fall into two discreet 

groups , one around the average yield after the 10 hour 

interval and another group around the average yield 

aft•r the 14 hour interval . !he regres ion line j oin­

ing the se two groups of data would almo � c erta1al7 be 
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significant , but such data are unsatiafac�ory for cal­

culati on of a regre ssion . 

From thi s di s cussion i t  becomes evi dent that the 

use of a regre ssion of re si dual milk on primary yield 

as a means of examining difference s  betwe en morning and 

evening yields has limitations . 

?/hen all the data in this work had been collected 

i t  became evident that tne maj or difficulty was to 

rec oncile the e qual yields per hour in both night and 

day intervals for cows milked at 10 and 1 4  hour inter­

vals , with the claim by Edwards ( 195 0 )  that higher 

yields per hour oc curre d in the day intarval ,  

e specially since one aim had been to explain the very 

differences which were not f ound at 10 and 14 hour 

intervals . 

The possibility or otherwise of the se differences 

existing has been di scusse d .  It haa been supported 

by Table 10,  that synthe s i s  would be expe cted to produc e 

a lower yield p er hour 1n the night interval ; also 

there i s  limite d  evidence to suggest more re si dual milk 

may be left after the morning milking, which would al so 

tend to produce a lower yield per hour in the Bight 

interval , and this doe s  Dot support the pre sent result 

in whi ch equal yield per hour was ob�ine d in �oth 

intervals . f.heretore it appears that at least under 

s ome conditions yiel4s per hour can be equal in the 10 

hour and 14 hour intervals . 
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Therefore the "between c ows " regression ot resid­

ual milk on primary yield has not been used t o  adjust 

the morning and evening y ie lds . It seems possible 

that under the se conditions the slopes of the "within 

c ows " and "b e tween cows " regre s s i ons may differ 

s i gnif i cantly . 

It has been re c ogni s e d for many y ears that the 

fat percentage of morning milk is lower than the fat 

percentage of evening milk . Thi s coul d be due to the 

retenti on of more residual milk after the morning milk­

ing , and sinc e  this has a high fat percentage the 

primary y i eld would be low in fat percentage . Alter­

natlvely the larger volume of milk in the udder at the 

morning milking might pro duce a greater c oncentrati on 

of fat in the re si dual milk , and thus caus� a low fat 

percentage in the morning primary y i el d .  However , b oth 

the s e  fact ors c oul d operate together . An explanation 

of the se low fat percentage s wi ll first re quir e a 

satisfactory e stimate of the difference in the amount 

of re s i dual milk which remains in a c ow after morning 

and evening milkings . 

On completion �f thi s work it was possible to re­

view the explanatioll. put forward by fu.rner ( 195 3 )  ot 

the supro se d differenc es in milk yield per hour between 

night and day intervals .  In the first place hi s 

acceptanc e of the differences reported by Edwards ( 195 0 )  
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was di spute d . It was sugge ste d tha' the di ffe rence , 

if it exi st s ,  i s  considerably l e a s  than claime d by 

Edwards ( 1950 ) .  
Limi tations have b e e n  found in the use of the 

regre s s i on of r e s i dual milk on primary y i e l d  in examin­

ing diffe renc e s  in r e s i dual milk b e twe en morning and 

evening milkings . 

Turne r ' s  ( 1953 ) assumption that the rate of syn­

the s i s  rema ine d  con stant over a 2 4  hour peri od has b e en 

questione d .  

Final ly ,  if any differenc e in yield pe r hour i s  

found b e twe en morning and evening milking i t  i s  sugge ste d 

that i t  will re quire separate explanation in e a ch c ow .  
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S U M M A R Y  

Milk and fat yield have been measure d at alternate 

morning and evening milkings . When the time betwe en 

milking s was 12 hours the night and day interval s were 

of e qual l ength . Under the se c ondi tions slightly 

greater y i elds of milk and fat were obtai ne d at the 

evening milking . The se re sul ts do not agre e wi th the 

" night '' effect reported by Campbe ll ( 19 3 0 ,  1931 and 

1933 ) .  It has b e e n  shown tha� synthe si s mus t  have 

contribute d  to thi s greater evening production . The 

po s sibility of a greater l e t- down at the evening milk­

ing has b e en d i s cus s e d .  The se difference s  b e tween 

morning and evening pro ducti on form a diurnal rhythm . 

The limi t e d  inve stigation o f  milk yi elds at alter­

nate 10 and 1 4  hour intervals showe d a lack of agre ement 

with o ther workers . The y i e ld per hour was the same 

in b oth the sho rt day and l ong night intervals . The 

disagreement between this work and previous repo rt s  can 

only b �  r e solved by repeating the experiment . 

At the same time as the se re sults were be ing ob­

taine d a study was made of the amount and c ompo sition 

of the milk remaining 1n the udder after normal milking 

was c omplete . The se re sults sugge sted that more milk 

would be l eft in the udder af�er the morniag milking . 

If this re s erve of milk in the udder was reduc e d  at 
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the eve ning milking by more comple t e  evacuation, the 

yield per hour in the day interval would be higher 

than in the night interval . 

It has been sugge sted that the high fat percentage 

of re s i dual milk i s  one of the causes of inc ompl ete 

evacuation of the udder at a normal milking . 

