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INTRODUCTION 

Low solids-not-tat (S.N.F. ) leYels in the liqu14 ai1k 

industrr prompted an enquirr into the problem of meeting tbe 

minimum legal requirements for s.N.r. ( 8.5%) and into metho4a 

for determining the s.N.F. content and the protein content of 

the milk. The methods,tor the S,N.F.,which were 

inYestigate4 were based mainlJ on the hydrometric or den itJ 

technique which g1Yes an indirect but rapid indication of tke 

composition , whilst the amido black technique was examined 

with a view to aaaeasiDg its suitabilitr as a routine etho4 

for the protein determination. 

There is a growiBg aware neas of the nutritional 

adYantages of milk protein and of other nutritive in the 

aolida-not-fat content of milk. 

Waite et al. haTe stated "In recent years th solids­

not-tat content of silk has come to be regarded as of equal, 

or ot greater importance, than the tat percentage . This 

change is the result of an increased waren ss of the nutrit1Ye 

Yalue of milk protein and other non-tatty constituents, in 

particular calciWI and vitamins." Bans on in the same year 

wrote "The growing coapetition between fats of ani al and 

plant origin has also led to the conclusion that the non-tat 

components of the milk will be emphasized more correctly in 

the future." 

Furthermore, it is con idered that there is an urgent 

need to maintain milk composition up to the legal requirements 

when it is delivered to the consumer. 
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Improvement in protein and S ,N .F. percentag aad 

produotion levels can be brought about, tor example, 'b7 

selective breeding. The use of S.N . F . percentage an4 

produc tion levels as indicative par�eters tor evaluating 

genetic improvement in protein levels is justified because 

of the high correlations that exist b etween S.N.F. and 
protein in milk, an4 because the measurem ent techniques tor 

s.N.F. are simpler tllan those tor protein. 

The use of �-x�d breed herds will also e:f"fectiv 11 

meet this need for improved s.N.F. and protein levels, but 

because it introduces problems in husbandry and managemeat 

this is not a widely accepted answer to the problem. 

A ver,r simple and practical method for meetiag 

minimum legal requirements,and for upgrading the protein 

level and nutritional value of the milk• is for low S.N.F. 

milks to be fortified at the milk processing plants with non• 

fat dried milk solids, A. logical extension of thia ooaeept 

is the use of non-fat-dried milk solids and unsalted butter 

produced under maximum conditions of eff ici ency to provide 

continuous or partial supply of reconstituted milk ot 

standardised composition for the liqUid milk market. Thi• 

could readily replace the relatively inef ficiently and 

expensively produced market milk supplies , espeoiall7 winte� 

supplies, and could result in a saving in subsidy of betw..a 

£2-.5 million, and at the same time allow a milk of equal er 

perhaps improved nutritive value to be marketed at the present 

prices. 

This theme has been investig ated and developed iD a 

paper by the author entitleda "Meeting the minimum l.egal 

requirements for S.N.F." (Dairy Ind. 13. i 39, 114 (1962)" ). 



The use of reconstituted dried milk solids as 

alternative sources of milk supply tor the liquid milk 

induetr7 is currently being investigated, both 

technologically and economicnlly, by a committee appointe4 

by the Minister of Agriculture. This investigation was 

stimulated by the publicity following the publication of 
the above p per which is attached to the next page. 

Reterencee 

HANSSON, A. (1956). Genetic variations in the content of milk 
constituents. VIIth Int.Z6ot.Congr.,Madrid, Subj.5, 
1 11. 

WAITE, R., WHITE, J.C.D., ROHERTSON, A. ( 1956).  Variation. 
in the chemical composition of milk with particular 
reference to the solids-not-tat. I. The effect of 
stage of lact tion, season of year and age of cow. 
J.Dairy Res. � I 65. 
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MEETING THE MINIMUM LEGAL 
REQUIREMENTS FOR S.N.F. 

by G. M. Wallace, 

Massey College, University of New Zealand, Palmerston North 

Presidential Address to N.Z. Dairy Science Association, 1961 

RECENTLY the Cook Commit­
tee in Great Britain recom­
mended that a greater enJ­

phasis should be placed on the 
S.N.F. content of milk and that : 

(ii) the efforts of the dairying 
industry in the years ahead should 
be directed towards maintaining 
and improving the S.N.F. content 
of the liquid milk supply; 

(iii) the fat and S.N.F. contents 
of milk should continue to be the 
criteria used for both legal and 
marketing purposes; 

(xii) d iffe r e n t i a l  payment 
schemes for S.N.F. should be in­
troduced as soon as possible in all 
five Milk Marketing Board areas 
in the United Kingdom; 

(xv) price penalties should be 
imposed in Great Britain at 8 .4 
per cent S.N.F. and below: gra­
dations in the pr·ice scale should 
be of sufficient magnitude to pro­
vide an effective deterrent to low 
S.N.F. and the point at which 
penalties begin should be raised 
progressively. 

The compositional quality of town 
milk in parts of New Zealand has 
caused consideraule concern because 
of its low value, e.g. S.N.F. levels ·in 
Christchurch. The Annual Report of 
the Department of Health ( 1959), 
p. 29, states : "Once again the pro­
portion of milk samples taken in 
Christchurch which fails to meet the 
standard for solids-not-fat (8.5 per 
cent) compnses an outstanding 

Part I 

amount of the total non-compliance 
in New Zealand." 

What effective measures can ue 
taken to bring aiJout an nnprove­
men t in quality? 

The problem can be handled 
either on the farm or in the factory. 

On the Farm 

( 1) On the farm a testing scheme 
for S.N.F. and selective breeding 
from progeny tested stock could 
bring a slow but definite improve­
ment in the q uality of the milk in 
respect of S.N.f. Robertson, Waite 
and White showed there was a 
genetic correlation of 0.94 between 
percentage solids-not-fat and per­
centage crude protein, and also one 
of 0.67 between percentage solids­
not-fat and percentage lactose. Thus, 
a breed improvement programme 
based on percentage solids-not-fat, 
instead of crude protein, could result 
in an increase in percentage solids­
not-[ at, in which part of the increase 
was in lactose, an expensive carbo­
hydrate of limited nutritional signi­
ficance (Ling, Kon and Porter). 
Our need is not to improve the 
lactose levels in the milk, but to in­
crease the protein, calcium and some 
of the vitamin levels as milk, 
whether in the dried or in the liquid 
form, provides or could provide a 
very considerable proportion of the 
dietary needs of these constituents. 
Whilst it would be a foolish concept 
to breed for improved calcium or 
vitamin levels, as these can be 
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supplemented more economically 
from artificial sources, there is a con­
tinuing need fo1 proteins of high 
biological value and ready digesti­
bility. Milk proteins can provide 
much of this need, particularly as a 
supplement to a predominantly 
cereal diet. A breed improvement 
programme would theoretically, 
therefore, be bette1 based on protein 
content, not' total S.N.F. 

A breed improvement programme 
based on fat recording can bring 
about a limited improvement in 
solids-not-fat and protein levels. 
Thus, Robertson et al. demonstrated 
genetic correlations of appro>eimately 
0.5 between percentage fat and per­
centage crude protein and also 
between percentage fat and percen­
tage solids-not-fat. This genetic cor­
relation is only about half that 
between solids-not-fat and crude 
protein. Calculations using the data 
in their paper suggest that selection 
for improvement in crude protein 
percentage, using the indirect 
method of selection based on fat 
percentage, would give a rate of 
improvement of about a quarter of 
I hat possible if the protein percen­
tage of the milk itself was used as 
the basis of selection. 

Improved fat percentages in milk 
for human needs are not particularly 
desirable. Therefore it would be 
better to improve the protein per­
centage without increasing the fat 
percentage if this were possible. One 
of the disadantages of indirect selcc-
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tion on a fat basis for increased pro­
tein content is that the fat percen­
tage will increase more rapidly than 
the protein percentage. Also, with 
indirect selection, it is possible for 
improvement in protein content to 
come to a halt if the genetic variance 
for percentage fat becomes small, yet 
there may still be unexploited 
genetic variance in percentage pro­
tein. 

I f  selection for protein was based 
on percentage solids-not-fat, the 
improvement, although still indirect­
ly controlled, would be much better, 
because the genetic correlation 
between percentage crude protein 
and percentage solids-not-fat is high 
(about 0.9); further, the increase in 
percentage fat would be less as the 
genetic correlation here is lower 
(about 0.5). Although this method 
would result in an increase in fat 
percentage, the rate of increase will 
be little different from that which 
would have occurred if selection had 
been based directly on percentage 
crude protein (rg crude protein % 
and fat % ea 0.5). Selection on 
solids-not-fat, or on crude protein 
will bring about an increase in lac­
tose, but the increase with solids-not­
fat is likely to be greater than that 
with protein (rg S.N.F. % and lactose 
% is 0.7, whereas rg protein % and 
lactose �1., is 0.4). Flux, Patchell, 
Campbell and McDowall have shown 
with Jersey cows that as solids-not­
fat and. fat levels increase beyond 
values of approximately 9.2 per cent 
and 5 per cent respectively, there is 
no comparable increase in lactose 
percentage levels and these, in fact, 
appear to drop. Thus, the increase 
in lactose percentage levels with 
breed improvement may not become 
a particularly serious drawback to 
the use of solids-not-fat as an in­
direct basis of selection for increased 
protein once a minimum level for 
solids-not-fat is reached. 

Finally, Robertson et al. showed 
that there was virtually no correla­
tion between solids-not-fat percen­
tage and yield, whereas between fat 
percentage and yield a genetic cor-
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relation of the order of -0.2 to -0.5 
is generally observed. 

Stewart has stated : 

(i) I f  a satisfactory S.N.F. re­
cording scheme were available, the 
average improvement likely in 
closed herds, where S.N.F. was the 
only selection criterion, would be 
about 0.3 per cent at the end of 
the first 15 years. Where charac­
ters other than S.N.F. were con­
sidered, the improvement would 
be considerably less--perhaps 0.1 
per cent in 15 years. 

(ii) If A.I . bulls were progeny 
tested for S.N.F. and the best 50 
per cent used extensively, without 
the A.I. member culling or select­
ing for S.N.F. and without A . I .  
organisation relaxing selection 
standards for other characters of 
commercial significance, there 
would be an improvement of 
about 0.22 per cent in A.I .  cattle 
at the end of the first 15 years. 
(Culling 50 per cent of bulls for 
S.N.F. is extremely rigorous if 
other characters are to receive 
due attention.) 

(iii) By basing an S.N.F. im­
provement plan on the existing 
fat-recording scheme, genetic gains 
could be a:bout one-third as 
rapid as those possible with an 
S.N.F. recording scheme. 

(iv) Breeding provides only a 
long-term answer to attempts to 
improve S.N.F. and if significant 
progress is to be made by breeding 
for S.N.F. other characters of 
commercial significance might be 
neglected to the ultimate detri­
ment of the breed. 

In the absence at present of a con­
venient field method for estimating 
protein, a breed improvement pro­
gramme based on S.N.F. will bring 
about a slow but nevertheless desir­
able improvement in protein levels 
with virtually no reduction in yield. 
This improvement will be con­
siderably more rapid than that 
which would result from an im­
provement programme based on 
fat. Furthermore, the production of 

protein is likely to improve at an 
even greater rate because of the 
apparently negligible correlation 
between yield and S.N.F., whereas 
there appears to be a distinct nega­
tive correlation between yield and 
fat. 

Breed improvement programmes 
for percentage solids-not-fat or per­
centage protein without reference to 
production levels are completely un­
realistic. A breed improvement pro­
gramme must therefore either (a) in­
crease the percentage solids-not-fat 
composition whilst holding solids-not­
fat production constant, or preferably 
(b) increase the percentage solids­
not-fat composition as well as in­
crease the solids-not-fat production. 

(2) A further option available to 
the producer is to use mixed herds 
to obtain a satisfactory average milk 
quality, but economic husbandry 
considerations generally indicate this 
to be less satisfactory than the use 
of herds giving a bulk of low testing 
milk. 

In the Factory 

The preparation and storage of 
dried non-fat milk solids results in 
only insignificant changes in the 
nutritive value of the product 
(Henry, Kon). In recent years the 
wholesale reconstitution of dry milk 
solids into liquid milk has been 
undertaken in a variety of ways in 
India, Bahrein, Trinidad, Hong 
Kong and Mexico City, and the re­
sultant liquid milk has been well 
accepted. There are no valid tech­
nical or nutritional reasons why 
reconstitution in some form or other 
should not be used by milk treat­
ment stations to bring the S.N.F. 
quality of the milk received up to 
the acceptable minimum standard 
and the various regulations should 
be modified to permit this to be 
done. 

Reconstitution by treatment sta­
tions under strictly controlled con­
ditions is much to be preferred to 
unsupervised and uncontrolled re­
constitution by the farmer, a pro­
cedure which will undoubtedly be 
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followed by many it :·1eir S. N.F. is 
low. 

The Cook Committe.e recom­
mended that "milk should continue 
to be sold as it comes from the cow", 
and this could be discussed with 
considerable emotion, but only 
limited realism. Standardisation of 
the fat content (by abstraction) is 
already practised with homogenised 
milk delivered to the public and 
more extensively with the homo­
genised milk delivered to schools 
under the Milk 1n Schools scheme. 
This standardisation of the fat con­
tent of the milk has the blessings of 
the pediatrician� and with the in­
creasing interest by the medical pro­
fession and general public in low 
calorie diets and the possible in­
volvement of animal fats in athero­
l'clerosis, further standardisation of 
fat content is not unlikely. Surely, 
therefore, the addition of S.N.F. to 

milk to improve its nutritional 
quality cannot be assailed on logical 
grounds. 

Despite their statement that milk 
should continue to be sold as it 
comes from the cow, rhe Cook Com­
mittee also recommended that "the 
fixed mm1mum standards should 
apply to milk only at the point of 
sale to the consumer", and if this 
realistic recommendation is con­
sidered in a completely practical 
manner the Committee must have 
felt that either blending with high 
S.N.F. content milk or in its absence 
addition of non-fatty dry milk solids 
to the low quality milk must he 
undertaken to protect the consumer 
interest .  

Standards 

The necessity for mmnnum com­
positional standards has been q ues­
tioned. The consumer has the right 

DAIRY INDUSTRIES, JANUARY, I g62 

of protection and no satisfactory 
argument has been brought forward 
to justify a modification of the 
S .N.F. standard which has been 
found to be of practicable attain­
ment during the last 50 years. The 
producer of high quality milk, like­
wise, has the right of protection 
against the use of his milk to bolster 
the quality of the milk received from 
producers of the poorer quality milk, 
unless both have received payment 
on the basis of the quality of the 
milk supplied. 

In this age of enlightenment the 
purchase of goods on the basis of 
quality standards is usual and there 
is no reason why reasonable stan­
dards of quality should not be 
applied to and demanded of liquid 
milk and, in fact, the Cook Com­
mittee has recommended the imple­
mentation gradually of increasing 
minimum standards for S.N.F. 

(to be continued) 
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MEETING THE MINIMUM LEGAL 
REQUIREMENTS FOR S.N.F. 

by G. M. Wallace, 

Massey College·, University of New Zealand, P-almerston North 

Presidential Address to N.Z. Dairy Science Association, 1961 

Would payment for S.N.F. supplied 
provide sufficient incentive to 
bring about the desired im­
provements in quality? 

The estimates of the correlation 
coefficient between fat and S.N.F. 
percentages for the same sample of 
milk with individual cows and herds 
have varied greatly, e.g. Jenkins and 
Provan give values ranging from 
0.31 to 0.54 and Wallace (unpub­
lished data) found values of 0. 71 
with individual Friesian cows over 
a full season, 0.57 with individual 
Jersey cows and 0.93 when the 
mixed Friesian and Jersey herd was 
considered. There is thus the possi­
bility of a low correlation between 
the weights of fat and S.N.F. sup­
plied, and consequently in the dis­
tribution of income to each supplier, 
based on these respective weights. 

Distribution of income. 
TOTAL PERIOD (260 d•ys) 
Based on: 

Part 2 

In a randomly selected group sup­
plying the local milk treatment 
station, this was examined, using 
data originally reported in connec­
tion with an investigation into the 
accuracy of methods of analysis for 
S .N.F. (Wallace, 1 961 ) .  In this study 
the correlation between the average 
fat percentage and the average 
S.N.F. percentage contents of the 
milk supplied by the ten suppliers 
over the whole sampling period was 
0.69. When, however the correlation 
between the weights of fat and 
S.N.F. supplied over this period was 
determined it was found to be very 
high, 0.97. The distribution of in­
come within the group was calcu­
lated on the basis of weight of fat 
supplied and a payout of 3s. per 
pound of fat. The percentage distri­
bution of the income in the group 

TABLE 1 

was calculated on the basis both of 
fat and S.N.F. production. 

Table I gives the total income for 
each supplier, the percentage distri­
bution of the group income to each 
supplier on a fat supplied basis, and 
the deviation from this of the income 
calculated on the weight of S. N.F. 
supplied, both on a percentage basis 
and in terms of monetary value. 
Table I covers the whole period in­
vestigated (260 days) and shows that 
the maximum deviation was a de­
crease of 0.73 per cent, which repre­
sents a re-allocation of income 
amounting to £15 in a total income 
of £2,023 in this case. Even with 
the much shorter seasonal periods of 
80-90 days covered also in table 1, 
the maximum re-allocation was only 
1 .40 per cent or £1 1 in an income 
of £819. The correlation coefficients 

FAT SUPPLIED: S.N.F. SUPPLIED: AUTUMN PERIOD: WINTER PERIOD: SPRING PERIOD: 

Suppliers: 

-----

1 
2 
4 
5 
6 
7 
8 
9 

10 
11 

1 1 4  

Value of Percentage Deviation from Reallocation I Value of Reallocation Value of Reallocation Value of Reallocation of 
at 3/- lb. of group percentage of of income fat of income on fat of income on fat income on basis 

b.f. total group total for supplied basis of SNF supplied basis of SNF supplied of S.N.F. supplied 
fat supplied applied 

£ £ £ £ £ 
---- ----- ----- ---- ----------

1,266 6·26 nil nil 348 + 0·7 411 -I 509 +0·5 
2,856 14·11 + 0·39 + 5 951 -a 957 + 6 949 +7 
2,023 10·00 -0·73 -15 525 -Q-6 669 -5 838 -9 
2,362 11·68 +0·42 + 8 504 -0 · 5 630 + 3 1230 +1 
2,522 12·47 +0·16 + 4 561 +7 744 - 3  1219 -0·7 
2,739 13·54 -0·47 -13 786 -3 819 -11 1137 +0·6 
1,639 8·10 +0·34 + 6 372 nil 468 + 3 801 +4 
1,264 6·25 + 0·23 + 3 318 nil 381 + 2 581 +I 
1,556 7·69 -o-50 -7 411 -3 336 + 0·6 807 -6 
2,004 9·91 + 0·15 + 3 525 -3 585 + 5 898 -1 

The use of 3/· per pound of butterfat is based approximately on the current guaranteed price for butterl•t. Liquid milk 
realisations per pound of butterfat approximate 6/- assuming an average fat content of 4 per cent and a return 1960/61 of 28.80d.fgal. 

The deviations of the percentage t.listribution of individual supplier production of S.N.F. in relation to the production of the whole group 
remains constant, but the actual rPturns and reallocations will be doubled on the basis of liquid milk prices. 
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Supplier No: 

I 
2 
4 
5 
6 
7 
8 
9 

10 
11 

Lb. S.N.f. 
supplied 

16,1 ii 
37,497 
23,956 
31,277 
32,649 
3:1,791 
21,H51 
16,7-t5 
18,6011 
26,022 

Lb. S.N.f'. 
minimum 

(8·5%) 

16,434 
35,SH 
23,254 
30,3S2 
32,157 
31,923 
21,256 
16,479 
18,368 
24,296 

TABLE 2 

Lbs. S.N.F. 
Under­

supplied 

257 

Payout on 
S.N.F. 

supplied 
£ 

2,262 
5,2-to 
:1,460 
4,370 
4,580 
4,73U 
3,060 
2,3.42 
2,6111 
:1,640 

l.ess 
penalty: 

£ 
36 

Final 
payout: 

£ 
2,226 
�.240 
3,460 
4,370 
4,580 
4,7311 
3,060 
?.,�42 
2,610 
3,640 

Payout per lb. 
S.N.F. 

Pence 

33·1 
33·6 
33·6 
33·6 
33·6 
33·6 
33·6 
33·6 
33·6 
33·6 

Supplier No. I was the only supplier sending in lf'ss than the rnininllllll required qu;tntity of S.N.F. 
He w:1s penalised to the extent of [:Jfi which meant that his S.N.F. was purchased at 3:3·1 pence per 
pound, instead or 33·6 pence per poqnd the basic prier. 

between the income distributed Oil a 
fat supplied bsis and on an S.N.F. 
supplied basis were very high, being 
0.990 for the total period and 0.985, 
D.977 and 0.988 for the shorter 
autumn, winter and spring periods. 

On the basis of this study, which 
there is no reason to consider atypi­
cal, it can he seen that the concept 
of distribution of income on the 
basis of S.N.F. sup plied would pro­
vide little more incentive to improve 
milk quality than the incentive 
already present in the much more 
simply determined distribution of in­
come Oil the fat supplied basis. 

It should be borne in mind, how­
ever, that in New Zealand S.N.F. 
testing of raw milk supplies for town 
milk use is already obligatory· at 
twice monthly intervals. Wallace. 
1961, has shown that hydromctric 
methods of S.N.F. assessment on 
composite samples can give an 
adequate estimate of S.N.F. sup­
plied f or payment purposes. The in­
troduction of an S.N.F. payment 
scheme would not therefore create 
very much further demand on time 
or expenses. 

Possible method of payment for 
solids-not-fat incorporating 
penalty for low solids-not-fat 
percentages. 

Assuming the introduction of 
regular S.N.F. testi ng for payment 
in the same way as the present fat 
testing scheme operates, the follow­
ing scheme could provide monetary 
incentive to improve solids-not-fat 
pe rcen tage levels. From the weight 
of milk supplied in a given period 

ll1e weight of S.N.F. which should 
have been supplied, had the milk 
been of the minimum acceptable 
composition, can be calculated. 
Using the present gallonage price 
and the present average S.N. F. con­
tent of milk, calculate the payout 
per pound of S.N.F. supplied. For 
every pound of S.N.F. below mini­
mum required level, deduct e�Juiva­
lent payout. At the end of the 12 
month period an adjustr"Qcnt should 
he made on am· di ffere nce between 
the S.N.F. supplied and the mini­
mum required supply on the one 
hand, and the deductions and addi­
tions paid for on the monthly basis 
for over or under supplying the 
m1111mum S.N.F. required on the 
other. 

An example follows: 
In ten day period 10,000 lb. milk 

supplied. S.N.F. test 8.0 per cent on 
com posite. 
i.e. S.N.F. supplied 800 lb. 

Minimum S.N.F. required, 850 lb., 
i.e. 8.5 per cent on 10,000 lb. 

Price per pound S.N.F. supplied is 
derived as follows : 

Present price 2/6 gal. (should be 
present gallonage price) and average 
S.N.F. 8.6 per cent (should be pre­
sent S.N.F. average). 

That is, payout will be 
8.6 X 10.32 

= 2/6 per ---- lb. S.N.F. 
100 

= 2/6 per 0.887 lb. S.N.F. 

= 33.8d.jlb. S.N.F. 

Price paid for S.N.F. supplied 
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2j6 X 800 

.887 
= £100/.887 
= £112 15s. Od. 

For every .887 lb. S.N.F. below 
minimum required level, deduct 2/6, 
e.g. in above case payout on S.N.F. 

supplied= £112 15s. Od. 

less 50 lb. deficient S.N.F. at 
2/6 per .887 lb.= £7 1s. 3d. 

1.e. net payout=£ 105 13s. 9d. 
1.e. S.N.F. was purchased at 3 1 .7d. 

lb. 
At end of 12 month period �n 

adjustment should be made on any 
difference between S.N.F. supplied 
and deductions or additions paid for 
on monthly basis for over or under 
supplying minimum S.N.F. required. 
e.g. over 36 tests 400,000 lb. milk 

supplied. 

minimum S.N.F. require at 8.5 per 
cent= 34,000 lb. 

S.N.F. supplied in total= 32,000 lb. 
i.e. S.N.F. deficiency= 2,000 lb. 

S.N.F. defi cienc y on 10 day basis, 
say= 1,800 lb. 

i.e. Furt•her deduction for 200 lb. at 
2/6 per .887 lb. 

Using this concept, the payouts 
given in Table I have been re­
calculated, assuming 8.5 per cent as 
the minimum S.N.F. level and a 
payout of 33.6d.jlb. S.N.F. 

These are shown in table 2. 
At current market price this 

deficiency in production of S.N.F. bv 
supplier No. 1 would cost £8 11s. 4d. 
to replace in the form of reconsti­
tuted milk. 

(continued on next page) 
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What is the potential of a liquid 
milk supply based entirely or 
partly on the reconstitution of 
non fat dry milk powder and 
unsalted butter or butter-oil? 

The cost of reconstituted milk pre­
pared from skim-milk powder cost­
ing £7 5 per ton, i.e. 8d. lb. and un­
�alted butter costing 3/- lb. and re­
constituting to a 9 per cent S.N.F. 
level and a 4 per cent fat level would 
be: 

9 lb. S.N.F. and 4 lb. fat to 1 0  gal. 

= 6/-+ 1 4/3 for 1 0  gal. 

= 20/3 for 10 gal. + 2/- for pro­
cessmg. 

= 22/3 for 10 gal. or 26.7d. gal. 

A change in S. N.F. price to £95 
per ton would increase the cost by 
2.2d. gal. Thus the maximum cost 
of fully reconstituted milk of 9 per 
cent S.N.F. and 4 per cent fat will 
not be more than 2/5 gal. or to 
reconstitute to the minimum legal 
levels of 8.5 per cent S.N.F. and 
3. 25 per cent fat, the cost would be 
on present raw material values+ 2/­
per 10 gal. for processing, 1 9/- for 
10 gal. or 23d. gal. 

According to Section 8 of the 
Seventh Annual Report of the N.Z. 
Milk Board, the average payments 
to producers for the year ending 31 st 
August, 1 960, was 32.916d.jgal. This 
return does not represent cost at the 
factory door since it does not include 
the cost of handling surplus milk nor 
does it include cartage from farm to 
the factory. These extra costs repre­
sent 4. 486d. jgal. Thus, the average 
cost of milk at the factory door was 
37. 402d. /gal. 

The average cost at the factory 
door does not give an entirely clear 
indication of cost variations with 
season and district. Thus, there is a 
premium of 5. 75d.jgal. paid for 
autumn (February-April inclusive) 
produced milk, and for winter (May­
August inclusive) this premium rises 
to 1 2  . 68d.j gal. Prices within districts 
are also subject to variation. Thus, 
all autumn and winter milk pro­
duced in the South Island receives 
an additional premium of 4.0d. jgal., 
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and in Oamaru and Southland there 
is, in addition, a further premium of 
4. 0d.jgal. Several North Island dis­
tricts receive additional premiums of 
2-4d. /gal. for limited periods. Thus, 
the pr'ice for winter milk at the 
factory door in Southland in 1 960/ 
61 will be around 48.7d.jgal. Assum­
ing an average fat content of this 
milk to be 3.5 per cent, this repre­
sents a cost of 146d. /lb. of butter­
£ at at the factory door. 

By using reconstituted milk and 
reconstituting to the average butter­
fat 4. 1 per cent and average solids­
not-fat 8.8 per cent found in market 
milk, the cost would be 24.85d.jgal. 
Using the 1960 average price for 
town milk at the factory door of 37. 4 
gal., this represents a minimum 
saving of 1 2.55 gal. or about 80 per 
cent of the subsidy, that is £3.9 
million-a worthwhile amount in 
any government's eyes. 