At the conclusion of thi s work , it i s  sugge sted 

that the d i fferenc e s  b e twe en morning a n d  evening milk 

and fe. t y i e l d re quire more a c curat e  d e f i n iti on 'Nh en a 

long night peri o d  follows a s hort day p eri o d .  It 

di fferenc e s  in y i eld per ho�r are found th e effe c t  of 

Aynthe s i s c oul d b e  mea sure d .  Shoul d thi z  not a c count 

for all the difference in y i e l d per hour , the influence 

of re s i dual milk c oul d b e  inve st iget e d . 
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20.6 4 .20 0.86.52 18 . 1 4 .70 0.8.507 1 8.9 _5 .20 0.9828 19 .1 4 .50 o.a5� 
16.9 5·50 o.9295 14 .4 .5·20 0.7488 1.5. 7 �·6.5 0.8871 16.2 .5.10 o.az 2 
1?.•4 5 .2.5 o.eo85 1 3.9 4 .40 o.6n 6 1t).2 .05 0.980� 14 .6 .5·� 0.7519 
1 o.4 .5 ·00 0�8200 16 .1 .5 . 35 o.8614 15 .t; _5.8.5 o.912o 15 .6 4 .t>5 0 .72.54 
12 . 3 5 .Go o.t.>a88 1 3 .0 5 ·55 0.7215 1 2.1 5 .90 0.7 . 39 1 3 .1 5 .40 0.7074 
13 .2 4 . 80 o.63 36 12 . 3 4.40 0.5412 1 2.8 !) . 25 o.6720 1 ) . 1 4 .60 o.oo2.J 
1 3 .6 ) .10 o.69 3G 1 2.8 4 . 30 0·5?.04 12 •5 4 .75 0.59 38 1 3 .2 4 .70 o.G204 
1 7.1 .5 .10 0 .87 21 15·9 4 .80 0.7 6)2 15 .3 .5 .10 0.780) 18 .8 .5 ·15 0.9682 
18.4 .5 ·15 0.94�6 17 .b 4 .40 0.7 744 18.8 5 - 35 1 .0058 1 :5  • .5 3 .85 o.63.5 3  
13 .9 ,.so o.oob2 12 .1 .5 ·00 o.6o50 1 3.3 .5·7.5 0.7648 12.5 4 • .55 0 • .5688 
12. 3 6.20 0.7626 10.8 ; .6.5 o.6102- 12.7 6.6o 0.8382 11 .7 6.4.5 Oe7_547 
13 .0 ;.6o 0.7280 11·.5 .5·20 0·5980 12.8 .5 ·75 0.7360 1 3 .0 5 ·6o 0.7280 
10.4 6.30 o.6.5.52 11 .5 t.ro 0.7a7a 11 .5 8. 20 0.94:)0 9 ·9 .5 ·05 o.,ooo 
15 ·5 6. ).5 0.984 3 12 .) 0 • .5658 14 .7 6 • .5.5 0.9629 1 3 .6 5 ·.55 0.7.548 
1 3•.5. 5·5.5 0.7493 11 .6 4 .2.5 o.4930 l ) .B 6.zo o.o5.56 12 .9 4 .8.5 c.6257 
10.b .520 0.)512 9· 3 5 ·a.5 OeJ441 9.8 .5 .70 0·5586 9 ·4 5.80 o •. 5452 
1 2  ,.�o o.6448 10.4 3 .90 o.4o.56 1 3.? 6 .10 0.83.5 7  5 ·4 ).30 0.1782 

, ,.  

· .  



APPENDI X 2 
P rimary � ·i eld and re sidual milk 

at e qual (12 hour) milking inte rval s  

Primary Yield 
Milk Fat Fat 
( lb )  ( % )  ( 1  b) 

C ow 1 

a . m . 1 3 . 1  8 . 00 1 . 048 
9 . 7 6 . 00 0 . 582 

1 1 . 1  7 .4 0  0 .82 1 
7 . 2 5 . 4 5  0 . 392 
4 . 7 6 .2 0 0 . 2 9 1  

p . m .  6 . 9 4 . 4 0 0 . 3 04 
1 0 . 5 4 . 3 0 0 .4 52 
11 . 3 ·  6 . 4 5 o. 72 9 

9 .4 s .s o 0 . 54 5  
1 0 . 0 5 . 5 0  0 . 5 5 0  

Cow 2 
a . m .  1 5 . 0 5 . 00 o .  7 50 

1 3 . 0  3 . 3 5  0 . 4 36 
16 . 0  5 . 1 0  0 . 81 6 
12 . 1  2 . s o 0 . 3 39 
16 . 3  5 . 3 5  0 . 872 

_p . m . 14 . 3  5 . 05 0 . 72.2 
16 .4  8 . 05 1 . 32 0 
1 6 . 8 6 . 6 5  1 . 117 
1 3 .8 6 . 80 0 . 9 38 

6 . 6 4 . 0 0 0 . 2 64 

C ow 3 

a . m .  1 0 . 9  6 . 00 0 . 6 54 
1 0 . 3 5 . 6 5  0 . 582 
1 0 . 7  6 . 55 o .  7 01 
1 0 . 0 s .  7 5  0 . 57 5  

9 . 6 5 . 6 5 0 . 542 

p . m. 1 0 .4 6 . 6 0 0 . 686 
11 . 1 6 . 00 0 . 6 66 
12 . 2  6 . 00 o .  7 32 
11 .8 6 . 8 0  0 .8()2 
1 0 . 5 5 . 9 0  o . 62 o  

Milk 
(lb)  

2 . 6 
4 . 2 
1 . 7 
7 . 2 
4 . 2 

5 . 9 
6 . 5 
1 . 9 
3 . 6  
4 . 1 

2 . 0  
4 . 9 
..., (1 .:::. . · '  
6 . 7  
5 . 2 

2 . 3  
2 . 0  
1 . 8 
2 . 8 
4 .8 

0 . 6  
2 . 0 
2 . 1 
2 . 0 
2 . 6 

o . s  
1 . 9  
1 . 4 1 . 5 
1 . 5 

Re sidual Milk 
Fat 
( :'0 )  

1 5 . 7 5  
14 . so 
1 5 . 1 0  
14 . 4 0  
1 5 .2 0  

14 . 7 5 
1 5 . 00 
13 . 5 0 
14 . 70 
16 . 6 0  

1 3 . 12 
1 0 . 05 
14 . 2 0 
12 . so 
14 . 50 

12 . 3  
16 . 9  
14 . 0  
14 . 0  
1 3 . 1  

1 0 . 2 5 
10 .4 0 
14 . 4 0  
12 . 30 
14 . 00 

1 1 . 50 
1� . 2 5  
1 · Go 
13

·
. 0 

1 3 .80 

FA.t 
(lb)  

0 . 4 1 0 
o . 6 o9 
0 . 2 57 
1 . 03 7  
0 . 6 38 

0 .87 0 
0 . 97 5  
0. 2 57 
o .  52 9 

0. 6 81 

0 . 2 62 
0 . 4 92 
0. 2 84 
0 . 8 38 
o .  ' 754 

0 . 2 8 3  
0. 3 38 
0 . 2 52 
0 . 392 
0 . 62 9 

0 . 062 
0 . 2 08 
0 . 302 
0 . 2 4 6  
0 . 364 

0 . 092 
0.214 
�:�m 
0 . 2 07 



P rimary Yield Residual Milk 

Milk �"'at Fat Milk Fat Fat 
( lb )  ( % )  ( lb )  ( lb )  (% ) (lb)  

Cow 4 

a . m . 9 . 8 6 . 1 0 0 . 598 2 . 0  19 . 7 0 0 . 3 94 
9 . 7  5 . 7 5  0 . 558 1 . 3 16 . 6 0  0 . 2 16 

9 .8 . 5 . 05 0 . 4 9 5  1 . 0  14 . 7 0 0 . 14 7  
10.2  . 6 .4 5 0 . 6 58 1 .4 19 . 50 0 . 2 7 3  

9 . 7  4 . 9 5  0 . 48 0 1 . 2 14 . 1 0 0 . 1 69 

P . m . 1 0 .2 . 4 . 7 5  0 . 4 9 0  1 . 6  1 5 . 00 0 . 2 4 0 
11 . 3 5 . 2 5  0 . 593 1 . 8 1 5 . 90 0 . 2 86 

3 . 9  1 . 6 0  0 . 062 8 . 3 1 0 . 8 0  0 . 896 
9 . 3 5 . 6 0 0 .. 52 1 1 . 2  1 5 . 90 0 . 1 91 

9 . 6 r
/ . 1 0 0 . 682 l r l  18 .2 0 o •. 2 oo 

C ow 5 

a .  m . 9 . 9 6 . 6 0 0 . 6 5 3 1 . 5 16 . s o 0. 2 48 

9 .4 6 . 8 0 0 . 6 39 1 . 2 1 5 . 6 0  0 . 187 
9 . 0  7 . 30 0 , 6 57 1 . 5 16 . 30 0 . 24 5 
9 ' )  . � '7 . 2 0  o . 6 6� 1 . 2 15 . 50 0 . 186 
9 . 3 7 . 6 0 0 . 7 07 1 . 1  1 5 . 6 0  0 . 172 

p . m .  1 0 . 2  7 . 5 5  0 . '77 0 0 . 8  17 . 50 0 . 14 0  
1 0 . 9 7 . 70 0 .8 39 1 . 1 16 . 1 0  0 . 17 '7 

9 . 5  7 . 4 5 o .  7 00  1 . 1  17 . 6 0 0 . 1 94  
9 . 1  6 . 70 0 . 61 0  1 . 3  1'1 . 7 0  0 . 2 30 
8 . 7 6 . 60 0 . 574 1 . 1  14 . 4 0  0 . 158 

Cow 6 

a . m .  11 . 2  5 .6 5 0 . 6 33 2 . 5  16 . 00 o .4 oo 
7 . 7 3 . 9 5 0 . 304 6 . 5  12 .2 0 o . 7 9 3  

11 .4 4 . 9 5 0 . 564 3 . 6  17 . 00 o . 6 12 
9 . 1 3 .  7 0  0 . 337 6 . 4  12 .so 0 . 819 

1 0 . 7 7 . 1 5 0 . 7 6 5  1 . 4 1 5 . 4 0  0 . 2 16 

p . m .  1 3 . 0  4 . 6 0 0. 598 2 . 2 14 . 7 5  c . 32 5 
1 3 . 8  5 .2 0 0 . 7 18 3 . 0  16 . 70 0. 561 

7 .4 6 . 15 c.4 55 3 . 0  14 . 9 0 0 .4 47 
7 . 7 4 . 8 5  0 . 37 3 3 . 7  11 . 9 0  0 . 4 40 
9 . 3  7 .4 0  c . 688 1 . 5  17 . 1 0  C . 2 57 
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-' 

MILK ING CON NUMffiR 

A P P  E N D  1 X 5. 
womnn AND �VEN ING MILK PROilJ CT I ON  OF 51 JERSEY COV S  - frQD 11/2/54 t o  1U2/j4 . 

-----�1 
___ 

2 
__ .J;.2 ___ 

4 
__ _.5'--__ 

6 
__ ___._7 

___ e_ 9 10 11  1 2  13 14 15 1 6  17 18 19 20 21 
11/2 p • 

A • 

RAT IO 

12/2 p • 

A • 

R.T IO 

1 3/2 p i . 
.� .M . 

RAT IO 

JA. i2 p .t . 
A - • 

RAT IO 

15/2 P .M . 
A .M . 

RrlT !O 

16J2 p • 

A .M . 

RAT IO 

17/2 p • 

• 

RA't' IO 

MILKING 

11/2 p • 

A • 

RATIO 

I 1 2.2 p • 

A • 

RAT IO 

!3P' P ·  .. 
A • 

RA't' IO 

14/2 p • 

.M . 

RA'!!IO 
lfj/2 p • 

A . • 

RNl' IO 

ll6Ja> p �-• . . 
A • 

RAT IO 

. :.:· 17 /� p : � 

• RA'l' IO . 