It may �eem unrealistic 'in a dairy­
ing country to have to reconstitute 
all liquid milk, but economically it 
would be very sound, and techno­
logically it is practicable. When the 
coot of production of winter milk is 
considered 43.7d. jgal. (with higher 
costs in some districts), as compared 
with 24. 85d. /gal. for reconstituted 
milk, the whole of the subsidy is 
recoverable, together with a con­
siderable surplus of £430,000 at 
least. In the winter period of 1 960, 
approximately 26 million gal. of milk 
were used and the subsidy on this 
amounted to £1.6 million. It can 
be seen that the use of reconstitution 
as a means either of providing all 
milk for human consumption or 
more probably a substantial part of 
the winter consumption can bring 
about a major reduction in govern­
ment costs through reducing the 
food subsidy account. It is very 
difficult on logical grounds to justify 
s uch excessive expenditure on the 
production of a product under the 
inefficient conditions of winter 
milking. 

Conclusion 

There is a growing awareness of 
the nutritional advantages of milk 

protein and of other nutritives in the 
solids-not-fat content of milk. There 
is an urgent need to maintain milk 
composition up to the legal require­
ments when it is delivered to the 
consumer. 

Improvement in protein and 
S.N.F. percentage and production 
levels can be brought about by 
breeding. Use of S.N. F. percentage 
and production as an indirect means 
of genetic improvement in protein 
levels is warranted because of the 
high correlations that exist between 
S. N.F. and protein, and because of 
the simplicity of the tests for S.N.F. 

Mixed breed herds will also effec­
tively meet this need for improved 
S.N.F., but this is not generally liked 
from a husbandry and economic 
point of view. 

A very simple and practical 
method for meeting minimum legal 
requirements is for milk to be pur­
chased on the basis of its S.N.F. con­
tent and for the treatment station to 
fortify the liquid milk to the required 
level of S.N. F. with non-fat dried 
milk solids. 

Finally, non-fat dried milk solids 
and unsalted butter produced under 
maximum conditions of efficiency 
can be used to provide a continuous 
or partial supply of reconstituted 
liquid milk as is done overseas. This 
would replace the inefficiently and 
expensively produced market milk 
supplies and could result in between 
£2-5 million saving in subsidy, a 
very worthwhile note on which to 
end. 
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ANALYTICAL INVESTIGATIONS 

In an endeavour to facilitate and extend the testing 

ot milk supplies tor recording and for commercial purposes, 

aspects ot the following methods ot milk analysis were 

investigated: 

L. 10 

(A) Fat testing using techniques based on Sulphuric 
Acid . 

(B) s.N.F. testing using the density hydroaeter 
method . 

(C) Protein determination using amido black. 

A . The guaptitatiye relationship ip the dilution ot 

Sulphuric Acid tor fa\ testisl• 

A small but nevertheless important problea in the 

testing of milk tor S.N.F . haa been the associated teat tor 

fat and the need in this test tor a siaple means to calculate 

the amount ot dilution water necess�ry to add to the 

concentrated sulphuric acid used in the testing procedure to 

adjust the densit7 of  the acid to within the required limit • 

In view of the hazards involved in adding water to concentrated 

sulphuric acid , the accepted techniques for adjusting the 

composition ot solutions by taking a known weight of the 

material and diluting to a predetermined volume cannot be 

followed . 

Because of  the large amount ot heat of dilution and 

the major deviation ot the tiDal volume from that of a purelJ 

additive relationship , the normal dilution formulae cannot be 

applied iD these circumstances . 

This investigation showed that a relationship existed 

between the amount of contraction that occurred and the 



difference betwe a tho energy stored as molal tree ener ot 
the dilution water and the energy liberated as heat of 

dilution . Using this relationship a volume contraction 

factor was derived tor oacb 0 .001 gms/ml .  change iD deae1t7 

between 1 .836 gma/ml .  and 1 .794 gma/ml . , at which latter pola, . 

and less the dilution relationship becam simpl7 dd1tiYe . 

Va1ng these volume contraction factors , dilution curwee were 

established peraitting accurate dilution of coaoeatrate4 

sulphuric acid to another predetermined densitJ• 

Th1a investigation hae been reported in the to11owlat 

paper : "The Dilution of Sulphuric Acicl in the Region ot 
Densitr 1 .8lt - 1 .80. " (Dairr lnd . � a 753 ( 1960) ) .  

A cop7 ie attached . 
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THE DILUTION OF SULPHURIC ACID IN THE 

REGION OF DENSITY 1 .84 -1 .80 

by G .  M. Wallace, 

Massey Agricultural College, 

University of New Zealand, Palmerston North 

IN the test ing of mi l k  to deterl l l i nc 
its fat content by the Gerber ( 1 )  
method, sulphuric acid of den­

sity 1 .8 1 5 ± 0.002 g/ m l. at  20° C. 
(S.G. 60/60° F., 1 .820- 1 .825) i� 
requ ired. In the Babcock (2) method 
sulphuric acid of density 1 .822+ 0.005 
gjml .  at 20° C. (S.G. 60/60° F. 
1 .823- 1 .833, S.G. 20 j 20° C., 1 .820-
1 .830) is required. 

Concentrated sulphuric acid nor­
mal ly has a dens i ty  of approximately 
1 .84 and i t  is necessary therefore to 
d i lute this with water to obtain the 
spec if ied densit ies. In view of the 
hazards i nvolved in adding water to 
concentrated sulphuric acid, the 
accepted techn iques for adjust ing 
the compostt ton of solu t ions bv 
tak ing a known weight of the 
material and d i lu t ing to a predeter­
mined volume cannot be followed. 

The method general ly fol lowed is 
a somewhat haphazard one of add­
i ng the su lphuric acid to small 
quant i t ies of water, with qui te 
extensive delays whi ls t  wai t ing for 
the m ixed acid to cool, un t i l  the 
density or speci f ic gravity has been 
adj usted to with in the requ i red 
I im i ts. 

Because of the large amount of 
heat of d il u t ion and the major 
deviation of the final volume from 
that  of  a purely addi t ive relation­
ship, the normal  d i lu tion formulae 
cannot ue applied under these c i r­
cumstances. Scot t  (3) and Domke 
(4), Rogers (5) have published d i lu­
t ion tables, but i n  no case are these 
applicable m the dilu tion range 
d iscussed. 

An investigation of this problem 
showed that a relationship ex isted 
uetween the amount of contraction 

that  occurred and the di A'erence 
between the energy stored as molal 
free energy ( E) of the d i l u t ion water 
and the energy l ibera ted as heat of 
d i lu t ion (H) (6). 

a t  20° C. hy adjusting the observed 
drnsity by 0.00 1 gmsjml. for each 
one degree centigrade d ifference 
from 20° C., i ncreasing the observed 
dens i ty  i f  the observed temperature 
was greater than 20° C. or decreas­
mg the observed dens i ty if the 
obsnved temperature was less than 
20° C. 

Table 1 give� t h is  difference i n  
energy ( E-H) and t h e corresponding 
volume contract ion factor for various 
densit ies in  the range of i n terest. 
Th is  data can he used in conjunc­
tion wi th F ig. I to calculate the 
volume of water requ i red to produce 
a di lute acid of known dellS i t \·. 

Using Fig. 1, determine the 
l'olu mP.  in m i l l i l i tres, of this strong 
acid to be taken to d i lute to 1 ,000 
I l l ! . to obtain acid of the desired 
density, by fo l lowing or i n terpolating 
t i le curve corresponding to the 
dens i ty of the strong acid to i ts i n­
tercept wi th  the vertical l ine corres­
ponding to the dens i ty desired. 
Perpendicular to the vertical line at  
t h is i n tercept read off the volume of 
st rong ac i r l  to be taken. 

Using the data available tn 
BS 753 / 1 959 (7) .  Fig. 1 has been 
constructed so that  it i:  pos�ible to  
read d i rect ly the vol ume of strong 

acid requi red to produce a d i lu te  
acid of k nown compost l lon and 
density at 20° C. when d i lu ted to 
1 l i tre. 

Method 

Measure the density of the strong 
sulphuric acid and note the tempera­
ture. 

" i1 1e  volume, in m i l l i l i tres, of water 
to be added to this predetermi ned 
vol u l l le  of strong acid to give acid 
of the desired density on mixing is 
calculated by m u lt iplying the differ­
ence between the volume of acid 
taken and I ,000 ml. by the factor Calculate the dens i ty of t h is acid 

TABLE I 
Difference between relative partial molal free energy of water and heat of dilution 

at 0·001 gmsfml. incremental changes in density 

1 121J' C. J-! 1 11:-;jllll . 

I ·B:JG 

I ·S35 
I ·B:l4 

1 -H:l:J 

l ·t->3:.! 

I ·H:J I 

I · B:JU 
1 -�29 
1 ·828 

1 ·827 
1 ·826 
1 -H�S 

I ·S2..J 
I ·S2:� 

1 -�22 
I ·S2 1 
i ·S'..!tl 
1 ·8 1 �) 
l ·S I S  
l ·S I 7  
I ·S i tl 

! ·H I :\  

l� - 1 1  cal�. \'olnmc l D:W(_C. E - H  cals. Volume dcg.-'tHol.-' Con tranion gtnsfn t l .  deg.-'lllol.-1 Contraction 
factor factor 

:J�l'25 - - --�92 -- - -� --�S I �--- ---26-W ---- -�zg--
:J,"{Sil I ·SS I -S I ;{ 2600 I ·27 

:l77:i l ·RS I ·S I � 2570 1 ·26 
:l711U I · S I  I ·S I I 2540 1 ·24 
:H:i:!S 1 ·77 I ·H l o  2 5 1 0  1 ·23 
:J55U 1 ·7.j I ·H09 2..JSIJ 1 ·2 1  

:�--'75 I ·70 I · HOi-l 2450 1 ·20 
:�..JOO 1 ·66 1 ·8117 2-120 1 · 1 8  

:l:l�.) I -6:l I ·H06 2390 1 · 1 7  
:r..!ill l · titl ! · SUS 2360 1 · 1 5  
:l� I S  ! ·S i  1 ·�04 2330 1 · 1 4  
:�Hill  I - .'):' I -�11:' 23011 1 · 1 1  
: n o ;;  1 ·5'.! I ·SCf! 2:!711 1 - 1 1  
;{o;iO I ·-H-1 I ·Bi l l  224U 1 · 1  0 
31lUH I ·-47 I ·SUO 2 2 1 0  1 ·08 
'.!�1511  1 · 44 1 ·799 1 1 80 1 ·07 
:!�ltiO I ·4:! I · 7�)S 2 1 50 L ·05 
2$50 I <N I · 797 2 1 20 l ·04 
2SIJII I <li 1 ·796 2090 1 ·02 
'..!7611 I <i;i I ·795 2060 1 ·0 I 
�nu 1 -:;:; 1 ·794 203u t ·OO 

'.!til'IU l <i l  

D A I R Y  I N D U S T R I E S ,  O C T O B E R ,  1 9 6 0  733 



(f) _j 
2 

D I LU T I O N  O F  CO N C. S U L P H U R I C  A C I D  
D l  LUT I O  N FA CTO R  

D20°C FACTOR 
1 ·836 1 · 92 
1 · 835 1 ·88 

890t------+----+----+---- 1 83 4 1 ·85 
1 ·833 1 81 
1 · 832 1 77 
1 831  1 74 
1 · 830 1 70 

JT---\---+----+------1--- 1 ·8  29 1 · 66 
1 ·828 1 · 63 
1 ·827 1 ·60 
1 826 1 57 

91 01--�r---\+----t------11---- 1 ·  82 5 1 .  55 
1 824 1 · 52 
1 823 1 · 49 
1 822 1 - 47 
1 ·82 1  1 44 

1------*--'lc----+----1---- 1 ·820 1 -42 
1 ·81 9 1 · 39 
1 ·8 1 8 1 37 
1 ·8 17  1 35 

1-----\-----,f---\-�c--t------i---- 1 .  81 6 
0 1 ·8 1 5 

1 ·33 
1 · 31 
1 ·29 
1 · 27 
1 26 
1 · 24 
1 · 23 
1 ·2 1  
1 · 20 
1 - 1 8  
1 · 1 7  
1 · 1 5  
1 · 1 4  
1 · 1 2 
1 ·  1 1  
1 -10  
1 ·08 

u 1 · 81 4 
0 1 · 8 13  
z 9401--\----\-1---\-t-\--:=---+---- 1 . 8 1 2  
0 1 · 81 1 � 1 ·81 0 
� 1 809 
0 1 · 808 
w 950 1 ·807 
2 1 ·806 

1 ·805 
1 ·804 

��--41c--��--+-+�--- 1 ·803 
1 ·802 
1 ·801 
1 800 

1000��--�--�---L--�--�--�--�----�------� 180 5 1810 1 -815 1-820 1825 1 830 1835 
DENS I TY 20°C 

F IGURE 1 

for the density representing the mean 
of the starting and finishing acid 
densities. 

The correct volume of acid is then 
poured carefully with stirring into 
this calculated volume of water. 

Example. 
Density of acid 1 ·834 gmsfml at 22•c. 
Density of acid at zo•c. = 1·834 + 2 x ·001 

= 1 ·836 
Required density at 2o•c. = 1 ·8 1 5  
Mean density = 1 ·825 
Factor for Dn I ·825 = 1·55 from table 

Volume of strong acid needed =925 ml from Fig. I 

Volume of water needed = ( 1000-925) x 1 ·55 
= 75 X 1 ·55 
= 1 1 6 ml. 

This investigation has been sup­
ported in part by a grant from the 
Department of Scientific and I ndus­
trial Research and this is gratefully 
acknowledged, as is the technical 
assistance of M iss S. Quin. 
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B.. The d;eulopaept of the hYdr9Mt£1s !lotbo4 fJE 
!I•' miaipa the s.u.r. goateat as a !Of! prscin 

( a) DeJisa at a NomocraRh relatips s .N,r • •  rat 194 B"'i$1• 

A recurring source of error; in 4eterminins the .M .r. 

content ot milk was in the calculations involved iD oa•ertilc 

observed hJdrometer readings into S . N . r. percentages .  The 

method8 available were slow and complicated even wbea the 
Richmond a11de rule was used an4 these frequentlr le to • 

of eo�tat1oa . In aa endeavour to eliminate aar co.,lez 

manipulative te kDique or computation , the relationship , • ._. 

the tat perceatage , the hJdro eter reading at 20°C 4 •k• 

aolids-aot•tat content was plotted in the form of a ao.ogra • 

The cursor was engraved not oal7 with the basic rullns but al 

with a set of other rulings ,  which eaabled the s .N .r. coate ' 
to be read direct17 and without further manipulatioas wbea the 

hJdroaeter rea41Dga were made at temperatures other than 20°C 

(Standard) . With this deYioe it is possible ·to read the 

solids-not-tat content directly from the nomograph aa aooa aa 

the cursor hae b en properly located over the tat percent • 

and hydro ter reading oorreepoadins with those of the 

beias tested . 

'thi ao1110graph and cursor were described in a paper 

eat1tle4a "A no graph tor calculating s . N . F . coateat ot ld.lJr. 
from clenei t7 hfdro• ter reaclinge and fat perc at • " (Pd.J7 
Ind . � : 1030 ( 1957) ) .  

A cop;y of tlaie paper is attached. A slipt17 lll04itle 

versioa of the nomograph and cursor ( described 1D a aote 

attached to the paper) was aubsequentl7 developed b7 the autkor 

and this tora ie universally used by the Town Milk Iaduatr,J la 
New Zealand . 
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A N omograph for Calculating S.N .F. Content of Milk from 

Density Hydrometer Readings and Fat Percentage 

by G. M. Wallace, Biochemistry Department, Massey Agricultural College 

(University of New Zealand) , Palmerston North, N.Z. 

Summary. 

A N O M OG R /\ P H  and cursor 
\d 1 ich s imp l i f ies the calcula­
t ion of the sol ids-not-fat 

CO I J l t ' n l  of  1 n i l k  from the dens i ty 
hydroi ne l t 'r read ing and fat per­
centage is described. The cursor i s  
s o  c a l i l n·a tecl t ha t i ndependent cor­
rec t ion of t h e  density hydrometer 
read i n g  for ten 1 pera tu res other than 
20° C : . i s  ohv i ated . 

Introduction. 
Tlw p rt·se n t  l l l ct hods of  calc u l a t ­

ing t lw �:o l ids-not-fat  content  of m i l k  
froJ J J  ! J yd roi JI C ' ter rrad ing and  fat 
con t e n t a rc slow and complica ted. 

A l t hough the B r i t ish Standard ( l ) 
(a ppend ix D, table 4) g ives a ser ies 

of t ables for t h e  dn ivat ion of S.N.F. 
< tnd a sepa rate table ( table 3) for 
correc t i n g  hyd rol llcter read ings at 
t e n 1 pera t ures other t h a n  20° C. to 
de n s i ty at 20r C : . ,  t ime and rare are 
req u i red t o  obta i n  t he resu l t .  The 
dcnsi t y h ydrm nl ' ler  si idc rule 
dcV('lopcd frm n R ichmond's s l ide 
ru le n l 'Cess i t at es various l l lan i pu la­
t ions  before giving the resu l t i n  total 
� ol i c b  COJ i t t · n t .  I ncorrec t use of the 
s l ide rule in the adjustment of  
h yc lrome t l ' I' read ings to density at 
20' C : . is not u n usual  with tech­
n i c ia ns. F u r t h er ,  t he S. T .f.  percen­
t age m u s t  he deri ved fro1 1 1  the total 
sol ids percentage, thus presen t ing 
n lOIT oppor t u n i t ies for error. 

I n  the olde r  lac tometer techn ique 
it ,,·as u n usua I for s ta  m! a rd isation of 
t ] l ( '  prcv ioJ J s  t l ' l l l ] ) ( ' l'at u rc h i.-; tory of 
t � H '  I I I i l k  to i l L' u ndertaken to con t ro l  
t h e  d l'rc t of t h e  R ccknagc i con t rac­
t ion.  This is a n  in tegra l part  of the 
B r i t ish S t a n da rd proced u re' . Because 
of t i w  t ' x l ra hand l i ng l l l'Cl'S�· a ry i t  is 
desira i dc t o  com pensa te for the t ime 
i n vol ved by s in 1 p l ifyi ng t he pro­
ced u re whcrevcr possible. 
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75 DENSITY HY DROME TER NOMOGRAPH 76 
()[SIGNED Bv G M WALLAC£ , MASSE Y AGRlCUL TI.FAL COLL£GE ,N.l 

8.0 
Fig. 

This nomograph and cursor save 
t in1e and because of their s impl ic i ty, 
mcrease accuracy. 

Description. 
Using the data given in appendix 

D, tables 3 and 4, of the Brit ish 
Standard, a nomograph rel a t ing the 
fat content of m i lks between 3.0 per 
cen t  and 7 .55 pn cent and hydro-

74 
I .  

l i JCll ' l' readings between 2 5  and 35 
degrees was constructed so that  the 
S.N.F. percentage could be read off 
d irectly to the nearest 0.05. This i s  
shown in f ig. l .  

The pcrspex cursor ( f ig. 2) has 
been so engraved that the S.N.F.  
con ten t  may he read w i thout the 
need for a prel im i nary adj ustment of 
hydrometer read ing taken a t  tem-

Fig. 0 l'crspcx cu rsor. 
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pcra t u res o t h e r  t ha n  20' C. to 
density a t  20° C. The range of t e n l ­
pcra t u re con 1pcnsat ion is 1 7-2+' C .  
i n  I 0 i ncrell lcnls.  

A long the left  border of the nol l lo­
graph a s t r i p  of pt• rspt •x c a n  he f i t l l ·d 
'o that when the c u rsor, w h ic h has 
been rad i u sed in rela t ion to t h e  L t t ­
pcrcen tagc- locat i ng-mark, i s  i n  cOl i ­
t a c t  w i t h  t h i s  s t r i p  i t  w i l l  a lways 
bring t h e  loca t i n g  mark d i rect l y  ov< 'r  
t he fat perce ntage l i 1 w  of t l w  I IO I I H l­
grap h ,  t hereby ass is t i 1 1g  i t t  i t s  ra p i d  
n t a n ipulat ion.  

Method of Use. 
( I )  The cross at t h e  l d t  of t l w 

c u rsor is p laced over t h e  a p p rop r i a t e  
f a t  percen t age. 

( 2) The t n a i 1 1  l i ne 0 1 1  t he c u rsor, 
m t rketl  20 C : . ,  i s  loca t ed ovn t l t t ' 
oh.'it ' rv t ·d h y d ro n t l ' ter  rea d i ng . 

n) The S . J\ . F . pclT l ' l l !age is read 
oil '  u l l c l t ' l ' t h e  a pp rop r i a te te 1 1 1 pcra­
t u re l i 1 w  01 1  t i H ·  r i g l 1 t  of  the c u r.-;or. 

Discussi o n .  
Sol i ! ( "  ' 1 1 1 1 p l t · l l l l ' t hod o r  COI I I ! J l ' I I Sa­

t io l l  for l l \ · c l ro n H · t n  n ·ad i ngs a t  
t t ' I I I J W I ; I l t n · , ·s  ot i l l ' r  t l t a i J  2 0  C .  i s  
< ',�t ' J J t i ; d .  'i i i HT i t  i s  no t ; d l\ ; 1 \ ' coJ J ­
'TJ J i t • J t t  t o  . t d j u .' t  t i l l '  t < ' I I I J H ' I ' ; t t i J I ' ( '  of  
t l w  I J t i l k  t ·xa c t l \' t o  ::! ( ) '' C . ; t f t n  
l w; t t i n .� t o  + O  C : . f or  :, J l l i n u l l·s a s  
prcscr i k - d  i n  t h e  B r i t i s l t S t a nd a rd .  
T h e  coJTt"Ct ion COJ IVl 'r t i t Jg hyd ro­
n w t n  rl 'a c l i ngs to den.'i i t y  a t  20 C : . 
''; t r ies "· i t h  t he f a t  con t e n t  ( Br i t ish 
St a n d a rd t a l tk :l).  The correc t ion for 

+ pe r ce n t  f a t  has been used i n  pre­
paring t l 1c  c t t rsor, hut the error in­
t rod uced f o r  fat percen tages ou tside 
t h is r; t nge i s  very small  and can 
j us t i f i a b l y  he ignored.  

' I ' l l ( '  accu racy of t h e  J IOi l lograp h 
;t ncl c u rsor is w i t h i n  0.03 u n i t s 
t · x p n ·.o;sec J a' p t ·rn ·n t agc S . N . r . ,  
ll'l t ic h l l l l'a l t s t h a t  read i ngs to t l te 
I H'a rt ·st 0.05 w i l l  he su fficien t l y  
accur; t t < ·  for a l l  p rac t ical  pu rposes. 

C u rsors ; t ncl J tO i l lOgra phs a rc 
; tva i i ; J i d l '  f rnl t l  t i l l ·  ; t u t hor . 

"· is l t to ac k t tow lcclge l i l Y  J J J ­
d l'i t t l 'd t t l 'SS to D r. W .  !\. M cG i l l i v ra y, 
of t l t i s  l kpa rt t m•n t , who suggested 
t l w pms i h i l i t y of u s i ng a nomogra p h  
I l l  t h i .'i COI I I JeC t io: t .  

R E FERE N C E  
( I )  British 5[3nc1ard 734: 1 955, Densi[y hydromc[ers 

tor U .5 C  i n  ·n; l k .  

Since this paper was published , B . S . 734 has been amended and appropriately 
amended version s of the nomograph for u se when the fat is in the solid s tate 
and fo r use when the fat is in the liquid state were prepared and were used by 
Nameplate Engravers Limited as a t emplate for commercial produc tion of the 
nomographs . The cursor ha s been modified by making the mark for locating the 
fat percentage on the cursor a sharpened point . The nomograph has been provided 
with a rule no tched at every 0 . 1% fat increme n t  to locate the pointed cursor . 
This nomo graph and cursor is universally used by the Town Milk Indus try in New 
Zealand and has proved very sati s fac tory . 

, 7"  
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B .  ( b )  Examination of the hydrometric technique 

Because of the indirect basis of measurement of S . N .F . 

when using density and fat content as the measured parameters. 

the method is sub j ect to errors o ther than tho se inherent iD 

the me thod o f  analysis . The se o ther errors which are primarily 

due to variation in the lactose/protein ratio of  milk may be 

appreciable ( S . D .  ! 0 . 2  S . N . F. %) with samples from individual 

cows and will vary with the stage of  lactation . The bulking 

of milk and the use of 1 0-day composite samples was shown to 

reduce this variation to a much lower value ( S . D . ! 0 . 05 

S . N . F .%) . Bias in the stimate occurred 9  the extent and 

direction o f  the bias changing with season . The importance of 

this bias was not easily a s sessed due to the limited information 

available but it was possible to ignore it , for the estimate 

over an extended period of sampling ( 9  months) showed no bias . 

Using the hydrometric me thod , when the S . N . F . conte t 

of 10-day composite samples of milk taken from individual herds 

were compared , after making due allowance for the effect of the 

preservative pre sent , with the weighted mean S . N . F . content 

calculated on a daily basi , it was shown that the 1 0-day 

composite sample could be used succes s fully for estimating the 

S . N . F . perc entage compo sition of the milk samples and S . N . F . 

production of  the herd . 

A comparison of  the S . N . F . produc tion estimated by 

gravime tric and hydrome tric methods using 10  commercial herds 

gave a mean difference in the estimate of 0 . 1 4% ( S . D . ! o.4) . 
The standard deviation expressed as a percentage error o f  the 

estimate o f  S .N . F .  produc tion based on 1 0- day composite samples 

using the hydrometric me thod o f  estimation was ! 0 . 56 which was 

not appreciab ly more than that for the Gerber estimation for 

1 5  



fat ( S . D . ! 0.5)  and was less than that for th Babcock 

estimation for fat ( s . D . ! 0 . 85) , both of which have been 

accepted without que stion as satisfactory methods of 

analysis for a long time e This hydrometric technique using 

10-day composite samples was of a satisfactory accuracy and 

precision for routine analysi These results are pr sented 

and discussed in two papers.  

In the first paper entitled : "Application of the 

hydrome tric method of analysis to the estimation o f  solid 

not-fat production . "  (J . DairJ Research � ' 1 1  ( 1 962) ) ,  

th experimental results and their evaluation are presented. 

In the second paper entitled : "Use o f  hydroaetrio 

technique in estimating S . N . F . content of milk . " (Dair7 Ind . 

� :  600 ( 1963) ) ,  the accuracy o f  this technique ie further 

considered in relation to the accuracy of other methods of 

sampling and analysis for S . N . F.  and some of  the practical 

applications of the hydrometric technique are examined .  

Copies of  these papers are attached . The work 

reported in these papers forms the basis of S . N . F . testin 

studies at present under investigation by several sections 

of the Town Milk Industry in New Zealand. 

1 6  



.. 

J. Dairy Res. ( 1 962), 29, 1 1  

Application o f  the hydrometric method of analysis to 
the estimation of solids-not -fat production 

BY G. M. WALLACE 

Massey Agricultural College, Palmerston North, University of New Zealand 

(Received 28 July 1 9 6 1 )  

� 

1 1  

SuMMARY. The effect of preservative tablets added to milk on its composition and 
density is discussed. A comparison between the s.N.F. content of 10-day composite 
samples of milk from individual herds after making due allowance for added pre­
servative, and the weighted mean S.N.F. calculated on a daily basis, showed that the 
1 0-day composite sample could be used successfully for estimating S.N.F. hydro­
metrically. A comparison of the weights of s.N.F. supplied when estimated by gravi­
metric and hydrometric methods was made for ten herds supplying a commercial plant 
over a period of 260 days. The mean difference was - 0· 1 4 %  of the gravimetrically 
estimated weight, s .n.  0·4, and the range was ± 0·6 o/o. The result is discussed and is 
considered of sufficient accuracy to justify, on a technical basis, using the hydrometric 
method of estimating S.N.F. for determining and, if necessary, paying for the S.N.F. 
supplied. 