9 .3x 1�.1 6 . 7 8 . 0  5 . 2 7 .; 
1 3 .4 r2 .3 7 .2 14.3  1 1 .2 10.7 

o.694 0.740 0.930 0.559 o.464 0.701 
9 .0 8.4 7 .0 7 . 3  6.o 7 .J� 

13.0 1 3 .7 6.6 1 3.4 9·1 10.8 
o.692 o.G13 1 .061 o� o.659 o .685 

6. 6 8.1 8.1 5 ·2 7 .4  8 . 6 6 .8 
8.9 12 .3 1 3. 3 10.0 1 2.2 13 .5 9.8 
0.74 2 o .659 o.6Q9 0.220 o.6o7 o.G37 _0.694 
6.9 10. 3 ?.7 .5 •6 5.8 8.1 6.5 
8.8 10.1 12 .6 9.0 9 ·4 12.0 1o.o 
o.784 1 �020 o.611  o.G2 2 o.G17 o.6)3 o.650 

, . 1  9 · Jx  7 -� 12 . 6 6 .9  4 .2 7 - � 
7 .4 14 .2; 11 .6 1.5 .4 9·9 8 .4 10.8 
o .689 o�655 o.6o3 o.81 8 o .§97 0.500 o.676 
.5·3 6 .6 7 .6 11 .5 6.5 5 .7 5 ·6 
7 .1 14.0 1 ) .4 16 .7 9 .7 8 .9 10.9 
o .71�6 o.47 1 _ o. %7 o.6s2..__o.6zo _ _£.6'±Q.__o.5�4 

6 . )  
6 .2 
1 .016 
5 ·2 
5 ·.5 o.�-

g.8 10.0 6 .5 7 . 8  6 .8 6 .6 6.o 7 .8 8.2 5.9 6.9 a.8 7 .G 4 .7 10 .9 a.5 12 .0 8 .0 4 . 3 ? .8 ;. n 
13 . 3 7 a5 7 . 2 14 . 3 12 .0 12.2 9 ·2 1 3 .6 13 .1  9·9x 11 . ) 1 3.0 10. 3  8.1 15.4 12 .3 1_5 .0 8·9 7 .5 21 .8 7. 8 

0.737 1 .333 0.903 o.)45 o.567 0.541 o.652 0.574 o .62 6  0. 596 o.611  o.67 7 o.7l8 o.280 o. ?o8 o.621 o .Boo o.a99 o.l72 o.)zB o.744 

9·8 9.0 5.7  7 .8 6.4 7 .6 6 .6 4.1  8.6 6.2 7 .6 8.2 7 .4 ,5 .1 9 .1 7 .4 _ 11 .1  7.9 5 . 3 8.7 3 .s 
12 . 7 1 7.5 7 .8 1 3 .8 1 1 .0 12.0 10.0 12.3 12 . 3 9•4 10.2 12 .5 11 .0 7 .5 12 .4 11 .a 18. 3 8.4 8 .6 9.6 8 .o 
_ 0.7 7 2  0.514 0.731 o.565 o.5a2 o .633 o .66o 0.333 o .699 o.66o o. ?45 o.656 o.673 o .6ao o.754 o.627 o.6o7 _o�·�94_o ____ o.�G __ 16 o.906 o.475 

9.3 1o.o 6.2 a.4 6 .8 7 .9 7 .2 ,5 .. 8 6 .o 6.2 7.7x 6. 3 7 .4 .5 .0 1o.o a .. z 11 .8 a.3 
11 .7 9 .1 10�7 1 2. 3 9.1 11 .0 1 ).0 10.5 7.9 12 .9 11 .9 1 5.6 7 .2 

o!6.-.72"-h _0.721 0_!5� o .4a8 o.6s1_ 0 .700 o .48.,.2 0. 702 _ o .G3� 0,. 77.5 o .6o9 0 .756 1 .153 
13 .1 1 2 .5 a. 2 1 2.1 n . ; 

0.710 o.8oo o .756 o.?2,� o.6o2 

9 .0 8.4 4.7 8.5 6.1x 7 .1 7 .0 7 .0 7 .6 
1 2.1 1 3 .4 s. 1 12 w5 10.1 11 .) 7 .8 11 .0 1 ) .2 
_o:..:.!.!-7_;.,4..;..4 ___:;o-=•..::..62�· 7'----..:..o.:..• 5c....;OO�_o:..:•::..:.6-=-oo..:;___;:o-=•.;;..6o.:..4.;....._..;;.o�.6;;,..;2;..:a_o;;..:.�o"""2.!...7 ---=-o. G )o o .;; 7 G 

8.8 7 •b 7 .8 
6.7  12 .2 9. 4 
1 .31 3 o .62 3 o.830 

7 .0 1 ).1 7 .1 
11 .4 15 .H 8.2 

o.614 o. o2"'9_o.:...aG6 
4 .8 
8.1 
Ow593 

10.6 
4 .0 
2 .208 

9 .0 8.8 5·9 8.4 6 .5 7 .6 6 .6 7 .� 6.9 G .) 6.s 7 .1 7 .5 5. 0 9 .9 a . ) 11 .6 6.4 4 .5x 7 .2 ) .7 
10,5 1 3 .0 7 .5 1 1 .2 8 .S 10.4 7.9 10.7 10.7 8.4 9 .1 12 .1 1o.o -· . 6 .2 11 .7  10.4 14 .4 a .2 7 .4 7 .5 G • .5 

o.a57 o.677 o.,za7 0.72_0 o .739 0.721 o .a35 Q.6Z3 o.64.5 o.750 o.?47 0.587 o.z.5Q o. ao6 o. 84� o .z2a _2_.8o§_��o- o.Go£. _o£j60 _ o .5J9 
COW NUMBER 

22 2 )  24 25 26 27 2a 29 
8.o 1 3.9 7 .3 a. ; 7 .1 16.1 6 • .5 

n .6 21  .. 6 12 .5 15 . 3 10 • .5· 19.6 11 .0 
o .690 o�644 _ o.:za4 o.:z42 ot676 o.a21 0.591 

)0 31 .... 32 33 24 ' . 37 )0 39 40 41  42 
io.6 7. 2 s .6 . 7 •5 1o.a 10.2 a .o 
14 .9 10 .7 12 .6 12 .0 . 15 .2 <! 16.2 1 2.2 

0.7 1 1  o .. 673 o.6a) o .622_ o.71i o.630 o .626 
6 .4 a.o 7 .2 10.7 9·5 7 .5 4 •3 6 .2 9 .4 7 .0 10.2 11 .; 
a.,- 13 .6 12 .3 _ u. ; .-- 16 .2 13 .0 _ 7 .0 11 .3 15 .. 0 12 .0 17 .6 10 .7 
0.7.2.3 o.:z8e. 0�585'. o.94.l o .. 5a6 0.577 o.614 o .549 . o.627 o.5a3 o.58o o .6o4 
7 .o a.9 -· 7 .,6 '-· 9.1 ._. 10. 3  , a.3 · 5 .0 · 8.o 10.1 7 ·5. u .o 1 3 .0 
9·1 1 3.4- 12 .5 � 15•9 .) 17 .1 12 .8 6.2 12 .4- 16 .2 12 .b. 17 .7 19 . 3 
o.? o.664. o.6o8' ·  o. :2: o.6o2 c.64e- -· o.,ao6 o.645 · o .623 o.222 o.6�1 o.6z4 

·' 

·· s .o . � 4 .9 · . .  ·" 7 .r; ·1o.1 a.1 
13 .1 ' ' 1 .,6 . 11 .1  14.7  12 .2 

o .6ll: ·· o.64r o.676 · p .687 



MILKING COW I\UM.Bli:R 
4� 44 42 46  47 

• 

1 1/2 p • ; .6 5 ·3 12 .2 10.8 8.4 
A • 5 ·9 7 .6 19.2 15 . 8  1 3.2 

RAT IO o.61o o.627 o.6� _o.6a4 o.6;6 

12/2 P .M . 4 .4 5 ·5 11 .7 17 .2  8 .2 
A • 1 3 .4 6.5 17 . 8 8. 3 13 .1 

Ri TIO 0.,228 o.846 o.�z7 2.072 o.626 

1 3/2 P.M . 3 .4 6.1 12 .7 9 · 5 7 .6 
A .M . 5 ·� 6 .5 18.0 15·8 1 3 .8 

RAT IO o.z76 0·228 0.706 o.6o1 0.,22_1 

14/2 p � . ;.6 5 .4 12.6 8.9 8.1  
A .M . G .c 7 .4 18.4 16.2 1 ).8 

RAT IO o.6oo 0.720 o.6s;z o.5'!2_ o.587 

15/2 P .�.l . 5·6 4.7 14 .0 9.8 9 ·1 
n �1 . 4 .9 ? . 8 1 6 .8 16 .7 13 .1 

RAT IO 1 .142 o.6o2 �32 0 .5 87 o .69;z 

16/2 p • ; .o 5 ·2 12 ·.5 10.9 8.5 
A .M . 5 ·4 6 .5 16 .5 14 . ; 11 .1 

RAT IO 0·5.2.6 o.aoo 0 .728 0.762 0.766 

17/2 P .M . 4.; 4 .6 1 1 .5 9·8 7 .8 
A • 6.1 6 .7 17 .0 14.2 10.5 

RAT IO 0. 702 o.687 0!676 o.62o o .z42 

• 

A p p 

48 

7 . 3 
12.5 
.0·284 
7 .6 

11 .2 
o.679 

6.o 
13 .0 

Ol.62 

7 .9 
13 .o 

o.6o8 

7 .6 
n .o 

o.621 

7 .2 
11.4 

0!622 

7 .6 
10.5 

0. 724 

E N D I X 3. 

42 ,20 ,2:1 

6.8 8.4 15 .6 
10.7 11 .0 1 7 .7 

o.6;6 o.r64 o.8al 

6.5 7 .1 14 . 2  
10.6 1 1 .8 19 . 0 

o.612 o.6o2 0 .747 

6.7 s .s 16 .0 
11 .5 10.8 20.8 
�_2.81.2. _ o.z69 

6 .. 8 8.2 14 .5 
n .o 11 .5 19.0 

o.61s o.z.12 0.76� 
7 .1 7 .; 16 ·9 

10.� 11 .4 20 .1 
o.626 o.64o o.841 

6.) 7 .7 15.6 
9·8 11.4 18.0 
o.662 o.672 o. s67 

6 .7 7 -9 14 .5 
9 ·5 lO .b 18·5 
o.zo2 0.742 0 .784 

( Cont inue d) 



A:)r.'EXD IX 4 .  
Hesidt.Lnl. :·�t ilk !l rld !)rlmR.ry Yield f'o r 44 J e rsey C ows 19 53/51 

·_ >rimA.ry Yl el d Heeidual 1/Jilk To tnl 
;;: ilk ( 1  b )  

Cow l!.dlk :f'Rt Fat .: ilk FA.t Fl'l t ( He sidun.1 
·�o . ( 1b )  c- · )  ( 1b )  ( lb )  ( "' ) (1b)  k P.rimn.ry )  

1 
c. 
3 
4 
5 
6 
'1 
0 
9* 

10* 
11 
12 
1 3  
14 
1 5  
16 
1 /  
13 
194 
2 0  
2 1  
2 2  
2 3  
24 
2 5  
2 6  
27 
28 
2 9• 
30 
31 
32 
33 
34 
3 5  
36 
37 
3t3* 
39 
4 0  