With the realization of the increasing nutritional and economic importance of the 
s.N.F. components of milk there has come an increasing interest in methods of 
estimation of the S.N.F. ,  or preferably protein, fractions of the milk. This study has 
been undertaken to establish whether the relatively simple hydrometric method for 
estimating S.N.F. in milk will give a sufficiently accurate estimate for commercial 
purposes. Claesson { 1 958) described a method for the rapid gravimetric estimation 
of total solids using infra-red drying. This procedure and equipment was intended for 
use in centralized laboratories. Preliminary studies on the effect of added preservative 
on the composition and density of milk and on the analytical differences to be expected 
between daily sampling and analysis, and daily sampling with analysis of the 1 0-day 
composite samples were also undertaken since an understanding of the effects of these 
modifications, normally used in commercial fat estimation procedures, was essential 
in the final assessment of the major study. 

EXPERIMENTAL 
All samples were taken by the Palmerston North Milk Treatment Station staff on 

the milk receiving stage. 
( 1 )  Correction for preservative 

Duplicate half-pint samples of the milk in the weigh vat were taken from fourteen 
individual supplies. The density of one sample of each pair was determined in ac­
cordance with BS 734 { 1 955) , Amendment no. 1 ( 1 957) as soon as the sample had 

1 'l 



12 G. M. WALLACE 
undergone the necessary pretreatment to ensure that the fat was in the solid state. 
The other sample was preserved with one 2-grain tablet of mercuric chloride (B.D.H. 

corrosive sublimate tablets, 2-grain, coloured blue) and was then examined at the 
same time as the unpreserved sample after undergoing identical pretreatment. The 
preserved sample was then held for 4 days in the refrigerator to determine the effect, 
if any, of storage on the density of preserved samples. The density of these samples 
was again determined as before. No deterioration of these preserved samples was 
evident. 

(2)  Composite versus daily sampling 

Half-pint samples of milk from the herds selected for the main study were taken 
daily for testing. 

A sample dipper full (about 25 ml) of the same milk was also taken daily and 
placed in a composite sample j ar containing one 2-grain mercuric chloride pre­
servative tablet per half pint of sample. Where more than one weigh vat full of milk 
was received from a supplier proportionate sampling was used for both daily and 
composite samples. The composite samples were kept in a cool room when sampling 
was completed. Density was determined with the fat in the solid state and fat content 
percentage was estimated using the Babcock procedure. The analyses were carried 
out entirely at the Palmerston North Milk Treatment Station during May 1 959. 

(3)  Accuracy of hydrometric method of estimating S . N . F .  production 

A further series of 10-day composite samples of the milk from the herds of selected 
suppliers were taken into sampling bottles containing a 2-grain tablet of mercuric 
chloride as preservative. These composite samples were stored in the cool room when 
not required on the stage. At the end of the 1 0-day period the samples were analysed 
at Massey Agricultural College. Density was determined with the fat in the solid state. 
Fat was estimated in duplicate by the Gerber procedure (BS 696).  Total solids were 
determined on duplicate 2 g samples using disposable aluminium dishes and drying 
in an electric oven with fan-assisted circulation at 1 0 1  oc for 3 h.  

The selection of suppliers was based entirely on the estimated likelihood of their 
maintaining a continuous supply of milk to the factory throughout the sampling 
period. They were otherwise a completely randomized sample of town milk producers. 

RESULTS AND DISCUSSION 

Correction for preservative 

With an aged preserved sample there was an average increase in density due to the 
addition of preservative of 0·00094 gfml at 20 oc with a standard deviation of 
0·000 1 2 .  

Using the formula given i n  B S  734, Amendment no. 1 ,  for determining the solids­
not-fat percentage from the hydrometer reading when the fat is in the solid state and 
from the fat percentage : 

% S .N . F. = 0· 25D + 0·22 fat % + 0·55, 

where D = 1 000(density - 1 ) ,  the effect of an increase in density of 0·00094 gfml at 
20 °C amounts to 0·235 % s . N . F .  
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The average weight of a preservative tablet was 0· 265 g (average of sixteen, range 

{)·258-0· 282 g).  If all this tablet were soluble it would increase the density of a half 
pint of milk ( 284 ml) by 0·00093 gfml at 20 °C. There is thus excellent agreement 
between the average observed contribution of the added preservative to the density 
of the milk and the theoretically deduced contribution. 

The extent of the contribution to the hydrometric S . N . F .  percentage of a sample 
of milk when one 2-grain preservative tablet is added to each half pint of milk amounts 
to 0·235 %- The contribution of the preservative to the gravimetric estimate of the 
s .N . F .  amounts to 0· 095 % since the additional material added amounts to 0·27 g in 
284 ml which is equivalent to 0·095 %-

In the main study preserved samples were used throughout and the density was 
determined with the fat in the solid state. The effect of the added preservative on the 
hydrometric estimate of the s .N .F. percentage would, therefore, amount to an increase 
of 0· 235, but there would also be an increase of 0· 095 on the gravimetric estimation, 
due to the effect of the added preservative. The hydrometric S . N . F .  percentage should, 
therefore, have exceeded the gravimetric S.N.F. percentage by an average of 0· 1 4. 

In the first examination of the results it was calculated that 284 2 1 7  lb of s . N .F. 

were supplied using the density method of estimation of s . N .F. %, whereas on the 
basis of the gravimetric estimation 276 7 5 1 lb of S.N .F. were supplied in 3 145 370 lb 
of milk. Thus, the average S.N.F. content by density equals 9·036 %, whereas the 
average s . N . F .  obtained gravimetrically equals 8·799 %. Correcting these values for 

the effect of the added preservative gives a density s . N . F .  of 8·80 1 % and a gravi­
metric s . N . F .  of 8· 704 %, a difference of 0·097 % S . N .F. 

Our original results were calculated using the formula given in BS 734 : 1 955 for 
use with milk in which the fat was in the liquid state. In our samples, the fat was in 
all cases in the solid state when the density determinations were made. The observed 
over-estimation of 0·097 in the s . N . F .  percentage as a result of this difference in pro­
cedure is considerably greater than the over-estimation of 0·07 % suggested in 
Amendment no. l to BS 734, but agrees well with an observed over-estimation of 
0· 1 %  determined on a herd of mixed Friesian and Jersey cows (Wallace, 1 958). 

However, in view of its recognition in Amendment no. l to BS 734, the standard 
correction of - 0·07 was applied to all the original results to compensate for the over­
estimation introduced by using a procedure different from that for which the formula 
in BS 7 34 : 1 955 was derived. 

In summary, the results used in the study of the accuracy of the hydrometric 
method of estimating S . N . F .  production have been adjusted by subtracting 0 · 2 1  from 
the s .N .F. percentage to allow for the effect of added preservative and 0·07 to allow 
for the differences in procedure. 

Composite versus daily sampling 

This particular aspect of the investigation was carried out entirely at the Milk 
Treatment Station using their equipment. An examination of Table 1 indicates that 
the adjustment of - 0· 235 to the hydrometric S . N . F .  percentage for the added pre­
servative in the composite sample was slightly over-estimating the correction to be 
applied since all but one of the composite estimates are biased in the direction of 
under-estimation . The gravimetric estimation of s . N .F. in the composite sample was 
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also biased, in this case completely, in the direction of an apparent under-estimation, 
but this can be explained since the hydrometer used in this aspect of the studies was 
found, on calibration, to be giving a consistently high reading. 

Table l. Comparison of s.N .F. estimates based on weighted mean estimate of daily 

samples and on estimate of corresponding 10-day composite sample (nine herds) 

(The composite sample analyses given below have been corrected for added preservative, the 
hydrometric estimates by reducing apparent S.N.F. percentages by 0·235 and the gravimetric 
estimates by reducing the apparent s.N.F. percentages by 0·095 (see Results and Discussion).) 

Mean S.N.F. %, S.N.F. %, Difference S.N.F. %, Difference 
daily basis composite ( l ) - (2), composite ( l ) - (3), 

(hydrometric) (hydrometric) % S.N.F. (gravimetric) % s.N.F. 
( l )  (2) (3) 

8·988 8·845 0·143 8·81 0·18 
8·894 8·885 0·009 8·73 0·16 
8·945 8·965 - 0·020 8·87 0·08 
8·747 8·685 0·062 8·55 0·20 
9·075 9·015 0·060 8·95 0·13 
8·642 8·595 0·047 8·48 0· 16 
9·256 9·145 O· l l l  9·06 0·20 
8·877 8·785 0·092 8·66 0·22 
9·162 9·065 0·097 9·05 0·11 

Mean + 0·068 + 0·16 
S.D. 0·051 0·046 

Mean of the differences ignoring signs 0·071 

Table 2. Comparison of estimates of weights of s . N.F. produced based on daily 
testing and on test of corresponding 10-day composite sample (nine herds) 

s.N.F. produced 
daily testing, lb 

( l )  

451·8 
770·1 
932·6 
945·1 

1231-l 
498·0 
732·0 
498·7 
555·0 

Total 6614·4 

s.N.F. produced 
10-day Difference, lb 

composite sample, lb ( l ) - (2) 
(2) 

444·5 7·3 
769·1 1·0 
934·4 - 1·8 
938·4 6·7 

1223·0 8·1 
495·3 2·7 
723·0 9·0 
493·0 5·7 
549·1 5·9 

6570·4 44·0 

Difference, % 
( l ) - (2) x lOO 

( l )  

1 ·62 
0· 13 

- 0·19 
0·71 
0·66 
0·54 
1·23 
1 ·14 
1·06 

0·67 

Mean + 0·77 
S.D. 0·57 

Mean of the differences ignoring signs 0·81 

The interest in this study is, however, primarily in the precision to be expected 
when the results of a composite sample analysis are compared with the weighted 
mean results of the daily estimates. Comparing the results of the hydrometric method 
for daily and composite samples, the mean difference between the two estimates of 
s.N.F.  percentage was 0·068, s . D .  0·05 1 ,  and the range was from - 0·02 to + 0· 14. 
Comparing the hydrometric estimates on daily samples with the gravimetric esti-
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mates on the composite samples, the mean difference of the two estimates of S.N.F .  
percentage was 0· 1 6, s . D .  0·046, and the range was from + 0·08 to + 0·22. The pre­
cision of the hydrometric method on a composite sample is thus as good as that of 
the reference method. 

Table 2 shows the difference in estimates of pounds of S .N .F. supplied on a daily 
testing basis and on the basis of using a 1 0-day composite sample, all samples being 
analysed hydrometrically. The difference in the estimates of total S.N.F. supplied 
amounted to only 0·67 %, despite the bias discussed above. The mean percentage 
difference between the daily and composite methods of estimating the weight of S.N.F. 
supplied was + 0·77 ,  s.D. 0·57. 

In a study of the relationship between the mean of a daily series of fat tests and the 
fat test of a composite sample, McDowall ( 1 936) found that there may be a slightly 
lower estimation of the fat percentage of the composite sample amounting to 0·02 
(i.e. about 0·5 % of an estimated fat content of 4 %).  

Despite the obvious bias, the under-estimation of 0·068 in the S.N.F. percentage in 
this investigation (Table 1 )  amounts to only 0·76 % for a S.N.F. level of 9 %, not 
greatly different from the data of McDowall for fat. The accuracy of the hydrometric 
method of S .N.F. estimation on a composite sample is thus of the same order as that 
accepted as satisfactory in New Zealand for the now well-established techniques of 
composite sample testing for fat content of milk and for estimating the quantity of 
fat supplied for payment purposes. 

Table 3.  Comparison of estimates of weights of S .N.F. produced based on gravimetric 
and hydrometric methods of analysis during period 20. iii . 59 to 10 .  xii. 59 

Difference in 
Total s.N.F. Difference in s.N.F. supplied 

supplied s.N.F. supplied (hydrometric), 
Total milk (gravimetric), (hydrometric), (2) X lOO Average 

No. of supplied, 1b lb ( 1 )  S.N.F. % 
Supplier tests 1b ( 1 )  (2) % (gravimetric) 

1 26 193 360 1 6 1 77·24 - 1 -45 -0·009 8·366 
2 26 421 689 37 496·83 - 103·68 - 0·277 8·892 
3 14 1 1 8 990 10 689·52 99·43 -0·930 8·984 
4 26 273 57 1  23 956·20 - 98·26 - 0·410 8·757 
5 26 357 085 31 278·34 + 9-48 + 0·030 8·759 
6 24 378 314 32 649·36 + 83· 13 + 0·255 8·630 
7 25 375 564 33 796·69 - 121·56 - 0·360 8·999 
8 26 250069 21 820·47 - 138· 10  - 0·633 8·726 
9 12  80940 7 519·73 - 1 14·59 - 1-524 9·290 

10 26 193 864 16745·03 + 108·54 + 0·648 8·638 
1 1  25 216 091 18600· 16 - 1·24 - 0·007 8·608 
12 26 285833 26021·78 - 164·70 - 0·633 9·104 

Accuracy of hydrometric method of estimating S.N.F. pmduction 

In Table 3 the total estimates of S.N.F. supplied by each of the twelve suppliers 
during the period under test are given and the difference in pounds s.N.F. over- or 
under-estimated by the hydrometric method are shown (column 2) .  These differences 
are also expressed as percentages of the gravimetric estimate in the next column. The 
results indicate that there was no regular pattern when the difference in estimates and 
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the average S .N.F. percentage composition calculated from the gravimetric data are 
compared. There was a significant negative correlation coefficient of 0·57 between the 
two sets of results (P < 0·05). The correlation coefficient between the individual 

gravimetric and hydrometric estimates of S.N.F. supplied were calculated for suppliers 

nos. 1 and 2, and were found to be + 0·995 and + 0·996 respectively. 
In Table 4 the effect of shorter and longer sampling periods and of season are 

summarized both in respect of the total S.N.F. produced by the group and in respect 
of the individual suppliers. The most important result is that there was a difference 

of only 428 lb of S.N.F. between the amount estimated by the hydrometric method 
and the 260 000 lb estimated on a gravimetric basis. This is equivalent to 0· 1 7 % of 
the total gravimetric estimate. For the ten suppliers whose milks were tested through­

out the period under investigation the mean percentage difference of the weight of 
s .N.F. supplied (gravimetric minus hydrometric) was - 0· 1 4, S.D.  0·404, the range 

being from + 0· 648 to - 0·653. 
Are these differences between gravimetric and hydrometric estimates significantly 

different when the errors of sampling and testing are considered, and at what level 
of difference do they become significant 1 

Let us assume we are estimating the fat content of a milk containing 4 %  fat. 
Using equipment complying with BS 696 : 1 955 for the estimation of fat in milk by 
the Gerber method when the permissible tolerances are cumulative it is possible for 
the maximum permissible error to amount to ± 1 ·52 % of the estimate, and similarly 
using the Australian standard S .A.A. N 26 :  1 958 Babcock equipment the maximum 
permissible equipment error amounts to ± 2·79 % of the estimate. 

In discussing factors affecting the precision of the Babcock test, Heinemann ( 1 953) 
showed that an error amounting to 2·5 % of the estimate was to be expected and he 
also showed that problems involved in obtaining representative sampling introduced 

an error amounting to 0·94 % of the estimate. 
Radema & Mulder ( 1948) showed that with a single Gerber test the standard devia­

tion of the estimate was 0·44 %. Roeder ( 1 940),  discussing the reproducibility of the 
Gerber test, stated that 88 % of the tests would agree within ± 1 ·  25 % of the estimate. 

In a discussion on the difficulties inherent in the adequate mixing of milk in weigh 
tanks, Henningson & Bird ( 1 959) gave the following data as representing the differences 
between the highest and lowest butterfat test of samples taken from the four corners 
of a weigh tank under commercial conditions of usage, with and without agitation : 

Average differences expressed as a percentage of the mean fat content, 

between samples taken from the corners 

Agitated 
Not agitated 

Maximum 

2·9 % 
2·3 % 

Minimum 

0·3 % 
0·8 % 

In an examination of milk sampling from weigh tanks, Edwards & Simpson ( 1 958) 
demonstrated the extent of the poor mixing frequently encountered and showed that 
the fat estimation was more variable than the S.N.F.  estimation with a coefficient 
of variation for the fat, when compared with an adequately mixed sample from the 
same supply, ranging between 0·53 and 4·64 with different herd supplies as against a 



Table 4.  

Period 

Autumn, 
20. iii to 3 1 .  v. 

Winter, 
10. vi. to 3 1 .  viii. 

Spring, 
10. ix. to 10. xii. 

Autumn} 
Winter 

Winter } 
Spring 

Spring } 
Autumn 

Autumn} 
Winter 
Spring 

Comparison of estimates of weights of S.N.F. produced based on gravimetric and hydrometric 

No. of No. of 
tests in suppliers 
period tested 

8 1 1  

9 1 1  

9 10 

17 10 

18 10 

17 10 

26 10 

methods of analysis during periods as indicated 

Total s.N.F. 
supplied 

(gravimetric), 
lb 

( 1 )  

76 040 

79 392 

1 1 3 07 1  

145 494 

187 987 

183 648 

258542 

Total s.N.F. Percentage 
difference in supplied 

(hydrometric), S.N.F. supplied 

lb ( 1 ) - (2) x 100 -- ---
(2) ( 1 )  

74661 - 1 ·81 

79 270 - 0 · 1 5  

1 14 010 + 0·83 

1 14 109 - 0·95 

188 879 + 0·47 

183 287 - 0·20 

258 1 14 - 0· 1 7  

Distribution o f  difference i n  weights o f  s.N.F. supplied, 
gravimetric minus hydrometric as a percentage of gravi-

metric, for individual suppliers over the period 

Mean of the differences 
Range Mean and (s.n. ) ignoring signs 

- 0·676 to - 1 ·85 (0·625) 1 ·85 
- 2·923 

+ 2· 124 to + 0·06 (0·892) 0·67 
- 1 · 136 

+ 2·063 to - 0·76 (0·536) 0·76 
- 0·015 

+ 0· 1 97 to - 0·90 (0·625) 0·93 
- 1 ·929 

+ 1 ·569 to + 0·49 (0·521)  0·51 
- 0·087 

+ 0·519 to - 0·22 (0·359) 0·33 
- 0·737 

+ 0·648 to - 0· 14 (0·404) 0·33 
- 0·633 
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1 8  G .  M. w ALLACE 
range between 0·56 and 1 · 7 8  for s.N.F. estimations in the same supplies. They esti­

mated that the probable deviations from the true means for fat amounted to 3-5 % 
of the fat estimate and 1 · 7-2· 3 % of the S.N.F. estimate. 

Thus, the methods which have been extensively used in estimating the quantity 
of butterfat supplied are not more accurate in their estimation than within ± 1 ·  25 % 
of the true value and frequently could be considerably in excess of this. Furthermore, 
sampling errors alone may amount to 2-3 %. Bearing in mind the much smaller 
variation sampling has on s.N.F. composition as compared with that on fat composi­

tion and the observed deviation of only ± 0·6 % with a standard deviation of 0·4 in 
the estimates of S.N.F. supplied on a hydrometric basis as compared with that esti­
mated gravimetrically, the hydrometric method for estimating the quantity of s.N.F. 
supplied compares very favourably with the methods used for estimating the quantity 
of fat supplied. 

The question that now arises is, will the supplier who sends in milk for only a 

limited period be unduly penalized using the hydrometric method of estimating the 
quantity of s.N.F. supplied ? Both Tables 3 and 4 indicate that the greater the number 
of tests available, the closer the estimate is to the true parameter, which is what would 

be expected on a statistical basis. However, Table 4 suggests that, although there 
may be seasonal effects which affect the accuracy of the estimate, eight or nine test 
samples give as good an estimate as seventeen or eighteen, except when these samples 
are confined entirely to the winter period, and even under these most adverse condi­
tions the range of estimates was between 2 % over-estimated and 1 % under-estimated 
with a standard deviation of 0·9,  a relatively small variation. 

From an entirely different approach, what effect would these observed differences 
have on the percentage distribution of income assessed on the quantity of s.N.F.  
supplied as estimated by the two methods ? 

When the values of the calculated quantities of S.N.F. supplied over the total period 

of observation were compared on a gravimetric and hydrometric basis, the maximum 
deviation observed between the percentage distribution of incomes was 0·05 %, or 
25s. in £2500 of income in this case. With the shorter sampling periods involved in 
the autumn, winter and spring comparisons, the maximum deviations were 0 · 1 3 ,  0 · 1 5  
and 0 · 1 5 % respectively, or 25s. in £950, 1 2s.  in £380, and 38s. in £ 1 200. These repre­
sent maximum deviations, so the majority of suppliers would be affected consider­
ably less than even these trivial amounts indicate. 

CONCLUSIONS 

l .  The hydrometric method for estimating the S.N.F. content of milk to obtain the 
weight of S.N.F. supplied will give an entirely adequate estimate of the weight for 
commercial purposes, the accuracy of estimation increasing with the number of 
sampling periods. 

2. The use of composite samples for the hydrometric estimation of S .N .F. is satis­
factory provided due allowance is made for the effect of the added preservative on 
milk density. 

3. There is no technical reason why a system of payment based on the quantity 
of s.N.F. supplied which has been determined by the hydrometric method on 1 0-day 
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composite samples could not b e  instituted in place of or in conjunction with present 
systems of payment based on the quantity of fat supplied. 

Grateful acknowledgement is made of a grant towards this study made by the 
New Zealand Milk Board, of assistance in sampling given by the manager, factory 
manager and staff of the Palmerston North Milk Treatment Station, and of assistance 
in the analyses by Miss E. Coxhead and Mr B. Jarvis. 
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Use of Hydrometric 
Technique in estimating 
SNF content of 
SUMMARIES 

Etant donne la base indirecte de la mesure des so/ides non 
gras quand on utilise la densite et la teneur en graisse, cette 
mtithode est susceptible d'erreurs autres que celles qui sonr 
inhtirentes aux mtithodes d'analyse, Ces erreurs, qui sonr 
dues avant tour aux variations de la proportion lactose­
proteine du lair, peuvenr erre appreciables ( S D ±0,05 % de 
so/ides non gras). On a constate une deviation dans les 
estimations dont la mesure et le sens changent suivanr la 
saison ; i/ est possible que ce soit plus titroitement dependant 
du stade de lactation de la majorite des rroupeaux que de la 
saison. 

11 n'est pas facile d'evaluer /'importance de cette deviation, 
car /'on ne dispose que de renseignements limites. On estime 
que cette deviation peur varier suivant /es troupeaux et il 
semblerait que ce soit le cas, d'apres la publication de p/usieur.f 
equations de regression difftirentes (2), ( 3), (7), montrant un 
rapport entre densite, graisse .et so/ides non gras. If serail 
diffici/e de tenir compte de cetre variation et if serail peur-etre 
tres equitable de n'en faire aucun cas, puisque /'estimation 
couvrant une longue periode d'echanril/onnagP (9 mois ) n'a 
pas revele de deviation. 

En/in le Tableau Ill indique qu'en Jepit de diverse.\· sources 
d'inexactitude, le ea/cui de la teneur en so/ides non gras du lair, 
en se servant d'echanrillons composes sur 1 0  jours de lair de 
troupeau ne .f 'ecarre pas bien plus (SD ± 0,56) comme 
pourcentage d'erreur de /'estimation fatale que /'estimation 
Gerber pour la graisse (S D _;. 0.5), acceptee sans reserves 
depuis longtemps. 

* * * 
Wegen der indirekten Me.mmgsbasis der ffrTM hei Ver­

wendung van Dichre und FP/tgehalr, unrerliegt die MerhodP 
/rrtiimern, die unterschiedlich sind van denen, die den Analysl'­
verfahren anhaften. Diese Fehlerquellen, die in erster Linie 
auf die Schwankung im Laktose:Prorein Verhiiltnis dl'r Milch 
zuriickzufiihren sind, mogen abschiitzbar sein (S D ± 0,05 
ffrTM %). Unzuverliissigkeiten hei den Schiitzungen wurden 
festgestellt, deren Ausmass und Rich rung jahreszeitlich 
schwanken. Dieses hiingt moglicherweise mehr vom Ztisrand 
der Milchabsonderung der Mehrzahl der Herden al.f van der 
Jahreszeit ab. 

Das Ausmass dieser Unzuverliissigkeiten liisst sich nicht 
leicht ermitreln, da die verfiigbaren Hinweise begrenzr sind. 
Man nimmt an, dass die Unzuverliissigkeiren wahrscheinlich 
von Herde zu Herde schwanken, und dass dieses van der 
Veroffentlichung verschiedener Regressionsgleichungen (2), 
(3), (7), beziigl. Dichte, Fett und ffrTM, her geschiehl. E.f 
diirfte schwierig sein, diese Schwankungen in Anrechnung zu 
bringen, und wahrscheinlich wiire es nur zu gerecht, sie 
allesamt zu ignorieren, da die Bewertung iiber einen liingPren 
Zeitraum der Probensammlung (9 Monare) keine Unzuver­
llissigkeiten aufwies. 

Schliesslich zeigt Tabelle Ill, dass trotz einer Vielzahl von 
Quellen fiir Ungenauigkeit, die Ermittlung des ffrTM­
Gehalts van Milch bei Verwendung gemischter Proben van 
Herdenmilch iiber I 0 Tage als prozenrualer Fehler der 
Gesamtschlitzung nicht wesentlich mehr (SD ± 0,56) abweicht 
als die Gerber-Schiitzung fiir Fett (S D ± 0,5), die seit /anger 
Zeit unwidersprochen akzeprierr wird. 

Summary in English on page 6oi 
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Milk 

G. M .  WALLACE, 

Senior Lecturer in Food Chemistry 

at New Zealand's Massey U niversity 

Col l ege of Manawatu, reviews its 

accuracy and l i mitations 

IN VIEW of the cOnsiderably increased interest being 
· shown by several countries in the solids-not-fat 
component of liquid milk supplies. a review of the 
variability to be expected in the use of hydrometric 
proced ures for the indirect determination of solids-not­
fat is desirable, so that the administrators of the various 
schemes for quality payment or improvements are in a 
position to assess the method and its usefulness for 
the work proposed . 

Accuracy of hydrometric o r  

lactometric method 

The density method of estimating solids-not-fat is subject 
apart from errors of determination ( 1 ), (9), to two main 
types of error : 

I .  A n  error in accuracy due to some fallacy in the equation 
used to predict composition from the observed data, i.e. 
fat percentage and density at 2o•c This bias varies with 
different investigators and with the methods used in 
determining fat and density. With the introduction of 
B.S. 734 amendment No. 1 ( 1 957) a closely detailed 
standard method for the determination of density of milk 
is available and the equations used in the calculation of 
S.N . F. are based on a broad spectrum of samples. 
Similarly B.S. 696 gives a standardized procedure for the 
determination of fat by the Gerber method. 

It is thus possible to reduce this error to a minimum by 
the use of appropriately standardized procedures. 

2. An error inherent in the assumptions that the composition 
of the solids-not-fat component of milk is invariant and 
that the density of the individual components is likewise 
invariant. Of these two assumptions the one that the 
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composition of the solids-not-fat component of milk is 
invariant is very unsoundly based. This can be seen 
readily in Table 1 .  