'+.J. 
42 
43 
44 

1 0 . 3 6 . 7 0 0 . 690 1 . 3 
1C . 5 6 . 7 5 0 . 7 09 1 . 3 

'7 . 6 5 . 05 o . 3'.:34 c. .  0 
3 . 9 5 . 6 5 0 . 503 1 . 5 
3 . 9 5 . 55 0 .4 94 0 . 9 
a . o 5 . 7 5 o . 46 0 1 . G 

1 3 . 3 5 . 0o o . 665  2 .2 
8 . 1 5 . 2 5  0 .4 2 5 0 . 4 

12 . o 4 .4 0 o .  528 3 . 8 
1.2 . 5 6 .4 0 O .tJ OO 1 .4 
17 .2 5 . 5 5 0. 9 5 5  .2 . 1 

9 .4 5 .4 5 ) . 51.2 1 . 5 
1 5 .8 4 . 50 0 . 71 1  5 . 0 
l G . O 5 .4 l 0 . 54 0  1 . 6 

8 .8 5 . 30 0 .466  2 . 0 
· ; . s 4 . Jo o . 4 <:d  3 . 9 

14 . S 4 . 9 1  0 . 72 5 2 . 6 
1 3 . 1 3 . ')0 1 . 048 2 . 6 
14 . 0 5 .4 5  0 . 763  3 . 0 
18 . 5 4 .4 5 0 .82 3  4 . 3 
14 . 5 4 .80 0 . 6 96 1 . 3  
12 . 9 5 .2 o c . 671 c. . 2 
2 6 . 6 4 . 1 5 1 . 104 7 . 0 

7 .8 6 . 2 ()  0 . 484 o . ' 1  
18 . 6 5 . 00 0. 930 1 . 7 
12 • 3 4 .4 0 0 . 541 3 .  0 
13 . 9 5 . 10 0 . 7 09 1 . 0 

9 . 5 6 . 3 0 0. 599 1 . 5  
19 . 1 4 . ) 5 0 . 869 3 . 5 
18 . 5 5 . 30 0 . 981 3 .4 
15 . 5 4 .30 0. 744 1 .8 
1 3 . 7 5 . 30 0. 72 6 1 . 5  

7 . 5 7 .40 0. 555 1 . 0  
12 .8 s . o5 0. 646 1 .6 
10 . 9 6 . oo 0 . 6 54 o .6 
1 5 .8 6 .8 5 1 . 082 1 .1 
10.2 4 . 75 0 .49 0  1 .6 
18 . 5 4 .4 5  0 .82 3 4 .4 
1i'1?s 4�;io 0t!tfo 2:C;s 

11 . 5  6 . 15 0 . 7 07 1 . 5  
1o. o 1 . oo o. 1oo o.4 
1 1 . 2  5 . 6 5  0 . 6 33 2 . 5 
13 . 1 5 . 55 0 . 727 2 . 0 

14 . 7 5  0 . 192 
16 .2 () 0 . 2 11 
1 0 .7 5 0 .2 1 5  
11 . 7 5 0 . 176 
1 0 . 00 0 .  ,')90 
1 1 . 50 0 . 184 
18 . 50 0 .4 07 
1 0 . 2 5 0 .4 10 
1 3 . 2 5 0 . 504 
15 . 00 ') • .2 10 
1 6 . 00 1') . 3 36 
1.2 . 1 :;; 0 . 191 
c. 2 • 7 5 1 . 1  3F3 
1G . nn 'l . C. 56 
2 1 . 5 ·"' 0 .4 Y) 
1 5 . 50 o .G o5 
1 :- . o o o .4 68 
1 :J • 7 5 (} .4 1 :) 
1 5 .  s o  o .4 b5 
19 . 50 0 .8 39 
15 . 00 0 . 19 5  
U3 .2 5 0 .4 02 
c. 3 .  50 1 .  64 5 
1 3 . 30 n . 09 3 
14 . 7 5  0 .2 �1 
16 • 00 0 .48') 
14 . 5 0 0 . 14 5 
12 .2  5 0 . 1�34 
1 5 .2 5 o . 534 
17 . 50 o .  59 5 
14 .80 0 .2 6 6 
18 .UO O • .C 32  
16 . oo 0 . 16 0 
14 .2 5 0 . 228 
1 0 .2 5 0 . 062 
14 . 30 0 . 1 57 
1 5 . 00 0 .24 0 
17 .7 5 0 . 781 

�<5?25 °���5 
1 5 . 2 5 0 .22 9 
11 .88 0 . 048 
16 . oo 0 ,4 00 
19 .2 5 0 .385 

* 12 hour milking int erval s 

11 .6 
11 . 8 

9 . 6 
1 0.4 

9 .8 
9 . 6 

1 5 . 5 
8 . 5 

1 5 .8 
1 "5 . 9 
19 . 3 
10 .9 
2 0 . 8 
11 . 6 
1 o .n 
12 .4 
1"/ .4 
1 5 . 7 
17 . o  
2 2 .8 
1 5 .8 
1 5 . 1 
.5 3 . 6 

B . 5 
2 0 . 3 
1 5 . 3 
14 . 9 
11 . 0 
22 . 6 
2 1 . 9 
17 . 3 
1 5 .2 a . s 
14 .4 
1 1 . 5  
16 .9 
1 1 .8 
22 . 9 
J.tg�3 

1 3 . 0 
10 .4 
1 3 . 7  
1 5 .1 



AfPENPIX 2 

Pr1 :ua.Py Yi e ld an d  r e si dual m lk  at :uorning 
and evening � lk i ng at 1 4i an d  9! hr. in terval s. 

C ow 
No. 