Breed 
Jersey 
Friesian 

TABLE I 

Average % 
Solids-not-fat 

9.3 
8.6 

Average % 
Protein 

3.4 
2.9 

Ratio 
SNF/Protein 

3.66 
3.37 

Recalculation of the data of Heinemann, et al. (5) to 
establish the correlation between SNF /Protein ratio and the 
difference between the calculated and weighed total solids 
gave a correlation of -0.62 showing that protein to solids­
not-fat ratio does affect the calculated SNF value. 

Similarly within a particular herd over a twelve month 
period the ratio of solids-not-fat to protein ranged from 3.8 
to 4.6 ( 1 2A). 

As the density of lactose is approximately 1 .6 and of milk 
protein 1 .3, changes in the ratios of these two components 
will cause changes in the mean density of the SNF component, 
and thus the observed differences in SNF /Protein or more 
specifically lactose/protein ratios occurring between breeds, 
between individual cows of the same breed, and between 
milks from the same cow at different times in her lactational 
period can all affect the mean density. 

As a consequence of this compositional variation in the 
solids-not-fat component of milk the formulae used are not 
always capable of predicting with precision the solids-not-fat 
content of a milk sample. 

The differences in the composition of the solids-not-fat 
component of samples of milk from individual cows become 
less when milks from a herd of cows is bulked and become 
less again when these herd samples are composited for a 
1 0  day period. 

Available data, Table ll, gives some indication of the range 
of variation observed by different investigators. All data has 
been converted to a standard deviation and are based on 
comparison with gravimetrically determined total solids. 

TABLE 11 
Comparison between calculated and gravimetrically determined 

SNF 

Standard devia­
tion, i.e. 66 % 
of tests lie with­
in these limits. 

Individual 
cows• • 7 8 • 

± 0.13't� ' ' 
±0.18 

Herd1 10 11  
± 0.09 to ' 

± 0.16 

10 day 
composite u 

on herd milks 

± 0.05 

It is thus possible to estimate the composition of a bulked 
milk supply using a ten day composite sample with between 
a half and one-third of the error inherent in the testing of 
individual bulk samples. 

I t  has been pointed out ( 1 2) that error introduced in the 
taking of samples and in the testing of milk for its fat contents 

can be considerable. Table Ill summarizes data on the 
extent of the errors introduced by sampling, fat testing and 
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SUMMARY 

Because of the indirect basis of measurement of SNF when 
using density and fat content, the method is subject to errors 
other than those inherent in the methods of analysis. These 
errors which are primarily due to variation in the lactose/ 
protein ratio of the milk may be appreciable (S D ± 0.2 S N F%) 
with samples of milk from individual cows and will vary with 
stage of lactation. Bulked milks and 10 day composited 
samples can reduce this variation to a reasonable value 
(SD ± 0.05 SNF %). Bias in the estimates has been observed, 
the extent and direction changing with season; this is possibly 
more closely related to stage of lactation of the majority of 
the herds rather than with season. 

The importance of this bias is not easily assessed as the 
information available is limited. It is considered that the 
bias is likely to vary from herd to herd and there is some 
indication that· this is the case from the publication of several 
different regression equations (2), (3), (7), relating density , fat, 
and SNF. It would be difficult to allow for this variation and 
it would possibly be most fair to ignore it altogether since the 
estimate over an extended period of sampling (9 months) 
showed no bias. 

Finally Table Ill indicates that despite a variety of sources 
of inaccuracy the calculation of the SNF content of milk 
using 10 day composite samples of herd milk does not .deviate 
appreciably more (SD ± 0.56) as a percentage error of the 
total estimate than daes the Gerber estimation for fat 
(SD ± 0,5) which has been accepted without question for a 
long t;;ne. 

SNF testing, the latter being based on hydrometry (B.S. 734 
Amendment No. 1 ) . The extent of error is given as a standard 
deviation and is expressed as a percentage of the average 
value for the component estimated using 4 %  for fat and 9 %  
for solids-not-fat. · 

TABLE III 

Standard deviation of estimate due to method 
(expressed as a percentage of the estimate) 

Fat Hydrometric Solids-not-fat Sampling 
10 day 

composite 
on herd 

Babcock Gerber IndiVidual Herd milk Fat SNF 

± 0.85 ±0.5 ± 1.8 ± 1.3 ± 0.56 ±2 ± 1  

The combined errors due t o  variation i n  composition of 
solids-not-fat and inherent in the methods of analysis are 
not appreciably greater with the hydrometric estimation of 
the solids-not-fat of a 1 0  day composite sample of bulked 
milk than with the Gerber test for butterfat. 

Estimating compliance 
with S.N.F. standards 

It has already been shown that errors due to compositiona1 
variation in the solids-not-fat component are two to three 
times greater with individual herd samples than with compo­
site samples. 

The range of fluctuation in fat and solids-not-fat in day to 
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TABLE IV 

Min. 
Supplier A v. daily quantity of SNF 

No. milk supplied. lbs. % 

1 630 8.90 
2 1 ,850 8.85 
3 870 8.74 
4 870 8.54 
5 1 ,040 8.87 
6 1 .200 8.67 
7 1 ,360 8.95 
8 580 8.55 
9 790 9. 11! 

1 0 560 8.57 
1 1  600 9.06 
1 2 930 9.23 

day samples can be quite wide. Thus with 1 2  supplies coming 
i nto a local treatment station and examined daily over a ten 
day period using a hydrometric method for est imating SN F 
the above fluctuation was observed ( 1 2a). 

M ickle ( 1 1 ), et al. discussing the results of a twelve month 
survey of the composition of mixed herd milk states : "These 
data show the relatively large week to week variations which 
occurred in the composition of this mi lk,  particularly in the 
fat and lactose content. The daily variations were even 
greater than the variations in the week ly averages, and i t  
appears that these daily va riations are often greater than t h e  
seasonal changes". 

lt could thus be grossly unfair  to \lSSume from individual 
day samples of bulked milk analysed hydrometrically, that a 
supplier has fai led to comply over a period with minimum 
S. N .F. composition regulations and i t  is recommended that 
10 days composite samph.:� should be used. 

If  this is done the standard deviation of the estimate by 
comparison with gravimetrical ly determined solids-not-fat 
should be of the order of 0.05 �� S. N. F. after due standardiza­
tion of the hydrometer and adjustment for the effect of added 
preservatives. 

Determining compl iance with 
minimum SNF req u i rements 

In view of the standard deviation of 0. 1 1 %  SNF (Table I V )  
that must be al lowed for i ndividual day samples o f  milk used 
for calculating SN F content, it is possible for one sample 

Max. Weighted 
SNF Mean SNF 

% % 

9.4 1 8.99 
9.06 8.95 
9. 1 0  8.91 
9.35 8.89 
9. 1 1  8.95 
8.80 8.75 
9. 1 8  9.08 
IUS 8.64 
9.35 9.26 
9.20 8.81! 
9.30 9. 16 
9.53 9.38 

SD of daily 
variation 

about mean 

0. 1 76 
0.083 
0. 147 
0.233 
0.082 
0.045 
0.084 
0.071 
0.066 
0.2 1 7  
0.065 
0.01!� 

Av. SD for in­
dividual daily 
variation about 
the mean 0. 1 13 

1 0  day 
composite 

SNF % 

8.91 

8.95 
9.03 
8.75 
9.08 
8.66 
9.2 1  
8.85 
9. 1 .1 

SD 0.05 about 
weighted mean 
of daily SNF 
testing 

in I 00 to be 0.33 % S N F  over or under calculated and for one 
sample in 20 to be 0.22 % SNF over or under calculated. 
This makes individual day sampling for compliance subject 
to considerable unfai rness. 

With I 0-day composite samples used for the calculation, 
the errors are reduced to one sample in I 00 being 0. 1 5  �,� 
SNF over or under calculated, and to one sample in 20 
being 0. 10% SNF over or under calculated. 

A variable bias is introduced to t he calculated S N F  value 
at different t imes of the year, presumably as a result of 
consistent changes i n  the composition of the sol i ds-not-fat 
and possibly of the fat in the mi lk  due to seasonal and 
lactational effects. Using data col lected and reported ( 1 2) 
it is possible to i ndicate the extent of this  bias (Table V).  

Thus over a nine month period of testing of composite 
samples variations in the extent of the bias have been el imin­
ated for practical considerations, and 66 % of the supplies 
w i l l  have been estimated to within _, 0.0 1 5 SN F % of their 
gravimetric estimate, 95 % to within f 0.030 SN F %. and 
99 "'o to within :- 0.045 SN F "�- lt is thus possible to estimah: 
with fairness and accuracy the SN F content of a milk supply 
using a hydrometric method and calculating the SN F from 
t he results, provided a reasonable number of sampling 
periods is util ized. 

This approach mety not be entirely acceptable as most 

TABLE V 

Autumn Autumn Winter Spring Autumn Winter Spring 
Winter Winter Spring Autumn 
Spring 

No. of suppliers tested 1 0  1 0  1 0  1 0  1 1  1 1  1 0  
No. of 1 0  da y  periods 

Involved 26 1 7  1 8  1 7  8 9 9 
Bias of calculated 

SNF content �.020 -0.085 + 0.047 -0.030 �. 1 60 -0.01 1 + 0.073 
Standard deviation of 

calculated individual 
SNF contents about 
gravimetric estimates ::: 0.0 1 5  ± 0.042 �. 0.027 :L 0.0 1 9  :± 0.080 � . 0. 1 09 + 0.046 
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regulatory authorities require compliance at any individual 
test period rather than over the extended period of supply. 

For illustration using 8.5 % SNF as minimum acceptable 
composition, and using the limited data available, Table V 
indicates that variable allowances must be made for bias and 
standard deviation if the supplier is to be treated fairly at all 
times of the year. Basing the estimate of calculated SNF on 
8 or 9 ten day composite samples tested by the standardized 
hydrometric technique, and using this admittedly limited 
data, it would be necessary to accept an SNF content of 
8 . 1  % SNF during the autumn period, September to Novem­
ber inclusive, if the probability of one unfair decision in 200 
is acceptable. This limit could be raised to 8.2 % SNF if the 
probability of one unfair decision in 40 is acceptable. 

In the winter period, December to February inclusive, the 
corresponding limits would be 8. 1 5 %  SNF and 8.2 % SNF 
respectively, whilst in the spring the limits would be 8.40 % 
SNF and 8 . 5 % SNF. No data is available for the summer 
period. 

Problem of standardization 
of bulk supplies 

Since individual day samples would be used and the 
quantities of milk to be standardized would vary it is difficult 
to assess the error involved in using a calculated value for 
the SNF content of the milk to be standardized. 

It would be logical to allow for the bias in the estimate as 
given in  Table V. The likely standard deviation of this 
adjusted estimate will reduce with increase in the quantity of 
milk being standardized but no data is at present available 
for determining the extent of this standard deviation. To 
standardize to a minimum SNF content of 8 .5 % when deter­
mined gravimetrically and using the bias data from Table V 
and the averaged standard deviation of 0. 1 3 %  SNF for herd 
milk from Table I I ,  it would be necessary to adjust the SNF 
content to a calculated value of 8.7 % SNF in autumn, 8.9 % 
in winter, and 8.95 % SNF in spring, to ensure that no 
more than one sample in 200 failed to meet these requirements. 
If a probability of one in forty is acceptable, then the accept­
able level of adjustment could be reduced to 8.6 % in autumn 
and 8.8 % in winter and spring. 

It must be realized that these apparently high figures 
merely represent tolerances that have to be allowed to ensure 
a reasonable probability of standardization being made to 
the desired figure. This anomaly would be removed if the 
formula used for calculating SNF was modified to allow for 
changing values of the bias through the year, but allowance 
of 0. 1 3  SNF % would still have to be made for the natural 
standard deviation of the individual samples. 
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c .  Ap intestigatiog of the !!ido blt9k tecbpigus tor 

proteip agalrsis and of its potent1a1 aq a routipe 
methof. 
This technique has received considerabl publioit7 

and is being used in one of its modifications for a ver.y 

extensive protein testing scheme in Friesland . The variou• 

factors contributiag to the precision ot the original 

S teinsholt fora ot the technique were examined , par,ioularl7 

as the7 affec ted the blank readings . A precision base on 

comparison with Kjeldahl values tor protein at least aa 
as that claimed b7 o ther investigators was obtained but there 

was considerable variability in the blank determinatioaa . 

Miniaturisation ot the method wa considered desirable aa the 

quantities of reagents used and the ize and quantit7 ot the 

equipment needed aade the method unsuitable tor uae as a 

routine method . The macro technique was ainiaturised aiapl7 

b7 reducing the quantities taken at the various stages of the 

procedure but maintaining the same ratios in these quantities . 

An endeavour was made to determiAe Bn7 major controllable 

sources ot error in this miniaturi ed technique but no 

consistent source o f  variation was observed over 40 tests aa4 

the standard deviation was only ! 0 .003 , about a an valu of 
0 . 527 optical den ity units o Application of thia miniaturise 

technique to 70 preserved composite samples of milk froa 12 

herds and comparison with Kjeldahl protein results gave a 

standard deviation ot ! 0 . 19% protein ( 5. � ot the proteiD 

content ) .  This standard deviation was considered tar too 

high for routine tet>ting and so further modifications were 

made to the technique , but the7 brought about onl7 a small 

reduction in the standard deviation ( to ! 0 . 17%) . Sinoe a 

similar technique was being used in Friesland and a standard 

deviation of only o .06% claimed , 1t was decided that the 
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technique should be again tried on commercial samples uaiag 

Kjeldahl determined protein contents for comparison . !ea 
bulk supplie s were oxa•ined using ten day composite saaplea 

over a three month period but the results were no mort 

encouraging , th standard deviation being ! 0. 21� pro\ in 

and the correlation coefficient between the two proteiD 

values tor any sampling period ranging from 0.30 to 0 . 96.  It 

was considered that in the miniaturised form, as dev loped , 

the alllido black techniqu for protein was unsuitable ae a 

routine method using 10-daJ coapoaite samples of bulked allk. 

This work is further discussed in an unpublished 

paper entitled& "The use o f  the amido black techllictue t r 

protein analysis. "  

This is attached . ( p . 23 ) . 
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CONCLUSION 

I t  haa been ohown that it is econollicall7 practical 

and , in fact , advantageous to control the coapoaitional S . N . r .  

qualit7 o f  milk by supplementation with reconetitutable 4rie4 

milk solids . In a study o t  so e of the anal7tlcal prooe4vea 

routinely used in the dairy industry, r lationuhip bet•••• 

the amount ot *ater added to coacentrated sulphuric aoi4 an4 

the resulting deneity has been derived and ita practical ... 

demon trated . The hydrometric 

solids-not-tat on 1 o-day composite samples has been ahown to 

give results in good agreement with results based on dallF 

sampling and testing ; furthermore . it was shown that it the 

S . N . F .  content of 1 0-day composite samplea ot bulk (herd) ailk 

supplies are determined by the hydrometric me thod , tbe 

resultant estimato of the quantity o t  S .N . F . upplie4 1e 

measured with about the same accuracy and precision as the 

quantit7 ot tat supplied based on the Gerber e tho4 ot tat 

estimation, providing th testiag has extended over at least 

6 sampling periods . The amido black method tor pr tein 

analysis has been examined aad a modified miniaturised 

technique has been developed as being more euit ble tor 1'01ltille 

use . However , the s. D .  ot 1 0.19% protein about the Kjeldahl 

derived protein values was considered too high tor routine use , 

particularly when the correlation eo tticient betwe n t e 

protein values determined by the Kjeldahl and amido black 

techniques fell as low as 0.3  on two out of ten sampltas 

occasions . 

Economic and practical methods o f  S .N • •  supple enta­

tion and of meaaur�ent have thus been demonstrate4 . 
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In view o f  the lack of  success wi th the amido blaCk 

technique tor measuring protein , it appeared that a ore 

useful line of  investigation tor estimating protein prod c­

tion was to use Kjeldahl determined values based on samplee 

taken on a specified few occasions and to predict total 
production b1 means of a regression equation froa thie 

limited data . Thi then is developed and examined in Part 11 . 
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THE USE OF THE AMIDO BLACK 'l'ECHNI"VE �R PROTEIN ANALYSIS 

In acid solutions o f  protein a stoichioaetric reaction 

occurs between certain anion active dyes aad the cation active 

sites on the protein giving a dye-pro teiD precipitate and tba8 

the change in the optical density of the dfe solution gives aa 

inverse measure of the protein content ot the ayetea. It  is 

nece sary to separa te fa t and precipi tated protein by 

centrifugation prior to de termining the optical denaitr of the 

residual dye solution . The technique using aaido black as the 
dye was developed in a usable form by Stein bolt ( 1957) , 

although Udy had published a similar technique using the d7e 

Orange G . ,  whilst the potential tor the technique was first 

indicated bJ Fraenkel-Conrat and Cooper . 

Dolby ( 1958 ) reported on the amido black method then 

being investiga ted in Europe and this , with an earlier report 

by Stewart on the adaptation ot the S teinebolt technique 

proposed tor the extensive protein testing echea e to be 

used in Friesland , were used as a basis tor investigating the 

applica tion of the technique to New Zealand condition • 

'l'he Steinsbolt techniqu ( Appendix ( a )  ) requires 

rela tively large quantities of samples and reagents ,  and 

apparatus which would be inconvenient in commercial practic e .  

I t  \ns decided , therefore , that 1he Friesland moditicatione 

(Appendix (b )  ) of the technique should be investigated, 

particularly in relation to miniaturising the teQhnique . 
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RESULTS 

I .  STEINSHOLT TECH!IQUE 

!• §Jitabilitl of DYe 
A scan o f  the absorption spectrum of the aaaple . 

of the Amido Black 10B Merck ( available) gave a 

maximum at 620 m1u which was eufficientlr close to 

the 612.5 m
1

u recommended , as well as comparabl• 

spe c tra, to indicate the dye solution was comparable 

to that used in o ther investigations . 

!· Determining Bl!Dk 

Using the d7e concentra tions recommended and a 

Beckman DU Spectrophotome ter , the intensitJ of t e 

dJ& solution in the blank sample which had been 

treated in a manner that was identical with that tor 

milk. was such tha t less than 1 1% of the incident 

light was transmitted .  At this lev 1 of tranaaleeion , 

aensitiTitr ia low and increRsed sensitivitJ had to be 

provided . the blank was , therefore , prepared aa a 

weaker solution by taking 5 ml . of the bulk d7e 

solution instead o f  the indicated 10 ml .  The re t ot 

the procedure was not changed . The resultant rea41aa 

for the optical density of the blank was increased 

1 .33 tiae s to allow tor the change in concentration of 

the dye ( doubling the value would give an incorrec t 

adjustment due to subsequent operations altering the 

original proportions) . Using thi technique the 

precision of the blank determination wae •xamined . 

Number of tests (N)  = 1 2  

Mean value • 1 .895 OD units (O . D. =  optic 1 
densit7) . 
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( 1 )  

( 2) 
( 3) 

( 5 )  

S tandard Deviation ( S . D. ) • 0 .020 

l .  2 5 

S tandard Error ( S . E. ) : 1 . 0'7% s.D . x100 > 
•u value ) 

£• lela tionahip be tween Kjelgahl de teraieed p�ete&a 

fDd. am&d.s bltck values apd eltec t  ot blank 
V!tiationa on amido blaok values . 

Using the S teinsholt technique but using onl7 5 mla .  

o f  dye for the blank . the change in d7e concentration 

was de termined tor twelve 1 0-da7 composit e  herd milk 

samples preserved wi th mercuric chloride . Kjeldahl 

pro tein values were also de termined on the same samples . 

I t  was observed tha t the values tor the blanka using 

amido black were not consistent and the me thod tor 

deciding which blank value to use was varied to observe 

its effect on the eu timatinr, ( re gression ) e quatio 

relating the changes in the amido black readings ( Y) to 

the Kjeldahl pro tein value ( X ) . 

Method ot  a Gse ssing blank value 

Common blank solu tion - readings 
taken between every two samples -
each pair o f  sample readings 
subtrac ted trom their own blank . 

As for ( 1 )  ( repeated ) . 

Common blank solution- reading 
taken be tween every two sampl e s  -

all blank reRdines pooled and mean 
value de termined . All sample 
readint;s subtra c te d  from mean value . 

As tor ( 2 ) ( repeated ) . 

U sing the m e an o f  the results tor 
( 3) and ( 4 ) . 

Staa4ard Deviatiog et Estipte 
(� ProteiD ) 

o . o6 

o.o6 



The estimating ( regression ) equation tor ( 5) 
was & 

X (% protein) a 0.073 + 2.632 Y ( OD unite ) 

Y ( OD unite ) • 0 . 1 17 + 0 . 343 X (% protein ) 

Despite a disturbing variability in the blank valuee,  

the standard deviation o f  the se regression e quations were not 

high . To examine whe ther there was a significant difference 

in the e stima tes given by these ditf rent resreseion equatioae , 

the dif ferences in o . D .  units for dye precipitated in varioue 

hypothe tical pro tein solutions was calculated tor each 
equa tion . ( Pro tein c oncentrations o f  2 , 3 , 4  and � were u ed) . 

The values for e quation ( 5 )  which was based on mean 41tteren�ee 

in readings were u ed as the referenc e .  

SIGNIFICANCE OF DIFFERENCES BETWEEN VARIOUSLY DETERMINED MEAN 
VALVES FOR BJ..A.NKS 

M!!l V!!ues 
Compared 

( 5) ( 1 )  

( 5 )  ( 2 )  
( 5) ( 3 )  
( 5) ( 4) 

Mean diffe[ence 
· •  OD units 

0 . 025 

0 . 0 1 4  

o . ooB 
0 . 0 1 5  

".1" valy 

1 . 19 

o . 68 

There wer no significant differences resulting froa 

the different methods for de termining the blank values and 

their e ffect on the change in optical density of the d7e 

solution . 

The estiaating ( regression ) equation indica tes that a 

difference o f  1% pro t e in caused a change in op tical denait7 of 

the dye solution or about 0 . 34 units . The standard deviation 
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of the estimate was of the order of 0 . 02 O . D .  units or bout 

o.o6% protein , i . e . about 1 . 5% of the mean protein conte t of 

3 . 9% .  Th e  standard deviation o f  the blank was also o f  the 

order of 0 . 02 O . D .  unite , but using the meu of a aeri.ee of 

blank determina tion& reduced this latter source of deviation. 

i· Th! effect ot delal! ip r�a41gs. 
Readings for blanks and samples were aade 

immediately and after 18 hours•  storage in the 

refrigerator .  

Reaults for both the blanks and the samples 

showed highly significant differ noes between thf 

re84inge at 0 and 18  hours. Despite these changes , 

the differences between blank and sample 414 not 

differ significantly at 0 and 18  hours , thus 

indicating that provided both blank and aampl are 

treated in an identical manner and are read t the 

same time , appreciable delays in reading will 

without significant e ffect on the dfe protein 

relationship . 

Difference between mean 
values ( 0 and 1 8  hours ) . 

S . D ,  difference ( 0  and 
18  hours ) . 

Probability o f'  
significance "P" . 

Blank 

0 . 1 09 

- tt ( . . 1' .. 

Sample BlaQk-!!!pll 

0 . 08} 0 . 026 

0 . 001 
...,, ' • t  

( 't  ,l j 

E .  Ip••!tige tion o f  ftstgrs affectins oonptancz ot 
blank reading. 

( 1 )  In Yiew ot the differenoe in results which ia 

directly dependen t on variations in the blank •aluee ,  

a fresh bulk sample o f  concentrated dye solution was 
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e . g .  

prepared and this was diluted by both the 5 ml . 

techni�ue and a new 2 ml . t chnique , and the results 

were compared with samples similarly prepared froa 

the first concentrated dye solution . The 2 ml .  

technique which involved 2 ml . o f  dye 1ns-.a4 o t  ' 

or 10 ml . ,  but with all other procedures common 

except for multiplJing the reading b7 3 . 33 to obtain 

the equivalent blank value was introduced ao that 

the readings tor bo th blank and sample were taken la 

the same area o f  the scale . 

No .ot Mean SD SJ) aa � 
readi!lse -

oi rtaRps reading -

2 ml . new dye solution 1 3  o .61o o . oo8 1 . ,,� 

2 ml . old dye solution 1 1  0. 604 o . oo6 o .m 
5 ml . new dye solution 5 1 . 496 nU aU 

5 ml . old d;ye solution 2 1 .459 0 . 017 1 . 16% 

There was no consistent improvement in precision 

using the fresh dye solution or the s ller quantit:y 

o t  4;re . 

I t  appears that the standard deviation about the 

mean blank reading amounts to about 1� ot the reading , 

although a t  time s the precision is unexplainedly Ye� 

much better than this . 

( 2) Instead o f  reducing the amount o f  conceatratecl d:ye 

tak n as had been done above ( b )  and ( E) ( 1 ) , the aaae 

quan ti t:y ( 10 ml . )  o f  concentra ted dye was used as tor 

the sample but smaller volumes ot the centritugate 

were taken for dilution prior to mek�ng the readias• • 
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Only halt the quantity of blank centritugate when 

compared with th sample centritusate was used . I t  

was hoped that under these conditione the known 

non-linenrity with Beer' s Law would be reduced to 

a minimum as both sample and blank would then si•• 

readings o f  the same order . The blank readins waa 

then multiplied by two . 

The methods thus modified are given in Appendix 

( c ) . For the blanks the tollowins mean •&lues wer• 

obtained . 

»e.ot !!!.& SD readinge rea41nc -

Old dye solution . 

Serie s  ( 1 )  5 o . 81 8  Mll 
Series ( 2 ) ' o . 816  NU 

New dye solution 

S eries ( 1 ) 1 0.?59 -

Series ( 2) 1 0 . ?1 3  -

The precision appears to be be t t er using thia 

method , but there is s till appreciable variation 

between the blank preparations . 

l.t . MINIATURISED TECHNIQUE 

The technique de tailed in Appendix ( c )  waa 

further modified bJ reducing the quantities taken at 

the different stAges , but the ratios were not altered. 

The possible aourcee of variation were examined and 

theee are given in Appendix ( e ) . It  w a consider• 

that the ain varia tion was probably 1n the various 
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Yolume measurements made including the u e of a 

Cornwall syringe , or in the cells used in the 

spectrophotometer . Fortr tests were made oa the 

sample with the following results . 

O , D . Ditterence mean value I Oe527 S , D ,  O.OO) 

No consistent pattern of variation was obe rYable 

in these variations of technique . The use o f  the 

Cornwall sJringe may have been a source ot so .. 

light Yariation but its use was justified 1D ter .. 

of speed if the method was to be commercially u etul . 

Ill . AfPLICATION OF MINIAT9RISED TECHNIQUE TO COKM!RCIAL 
SAMPLES . 

The me thod described in Appendix ( d )  was applied 

to 70 pre served composite samples of milk collected 

from the same 1 2  herds during six tea-da� a-.pliDs 
periods , and the regression equation relating t e 

difference in Optical Densit7 ( t) and t.he �jeldahl 

protein valuas ( X )  was derived and was as followe s -

3 0  

X (% proteiD )  = 1 , 652 + 4 . 9?4 Y (o . D . units) S . D . 0 . 1� protein 

( mean blank value was 0.79' s . D . Oe015) 

The high r values in the equation were coaaeq•ent 

upon the smaller differences in optical deaeit7 

resulting from the changed technique . 

The standard deviation of 0 . 1� protein was 

equivalent to s . 2%  of the mean protein content . 



This large standard deviation of the regres ion 

equation made the technique unacceptable aa an 

an lytioal me thod . However , a similar technique w a 

being used as a11 analytical me thod in Friealand and 

so further modifica tions were introduced to tr7 to 

improve the precision of the technique . These 

modifications were the use of larg r quantities ot a 

weaker dye solution and the use of larger quantities 

of oentrifugate , whereb7 errors in vol.ae meaaureaent 

would be reduced in extent . These modif1oat1ona are 

det iled in an addendum to Appendix IV. 

U ing 32 further samples , the regression e uatioa 

for thia modified miniaturised technique waaa  

X (% protein ) = 1 . 221 + 6 . 303 Y (O . D . unit ) s .D .  0 . 11 and 

the mean blank value was o . 818 S . D .  o . oo6 . 
'; 

These modifications brought about onl7 a aa•l'l 

reduction in the standard 4 viation . 

IV. ESTIMATION OF PROTEIN CONTENT OF' COMMERCIAL SAMPLES Bt 
IUE MODIFIED MINIATURISED TECHNIQU§. 

A limited comparison of estimates of protein 

produc tion by the modified miniaturised aido blaCk 

technique and by the standard Kjeldahl method was 

undertaken using mixed herd milks collected aa 10•4&7 

composite samples over approxima tel7 ' ontha troa a 

common group of suppliers . The correlation 

eo fficients be tween the two methods tor the data tor 

each 10-day sampling period were as tollowa : -
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Perio4 syp�\i$i tett Corrtlatiop qoetf1c1•at 

1 10 0.2971 

2 1 1  o . 6852 

' 9 0.7568 
4 1 1  0 .6528 

5 1 1  0 .96'0 

6 10 0.9370 

7 9 0.2960 
8 8 0 . 898' 

ul bulked 0. 4723 

In periods 1 and 7 ,  two results were 41scar4e4 

ince with them present negative correlations were 

obtained . Even with these two sa ples discarded the 

correlations in these two periods were extreael7 low. 

Using thie data a new regression equation wae 

calcula ted ( the two results discarded tor the 

correlation studies were again discarded ) . 

X (% protein )  = 3.051 + 1 .794 Y ( O , D .  units) S . D .  0 .21 

The standard deYiation was greater than tbat 

observed in Section III when the miniaturiaed 

3 2  

technique was first applied to commercial preserYatised 

samples and , in consequence ,  the method as modified 
was still too imprecise tor use in estimating the 

protein content of pr servatised mixed herd ailke .  

I f  all data in periods 1 and 7 were d1ecar4e4, the 

preci sion of the regression equation improved . The 

regre ssion equation then became s 

X (% protein) • 1 . 580 + 6 . 467 Y ( O . D . unita) S . D .  0. 18 and 

the correlation coe fficien t was 0.7}82 . 



Thua , even under these highly aelect1Ye conditio a 

the protein was estimated with a standard deYiation of 

0 . 1 8%  which was too high to be acceptable aiace it 

represented 5% ot the average protein content . 
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DISCUSSION 

Steinsholt ( 1960) showed there was a linear relation­

ship b tween the protein content and the amount of aaido black 

precipitated only when the aaido black was present iD exo••• • 

He show ed that a ratio or 0 . 486 gm - 47• per ,a .protein was 

necessar7 to ensure linearity at all pro tein levels . In the 

technique used in these studies a d7e to protein ratio o f  1 a 1  

was used 1 consequ ntly the variations observed were not 4ue to 

a deficiency of dye but m�7 have be n related to the excess of 

dye pres nt . 

The accuracJ of the S teinaholt technique , when coapared 

with the Kjeldahl method , appears to be fa�y well docua nte4. 

Steinsholt s . D . 0 . 1 2%  protein 

Vogt S . D . o . o?% " 

DolbJ s . D . o . o?% " 

Macro me thod ( IC )  s . D . 0 . 06% " 

Miniature method ( III ) s . D . 0 . 1� " 

The macro me thod used in this study was thus o f  the 

same precision as that of o ther investigators , but tbe 

miniaturised method had a consistent error of about 3 times 

the extent o f  the macro me thod and it was not pos ible to 

reduce it  appreciably. 

Raadsveld odified and simplified the Steinaholt 

technique in order to make it more suitable for mass 

nnalytical purposes .  He standardised the dye strength to a 

prede termined optical densit7 and th n read the optical 
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density of th clear centritugate . Be olaiaed tbat tbe 

standard error of the estimate using this technique was 

o.o6% protein when compared with the Kjeldahl determin tioa 

and the standard deviation between duplicates for the .aaido 

black technique was 0 . 05% protein . Poathumua rep rted the 

automa tion of the Raadsveld technique to handle 1000 teste 

per hour and claimed a standard error of estimate of t • 

same order , but he considers it nece••ar7 to rua regular 

checks ag&inat the Kjeldahl me thod . 

Ricordeau e t  al . ,  Dolby and Vanschoubrek also reported 

standard deviations of the same order , although diaagreetac oa 

the presence or absence of lactational effec ts on the relation• 

ship . 

Hashimoto et al .  reported a surve7 of the proteia 

determination in 997 milk samples by the amido bl ck aad 

Kj eldahl techniques and their correlation coeffioieata between 

the two me thods ranged between o.?o6 - 0 .990 tor their 10 

groups of samples ; whereas in the study reported here the 

range was from 0 . 296 - 0 . 96, . They also observed that the 

following fac tors did not affect the deteraiaatioa, source of 

dye , pH range 2 . 2  - , . 2 , filtration or centrifugation, ercurio 

chloride preserva tive , thus indicating that the me thod 18 not 

particularly sensi tive to conditions . This la disputed by· 

Ashworth and b7 Vogt . 

Kier eier and Reimer established a regression equatioa 

different from the original equation determiaed by Steinaholt 

as have all the o ther investigators . 

In Denaark the me thod has been commercialised under 

the name Pro-Milk . Reviewing the Pro-Milk technique , McNeil 
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e t  al .  noted that this techni�ue gave high r values for 

pro tein % :  the difference s  ranged from -0.26� to +0 .34% 

to tal protei n . 

I t  appears that the various modification• of the 

Steinaholt technique should give protein estima tes that 

have a standard deviation from those de termined b7 the 

Kjeldahl technique of around 0. 1% or less , but tb1 has not 

proved consistentlJ so ,  nor is there conelsteat agree .. ut oa 

the e ffect of varying conditions of anal7eis . Investls tioae 

on miniaturised techniques reported in this paper showed 

that these techniques w re not capable of producins reeulte 

maintaining a consistentl7 high correlation with the �jeldab1 

results , and although the inconeistencJ of the blaDk 

determination is responsible for some o f  the variation , thla 

is b7 no means the only source as is obviou from a peruaal 

of the correlation coefficients in Sec tion IV . The cauee of 

this excessive variation has not b en determined. T • 

modified amido black me thods tor the determin tion of protein 

in milk discussed herein are not suitable for use on 

commercial 1 0-day composite s mples in their present fora, 

although their use consistently over an extended period of 

aupply should give a s  accurate an estimate of protein supplied 

a s  does the hydroae tric technique for solids-not-tat . 
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APPENDIX (,!) 

Reagent 

Method 

PROTEIN ANALXSIS BY AMIDO BLACK (STEJNS!OLT) 

Steineholt ,  K . Meieripos ten �: ( 14) 259-64 ( 15) 

279-84 ( 46 )  901-05 ( 1957) . 

"A coloriae tric method for the q1UUltitati.Yt 
determination ot pro teiD" . 

0. 6165 g amido black 10B (Merck tor electro• 

phoresis ) is dissolved in 1 litre ot buffer 

solution pH 2 . 35 consisting ot 1 

825 ml .  0 . 1  M citric acid solution 

1 75 ml .  0 .2  M dieodium h7drogen phosphate 

In later experiaents ,  0.3M citric acid at pH 2 

replaced the mixed butter . 

15  ml . milk diluted with distilled water tO 

200 ml .  

To 10 ml . of the dilution is added 20 ml . am14o 

bl ck solution . 

After 10  min . the mixture is centrifuged to� 

5 min .  at 2 , 500 RPM in a Witug (Model B) 

centrifuge . 

5 ml .  of centrifugate is diluted with distilled 

water to 200 ml . and light transmission eaaure4 

at 612 .6  m1u .  

Distilled water used a s  blank . 
' 

Kjeldahl method using 6 . 37 x N% was used aa 

reference method . 
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Ree!!lte : Correlatiog@ between amido black method and 

Kjeldahl . 

( a) 64 preserved herd milk samples 0 . 982 

( b )  62 treeh (unpreserved )  herd milk 0 . 9?S 
samples  

Regression esuat1on - linear 

% protein = -3 . 132D + 4. ?38 where D • optical 

densit7 . 
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APPlOO)lX ().) 

Reagent 1 

Me thod : 

Results 1 

OfFICIAL FRlESLAND METHOD (fQSA!UM9S) 
( based on report by S tewart ) 

o .888 g amido black 10B 

2.080 g Na
2 

HP04 ZH20 

1 5 . 78 g citric acid 

are dissolved in 1 litre distilled water . 

pH is adjusted to 2 . 35 

Dilute 38 ml . of this solution to 100 al .  with 
distilled water . 

De termine optical density of this and adjust 
with citric acid - phosphate butter pH 2 . )5 to 
predetermined standard O . D .  

Warm sample to 4o0c mix and cool back to 20°0 

using Cornwall pipette transf r 0 . 95 ml .  to 
test tube . 

Add 19 al . amido black solution aad mix 10 .tna . 

Centrifuge 1 500 RPM/5 mine . 

Determine the colour in the intermediate 1�1er 
( i . e e minus fa t and sedimen t ) . 

Using 40 samples and comparing wi th Kjeldahl . 

Regression egua tioa - our'V·ilinoar 

% protein = 1 . 09 1D2 x 1 06 -3 . 67870 x 10-) + 4.27 
Day to day fluctation of ! 0 . 05% 
Check sampl es using Kj eldahl are necessary . 

+ S . D .  claimed to be - 0 . 05% 

About 94 per te st . 
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APPENDIX (�) 

S ample 

Blank 

MODIFIED STEINSHOLT TECHNIQUE 

Dilute 3 ml . milk to 100 ml . with water and 

to 5 ml . o f  this add 1 0  ml .  dye solution , shake , 

stand 1 0  min . Centrifuge a t  2500 RPM for 5 min . ,  

then dilute 4 ml . of supernatant to 100 ml .  with 

water . Read at 620 m1u in optical densit1 units 

and subtract from blank . 

To 5 ml . o t  water add 10 ml .  dye solution , shake , 

and dilute 2 ml ,  o f this to 100 ml . with water . 

Read at 620 m1u and multiply optical density 

reading by two . 
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APPEJ!plX (£) 

Semple 

Blank I 

MINIATURISED MODIFIED STEINSBOLT TECHNIQUE 

Dilute 3 ml .  ot milk to 1 00 ml .  with w ter, to 

1 ml . ot thi add 2 ml . or d7e solution , shake , 

stand 10 min . Centrifuge at 2500 � tor 5 min . 

and to 0 . 83 ml . ot the supernatant add 20 al . o t  

water using Cornwall syringe . Read at 620 a1u 

in optical densi ty units and subtract troa blank. 

To 1 ml. ot water add 2 ml . or dJe solution , 

shake , and to o . 4 1S ml .  ot this add 20 al . of 

water using Cornwall syringe . Read at 620 a1u 

multiplying optical densit1 reading by two .· 

Further modifications introduced & 

( a )  the concentrated dye solution wa• diluted 

1 : 5  and 10 ml .  ot this was used iD place 

or the 2 ml . or concentrat 4 dye . 

( b )  3 ml . o t  centritugate was used in place 

o t  0 .83 ml . and to this , usins a Cornwall 

syringe , 80 ml . of water was added iD 

place of 20 ml .  

4 2  

( c )  the blank was prepared as tollowaa to 1 ml . 

o t  water add 10  ml .  ot dye solution 

diluted 1 : 5 , shake . To 1 . 5 ml .  of thia 

add 19 .5  ml .  o f  water . Read at 620 a1u,  

multiply optical densitJ r ading by two . 
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PAR! II 

A STUDY OF SAMPLING FREQUENCY AND THE PREDICTION OF PROTUI 
PRODUCTION IN MILK FROM DAlRI COWS BASW ON A. RESfRICTED 

FREQUENCY OF SAMPLING. 
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INTRODUCTION 

For effective use o f  prediction ot proteiD production 

in herd improvement and in milk produc tion . it wae considered 

that the following require eats must be met .  

( 1 )  For her4 1m»rovement on an 1n41y14»a1 cow b!e1e 
( a )  One should be able to select the beat and wor t 

10% of the cows wi th confidence - the mala 

requirement is one of ranking rather than aD 

accurate knowledge o t  individual pro4aotioa . 

( b )  I t  several croups o f  sampling tiae gave 

approximatelJ equivaleat est tea tor the 

purpose of (a )  • this would be aa adYaataae . aa 

it would spread the sampling and &Dal.ple 

requirements . This would be aa advent • both 

within and betweea br eds . 

( 2) Ftr esttpatips product1oa on a phole htrd )atlt 
One should be able to give an est u ot total 

production as this would b e  of value as !Jl experi.Matal 

aid in assessing the e ffects o f  changes iD huaban4r,r n 

the production of proteia . A knowledge o t  th enor ot 

the stimate would assist in determining the 

significance o f  observed c hange s .  

( 3) For determininc mepetarz tetprn to the larlf£ 
On should be able to make a reliable eatiaate 

o t  the pro tein ouppl�ed during a dair7iag season on a 

whole herd basis so tha t a reasonably couratt pa,..nt 

can be made for i t .  
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For all of these it was coae1dered that the deeira le 

trequenc7 ot sampling should be some combination of a, ' or 4 

samplillg tilles wh1ch gives tb 'best estimates ot the total 

production tor the indiTidual animate and tor the her • l t  

was consid red desirable that the partial regreseion 

coefficients tor the selec ted sampling times should not 

differ greatl7 trom year to 7ear aad it would be uaetql aa 

well it these coefficients did not differ greatly between 

breeds . 

The iDTestigation has been centred on protein 

production since it is considered that the protein content ot 
milk will be ot increasing nutritional igniticaace in a 

situation where the available sources ot palatable an4 

acceptable protein are not increasing at the same rate aa the 

world population. 'l'here are also analytical probleaa, aa the 

quicker methods of protein &na17sis are s till ot onl.7 

marginally adequate accuracy and reliability , aad the Kjeldahl 

technique with its requirements for specialised laborator,r 

facilities continues to be used both as the refer nee d � 

the routine method . 

I t  the number o r  tests needed to predict protein 

production can be reduced , then it beco es a practical 

possibility to test for protein production ince r•si�nal 

central laboratories colll.cl be established to do theee
1
8Jlal78ea. 

In this way th cost ot the teeting programme could be kept to 

a minimum. 

The results and discussion that follow were the 

consequence or examining the feaaibilit7 of th ae concepts. 

Following the introduction is a literature review ot the 
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ettecta of variations in sampling frequency on the aocuraoJ 

ot prediction . First the resul ts from various abort 

1ntel"lal sampling frequenciaa were compared with the result• 

from daily sampling and it was estal,lished that a frequen J 

o t  fortnightly samplings could be used to provide an 

ad quate basis tor this s tudJ . Secondly , the resulte froa 

long int nal or restric ted frequency samplings have been 

record d tor comparison with the results reported her•ln 

the advantages and disadvantages of regression equations aa4 

simple proportion ra tios tor e stima ting total produc tiop from 

a limited amount of data have al so been noted . 'rhe methou 

sec tion then follows and in it the source or the data, the 

methods of analysis and of computation are deacri ed , and a 

lia t o f  the statistics used is given . 

In the r sults and diaous•ion , it has been neoeaaarr 

tor purposes of arguaent to examine and discuss the reaul·ta 

tepwiee . Thus the first sections (A) , (B)  and ( C )  deal with 

the selection and evaluation of the sampling tiaea tor uee ia 

predicting pro te in production . They include a consideration 

o t  the correlation o f  pro tein produc tion at particular 

sampling times with the total produc tion of protein , together 

with a consideration of the intercorrelation of protela 

production be tween individual sampling times , since it waa 

coneid red that these two corr lations would be of aaaistaBce 

in eelecting the sampling times to be examined tor their 

abilit1 to provide da ta suitable tor acour te prediction ( or 

e stimation )  o t  production . A co-,arison with correlatloa 

data reported in the literature is also included . 

In Section D the results o f  the manual determination 

ot the par tial regression coe fficients tor data from 

5 0  
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particular sampling times and their efficiency tor predictias 

production , as measured in terms ot the st andard error of the 

estimate ( for definition , see p . ?O ) , re presented an4 

considered . 

In Section E an examination similar to that in Section 

D is made , but in this section the partial regreseiou 

coefficients and s tandard errors o t  estimate used were oom,.ter 

derived and further the merits and demerits of the computer 

programme are examined . Finally. in this section . there ia a 

comparison ot results obtaiaed by the manual and coaputer 

methods of regr ssion analysis . 

In Section F the problem of selecting from the large 

number of partial regression coetticiente available tor &n7 

p rticul.ar sampling time or tor any group ot suapling tillee, 

those p rtial regression coefficients to use in a seneral 

purpose predicting or estimatiag equation is presented . The 

effect ot vari a aethoda ot combining data , or of ooabinins 

partial regression coefficients, on the accuracy ot the 

prediction and on practical application is considered. A 

review of the accepted accuracy o t  the prediction ot 
production is also included. 

In Section G aa examination is made ot, prooedures tor 

raaking cows in terms of production , and , the effect on the 

rankin ot the cows of using the selected partial regression 

coefficients tor predietias production . the use ot partial 

regression coettioieata which are applicable to dat 4eriw4 

from cows withia a breed over an extended ranse ot saapliaa 

times is then oonsiderecS in terms of its e ffect on tbe 

prediction o f  total production tor a herd,  the prediction of 
total production tor individuals within a hereS , the reaktac 

5 1  



ot the individuals and the ftect on culling pr otices. 

ln conclusion , it is shown that a srstea ot 

predicting protein production from only thr e aamplea taken 

during apecitic but broadly defined periods within a 

lactation seems practicable . 

An interim rep�rt on this investigation waa presented 

to the X![[ International Dairy Congress and haa been 

publisked aa the following paper : •  

"Prediction of Protein Production based 

oa a restricted frequency ot sampling. " 

Proc . !m lnt .Dairy Coag.Seot . A1 t Paper 

No. 378 , P •37 .  ( 1 966) . 

A cop7 is attached as Appendix, Introduction ( 1 ) .  
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REVIEW OF EFFECTS OF VARIATIONS IN SAMPLING FREQUERCt ON 

ACCURACY OF PREDICTION 

(A) Shor' 11te.£!g,l pwlips 
In a recent review, Voigtlander (Appendix Intr 4uct1on 

( 2) ) discussed the number of tests necesaar7 to aaseaa the 

milk 7ield and its composition . Most investigations which 

have been reported have been baaed on milk 71•14 and b tterfat 

7ield and so far little work app ars to have been reported oa 
the number o f  tests necessar7 to determine protein Jiel4 . 

However , a consideration of these reports on milk and fat 

7ield can be of value in ( a) establishing whether a fortailb\17 

sampling routine was a auitable &Jatea on which to base the 

investisation into the estimation of protein Jield an4 ( b) 

establishing the level of errors 1n prediction which are 

acceptable . 

With r gard to llilk Jielcl , examination of the 4ata 

liate4 in Appendix Introduction ( 3 )  ahowecl that the ean 

maximum percentag difference between actual and estimated 

produc tion at different supling intervals was as followa a-� 

for milk field -

SyplW (legBepor 
7 daze 12 dge 21.4art '2 clap 

Mean maximum difference % 6 . , a.o  10., 12.2 

S tandard deviation ( S . D . ) !4 . 3 !4., ! , .6  ! 6.2 
No . of reports us•d (N)  12 12 ' 15 

s a · 
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aad tor butterfat 7ield -

SaapliBS trtg»IDCI 
7 clpf 15 4ar• 21 s1ge 10 •ua 

Mean maximu difference % 

Standard deviation ( s . D . ) 
No . of reports used (N ) 

+ -2. 0  

4 2 

With regard to tortnightl7 sampling , C mpbtll, baeias 

his report on the results of dail7 testing , showed that t�e 

9 

percentage error to be expec ted and its standard devi tion, wae 

as follow , _  

[reguepcy ot tea� AYe rag % error ape! S,D. 

Milk Yield Fat 5 F t !itlf 
-0. 79 

+ 1 . 1 1  -o . ,, 
+ 1 .64 + 2.42 Twice weekl7 .. - -1 . 29 -

Week17 +0 • .52 
+ 1 . 10 -o . ,a + 2.41 +0. 14 ! 2.6, - -

Fortnightl7 +1 • .52 + 1 . ?1 -0.33 
+ ,. ,2 +1 . 18 ! ,. 90 - -

Monthl7 +1 , J5 + 
3 . 72 -0. 65 + 4 . 12 +0. 56 ! 6 . 4, - -

Dick, after a more de tailed txa•ination et some of the 

data on milk )'ield used b7 Caapbell , states that "biaa 111 tht 

sampling results aa7 be satel7 neglected tor all periods ( i. e .  

froa 2 up to 28 daJs ) ,  as the highest averagt peroentage error 

does not exceed 1%. The relationship between the ' interYal of 

the sampling period and the standard deYiation ot the 

percentage error follows a straight line law ver7 closel7 . " 



Dick' s  figures 1n eummar,r were : -

Freg»!ROl of teet Ayerage peroeptagt error ap4 S,R. 
Milk Jiel4 

Ever7 ' da78 + 0 . 17 + o.1t9 -

" 7 " - o.o7 + 0.98 -

" 14 fl - 0 . 1 1  + 1 . 20  -

" 28 " - 0.55 + 2.39 -

Dick also examiAe4 wheth r the accuraoJ of aaapliDa 
depeads aot onl7 OR the iaterYal 1R the period ueed but aleo 

oR t he point , iD time , with111 the period at which the aaaple 

was takea . Bis results given above were based oa sample takea 

on the last day of the periocl studied . Dick etatecl " fol' eacla 

period there were no significant cliffereaoes between the 

standarcl deviations of the percent ge errors obtained b7 ualas 

different starting pointe . "  Bis results also showed no b� 

ia the average percentage error due to lactatioRal etteota with 

th use of different sampling days within the s pl.J.ag periocl. 

Johanasoa , on the other hand, ia a review of earlier work 

reported results which suggest increases ill both the 8J8teaatio 

error and the standard devi ation when the sampling d&J was . 

moved from mid-period to end of period . 

It  aeema reasonable to summarise theae tin41Dcs aa 

follows : - th re is no bias introduced into result• uala 

fortnightl7 samplinga instead of dail7, the averase peroentaae 

error in most investigAtions has beea around 0 . 1� with a 

standard deTiation around 2% and there appear to be little 

significance i� the day , within the fortnightl7 period , o 

which the sample is taken. 
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Dick examined the dailJ variabilitJ in a1lk Jiel4, 

breaking the change 1n yield down into two components ( a) 

that which occurs as a result of a �or.aal laotational o aact 

( his percentage variabilitJ) I  ( b )  that which occurs 4ue to 

random factora · ( his standard deviation) . 

For the 52 cows examined the peroentase variab1llt7 

was 8 . 13%, the standard deYiation ! 2 . 65,  an4 the correlatloa 

between the percentage variabilit7 and the average 4&117 

production was zero . 

There is thus a considerable uncontrolled var1ab111t7 

from day to daJ which onl7 dai17 recording could obyiate 4 

since such a procedure is for the majorit7 of purposee 

iapracticabl , an extended period b tween samplings beco .. a 

logical , provided the extent of the errors eo introduced are 

ltnown. 

With respect to protein sampling, Senft , uabg 4a117 

protein determination& as a basis , found that the proteiD . 

Jield could equall7 well be determined by sampling at 4-weeklJ 

intervals aa by sampling everJ 10 daJs • 

Politiek, in a discussion on the influence of 

heredity and environment on the composition of the a1lk of 

Friesian cows , stated that the protein percentage appeared to 

b very constant during a milking and there appeared to be 

little difference between the percentage of protein. ill the 

morning milk and the evening milk. Other factors such aa in­

season , incomJlet milking-out , etc . , had prac tically no effect 

on the percentage of pro tein. 

Vanschoubrek reported the daily variation for protein 



percentage durins 10 auooess:l.ve days tv be 2.6�, consiclerabl7 

less than the 4.2% tor milk 7ielcl ancl 6 . 2%  tor tat . 

A stucl7 in the Netherlands reported b7 the 

International Dair7 FGderation 1ndidates that eaapliDg once 

fortnight , when compared with daily sampl:l.Dg taken over a 

period o f  a year , will yield an estimate of protein procluetlon 

having a standard deviation of 0.013% about the actual . 

The error introduced by tortnightl7 sampling la 

therefore small . 

5 '/ 



(B) Lops ia\f£Ya1 or reetricted fregutpor &IPJ1Jps 
Czak6 an Csukas consider 4 it \U1.n ce � to pel"lon 

monthlJ protein analyses during lactation a the allk pi"'teia 

production during lac tation could be adequatelJ aaaeesed 'f 
sampling and analyaia on oal7 three coasiona , 

2nd , 6th and 1oth month of lactation. Uaiq this coablnaU. D 

of samplillg t ea the cornlatioa ooett1c1eat ( r )  witb \be 
aonthl.y data was o .86. The daily esamiraation, for oae IIODth, 
of the proteiD content in the m1lk of 14 c wa ehowecl that 

reJnb111ty of the analrais waa aot intluence4 b7 a deYiatloa 

ot a I w daye or even 1·2 weeks tro tile centred Pl.SAs . 
dates, the rug in o'b eryed pr teiJl 'Values being leas thaa 

YJ(, during thi peno4 . 

J..eli'Yigh , 1A an earl.7 paper , auggeBted aampliD.s 1a the 

5th aad 6th moatb.a , ith the Zn4 or the 4th iD ac141t1oa . 

( Cited by Voigtlander , Vanechoubrek ) .  

Sen.tt • uaing dail.7 protein determination ae a baeia, 

foua4 that the protein Jield could equall.J well be detel'lliDecl 

by sampling oace every 4 weeka as b7 s plins at 10·� 

iatenals. SaapliD t 4-weekl7 interYals ga'Ye a be\ter 

estiraate of pro teia production thaa 414 Leii'Yip' s saapliaa 

patte.r11e S enft reco1111eaded that aa plea takea o th• 50th. 

1 50tb ud 2SOth day of lactation ga't'e a fairl7 satiataoton · 

prediction ot protein produc tion . 

was siven. 

Voigtlaa4er coapare4 prediction o f  milk Jielcl 

proteiD perceatage base4 on weeklJ saapliag with that baae4 

on 14,  21 , 28, 42 and 56 - da7 sampliag frequencies ,  aad al8o 
with limited frequency sampling eyst me ,  as follow c -
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( a) Czakb and Csukas ' me thod - 2, 6 and 10 montu 

( b )  Horn ' s  method 3 , 6 and 9 aontha 

( c )  Lemvigh' s  method 4 , 5 and 6 it.onth8 

( d )  PjanovSkaya • s  method 2 ,  5 and 8 months 

( e )  Senft ' s  method 50 , 150, 250 daJa . 

Samples were taken mid-month in systems ( a ) to ( d ) . 

The average Jield over the thre test days was determined 

and this was multiplied by th length of the lactation 

period to determine total protein yield. . This siaple 

averaging and multiplication approach is common to almost all 

systems of predicting production from partial lactation 

records (Carrt et al . ,  Lamb and McGilliard , Alexander an 

Yapp ) . 

Voigtlander ' s  results for the average of 29 

lactation& of German Friesian cows are given in Table 1 aod 

2 of his translated paper , Appendix Introduction ( 2 ) . 

In summary , he found that when the production data 

for the whole herd , using samplee taken at 7-day intervals aa 

his referenc e ,  Jere compared ,  there was an almost linear 

increase in the mean value of the estimated milk Jield as the 

interval between the regular sampling dates increased 

5 9  

reaching 0 . 36% in excess of the ?•da7 total at 56-.ctay int&r"tals .  