1 

2 

3 

4 

6 

7 

8 

P . Y. 
lbe. 

1 1 . 8  
1 4. 1  
1 3. 6 
1 4. 9  
1 0. 3 
1 4 . 5  

2. 4 
1 3. 5 

1 2. 1 

1 5. 2  
1 3. 2  

1 6.9  
1 3. 1 

1 6 . 4  
1 4. 2  

LOb"T 

R. M. 
l ba. 

3. 6 
3. 2 
1 . 2 
1 . 2  

7. 1 i( 
2. 4 

1 1 . 5 i( 
1 .  2 

4 . 1 

3. 1 
5. 0 

2 . 4 
6 .9  
1 .  9 
3. 9 

ii C ow on he at 

C heek d 

P. Y. 
lb s. 

8. 7 
9 . 5 

1 0. 0 
1 1 . 0 

1 3. 6  
1 2. 1 

9.4  
9 . 7 

1 1 . 5 
9 .6  

1 2. 5  
1 2. 1  

9. 4 
1 4. 1  
1 2. 1 
1 1 . 6 

P . M . - R . M . 
l b s. 

3. 1 
3. 4 
1 . 2 
1 .  5 

2 . 0  
2 .  2 
1 .  5 
1 . 1 
1 .  5 
1 . 2 
1 . 4 
2 . 0 

1 .  8 
1 . 3 
o. 6 
1 . 2  

·� 1 r: l- , , f '- '�. ·�· } f= ". � l  • ; 1 ,  



cow 1 .  
DATE 

28/2 /? 4 
1 / 3 . 
2/ 3 
)/ ) 
4/ 3 · 
5/ 3 
�-
2 8/2 
1/ ) 
2/3 
3/3 

4/3 
2L3 
eo .. 3. 
28/2 
1 /3 

2/ 3 
3/5 
4/ 3 
5/ 3 
eo� 4 . 
28/2 
1 / 3 
2/3 
3/ 3 
4/3 
5/ � 
CO'.i 2• 
28/2 
1/ 3 
2/3 
)/3 
4/ 3 
5/ 3 

- . 

y� 
o. 6 
8 . 9.· 

10. 0 
9· 6 

10.5 
10.5 

8. 8 
10. 9 
11 . 0 
1 1 .2 . 
l l . 5 
11 .4 

8. 4 
9·4 

10.5 
10 .2 
10 . 3 
10.8 

; . b 
9. 8 
9·0 

n .o 
9 · 7 

10.1 

1G .2 
11 . 3 
1 1 .6 
12 . 3 
12 .2 
12 .1 

T O'rAL MILK AND FAT PROOOCl'IqN1 INCLU 
A .M. 

T DIE  milk 
INI' ERVAL FAT ( % )  FAT (lh. ) YIEW 
HOURS . (lb. )  
12 .0 3 3  6 .6o 0 .568 8.4 1 1 .9,50 
1 2 .250 5 - 75 0 . ?1 2 9 · 3 11 .817 

6 . 30 / 1 1 .967 1 2. 100 o. u 30 8 . 7 
1 1 . 950 5.)0 0. ) )9 9 . 8 1 1 . 8b3 
1 2.11 7 'J .90 o. o20 9.2 11 . 900 ., 

o. G3c 12 . l b7 12 . 1_')0 D . OO 9. 7 

12 . 0 3) 5 · 95 0._524 10. 2 1 1 .8 3) 
1 2 . 300 6 . 10 o. 665 10 .4 11 . 7 3 ?  
12 . 1 3 3  :; . 70 o. 627  1 1 .5 1 1 . 967 
11 . 9 3  3 5 . 80 o . 65o 1 1 .2 ·1 1 .900 
12 . 1 1 7 5 . 40 o . G21 1 1 . 8 11 . 9()0 
1 2. 400 ) . 80 o. Go1 1 1 . 6 11 . 917 

1 1 . 8 .1. � 6. 10 0 .51 2 8 . 7 1 1 . 917 
1 2 . 2 50 G.oo 0 . 564 9 · 3 11 . 783 
1 2 .01 7 ') ._55 0 . 583 10 . 3 12 .ooo 
12 . 000 5 . 60 0 . 5 71 10 .9 1 1 . 900 
12 .0�7 5 · 5.5 0 . )7 2  9 . 6 ll . 9 3) 
12  .4 ) 3  ; . 64 o . G09* 10 . 2 n . aoo 

1 2 .000 3 · 3.5 0 . 188 10 .. 9 11 .917 
12 . 250 5 . 70 0.559 9 · 7 n . a;o 
11 . 9)0 5 · 30 0 .4 7 7  9 ·2 1 1 . 917 
12 . 0 ) 5  _r:; . �o 0 . 58 3  9· 9  11 . 800 
12 . 08 3 5. )5 0 . 519 10.7  1 1 . 7.50 
1 2 . 61 7 '5 . 80 0. )86 10 .2 11 . 783 

1 1 .91 7 G. so 0 . 694 10 .4 11 .8 )) 
12 . 3 ) 3 6. 55 0. 740 11 . 7  11 .7.50 
12 . 017 6 .0) 0 . 702 12 . e 11 .98 3 
12 . 01 7  G .oo 0 . 812 12 · 3 11 .9 ) 3  
12 .017 6.05 0 . 7 38 1 2 .7 1 2 . 11 7 
12 . 250 6. 00 o. 726 11 . 8 11 .86 3 

. * Value est imated by miss ing plot techn ique . 

6 .  