With mean protein percentage there was likewise an incr aae in 

the mean value , but whereas this value was only 0 . 5'/% in exoess 

ot the ?·day value at both 28 and 42-day intervals , 1� had 

increased to 1 .71% in excess at 56-day intervals . With the 

sampling frequencies previously mentioned ( a) to ( e )  above , 

the following results for variation of the mean proteiD 

percentage from the 7-day value were obtained ; -



2 

' 
,. 
2 

50 

+ 6 + 10 mth . ..0 . 28% of the aean Talu 

+ 6 + 9 th . -1 . 1� .. " " " 

+ 5 + 6 mth . -4 .8� " tt tt " 

+ ' + 8 mth . -2.8S1' .. " " " 

+ 150 + 2SO 4Q'II -1 . 1 4%  " .. .. " 

The above results represented the deYlatio of �· 

aean values from the 7-daJ valu e when all the lac\ati ata 

were comb1ae4. Whea :Lnclin4u lactat1o e were exaat.ne4 t 'I 

ll1lk 71el4 , the meu ei"'"'r tended to increase with 1a :rea iac 

a pling interYal and the standard deviation of th aeaa .rror 

iJloreaaed almoat liaearl7 fl"oa ! 1 •-"" ot the •aa value at 

1 lt  dqa to ! )e54% of the ean Yalue at 56 dqa; Witla 

proteiD peroentap , altbough th• error of the aeaD ftl e 

d nation ot the error 414 not Yal7 appreciabl7 tor 28 , 42 
or 56-d&7 intervals being ot the order ot t 1 •,_ t the 

value . With the lillited treqlleaor-ot-sampl.ina aftdiea, th 

following variations aad their taadar4 eviatioa from � ?• 

467 values tor in4lv1dual lactation data in teres ot proteiD 

percent were obtained : -

2 + 6 + 10 ath. •1 .50 
+ ,.,� of the eaa YalU -

' + 6 + 9 ath . -1 .17  + 
). 4� " " .. If -

4 + ' + 6 mth . -5. 48 + 4 .8� " n .. .. .. 

2 ' 8 ath . -3.03 
+ ,.84% n tt " n + + -

so + 1,0 + 250 4q -0.91 
+ ,.,n 11 " " .. -
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'the results giYen in Tabl 2 of the orid»al d.ata• 

incU.oate that aaaplillg regularl7 at 42-da,- 1Dtern.ls si••• 

an estiaatioa of protoin production tor aa iD41Y14ual w 

with a maxianall error of + 0 t 79 ! 14.76% of the MU Ya11le • 

Untort\Ulateq, the etf'ect ot the lilllited treq\lP07 eamplJ.ac 

tiaea on ld.lk Jiel4 was not giftll ao an estimate ot tbe 

awd.aum enor iD protein Jield ie not possible , nt it tile 

50 ,  1� , 250-dq clat.a for proteiD % is used wltll t --.... 
s�ling iateryal data tor milk J1el4, an e tt.ate ot t 
aa:dii\UI error ia - Ot45 1' 21 .))% ot the aeaa ftlu• 

Voictlaader suggests tllat a aax1•• error ru .. of 
� 10% woul4 be acceptable for 110at uses of the peUoW 

pi'04llotioa. 

• ABSW¥'1' fROM TAJLE 2, Re la ti ve saapling error a ualq 

indiri.dual lactation data . Data for 42·d� 1atenal 

relative to 7-dnJ interval . 

Milk Yield Kg/Lactation 

ProteiD % 

Protein Yi 14 

+ o.os 

+ 0 . 74 

+ 0 . 79 

.. 
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Examining the effect of different saaplias tiaes 

the raAking o f  inUvidual cows , Voistlaa4 r found t • 

following raDk correlations . 

Ryk correl tion of COl! W!MfS Rroteip I JWII 
based 91 4lfferept Sf'Pliag ipt lJala 

7 clq I 14  d�a + o.9844 
I 21 " + 0.9916 

• 28 " + 0.9788 
I 42 " + 0.9547 

I �' " + o.t6" . 
I 2 + 6 + 10 ath . + o.80lt9 
I ' + 6 + 9 mtb . + o.8670 

I 4 + 5 + 8 mth. + o.&'/06 
I 2 · + ' + 8 th . + o.8?83 

c SO  + 150 + 250 �s + o.8659 

The above work on the prediction of proteiD 

production, moat ot which ho.e be n rePQrt d eiac.e tbe 

investigation reported herein was coameaced , baa bee 

approach 4 dltfereatly troa that used here in th t DO uae 

has been de of a resression equation to weight the data 

gathered at th specified sampling tim a.  

Discussing the value o f  a regression equatioa for 

prediction of production, Lamb and MoQllliard obeerred tbat 

there were two basic methods tor estimating total lao tat� 

produc tion , either ( 1 )  from a single test or ( 2) troa 

cumulative produc tion. Th simplest me thod was to extea4 

the data uaing a simple proportion ratio based on dQ*-oa• 
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test projected to 30' 4aJa . 

The other method was to obtain the regression of 

total production on partial produc tion . Both liaear aad 

quadratic regre aioa equations have been used �t liaear 

regression is considered to proYide a aatistactor,J aaa 

tor extending part production . 

Choice between the two methods depended oa tu·a 

( 1 )  purpos o t  the prediction . 

( 2 )  ease and simplio1tr of use . 

( ') comparative acourac7. 

'l'be advantages and disa4va.Dtages of the two aetho4a 

were ooasidered . 

The ratio method is far �ler and easier to •••1 .. , 

to use aad to understand . I t  under estimates the total 
production of low producers and it over estimates the total 

produc tion ot high producers since time 1 the obl7 Yariabl • 

However , the variation in the estimated production la cloaft . 
to that observed in actual production record • whereas the 

regression m thod of prediction tends to narrow the extent ot 

this variation . 'l'be regression aethod does , howev r, correct 

more adequatel7 for an 1nco�let lactation. 

Either ae thod should rank cows in the aaae order t 

since recorda extended b7 regression differ less tbaa aot.-1, 

thia tendency to group the records more closely about the 

mean may make selection decisions more difficult . 
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Cianci examino4 the average difference between the 

actual 2?o-clar production and the production pre4lcte4, 

using in one ease a simple ratio factor and in the other 

case regression factors , with the followtDs r t• • -

6!11:1!11 �'L1E1n21 froa IISPa1 

Btee4 or gow 

Based on 30-clq 
Jielcl 

Based on 1 50-day 
yield 

procl»gtigg 

SiBwle ratio factor Beqeaeip factor 

ififi.t §ipeptal m& 
8 . 2%  10 .� ? . �  1 1 .� 

,.,% 4. 1% ,.� 4 •• 

In this stu4J the average differ nee was aot re4uoe4 

bJ the use of regression factors in place o f  the simple ratio 

factors • 

In 1 955 , Patchell reported briefl7 that aaples taken 

at the end o f  the 10th , 18th and 26th week after oalYins oou14 

be used,  with the appropriate regression equations to pre�ot 

milk yield and fat yield with an accuraor differins little 

from that based on monthly testing. 

Comparing his results afjainst 4ail7 testing, he found 

the extent of the errors to be as follows & •  

Milk Jiel4 

Butterfat ;yield 

Pte41cta,op bJ resress1on 
! 8% o f  true value ! � of true Yal 

! � of true value ! 7% of true value 

This report o f  Patch ll ' s  prompted the present 

investigation. 
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METHODS 

(A) Samplief gpd Analrsie 
1 .  S0!£1' of data 

The milk production and compositioa of lft41ri ual 

co s in th t-tas<:>eJ Uai verei t7 J erse1 aDd Fl'ieeiaa her4a 

waa measured during two consecutive fUll lac\atioaal 

p riocla for ach cow. All data were kept separate 1»7 

Jear and b7 breed . 

The aumber of cows finally used ia the eo putatioD 

were a 

195U58 

29 ( a  t 101 ) 

)S ( aet 10') 

1228/52 

2' ( set 102) 

42 ( aet 104) 

The reasons for cbaages in the cowe used iD tll• 

clitterent seta within a breed are detailed in Appen4is 

(t-tethods ( a )  ) • 

2 .  Milk collection aa4 •aep1tnc 

The milk from individual cows was collected, 

weighed, and sampled at fortnightlJ intervals u ins the 

P • • •  ailking and the following a.m. milkiDI• co.,o•tte 

samples were prepared bJ mixiac tog ther the well• 

&ixed p . m . and a . m .  samples in volu.etr1o proporti to 

the weights of milk produced . The ooapo it aaaplea 

were preo rved with 0 . 06 g HgCl2 per 250 � .  of .tit 

( 0 . 2  ml .  of a saturated alcoholic solution of ... curl 

chloride per 250 ml . of milk) . The s�ples were e14 

in a refrigerator until re�uired tor anal7eia. 
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Samples were then warmed to room temperat re (approx. 

1 5°C ) before proceeding with the anal7ela. 

Thie was based on the Kjeldahl aetbo4 uaiDa 

aerourio sulphate solution aa catal7at 4 re4 1DS 

with po derod zino in th distillation process , the 

distil1ate was collected in eaturated boric a 14 aa4 

6 6  

th titration was made with standardised approxiaatel7 

0 . 1  N H2so4 using methyl red as the indicator. flYe al .  

o f  the well-mixed milk a mple waa diseeted and the 

pro tein content was calculated on a weight/•oluae 

baaia. 

Proteia production was calculated troa \he weight 

of milk produced and percentage prot•ia t un4 , thia 

introduces a slight error in that the protein oonteat 

was calculated on w/v basis , whereas the pro4uct�oa 

calculation assumed a w/w basis . The exteDt ot the 

error introduc ed by this approach ie relatively e 11 

since the maxim\lm and miJdmum den 1Uee obeerve4 at 

20°C were 1 ,032 and 1, 026 and these sive a epre ot 
!0,015  g in the weight of milk asauaed to be 

represented by the S mla . tak n (an error of ! o." 
1A the weight aeauaed ) , 

Mo atteapt was aade to "age correct" the 

produc tion da ta . 



( B) C&lg�atiOB !!d eyal»at1op pf EE!fAstiop !Suatiope 

All cows iD milk wore sampled at each eepliDs 

dat • The first sample for each cow ( repre•entias a 

stage �� l�c tation between 1 and 13 4&7•) waa not 

used in the statistical analrsis ae it waa aot 

possible to entirely eliaiaate the Y riabilitr due t 

"coloeti'WI effects" iD this sample .  The 16 eaaplial 

time used in this atud7 were conaecut1Ye aad 

followed immediatelJ after the rejected 1 st sample . 

These aaapling times,  therefore , refer to the 

followins atagee of lactatioa. 

Semplips till Stage ot LactaSiop 

1 14 - 27 daJa 

2 28 - 41 .. 

' 42 - '' " 

4 56 - 69 u 

5 70 - 83 u 

6 84 - 97 .. 

7 98 -1 1 1  " 

8 1 12- 12, .. 

9 126 -139 " 

10 14o -15} .. 

1 1  154 ·167 If 

1 2  168 -181 .. 

13 1 82 •19S " 

14 196 -209 " 

15 210 -223 " 

16  224 -238 " 

6 1  



Only cows giYinS 16  couecutiYe testa wen . .  

used in the coaputation . A lac tation length of at 
') �. -

least 224 day was thue the minimum used 1D thia 
inYeetigation . The New Zealand Dairr Prod otio 

and Marketing Board ( 1965 ) considers aR1 laotatioa 
over 200 dars to be aatistactor, when ev luatiag 
sire aurYeJ data . For the years involYed in thia 
studr, the average length of lactations based oa 

Herd Improvement data , as reported in the ADBual 

Report of the Board ,  were : -

1957/58 

1958/59 

258 dqs 

260 da;ys 

The lactation& used in this iBYeetisation were . 

therefore , normal in character . 

2 .  Calcnllating correla$ipn goett1c&.aatt 

The correlations between the individual aeta ot · 

fortnightlr da ta and total production, and \be iater• 

correlations between the indiYidual sets of 

fortnightly data , were calculated ueing an I . B.M.6� 
C�puter . Tb se correlations were deterained on 

each of the four sets ot data, namely Jeraer 1957/58 . 

JerseJ 19S8/59 , Friesian 1957/58 , Friesian 1958/'9• . 

'· Stlectlps combinet&opa ot period! (or EtJ£•••&op 
aRalJ!1 - !§l'al CflCulatiOR 

UsiRg the determined correlation intoraatioR, 

the ten out ot sixteen individual aamplins tiaea moat 
highly correlated with the total produotioR were r Dke4 

in descending order ot their correlation coettioieat . 
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Intercorrela tions betw en these ranked eaapllAs 

times were then examined ,  and various com inat1ona 

o f  the saapling times most highly correlated with 

the total production aad with minimal 1nte�­
correlation were selected for calculating the 

appropriate parameters ot the multiple regreas1o 

equations tor predicting total produc tion . 

4 .  Rtgresaion IDfl:eis kl co�p»ter 
Subsequently a modified Tape Regreasion Anal7e1e 

Programme (TRAP) as used on the I . B . M .  650 tor the 

regression analyaie , and as only a limited capaeit7 

was available , sampling tiae s were s lected aD4 

examined and their contribution to the regreea1oa 

equation was tested 7 4et rmining the S tudent " t" 

value . The TRAP progr e was mocU.tied to r jec t 

the lowest value in terms o t  "t" untU all value ot 

"t" were in excess of 2 which was jus t over the ,. 

significance level . 

All odd sampling tiae s were first exaaiAed . All 

even sampling time s were then xamiaed and tiaall7 

the odd and even sampling ti s re tained on the "t" 

basi were examined as a group . The procedure ••• 

r peated tor each of the tour sets of d t • 

Finall7 the odd and even sampling tt.ee retalned 

on the "t" basi tor J erseJ year 1 data were eecl to 

examine Jersey 7ear 2 data and vice verea , and like• 

•1•• this was done within the Friesian groupe . 

Bec ause this procedure 414 not give a clear in4icatioa 

that any spe cific sampling time s were oonsi etentl7 

capable of giving a satisfactory basi on which 
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predic tion could be based , the TRAP programme was 

modifi d to take every combination of 4 saaplina 
times out of 9 samplins times selected on the baaia 

of their relatively hish correlation with total 

production and their spread over the lactati -

period , namely sampling timea 4 , 6 , 7 , 10, 1 1 , 12, 1�, 15, 

1 6 .  This programme was run uaing the Jeraer clata 

tor both year toge ther aad the Friesian data to• 

both years together . 

5. !atit o{ evaluet�i.n of grguP! 9f amJias tilf• 
U!ed in regreasipe aDtlY!ia. 
Each multiple regression equation waa evaluate 

in terms of the standard error of the eatiaated valae . 

Each group ot sampling times was ranked in teraa of 

this standard error for each set or combination ot � 

seta . �. ranked soquenees were then ex•ainod tor 

those groups having th lowest standard errore over 

all sets or combinations of set • A set waa oae 

year ' data for one breed , thus there were tour seta 

of data available . 

6. S tatis\&ct eat !!\hOds U!!d ia eappal 8ellvla5lopf 
( a) Multiple Regression Analyai an4 atandar4 

error ot estimate (Croxton and Cow4en , p .S46 

et sq) . 

( b )  standard error o t estimate expressed u 

percentage of the mean production ot protela 

per oew tor the set or seta ot data b 1nl 

used . Whenever standard error of e t1aate 1a 

mentioned in th text , it  is this statiatlo 

that is reterre4 to .  TAis statis tic is also 

inown as the Coefficient o f  Variation . 
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( c )  Spearman ' s Rank Correlation Coefficient 

( Croxton and Cowden , p . 478 ) . 

( 4 )  Limits for sums o f  squares of rank 

differences ( Bennett, p . 284) . 

( e )  Average standard error ot e timate l 

Average standard error ot stiaat • 

SE2(a) X dt ( a )  + SE2( b )  X dt(b) eto . 

dt( a )  + dt(b) eto . 

where SE2( a) • square of the standard error of 

the estimate tor set (a) . 

dt( a ) = degrees of free4oa 1n set ( a) . 

7 .  SamRlipg timt V Samplipg pqrio4 

7 1  

In this investigation the effect of aapling 

time in relation to sampling period waa ot no 

significance since no account wa taken of the 

total tortnightl7 production , onl7 the production 

at the specified sampling times being uae4 la the 

correlation studies and regression analrsea . Ia 

the discussion on ranking and predicted 

production . the total production values e4 tor 

the regression analyses or predic ted b7 regreaaioa 

have been multiplied b7 a factor of 1 4  eo that 

the7 approxiaat actual production values . 



( A )  ( a )  

RESULTS AN D  DISCUSSION 

Basis ot selee\ion of sampling tl!ee tor »as 

11 predictipa arot in prod�ct1on. 

The criteria used to select sampling time 

groups tor examining their suitabilitr tor pre41otins 

proteiD production wore s -

( 1 ) High correlation with total pro4uotion . 

( 2) Low intereorrelation among the individual• ot 

the group o t  sampling times . 

( 3 ) Re sonable spread in time between aampltns 

times to reduoe temporarr interactions ot 
weather , teed , husbandry conditione , eto . , an4 

to enable a reasonable sampling and testins 

organisation to be planned, whiok is easier 

wi th  a spread o f  sampling U.aes. 

( b )  laeis ot evaluation ot sa plins t1at• pelec$e4 
tor use 1n pre(ictipg protein pro4uotioa. 

I t  was consider 4 that a group ot three 

sampling times would be the most atisfaotorJ 

grouping . In this war the number of aaapltnse 

needed would be kept to a minimum and ret three 

sampling times would reduce the e tteota ot inaccurate 

sampling and analysis , and uncontrollable local 

variations of wea ther , teed or husbandry on the data 

used tor prediction . 
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I t  was considered that a prediction equation 

based on a regression analysis using data trom the 

sampling times selected would be the most auit�ble 

form ot prediction to use . 

The practical limitation in the use ot 

prediction equations is the accuracy ot their 

prediction and this is indicat�d by the standard 

error of estimnte ot the equation . 

This statistic is thus in the torm o t  a 

standard deviation but , since it is expressed 1D 

every case in the form ot a percentag , it can be 

used directl7 tor t he  coaparatiYe as eesment ot tbe 

e fficiency of a regression equation tor pred,otioa , 

irreapeotiYe o t  the magnitude ot the data on which 

the regression equation was based . 

D ta from various groups ot sampling timea , 

selected on the basis ot the correlation study, 

were examined to establish the standard error ot the 

estimate . The smallest standard error ot the 

estimate was used as the best measure ot the 

efficiency o t  a group 1A predicting protein 

production . 

I t  was also •»Aaidered that where two groupa 

ot sampling ti s gave comparable standard err re ot 

the estimate , then the group in which the 1n41Yi4ual 

coefficients of regr ssion were as unitora as 

possible should be used so that undue weightiDs ot 

results trom any single sampling time woul4 not occur .  

7 J  



{ B )  ( a) Correlatiop ot prottin pro4ugtiop at partie!ltr 
eaep;!ne timet w1$h the total product&oa 0' 
proteip tor each et ot data. 

The correlation coefficients deriY d tro• the 

computer matrix are presented as a histosraa iD fig. 1 .  

The correlation coefficients tor ach set at each 

sampling time are ahown in sequenoe as con\iAuo • 

lines . The interrupted line in each group represents 

the mean correlation coefficient using all data tor 

each sampling time . The mean value was deriYed aa 

the arithmetic mean . 

The mean values and their standard deYiatioa tor 

all sampling times havinc a mean correlation 

coe fficient greater than 0 . 75 were as tollo .. : -

7 4  

sampling ti • Correlation with tota1 J?£OdJOt1og 
l!! I Y!l!t 21 C2tfl!C,f!l!t 

s�il:�idfft�it.l 
1 2  0.86 ! o.o6 
1 1  o.85 + 

- 0.1,  

10  o.81 + 
- 0. 10  

15 0 . 79 t o.o8 
7 0 . 78 + o . o4 -

16 0 . 77 + 0.06 -

6 0 . 7? 
+ o.os -

The above table and Fig. 1 clearl7 indicate that 

protein production in only a limited n ber of 

sampling times is conaietentlr high17 correlatecl with 

the total protein procluc tion . Thua , euplins ti• • 

6 ,  7 ,  10 ,  1 1 , 1 2 ,  15 and 16  appear to be thoae that 
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1 1  

1 2  

1S  

warrant a more critical examination to determin• 

their value as sampling times for prediction ot 

protein production . 

( b) lptercorrglat1oa of ProteiD p£0dU&tiop tal••• 
bttwetp Ptrtio!lar sampAieg tie!•· 
These are shown in Fig. 2  ( a) where the inter­

correlation of protein production in samplins time 6 ,  
with that in sampling times 7 ,  10 ,  1 1 , 12,  15 aDd 1 6  
and similarly tor sampling time 7 are plotted . In 

Fig . 2  (b) , the plots for intercorrelation coeffioieats 

tor sampling times 10, 1 1 , 1 2 , 1 5  and 16  are prea•nte4. 

In each group the intercorrelation for each set iD the 

indivichaal sampling time is shown as a continuous line , 

whereas the interrupted line represents the arithaetio 

mean val·ue of intercorrelations for all data for the 

particular sampling time . 

The table below is the intercorrelation matrix 

using mean values tor each of the selected ea.plial 

times . Values in brackets are the standard 

deviations about the mean values . 

l .19 Jl 1l .11 Jl 
• • • • • • 0.68 (.0.14t 0.71 (..0.09) 0.6S (..0.14) 0.6J (.0.07) o.-n (-o.tJ) o., (..0.1J) 

� • • • • 
.. o.n (.0.07) 0.70 (.0.11') 0.68 (.0.09) 0.59 ( .0.1J) o.·n c.o.cr.) 

• • • • 
- - 0.'19 (..0.18) 0.72 (..0.12) 0.6-1 (.O. tJ) u1 ( .o.u) 

• + • 
- - - 0.62 (..O.Q1) 0.'18 (..O.Df) o.n c..o.u) 

• • 
- - - - 0.77 (.0.19) 0.10 (.0.10) 

• 
- - - - - 0.11 (409) 
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The intercorrelations between the ea.plins 

times selected because of the high correlation of 

their pro tein production with total production 

var1 and are , at times , fairly high . Despite thla , 

sampling time s 6 and 7 ,  although not theaselvea 

highly intercorrelated,  have intercorrelation 

coefficients with the o ther sampling times that 4o 

not differ greatl1 and that follow the a me general 

trend b. value . Saapling tiaea 6 and 7 UJ , 

therefore , be found to be interchangeable ae 

sampling times . 

Sampling times 1 0 , 1 1  aad 1 2  ar all fairlJ 

highly intercorrelated and aamplinc ti .. • 1 1  and 12 

follow one another very closely in their inter­

correlation with sampling times 1 5  and 16,  and eo 

sampling times 1 1  and 12  should likewise b inter-

changeable . On the basis of the intercorrelatioa 

coefficients , sampling time 10  does not fit aa 

neatly into the scheme with sampling tiaes 1 1  and 

1 2 .  

Sampling time 1 0  produced intercorrelatiOD' 

coefficients o f  considerably lower value tor the 

1957/58 Friesian dnta ( set 103 )  than with the other 
:;t. \:> 

data , as can be seen in Fig�¥. and thia may explaia 

its non-conformity with the pattern for eampll.ns 

times 1 1  and 1 2 .  

Sampling t i  ee 1 5  and 16 are reasonably 

highl1 intercorrelated . The intercorrelatioa between 

these and the other sampling tiaes selected , with 



the e:-ccep tion of sazi;pling time 1 0 ,  show a 

cha.rac ter1.s tic common trend .. 

From tho correlation da ta . it has been poe 1bt. 

to select several sampling times ,  na ely 6 , 7, 10 , 1 1 , 12,  

1.5  nd 1 6  which s 

( 1 )  are fairly highly corr lated with the total 

wh n the values for protein prod�ction at the 

individual sampling times and in to tal are 

(2)  can be grouped into three groups o f  contiguous 

times,  namely 6 and 7 1  10, 1 1  aad 1 2 ;  1 .5  aad 16 
having fairly common trends tor intercorrelatioD 

values ( with the exception of 10 ) and with 

intercorrelatione with members ot the other 

groups no t unreasonably high . 

( } )  when grouped are reasonably spread throughout 

tho lac tation . 

I t  has thus b en possible to meet the orig.iDal 
criterion de fining the suitability of aelecte4 

sampling times fro this preliminary eurYey of the 

correlation da ta . 

( C )  Rep9r!_ed valuet:� .Jo,r correlations be twe!g p[O.!fCSitB 

�� indivi�ual samiling t!m!s and total P!!f!ction. 

Madden e t  al have published a correlation 

matrix tor milk produc tion of Holstein-Fr1es1an eow 

7 8  



giving the correlations with total production aad 

1ntercorrelations between the production estimated 

using monthly te st days . Their month of test , 887 

M ,  eaJt be related to the sampling times { S )  reported 

in this study by the equation s c 2M - 1 . Ther 

further calculnteti their correlation data tor two 

groupa within the herd ( a )  under 3 years of age , aa4 

( b) 3 yen.ra of age and over . Some of their valuee 

were : -

R�ns in terms o f  bicheet correlatipn betw et � 

p£o4uoSion at indiY14ual titqes with total !Jl1lk 

P£04ugt1on. 

Under 3 ye�r old 3 Yf¥ gld and OVJ£ 

Rank Sampling r<'l.'OT> Sampling r(TOT)  
time UM 

1 9 0. 9} 9 0,,91 

z 1 1  .93 1 1 · 90 

3 7 . 92 7 . 89 

4 1 3  . 91 13 .88 
' 1 5 .90 5 . 86 

6 5 . 89 15 .84 

7 3 .86 ' .80 

8 1 7  . 85 17 .?8 

9 1 . 75 1 9 .68 

10 19 . 74 1 .6? 



Iptercorrelationq of some of th mote bighlY tapke4 aamplips 

times . 

Samplins Sampling r �IN�� 
time t1me Und r 3 yr . 

1 9 .. 89 
1 1  . 85 

1 3  .so 
15 . ?5 

9 1 1  . 89 
,, . a, 
15 .8 1  

1 1  ,, . 89 

1 5 . ss 

13  ,, .89 

r �INI� 
3 yrs . &  over 

• 87 

. ?9 

.13 

. 65 

.87 

.so 
- 73 

. 87 

.80 

. 88 

Baak (ir 

i!� f in;::· 
o ; ail . 

7 1 

4 .. 

2 2 

1 1 

7 1 

4 ' 

' 2 

7 1 

4 ' 

7 8 

Theae correlations indicate the saae tread obserYe 

with the data used in this a tudJ , namel� that samplint timea 

?, 1 1  and 1 5  give estimates that correlate hishl7 with total 

produc tion ; 9 and 1 3  also had high correlation coeftioieota . 

The interoorrelntion between ampling times were ooaai4erabl7 

higher than those reported here tor prot u .  Althou.ah " ace , ·  

atte o ted the magnitude o t  the correlation ooetticient , lt ha4 

no significant effect on the rank order o t  pro4uet1oa at 

individual sampllfta times , either with the total pro v.otloa r 

between s pliag times . The age o f  the cows uae4 1a thia ewq 

was no t considered as a variable factor but it .. e aa11ke1J , 

in view o f  Madden• s  data , that this would hav affected tbe 

findings significantly . 



( D )  Regresaioa SD•lzats apd deter;inatiop ot the 8tfD4ar4 
error Of th' tst1eatp )geed op maDUal OO!p!tatlop. 

(a)  Eyaluation of r sults uaipg coa\iped data tpr 

all the Jersez cows apd combined data (Or a11 
the Friesian cows . 

The sroup of three sampling tiaea hav1Dg the 

highest arithme tic mean correlation coefficient with 

total production ( r TOT) was selected for the firat 

trial .  The mean intercorrelation coefficien ts ( i TOT) 
were al o determined and the various grouping• of 

sampling tiaes were then ranked in descending order of 

mean total corr lation and mean intercorrelation . The 

regression equations for this series of groups were not 

all calculated since it was argued that when the aean 

total correlation of a group was the saae or onl7 0 . 01 

less than the aext group above it , but the aean 

intercorrela tion was higher than the group above , then 

the standard error of the estiaate would be greater 

than the previous grovp. 

When the groups of sampling tiaes were aesemble4 

in descending order , of mean correlation with total and 

aean intercorrelatione , no obvious order or pattern waa 

observable in the standard error of the e tiaate ( see 

Appendices D ( a )  and ( b ) . The data were , therefore , 

rearranged as in Tables D ( a )  and ( b �  ( pgs .  88 and 89 ) . 
where the groups are assembled in iacreasing order of 

their standard errors ot the estimate . These tables 

indiaate that high meaa intercorrela tions trequentl7 

counterac t any expected advantage associated with 

groups of sampling times having high mean correlatioaa 

with total production . Thia was particularl7 apparent 

8 1  



when aaapling tim s 1 0 : 1 1 : 1 2 and 7 : 1 1 & 1 2 ia Table D (a)  

were ooapared with 7 : 1 1 : 1 5 .  There were aaoaoliee la 

the effect of the intercorrelation on the ataadar4 

error of the estimate .  Th\ls in Table D ( a )  aaapllDs 
times 10a 1 2 : 1 6  had a greater standard error of the 

estiaate than did gro\lpe 10: 1 1 & 1 6 ,  1 1 : 1 5a 16  and 7 c 12a 1S, 

despite the appreciabl7 lower mean intercorrelatioa tor 

10: 1 2 & 16.  This lack of coneistencJ is al o apparent in 

Table D ( a )  in a slightl7 different form when the 

standard errore ot estimate for 7 : 1 1 a 1 2 a 15  and 10& 1 1 & 15 

are compared. In this case , both gro\lpe have the same 

mean correlation with total and the same aeaa later­

correlation . The incl\lsion of an extra eaaplia tiae 

has no doubt influenced the reB\llt eo that the groap of 

four sampling times ha an appreciabl7 low r tandard 

error of the estiaate than the group of three .  The 

inclusion of a fourth sa11pling ti• does not ,  however, 

alwaJ& result in thia appreciable ilq)roveaent ia the 

standard error of the estimate . This i apparent la: 
Table D (b) with Aaapling times 6 a 10: 1 2 a 14 and 10& 12& 14 

and with 6 & 7& 10 : 1 2 and 6 : 7 : 1 2 ,  and in Table D (a) with 

7& 1 1 : 1 2 : 1 6  and 1 1 a 1 2 a 1 6 .  

The use of  the mean correlation coefficients an4 

mean iatercorrelation coefficients to select the aoat 

likel1 groupings of sampling tilles to gi't'e a low 

standard error of the estimate was justified ,  but the 

m thod canno t be depended on to criticall7 delineate 

the best possible grouping of sampling tiaea. 

In an endeavour to improve the ab1lit7 to eelect 
those groupings of sampling ti ea likel7 to ha't'e the 



a llest standard error o f  the estimate , the 

regreseion equation relating changes in the •••rare 

intercorr lation coefficien t  with ohangea in the 

average correlation coefficient and with total 

production was de termined aad is given in Appendix 

D ( e ) . It wee found that an increase in the Yalue 

of i ( TOT) bJ o.o1 will senerally reoult in a lower 

atanclarct error of the eetillate provided r ( IJrr) haa 

not alao increased by about o.o4 .  

I t  is o f  interest t o  note that an 1ndiY14-.l 

eaapling time . e . g .  1 1  in Table D ( a ) , that le 

highl7 correla ted with the total produc tion oaa give 

a fairly low standard error of e stimate , but •••• 

here the mean correlation coefficient was not an 

infallible guide to the suitability ot the aa.pliDa 

time tor prediction a s  was shown b7 samplins tlaea 1S 

and 7 in Table D (b) . The inc lusion of a fourth 

sampling tiM 111 a group 41cl not consia tenU7 lmpro•e 

the group ' s  ability to predict with preciaioa, aad ao 

it was d ecided that groupe of three napling tlaea 

would probabl7 meet the needs of the stu«J beat . 

When all the Jersey 4nta was combined an4 

examined Table D ( a) , the group o f  sampling tt.ee 

? a 1 1 a 1 5 gave the best predic tion . When all the 

Friesian data was combined and examined Table D ( b ) , 

saapliDs ti.. 14 occurred t.requeatl7 in the group• of 

sampling t1aea having the least ataa4ard errore of 

eatiaate . Vnfortunatel71 whenever sampling tiae 14 

occurred ia a group its r greseion coefficient wae 

atrongly negative ; it was , therefore ,  rejected froa 

further oonaideration . The group of eampliag tiaee 

& J  



6a 1 2 a 15 gave the beat prediction tor tb FriealaD cowa 

but the standard error of the e stimate waa ooaa14na l7 

greater , 5e 5% ae against 3.5% for 7: 1 1 : 15,  the beat 

grouping tor the Jorsey cows , but it waa not sreat�J 

different from the 5. 1% for 6 1 12a 1S for the Jer .. , 
cows . Oa the other hand , th group ?: 1 1 a 1' tor �· 

Friesiu cows had a standard error ot the te ol 

8 .4'� . In tlle group 6:  1 2 :  1 5 t  using all the J'rleaiaa 

data, s �ling tim 6 had a n gat1ve reg.reeaio 

ooettic1eat and so 1 t  too was 41ecar4e • 

This comparison is ext aded in th followtDa 
table which also includ s the standard errora of 

estimate when all data was used in de termining the 

regression equation for several groupe of s Plias 
t • •  

sypl&p1 U.• 

? : 1 1 & 12 1 15 

6 a 1 1 a 1 6 

7 :  1 2a 15 

6 : 12: 16 

7:  1 2 : 16  

6: 1 1 : 1, 

7 : 1 1 : 15 

1 1 : 12: 1 5  

1 2 

1 1  

15 

1 0  

7 

Stan4et4 error of eet&me'• 
� 10 102 

" 

}.6 

4.4 

4. 9  
5 . 1  

, . , 
4 . 5  

, . ,.  
4 . 2  

6 . 6  

'· ' 

a . o  
1 · 9  

8 . 4  

� 10J 0,. 

% 

7 • 4  

7 · 4  

? . 4 

? . 2  

8 . 0  

? • J 

8 . 4  

8 . 8  

1 0 . 1  

1 1 . 1  

1 0 . 8  

1 1 . 2  

1 1 . )  

A!· 

� · ' 

6 . 1  -
6 .4 -
6 ., 7·0 

6 .5 -

'·'  ...... 
6 , 8  -
6 . 9  -
? . 4  a.o 
8 . 9 9. 6  

,. , 10 . 0  

9 . 8  10.2  

10 . 0  10•7 

1 0 . 4  1 0.7 

This table has been ass mbled in 1acreaatDs 



order ot the aYerage o t  the standard error• ot 

estiaate tor sets 101 and 102 combined and sets 

103 and 104 combined . The group ot sampling tiae• 

7: 1 1 : 1 2: 15  has the lowest aYerage stan'-r4 err r 

and then groups 6 s 1 1 : 1 6 ,  7s 12 & 15 ,  6a 12 a 16 aad 

? ' 1 2 & 1 6  baTe very similar average valuea .  

In Appendix D ( c )  the regression coefficients, 

standard errors ot estiaate and related -data are 

listed tor all combinations ot three saapl.ing tuea 

from the groupings 6 or 7 ;  10 , 1 1  or 1 2 ;  1 5  or 1 6  tor 

each set ot data . 

The following table lists these Yarious group• 
ot sampling times in the order ot their inor asiD 

average standard error ot the eatimate . No 

combination of sampling times gave an obYioua aad 

consistent pattern o f  high prediction . 

IndiVidual S . E. of Estil!l!.te 

SyEl,na Sime Set 101 Set 106 Set 103 Set 1� Av . s . E. o' 

% % % % 
Ept"te 

6 & 1 2 1  1 6  '· ' 4 . 2 4 .0  1 · 1  5·779 
6a 10s  16  4 . 8 5- 3  ? . 0 6 . 2  6 . 01 2 
7 : 10& 1,  4 . 9 4 . 2  1. 2 6 . ? 6 . 12) 
6 : 1 1 : 1 6  4 . ,  s . o  6 . 6  7 . 2  6 . 1.)0 
6 : 1 1 & 1.5 4 . 2  4 . 3 ? . 1  ? . ,  6 . 216 
6 a 10 a 1 5 5.0  4.2 ? . 1  ? . 2  6 . 297 
1 :  1 2 :  1 6  4 . 8  4 .9 6 . 6  7 - 5  6 . 31 6  
6 : 1 2 : 1 5  5 . 2  4 . 6  6 . 5  ?. 5  6 .319  
1 :  12a 1 5 4 . 9 4 . 8  6 .5 ? . 6 , _ ,,, 
1 : 10: 16 4 .4  '·'  8 . 1  6 . 2  6.:J42 
7 : 1 1 : 1 .5  3 · 5 4 . 3  7 . 4  8 . 1  6 . 537 
7& 1 1 : 16 4 . 1 s .o 9 . 1  6 .? 6 . 7)5 

Meaa & S . D , 4.62 1 0.52 4.4f.u7 + &.se.;t .a '·» 1. o.at 



The above table sugcests that varioua 

combination• of sampling times 6 or 1 1 10, 1 1  or 1 Z a  

1 5  or 1 6  will give a verr uniform estimate of 

produc tion irrespective of breed or 7ear of aampliftl• 

Oaly the combinationa 6 a 1 2 & 1 6  aad 7a 1 1 a 16 lie oute14e 

th limits of the mean of the Average S taa4ar4 Error 

ot the Eatiute ! '-' of the s. E. which contains all. 

o ther values . Calculated data thus aubataatlatea tilt 

obaenationa 11ade on the basis of the correlation cla\a 

that coabinationa of saaplina tiaee 6 aacl 71 10 , 1 1 aa4 

1 2 1  1 5  ucl 16 should give reasonable estillatee of 

production and thia section shows that the eatiaatea 

are reasonably uniform . 

In Appendix D ( d ) , the results are given of a 

limited examination of regression data and at clarcl 

error o t  estima te tor sele cted groups ot sampliDg 

tiaea uaing data aggrega t e d  b7 rears rather thaa 7 

breeds . Once again the introduction ot the Frieaiaa 

data iaoreaaes the atuclar4 error o t \he beat eatiaatea 

derived to about 7%. It waa considered that tkla aetbo4 

ot grouping da ta did aot warrant further 1nveat1sation. 

Finally in thia aeriea , teat repeaaion ualJ••• 

were aade using as data the dittereacea between the 

aean aad ac tual produc tion values at each eelec te4 

aallpling time in any one set of data . Uaing Ut.1a 

approach 1 t was h01)ecl that there would be aD 

1 provement in the predicted relationehip be tween the 

production at an individual sampling tiae aa4 total 

production ,  tor by taking only the dittereneea troa 

the mean value , common factors , such as weather aa4 



teed conditions should be eliaiaated from coaelde�at1oa 

and only ind1Y1dual cow Yariability ahould be attect�DC 

the results.  T he improved relationship wae not 

apparent ,  e . g. with the group 7 s 1 1 a 15 and eet 101 4a'• • 

the aoetficieat of determination wae 0.9, usins actual 

values ,  b t only 0 . 71 when the differences troa t • 

mean Yalue were used . With set 1 02 ata ,  the 

ooe tficieata of determination were 0.92 and 0.79 

reepectivelJ• This approach was not proceeded with. 

& 1 



l!ll l (a) 

St.flrd ..,..,. of the est1matG for af pUq tf• 11&acW -• tf tlfllr 
btgb 1e1n correlation coefffcfenta. Oau used were tht ,...,.., 4att fW .., 

to • (Seta 101 and 102 fnect). 

tte• comtatt• Mtat ....... latftl �= s.,uq tt• wftft total protWttM betiMl SIIPltll ... 

F (TOT) ; ( lffl') • 

7: 1htJ o.u 0.69 ... 
7: 1h12:1J • .7J ·� 

1 1 2 12: 16  .87 ·"' 4.1 
7:1 1 :12:16 .81 • n ••• 

1 1 : 12:15 .88 :n ••• 
,: 7 : 1 1 : 16 .80 .59 ••• 

7: 11 :16 .ll .61 41iJ 
1Ch1Z:1J •• .68 •• 
6: 1 1 : 16 ·" ·" ... 
6:1 1 : 1S .u .66 ... 

10: 1 1 : 12 .88 .eo '*' 
7�1 1 : 12 .87 :n .J 

Uh11:1J  • .» '·' 
10: 1h16 ... :n '·' 
1 1 :11:16 •• .1'1 '·' 

7:12: 1S ... ,10 ··�· 
7:10:15 .82 .a ... , 

10: 1 2: 16 •• • 6J ••• 

12J 1J:t6 .u .19 Swt 

6:12:tS .at .6J t.1 
6: 1Z:16 .81 .61 ••• 

1: 12:16 .u M '·' 
1t .92 • . .., 

7: 10:16 .80 • 60 • • 
7:1 5: 16 .80 .J9 '·' 

t2 • 90 - ... 
10 .u • '·' 

1J • • • 

7 • 80 • . .. 
16 • 19 • .. . 

& 8  



!!11. 1 (b) 

St.darcl ""' of the tsttaatt for groups of c•Un tt•• •ltcttd .. fl ttwtr 
laft.ft 101ft _,..lattoa cotfftcfeatt. Data U88d were tbt c . fftld dtta ftt . .  ,,. .... 
e •. (S ta 10J l8d tor. cOIIbtned). 

Htm oorrtt.ati• tntaroorrtlttt• S.,l. , 
S81CtlfAD tf118 .. th total pro tt l»tiiiD tiiPUnt ttM ltttlatt 

; {TOY) ; (Utf) • 
7:10: 12:14 0.80 0." '·' 

6;10; 12:14 .81 ·" '·' 

·�12:14 .at .12 4.4 
6:121 1J .80 .67 '·' 
7: 12: 14 .81 -'' 6.J 
6:12:14 .81 .Jt 1.1 
6: 12:16 .oo .6J '" 

6:7:10:11 .80 .m J.J 

7:12:16 ·"' .6J 7..J 
6: 7: 12 .80 ·" '-' 

7: 1 1 : 12:15 .19 • 71 , .. 
7:12:15 ·" M '-' 
6:tht6 . • 78 .61 J.l 
7:11:16 .78 ... 7.9 

6: 1h1J .78 .6'1 
· a.o 

11 : 12:14 .81 .eo I.J 

7;11 : 11 .78 .69 L4 

11 : 12:15 ·"' .at 8 
1 2  .82 • t0.1 

1J • 77 - , .. 
6 .eo • tt.l 

11 .19 - tt.1 
" .77 • n., 
10 • 19 - tt.z . . •'' 

7 .19 - "·· 
14 .81 - tf.J 



( D )  (\l)  xo•parieon ot partial r grea ion coef(ioient ftr 
a common group ot sa=plins times . 

I f  the groupings 7 , 1 1 or 12  and 15  were aele te4 
aa thoae which could logically be uaed to g1Ye tke �eat 
prediction ot total production, then all that 1• 

9 0  

necessary is to decide on the appropriate partial 

regression coe tticiente and a Yalue tor the coaatant ( a) . 

Examination ot the Table D (b)  { 1 )  indicates t e pro le 

inYolved in this decision . Thus tbe r•gresaioa 

coetfioiente deriYed tor sampling ti e 7 raage troa 2 to 

9 , tor sampling time 1 1  trom -2 to plus 1 1 ,  aa4 eo oa. It  

appears that the onlr possible answer to thia ia to ae 

the regre sion coettioienta deriYed by ualag all tbe 

da\a or at least oom�ined data tor a ainsle �reed , aa4 

to accept the increase in the standard error of the 
estimate inherent in this procedure . 



Ull l (•) 

( 1 )  c .... of partfll ftOI'tSIIOil c•fftct.U ftr I ce.l .,_, If  IIIPlfiJ tt• 

Saapltag tf eod dota uaad to regrosston abate • 
-

7: 11 :19 Set Ul ,_., 

102 J.B 

1lU J.$4 

1(1 0.42 
101/102 . fled J.iO 
10t /10) ···- ftd 
10J/101t lbfftelt 4.0 

102/ta. coabtned Id 
All-data 4.JJ 

7: 1h12 Stt 101 f.61 
102 J.81 
\QJ '·'' 

,.,. 2.97 

t01/102 COIIbtM Id 
1ot/10J ...... nd 
UD/10t. COIIIbtne4 nd 
102h0. COIIbt'*' nd 

All-data J.n 

lh1Zs1S Set 101/102 tntd 4.92 

10Jhat. coabtlltd nd 

A l l-4ria 4.14 

Pf&Ua' aawOJ nltftt!uta 

byl •• 
-

J.940 

2.2GJ 

9.)90 

J.oo 
s.M 
.164 

s.m 
J.!J% 
'·"' 

4.J7J 

2.610 

7.1J7 

4.63! 

6.111 

6.101 

J.JU 

4.%00 
5.201 

J.W. 
'·'" 
"·'" 

.... lD 
-

1.890 

8.640 
•1.6JO 

1 .400 

2-'00 
1 .440 

'·"' 

" ·"" 
f.9Z9 

f.7JJ 

'·"' 
7.Jfl 

9.012 

J.69J 

s.m 

'·"' 

9.060 
1.787 

...... 
-

to. 

6.610 

9.160 
1Z.Jl0 

'·"' 

6.92J 
..• , 

4.9CI 
t .. 9C'I 

s.m 
'·"' 
.... 
J.Jft 

'·"' 
'·"' 

'•'" 

J.DJ 
J.m 

••• 

••• 

J.IGJ 

'at., 
• 

Jd 

... 
'·' 
••• 
, .. 
'· 

d 
'·· 
. ·' 

'·' 
4. 
'·' 
7.6 
.. , 
6.1 

, .. 
, .. ' '  

,. 
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(E)  Resresaion analYStS ap4 dete£!inatiOBS of the etagde£4 
error of the estimf te using T@AP on 1.1.1·650 Co pu$er. 

Since the selection ot sampling ti.. on the basia 

ot the high correlation ot their production data with 

the total production data and of minimum iatercorr la• 

tione was not entir.elr sucoe••tul in selecting the beat 

combination of sampling times to use for prediction , 

the opportunity of a limited availabilit7 ot tiae oa aD 

l . B . M . 650 Comput r wns used to trJ a modified Tape 

Regression Analrsis Programme on the data . A .uch lese 

selective approach on data used thus becaae possible , 

although methods of liaiting the extent ot this "hea4 

on" approach were serioualJ considered . This waa the 

reason for the " t" test rejection ayatea. 

( a )  Selectip.g sypliJ!g ti ea to be g••tped ancl Uft 
2t "t" test for reiecti2P· 
Because ot limited capacity in computer storage 

it was possiblJ only to examine a limited group ot 

sampling times in anr one analrsia. The contribution 

ot sampliag tiaes to the predic tion ot production was 

examined by testing each sampling tiae against a "t" 

value after each regression analysis and onl7 those 

having a "t"  test greater than 2 were retaiaed aad 

used in the next regression analysis . In thia way tbe 

numb•r of sampling ti es contributing sipiticantly to 
a regreseion equation was ultimat$17 derived and it la 

only this final group , 1a each case , that ie giY ill 

the tables in Appendix ( E  ( a ) . 

the sampling tiaes selected were identified b7 

a group number . Group 1 reprea nted the eaapling 

9 2  



t1aea considered likel7 to be significant on the baale 

ot the correlation data and was extended to include 

sampling time 4 to give a wider coverage o f  t e 

lac tation period . Group 2 waa all the odd aa.plias 

times and Group } was all the even sampling tiaea. 

Group 4 included all those sampling time toun 

significant in the analyses ot Groups 2 and J,  and 

these were examined set by e t .  In Group 5,  thoee 

sampling t1m$s re tained as contributing algnifioaat17 

to the regression equa tion tor set 101  in Group 4 

were used for se t 102 and vice versa , and aiailarl7 

thos re tained in Group 4 tor set 1 0} were used tor 

set 104 ancl vice versa . Other groups were exaii1De4 

but did no t add further information . 

Th frequency with which individual aampliaa 

times were retained on the basis or the "t" test whea 

the data from all groups were plotted is hown 1a Fie• 
'· Sa.pling time 9 was never elected and onl7 

sampling times 4 , 7 , 1 1 , 12 , 1 5 and 16  were selec ted tor 

every se t of data but not neo ' ssarily in ever,r cro pins. 

This would appear to suggest that independent of 

breed , protein production when measured at aaaplins 

time 4, 7 , 1 1 , 1 2 , 15 aacl 1 6  could be expected to glye the 

best indication or total production . 

The results summarised in Table ! ( a) . illu trate 

the proble that arises wi tb this fora of ualJsis ucl 

rej ection . Examination o f  the sampling tiaee aeleo \84  

indicates their w id e  divereitJ and , as a consequence , 

it is impossible to selec t a common core ot saapliaa 

times which contributed significantly to the pre41otion 

9 J  



of production using all four sets o f  data . Even iD 

Group 1 ,  iJl which the oris;iDal gro11p of eamplln 

timea contained those considerei to be signlficaat17 

related to total produc tion , the common core , except 

for sampling time 4 ,  was not appar �nt ,  altho sb there 

w s a greater degree of uniformity . I t  is intereetias 

to note tha t the sampling tiaes selected in Oroup 4 

tor sets 101 and 102 gave standard errore of estiaate 

identical with those select d in Group 1 , despite t • 

tact that tor individual se ts the ma jority o f  the 

sampling times selected were different . These eampltaa 
times , however , differ d by onl7 one up or down an4 

this suggests that sampling times adjacent to that 

selec ted may, in general , be used to give a reasonabl7 

accurate prediction . There le , however , alwa7a a 

liaiting factor � if a low standard error of estlaate ia 

to be retained then a new set of coeftlcienta of 

regression , often ot appreciabl7 different value , are 

required when ver such a change in sampling tt.es is 

made . 

9 4  
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Q) 
I­I­::::! � 4  
0 

'0 3 
>. U 2 c 
Q) � 1  
Q) 
� LL 

4 

3 

times<histograms in order of sets 101.102.103.104) 

F r e q u en c y  o f  o c c u r r e n c e  o f  s i g n i fi c a n t  s ampl i n g  times in 
TRAP pro c e d u r e . 
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!!!! ' (a) 

Saaplf1g tfmes and thefr standard errors of esttaatt, retatntd aa oontrtbutfng 

afgnfffcantly tt the predfctt on ef productton vhen prt•stlected data was processed 

by TRAP proctdurt 

Group Set No . Saoplfng tf es tttafntd S.E.tf Estf1ate 
- -

1 1 01 4 :7: 1 1 : 16 3.1\ 

1 02 4: 6: 7: 12: 14  2.9 

103 4:6: 1 2: 16 5.6 

1 04  4 :7: 1 0: 14: 16  5.4 

1 01 /1 02 4:6: 7: 1 1 : 14: 16 4.3 

1 03/1 lYt  4:6: 7: 1 2: 14: 16 '·' 

2 1 01 S :7: 1 1 : 1S 4.7 

1 02  3 :7: 1 1 : 1.3 : 15 3.} 

1 03 .J:7: 1S  s.J 

1 0ft 1 : 5: 1 1 : 15 6.2 

101 4:8: 1 0: 12: 16 4.7 

102 2: 4: 1 Z :  1 6  3.4 

1 03  4:6: 12 : 16  5.6 

1 0ft  4 :8: 1 0: 14: 16 '·' 

4 1 01  5:8: 1 1 : 1 2  3.8 

1 02 3:7: 1 2 :U: 1S 2.9 

1 O.J 3:4: 1 2: 16 4.7 

104 5: 1 0: 16 s.e 

1 01  2:7: 1 1 : 1 2 4.8 

1 02 8: 1 0: 1 2: 1 5  4.0 

103 1 :4 : 1 1 : 16 6.0  

104 4 :7: 1 2: 15  6.4 



( E )  ( b )  An tHJ!\!na,t09 of tbe us ot the "t" !tet (Jr 

f1actrding va£1ables in �:esrtueigp aelztU• 

The basis OD which the "t" test rej c ts 

variables in the TRAP procedure was exaaSae4 to tr,r 

to establish a basis tor pre-aelectioa of 4ata ao 

that the time OD the oomp�ter could be reduced . lt 
waa oDa14ered that the aajor factor o ntl'i utiag M 

a rejection would be a high intercorrelation between 

the variables, but it was not possible to 4eteraine 

unequivocally just why the rej ected variable gave a . 

low "t" value e Thi aspect ia further 41scu sed in 

Appendix E ( b )  ( 1 ) .  

The relationship be tween the " t" val ea of 

variables and the e�dard error of the • tiaate 

using these variables was also examined aDd la 

4iecusaed , in detail , in Appendix E ( b )  ( 2) . la 
general ,  the substitution ot eaap11ng tl .. a wi\h low 
"t" values for thoa wS. th hiper "t" valuea re.al e4 

in increaaing standard errore of estiaate , but 

interac tion of the eampli.nfr times did at tlaee upaet 

this trend . 

Despite the lack of strict coapliance with 

these generall7 observed treacle betweea the variabl .. 

( sampling times)  ud their associated " t" valuea, 

the uae of the value . .  t" for selecting variable• 

that can contribute aignifioaatl7 to t e eoap ter 

derived recl"esaioa e(luation has been justit1e4 aa4 

this s tudy has in41cated that probablJ the moat 

economical war ot de termining which group of ... pliaa 

tiaea will give the lowest atandarcl error et 

9 I 



eetiaate is through a pro cess of eliaination base4 

on the "t"  teat of the •ariables used 1n each 

regression equa tion . The programme should be 

further modified to reject on the basis of the 

lowest "t"  value and to test not against the "t" 

value , but against a pre-de termined numb � ( aa7 ,  3 

or � )  ot residual variables ( i . e .  selected saapling 

times) .  This would g1•• a mo re unitora collection 

o f  data to fur ther iDYeatiga te . 

A disadYan tagt of this approach is that it is 

very much more di fficult to select saaplina tiaea 

common to seYeral groups of original data and haYiD 

minimal standard e rrors for all da ta . Such 

information ia not generated in the " t" selection 

programme .  
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( E )  ( c )  bHillation ot f!ll pergtat1ops Rf (ov 
samplillg times trgm a pre-selecte4 I[OUR of 
sampling tiee s .  

Since the selection o f  sampling times h7 the 

" t" basis produc ed groups o f  a.mpling tillea that ha4 

little in common between the v nrious sets o t  data , lt 

was iapossible to establish a comparative evaluation 

Dt the predicting po tential of different groups of 

s mpling times . All combinations of tour saaplins 

therefore , examined using the TRAP procedure . 

Combinations of four sampling time were used 1Datea4 

o t  three to partiall7 compensate tor the absence o f  a 

value corr sponcling to "a" derived in the aanual 

aethocl. 