"G �SlDUAL MILK RalOV!!!D BY 11 Prr OCIN" • 

�'JI.T ( lb. )  

·6. zo 0 ._521 
6 . 00 0 .'))8* 
_5. 85 0 .)09 

.20 o. uo8 
5 - 95 0 .)47 
6.6o o . o4o 

,. zo 0._581 
'j. b5 0 .581:3 
5 · 90 0 . �79 
5 . 80 O . b50 
5. 6o o . G61 

2·22 o. 69o 

5· 15 0 .44 8 
.5 · 35 0 . 498 
5 . 70 0 .)87 
5 · 7'3 o. o2 7 
5 - 30 0 . 509 
5 . 7? 0.)87 

.5·0.5 0 .5_50 
5 . 20 0 .504 
5 -2 5 0 . 483 
5·'' 0 0. 5 3.5 
5. 20 0 . 556 
5 - 15 0 .525 

6.00 O . o24 
5 . 80 0 � 67 9 

.5 · 9.5 0 . 7 6.3 
5 . 80 0 . 71 3 
5 - 2.5 0. 667 
;.4_5 o. 64 3  

DATii: 
cov, G . 
28/2 /54 
1/ 3 
2/ )  
)/ ) 
"/ )  
212 . 
eo .. ? . 
28/2. 
1 /3 
2/ 3 
3/3 
4/ 3 
5/3 

eo .. 8 . 
28/2 
1/3 
2 /3 
3/3 
4/3 
5/3 

COl'/ 9• 
28/2 
1/ 3 
2/3 
31 3 
4/ 3 
51 � 

C().{ 10. 
28/2 
1/ 3 . 
2/3 
313 
4/3 
5/3 . . 

'fl� 
( lb . )  

14 .5 
15 . 0 
17 . 2 
1 u .u 
lu .?_ 
1 7 . o 

s .6 
10 .4 

9 . 1 
9 ·9 

10 . 4 
9 · 3 

1 1 . 1 
10 . 1� 
l l . b 
1 2 . 1 
12 .') 
12 . ) 

11 . ) 
12 .6 
12 . 7  
1 5  • .5 
14 .0 
14 . 1 

9· 6 
8 . 7 

10 • . .) 
11 .3 
10 .5 
10 • .8 

' . ' 

.n , . p �VI • 
T ti{f.: - -·

--

MILK T IME FAT (� ) FAT ( Lbs . :  INI' l!:RVAL FAT ( % )  FliT ( L'bs. ) YIELD INI'ERV AL 
HO URS (Lb& .) HOORS 

12 . 08 3 4 .7 0 0 . 682 1 (  • 3 1 1 . 867 4 . 55 o. 742 
12 . 1 83 4 .50 O. t;75 1 7 .2 11 . 867 4 . 20 0 . 7 2 2  
12 . 1 67 4 .40 0 . 757 l b . ? 11 . 7 8 5 4 . 25 0 . 7 10 

4 • 50 1 1 . 067 12 . 00 )  0 . 747 1 13 . 9 4 . 45 o . 84 1 
12 . 017 4 ._5_5 0 . 7 60 17 . 8 12 . 01 7 ) . 80 o . u7 6 
1 2. 482 4 ·22 o . au1 1 b.2 u . G1 z 4 .40 0 . 744  

12 . )00 , I' 0 . '>}2 a . 6 11 . 7i0 6. 15 0 . )29 9· 05 
12 . 1 83 o. 1.5 o.lJ4o 10 .5 11 . 8 7 6. 45 o . u7 7  
12 . 08 3 G.oo o. �46 () . 7 1 2 .000 o . 50 o . o)l  .. 
1 1 . 983 6 . 70 o. oo 3 � · 9 11 . 93 )  o . 70 o . 603 
12 . 0 )3 o. o5 o . 629 10 . 2 12 . 03)  6 . 20 o. 632 
12. .2 o7 6 .1�5 o . Goo 10. 9 11 . 68� c> . 4 _5 O . ?C �  

1 1 .9�7 b . 35 0 . 705 10 . 0 11 .8 3 3  'i . )O o . 'i 30 
12 . 1 &7 5 . Go 0 .5d2 l l . O l l . )l7 ) . 7) o . G , )  
1 2 . 1 1 7 5 . 20 O. uO ) 1 ., r· ' L .  � )  1 1 .9CO r C C:: ? e uJ O . t� 7 )  
11 . 9H3 _:) . 1) 0 . 1)2 3 lL .4 l l .8d)  (j . uo o • . ) )0 
12 .067 'j . l5 0 . �44 12 . 4 11 . 900 ) . 25 o . ·)_5 1 
1 2. 400 ') .20 o . o4o l l . ) 1 1 . 8 /7 5 . 60 o . 6))  

1 2 . 1 33 5 ·50 o. 622 12 . 2 12 . 0)3 4 . 85 0 .592 
12 .067 5 . 40 o . 58o 14 .5 ll e9L·3  ) .0_5 o . 7 32 
1 1 . 98 3 5 .40 o . 686 1 ) . 7 12 . 4 )3 .5 . 05 0. 092 
1 1 .6 )3 5 . 1_? 0 . 69.5 1 ) . 1 1 1 . 78 ) 5 . 20 o . 6m 
12 . 250 5 ·00 0 . 7 00 H .5 1 1 . 767 .5 . 10 0 . 740 
12 .483 5 .40 0 .761 l/ ·9 1 1 .700 4 . 80 o . 61 9 

11 . 917 6. �0 o. £05 9. 2 11 . 917 5 · ?-2 0 .529 
12 . • 250 6 .2.5 0.544 10 ._5 11 . 750 _5 . oo 0 .588 
12 .08 3 6.00 O . b1 8 10.4 1 1 . 800 .5 ·50 0._5 72 
11 . 9'j0 _5. 00 o . 655 11 . 6 1 2 . 11 7 5 ·90 0 . 684 
11 . 867 _? . 70 0 • .?99 11 .7 12 . 117 5

-� o . G61 
12 .2 3) 6 . 20 0 .670 10 . 6 11 . 700 ; . o5 0 .599 

I • � 
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