9 9  

From the data , so derived , it was poaalble to 

list the various group of sampling times in increasing 

order of their standard error of e stimate (Tables 1 
( c )  ( 1 ) and ( c )  ( 2) on p . 1 04 and 105 . ) 

Examina tion of these tables shows tllat all the 

eamplint times used in the permutations are to be 

found in the fitst 26 groups of saapling times when 

ranked in order of their increa sing standard error ot 

estimate . The frequency of their occurrence is shoWD 

in Fig . 4 ,  in which the total frequenc1 of occurrence 

ot the various samplin periods is plotted with the 

Jeree7 data frequency indicated b7 the bar on the 

histogrs.m. 
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The frequencr of occurrence of saapling tt.ee 

4 and 6 may be biased since not all possible 

permutations of the group of sampling tiMe selecte4 

were examined with the combined data tor the Frieaiaa 

cows . Onl7 those gro'&lps containi.ng saJipling ti• .. 

and sampling time 6 with the o ther sampli g tiaea 

could be examined because of the lack o f  further t� 

on the computer . Bearing the above limitations in 

aiad , pro tein production in sampling tiaes ? .  1 1 aad 

1 0 1 

1 6  can obviously be used to effectivelJ predict total 

protein production . When the frequenc7 of occurrence 

for the Jerser cows and the Friesian cowe 1a exam1ne4 

separatelr .  i t  is seen that sampling tiae 1 occura 

with equal frequencr in both .  With saapling t iae  1 1 ,  

however .  it occurred with much greater frequencr 1A 

the Jerser data and this was balanced by contribut1oaa 

from both sampling times 10 and 1 2 ,  with the Pr1ee1&D 

data . Thie is illustrated in Fig . 4 ( a )  where the 

frequency of occurrence for sampling times 6 an4 7 ;  10, 

1 1  and 1 2 ;  1 5  and 16  are bulked separatelr tor the 

Jerser data and the Friesian da ta . When these 

frequencies are bulked in this woy a verr unifora 

frequency of occurrence is observed between the Jerae1 

data and the Friesian data. 

In view of this uniformit7 it wae neceasar, to 

decide whe ther further work should be concentrated OD 

these group of sampling which were also those 

selected on the basis o f  the high correlation of 

protein production at individual sampling timea wit' 

total production . 



- ---------------

1 0 2 

Sampling . time 14 has already been discussed 

and discarded as being unauitabl because of ita 

consistent negative regression coe fficients whea 

included in groups o f  three sampling times examined b7 

the manual procedure . 

The tabl e below shows that the oorrelatioaa of 

production in sampling time 4 with total productioa 

( 4 : 1 7 )  were low and the inclusion of data froa 

sampling time 4 in the groups selected was primaril7 

because of its low intercorr elation with other 

sampling times , particularly in set 103 .  

-
Cprrela tiop r 

s!!Elaanr. �ime 
Set 104 relationebU Stt 101 Stt 102 s1t 193 !!ua 

4 : 17 ( to tal ) o . 66 0 . ?0 0 . 27 o.84 o.6.a 

4 :  6 

I 7 

: 1 1 

a 12 

: 1 5  

: 16 

0 . 6 1 o . 63 0 . 29 o .8o o . sa 
o . 6o 0 . 39 o . 1 1 o . 6? o.ltft 

0 . 56 o , 69 0 . 01 0 . 76 o . s1 

0 . 59 o . ,a 0 . 10 o . ?) 0 .50 
0.51 0 . 48  0 . 01 0 . 6.3 0 .41 

o . 4o o. )6 0 . 21 o . 63 o . 40 

Samplin& time 4 was rejected on the basia of 

thia low and very variable correlatioa with the total 

production . 

Sampling tiae 10 was examined in a similar •«r 

since it was th sampling time haTing the lowest 

overall frequency of occurrence and ita inclusion MJ 

aot baYe been warranted . 



1 0 J 

Correlatjspa r 

Sy;e!iDI �ime 
relttioa!hiR St\ 101t 

1 0 : 17 
6 s 10 

7 a 10 
10: 1 1  

1 1 2 

: 1 .5 
: 16  

Set 101 Set 10? Set 103 

( total ) o . 81 o.as o . 64 ·o. 9 1  o.ao 

o . 58  0 .71 o. 69 0 . 79 0. 71 
0 . 66 0 . 82 0 .11 o . 68  o . ?J 
0 . 86 o . 87 0 , 51 0 .90 0.79 

0 . 68 o. 77  0 • .56 �.as 0.72 

0 • .57 o • .58 0 . 46 0 . 82 0 . 61 

0 . 57 o.49 0 . 59 0 . 79 o.61 

The correlation or production in samplins tt.e 

10 with to tal production was high &Ad coapar ble wltb 

that ot the o ther periods selected , . g .  table below. 

imtt::;:t- Set 101 S!t 1p2 Set 103 Set 104 

6t 17 
7 : 1 7 

1 1 : 1 7 
1 2 : 17 
1 5 : 17  
16: 17 

Meu 

0 . 77 0 . 69 0.71 0.82 0•76 

0 . 79 o . so 0 - 77 o.So 0 . ?9 

0 . 92 0 . 92 0 . 65 0.92 o.as 

o . 87 0 . 92 0 . 78 0 . 86 o.s6 
0 . 78 o.86 o . 67 0 . 86 0•79 

o . 8o 0 . 7.5 o . 69 o.84 0 .1? 
o .s2 o . 82 0 . 72 o.as -

Sampling time 1 0  could , there fore , be inolu4e4 

aa4 furthermore it can conveaientlJ be as ociate4 with 

sampling tiaee 1 1  and 1 2 .  



(1 ) 

1!11& 1 (c:) 

Stltdarcl "",. of ostt1ate of atf of four .._u tf111 U 

t11 order of fDCrtufng flft"'O'. Data Ulld •• the COtlbtntd data fOf' J.,.., • � 

(Sots 101 and 102 c tntd) 

All COibt�atfona of four out of s lt tt 4,61?,10111 ,1 Z,14.1J ,1 u ... GroUJ 1 J  ..,, amfned ustng •t• var • great ... tnal - ,.,. t • 

tblbor of analr s aa6o 156. Onf.1 the ftrst 26 groupe hnt ._ Ua 
rank order tn  t e of fncreo�tng di!Ddard error of tbe esttutt. 

'" 

Ranking Ord• S111pltno tf•a s.t.ef tatflltt 
' 

1 6:7: 11 : 14 '·"' 

2 4: 7: 11 : 14 4.7U 

) 6:7: t 1 : t s  '·'" 

4· 6 :7: 1 1 : 16 J •• 7 
4:7: 1 1 : 15 

6 4:7: 11 : 16 4.9lo 

1· 4:6:7: 16 J '·"" 
4:6: 11 : 14 

9· 4:7: 10;16 1 
6:11 :12:14 t.l22 
6:11 : 14:1S 

1 2· 6 : 1 1 1 14:16! 5.2'10 
7:1 1 : 142 15 
4:6: 7: 11 
4:6: 11 : 16 
4:6: 1 1 : 1 5  

17- 6:10: 11 : 141 J.Jt8 
6: -: 11 :14 
4:  7: 12: 16 

6: 7: 10:161 '·* 
4: 7: 10: 1S  
4: 6:  7: 1J  

7;1 1 1 12:141 '·'" ' 
7: 1 1 :- :14 
7: 1 1 : 14:16 
6:11 : 12: 1S 

1 0 4 



(2) 

I!U. l  (c) 

St ard errors of esttaate of tattons of four pttno tt .. Uetect 

tn otdat of tncreastog error. Data 1 tho coallfned data for Frtttt• c • 

(Sets 103 and 104 cOilbtned) 

C lnatt11s tf fOil' out of pU o tf 4,617,10,11
I
12•1'11 . ... J116 (t .e. 

1 1ft 11.tned ustno 't' v luts great tnao t. or re•1••• 
of ,....stfon anal1ses 100. (Onb those • tnattons cootaflfDg .-uno tt 4 d ._ 6 lfth •!l other s•pUng ttiO& eare ••tned If U•tt•tt• 

er tt•) . rhh lt•tt tton .., M¥t btasod tho frt� wttb etch eaplt, tt 4 lftd 6 apptar' ib tho Uat. Onb the fff'lt 16 · a biVt ._ 
ltstod n rank order. 

R tag Otdet 

2 

J 

7 

,,. 

s ltt10 tf 

4:7: 12:16 

4:7: 12:16 

4:7t 11 :16 

4:7: 12:15 

4:6: 12:14 ) 
4�6: 1 1 :16 ) 

4:6: 12:16 

4:7: 14: 16 

4:7:10:12 

6:7: 12; 16 1 
4:6:14:16 
4:6: 7: 16 

6:7: 12:14 ) 
�:7:10:1, ) 

4: 7:
.
1 1 :12  ) 

1.:6:7: 12 ) 

�7 : 12:15) 
4:10:12:14) 

4:1: 1
.
0: 14 ) 

4:6:12: 15 ) 

6:10:12:141 
4:10: 1 1 : 16 
4: 6: 10: 1S  

6: 10:. 12: "I 
4: 7:1J: 16 
4: 7: 10: 1S 

.l.tf £df ·' 
6.JJJ 

6.188 

6.6JS 

6.716 

6.8U 

••• 1 

6.9J2 

7. 

7.164 

7.2JJ 

7.JOJ 

1 0 .  



(E)  ( 4 )  Cqgqi on of the gty!lard error• p{ tsS1plag 
fOE tile mpuallY calg»}.:te4 and 90§!1\er 
calculated r greseiop eguetioaa baes4 11 4t\a 
ta:om tU 'BID! groups ot semluc Y.••. 

The groups of a8Jilpling tiJie listed lA able 

E ( 4 )  ( 1 )  and ( 2 )  were the only ones that were o�t�a -

l O t! 

to both the manually and computer generated regreaeioa 

data . 

None of the other group of three aaaplial 

tiaea listed in Table i ( a )  and (b)  for manaallr 

calculated regr ssion equations were calculated in t • 

computer programme ,  since one o f  th sampling tl .. e 

was rejec ted before the final analyaie on the baala 

that ita contribution to the regrea ion anal78is waa 

not significant . I t  should be aoted that tbe clata 

used in the manual calculation were the corrected euaa 

of squares and the regr ssion equation so 4er1Ye4 

included a value for the coastant "a" , whereas the 

computer calculated yalue was based on the unoorrecte 

sums of squares and the regression equation was "fo�toecl 

throup the zero " ( i. e .  "a11 was arbitarUJ taken a.a 

zero) . 

De pite this differeaoe in me thod of aoaputatlon , 

it 1 interesting to not with the Jerse1 data that of 

those sampling times that were analysed by both 

proaeaaes ,  sampling tiaea 7& 1 1 & 15 gaYe the lowest S . E. 

of estiante b7 �o th proc 4uree . The inclualoa of 
sampling tille 12  in the group clid not reduce the 

standard error and the substitution of sampling tt.e 

16  for 1S only marginally increased the error. 



Although the rankings of the Jeree7 aaaplias 

tia were no t well correlated (Spearaan • a  raDk 

correlation eo tficient 0 . 1 ) .  the standard errore t 
estima te were not widel7 varied in either the aaa a1 

or computer series . Both methods o t  co.puta tion th., 

appear to be equallJ satistactorJ for deterataiaa tbe 

significance of a group ot sampling times to predict 

proteiD produc tioa . 

1 0 l 
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!!Id 1 (d) 

(1 ) JtiWf 19f1/1"8 lftd 1 9J8/19f9 (Seta 10t 

!.fa� EdJg 
s Uttg tfmea ..... , COCIIIUbr ' c 

- -

7: 1 1 :1 S  1.� ' 1 1 

1 1 1 12:16 4.1 7.0 2 ' 
1 1 : 12: t5 4.2 '·' J J 
7: 11:16 4J 6.0 ' 2 

1 0: 1Z:1J t..4 .7 5 • 

7:1 1 :12 4.6 6.4 ' • 

10:1htf 4.7 6.6 7 .. 
7:12: !5 4.9 '·' .. 6e 

7: 1 0:tS 4.9 I.J e. ) 
7: 1 1 : 1 2:15  J-4 S.6 1 1 

7: t 1 :  12: 16 4.1 J.9 2 J 
4: 7t11:16 4.2 '·' J I 

.. . 

(2) Frttat 1957/19S8 aDd 195 /1919 CSotG UU •cl 1•)  c f ... 

idaof 'din J • 

s ltng tt a al eo.put .. Ill 
- -

6t 12: 14 7.1 7.J 1 1 

6: 7: 12 7.4 7.S 2.- 2 

6: 1 1 : 16 7.4 7.7 2- ' 

6: 1 0: 12: 14 t..J 1.f 1 t 
6: 7:1 0:12 7.J J.J 2 2 
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(F)  Seles:tion of the Bartial regression ooett1c&t8\! (Or 

ute !1tb the protein prodyction data trom the eaepl&P« 
Si •• selected . 

The problem of the selection of the partial 

regression coefficients to be used arises beoauee , tor 

each group ot sampling times and tor each set ot data , 

there le a characteristic set o f  partial regreas1 

coe fficients which differ appreciabl7 froa set to eet 

or between sampling time groupings .  

Thia difticult7,  which was mentioned iD Section i 
( b ) , is illustrated and diacu5aed in Section ! ( a )  • 

Following this , two different methods tor deri.tns a 

geaerallJ applicable set o f  partial regreaaion 

coefficients is cona14ere4 . 



(F)  (a)  A compariton of part1a1 rtgressiop coetfic&sat• 
obtained wh n fate tor the •am• !fpling till• 
but frog difftrapt )rteds was uee4. 

Th following Table ! ( a) P • 1 12 is a sumaarJ ot 

the regression eo fficients derived by the TRAP 

procedure for six of the groups of sampling timee 

ranked reasonably highly , on the basia of the extent 

ot their standard error ot estimate , for both tht 

J ersey data and the Friesian data . 

1 1 u 

I t  will be se n that the regression coeff1c1eat! 

( a )  for any particular sampling time within a 'bret 
classification . 

( b )  between breeds tor any particular coabinatioa of 

sampling times .  

fhe ae results sug!eat that i t  would be desirabl! 

to us the appropriate breed controlled regression 

coefficients for any particular combinatio of s.-plias 

tiaes if maximum accuracy o f  prediction were to be 

obtain 4 and further that indiscrimiDate selection of 

data from sampling times 6 or 7 ; or 10 , 1 1  or 12 ; or 

15  or 1 6  is not possible , i f  only one set ot the 

calculated partial regression coefficients were to be 

applied to this data to obtain a prediction of total 

production . The group of sampling times 4 , ? , 10 and 16  

was the onl7 group i n  which the partial regreaaioa 

coet:ticieats were sufficiently si ilar for botll 'breecte 

tor a common set o f  coefficients to be used . 

The group of sampling times 4 , ? , 10 an4 16 ,  
however, are not aG entirelJ satiefactory sroupiDg to 

use . 



Sampling time 4 has alread7 been rejected as 

being unsatisfactory and the use of sampling tiaea 

7 , 1 0  and 16  alone is considered too restrictiYe iD 

that it requires very close control over the 

sampling programme for each cow in the herd . 

I t  has been shown tha t sampling tiae 6 ud 7 1  

1 0 , 1 1  and 1 2 ;  1 5  and 1 6  group effectiYely to pr duce 

a uniform pattern ot prediction of reaaonable 

accuracy. I f  it were poaaible to der1Ye a set of 

partial resr•asion coe ffioieata pplioable to data 

obtaiD d in any sampling time , within e eh of the 

1 1 1 

ectiona in this larger grouping of eaapliDg tillea e  

and capable o f  giving rea onably accurate predletioa , 

flexibili t7 ill the ae.llpling progr e oulcl be 

introduced . 



Spl!u U!8 
D ato usod for regroaston ana lrst� 

Set un/102 

10J/U" 

Sot 1 01 /102 

10J/1 0ft  

S et  101/102 

10J/Uit 

Set 1 01 /1 02  

1 0J/10. 

Set 1 01 /1 02  

10)/1(1. 

Set 1 01 /UI  

10J/1 t\  

1!ll f (e) 

Prtt al regresston cttfftcf ta 

l 11 

3.67 4.7) 6.19 5.00 

4.09 4.47 S.O'J 7.0J 

! l .u l! 
4.J8 5.29 J.9t 6.48 

J.J1 J.2J 6.98 '·" 

.. .t .11 .1! 
2.7:S J.9:S 7.86 5.25 

).21 4.70 '·� 7.12 

.. i l li 
3.32 3.67 J-41. 7.11 

:s.n J.77 J.94 9.08 

j l .1R 1i 
4.20 4.9'1 :s.SJ 7.54 

4.10 4.78 4.32 7.57 

A l .1! 11 
3 .45 4.72 J.60 1.19 
J.60 4.47 S.91 6.31 

s.£.of lltt•ff s . .  

'·' 

'·' 

'·' 
6.4 

J.J 

'·' 

1.1 

'·' 

J.2 

7.0 

1.4 

'·' 

1 1 � 



(F)  (b)  Exeeipation ot the etr�ct oe th! stae4ar4 er£ir 
2t tstimate 0£ !O!b1p1Di d&\f fro! Sl!!fal 
ctn$1J9oue eampliel ti!sla aaatlr § ap4 z, JO• 

1 1 J 

11 aad 1 2; 15 ap4 16. an4 using tide co•»ad 
data $0 dttereip partial regreseioB coetlio&tp•• 
tor Hse w�t� data R)taia•4 1e aBl eo b&eas&aa of 
the sampling ti!! ep fro• each ot tb• !JStlope 

p.ggregated. 

The regression equation derited bJ th&! pr�e4ure 

ia called the etaa-4ata rggressipp '9' tloa and th1a le 

comp red la ter with the eeaa E!I!!Bsign eguet1gp whioh 

has been derited b7 dete�iDg the aean ot the 

regression equations calculated tor each posal•l• 

grouping of sampling tile s  within the aectiona of the 

contiguous sampling times sele c ted . 

All the partial regression coetficieata ueecl t.a 

this and subsequent parts of the study hate b ea 

manuall7 derited using corrected sums of e�uarea iD 

the calculation ot the regressioa equation . 

The use o f  a mean-4a$a regressiop egua$1op 

requires samples to be taken iD each of the contisuoue 

sampling times and then to be bulked appropriatelJ 

before their analJeie. 

To derive the m•en=4ata rel[etpioa esuatiog \he 

total correc ted suas of squares and uae ot products 

based on all the data tor each of the sampling tt..e 

used were found , the means o t  these totals were th•n 

calculated and these mean values were used to derl!e 

the partial regression coefficient• • The procedure 

used to derive these mean values ia detailed ia 

Appendix F ( b )  ( 1 ) . 
. . 



1 J. 4 

Mt!l-iiS! Pi£1�� Reit!ss�os C2!,,iS,•I� tiE &l!i6YI Sill• I 
U:P»Red 6 aad 7: 19&'1 1 apd 1 2& 15 gel 1§. 

Partial Regression Coetfisiea\g E:sfiti. 
.I bylag bpulB b • 

U sing all Jerse1 
data 

(Sets 101/102 ) 4 .80 , . 401 6 . 661 6. 22' s. o 
Using all Friesian 

data 
(Sets 1 03/1 04) , . 96 s.659 5.822 6.6?8 ? . 8 

Using all- data 3 . 90 5. 286 5 . 834 6. 694 ? . ,  

The effect on the standard error o t  stiaate aa 

contiguous groups o f  sampling times are progressiYelJ u e4 tor 

calculatiag mean-data regression equations is ehowa iD the 

tollowiag table along with the s tandard errors ot estimate o t  

the regression equations based on eimple groups o t aapllns 

times . 

sampliJI time 

6 : 1 1 : 15 
6 : 1 1 : 16 

6 : 1 2 : 1 5  

6 :  1 2 :  1 6 

? : 1 1 : 15 

? : 1 1 : 1 6 

7 :  1 2 : 1 5  

7 :  1 2 :  1 6  

? : 1 1 and 1 2 : 1 5  

Partial regreseioa 
soetticients used 

? : 1 1  and 1 2 : 1 5  and 16  

6 and 7 ;  1 1  and 1 2 ;  1 5  and 16  

6 and ? ;  1 0 , 1 1  and 1 2 ;  15 and 16 

staadar4 error 2t e SillS• 
Mey•data 

Se ta 
1 01/102 

% 

4 . 5 

4 . 4  

5 . 1 

5 . 1 

3 . 4  

4 . ,  

4 . 9  

' · ' 
--

M•u=cla5• 1�Jj104 
" 

8 . 0  

?. 4 

s . s  
1· 2  

8 . 4  

? .9 

? .4 

?. 9 

--
--

-
-
--
--

-
z .o 

--



The progre ssive incluaion ot the data troa more 

sampling times did not make a great deal ot 41tterence 

to the standard error of the estimate when the m ana 

of all data were used for calculating the regression 

equation . Nor was there much difference between the 

standard errore o f  estimate tor sets 101/102 co•bined 

and tor sets 10J/104 combined , irrespec tive ot whether 

the partial r gression coefficients charac teristic ol 

any particular group o t  sampling times or 

characteristic ot the meaned data for th aggresated 

sampling times for each ot  the combined seta waa uae4 . 

The grouping ot 6 aDd 7 ;  1 1 and 1 2 1  1 5  aacl 16 

had a mo st pronounced effect on the accuracy ot 

prediction when the Friesian data was used tor the 

computation and tbia effect o f  the Friesian data w a 

also equallJ obvious in the low standard error when 

the means o t  all -data were used in the computatio • 

From this examination , i t  appears that the uae 

o t  meaned data for deriving a regression equation will 

not cause any serious diminution in the etticiencr ot 

the equ tion for predic tion and ,  in tac t ,  it a&J bring 

about an appreciabl improvement in predic tion . 

The e ffect on the standard error ot estiaa te ot 

applJing partial regression coefficients , derived troa 

data from a specific set , was also exa•Sned and a 

typical table o f  resulte is given below . 

Using data trom sampling times 7 a 1 1 a 1' in the 

various se ts , the e ffect o f  subatitutioa of the partial 

regression coe fficients on the standard error ot the 



eetimat 1 ahon . The Yalue underliaed is the one 

chaJ'acteristic o f  the particular regression e quation 

being uae d .  

Rtgre t �tt· UMd Set flfz'ltt . -
Set 10J td JR Id Jl 

7: 11 : 15  Set 101 la! 2.9 7.t 7.J 

102 2.J .w 7.5 1 2.2 

10J i.7 J.6 ld 1.2 ' 

u� S.2 4.8 .o w 
101/102 2.2 4.0 ,_, I.J 
101/10) 1.2 '·' 7.J ... 
10J/1or. J.Z J.1 7.0 ·' 

102/10. 4.7 4.0 J. '·' 

A H  ta J.Z J.4 '·' '·' 

7: 11 and t2: 1f Ne ll•dlta 2.2 2.J , .. 9.6 

7: 11 and 12: 1 S  lftd 16 1 an-an data 4.7 4.6 7.J '· . 

' and 7: 11 and 12: 15 t!eao-oll-data 1 .1 1 .4  '" u •d 16 

I t  is intere sting to note that with the exoep\loa o t  

set 1 04 ,  the subs titution ot the regression coeftioleata 
. 

tor samplina times 7: 1 1 : 15 based on all the data reaulte4 

in lower a tandnrd errors of e timate than waa obtain• 

1 1 6 

when the regreaaion eo ttiolenta based on data apeolflo to 

each ae t were used .• ( The u se  of the regression coetti ieDts 

tor 7 a 1 1 and 12 : 15 i  and for 6 &at 7 ;  1 1  and 12 ;  15 4 16 

gaYe eYen lower standard errore o f  estimate ) .  



1 1 '1 

EYeD ith the wide range of regr ssion ooeffloleata 

uaecl , the 11axi.Jiua staDdard error o f  estimate did ao t e:xoeecl 

6 . 0%  for the Jersey data and 1� for the Friesian 4ata, 

with the exception o f  that based OD data fro• ? a 1 1 a 1,,  aet 

102 .  

It thua aeeas possible to pplJ partial regreaaloa 

coeffioleate , charac teristic of selected data, to ther 

data deriYed at ooaparable sampling times froa the .... 

herd in differeDt 7eara or derivecl from a cl1ftereat bl'eecl 

1a the saae or in different years , without aertoualJ 

upsetting the accuracy �f the prediction . 

The general appl1cab1lit7 ot a regression equat1 a 

based on meaa-clata was further xamia cl b7 applJina the 

ean-clata partial regression coefficients to data troa 

each of the l.'·poee1ble combinatioaa ot aentplinar; tiaea uaecl 

to obtain the mean-data regresaioa equation. Tbua witb 

the grouping of sampling tlaee 6 aa4 7 1  10, 1 1 ancl 12 : 1S 

and 1 6 ,  ther are twelve posaibl• combinatioaa of eampllas 

u.... . The following table Bhowe the mald.Jaua tanclar4 

error of estiaate that ocoured whea all the coablaatiou' 

of aampliag tiNea w re e:xaaiaed set by aet.  

Mean-d ta regression 
equations uaecl 

6 and 7 ; 10, 1 1  and 1 2 ; 1 5 and 

Set 101/102 

Set 10)/104 

All-clata 

1 6  

Maximum obser?e4 
s . E. ot Eat111ate 

" 
Set 101 Sfl 102 §et 103 Stt 104 

4.7 6 .4 - -
-- -- 6.? '·' 

4 . 2  '· ' ? . 2 9.6  
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fhe use of common par tial regression coefficients 

on data from twelve di fferent groupings of sampling time s 

did no t introduce excessive increases in the standard 

error o f  the estimat e . 

Whereas it had been obserYed earlier that the 

grouping 6 and ? ;  1 1  and 1 2 ;  15 and 1 6 had much lower 

standard errore for the regression equations based on the 

mean Friesian data or the mean all-dat a ,  when these 

equations were used on all c�mbina tions of sampling time s ,  

t h  maximum standard errors of es timate generated , witk 

the exception of mean-all-data on set 101 , were onl7 

slightly less than those generated b1 the regreasioa 

equation for 6 and 7 ;  10, 1 1  and 1 2 ;  1 5  and 1 6 u ed in 

similar conditions . The advantage o f  this aggregation of 

sampling times was thus not maiD taiJled . Th mald.aua 

observed standard errors o f  estimate for the g�oupiag 6 

and 7 ;  1 1  and 12 ; 15  and 16 were as follows . Eight 

combinations were possible . 

Mean-data regression 
equations used 

6 and 1 1 1 1  and 1 2 ;  15 and 1 6 

Set 101/102 

Set 103/1 04 

All-data 

Maximum obserYed 
S . E .  ot Eatiaate 

, 

Set 101 Set 102 Set 103 §et 104 

4 . 1 6 . 1  .. 

6 . 8  

1 . 8 4 . 2  
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A final assessment ot the general applicabilit,' of 

the concept of using common partial re,ression ooetticien ta 

was done by usiq the mean-data partial resresaioa 

coe ttioienta tor predic ting pro tein productioa ualaa the 

set b;, set data tor each of the possible oollbinatlona of 

sampling times.  the re sul ts of this calculation are 

listed in Appendix f ( b) ( 2) and are depi cted in Fig . ,  tor 

Jerse7 data and Fig . 6 for Friesian data. The 4itterenoe 

i n  pounds be tween proteiD production predic te d, an 

protein l;roduction as measured . is plotted tor each se t  

ot data and tor each combination o f  sampling tiaea uaina 

ei ther the mean-all-data partial regression ooe ft1c1eata 

tor predic tion or the partial regression coetfioienta 

based on mean-data for the J ersey cows to pre41ot 

produotioa using the Jersey data { se t s  101 and 102) aacl 

the partial regression coefficients based on aean-clata 

for the Friesian cows to predic t produc tion ustna the 

Friesian data { se ts 103 and 104 ) . Fig . ? and 8 are plots 

illilar to those in Figs . 5 ud 6 ,  except that the 

percentage di tterence be tween predio ted protein pro4-ot�on 

and actual production is plotted. 

Fig . ,  illustrates clearlJ the VeJ!"7 close ••1 in 

which Jersey data from the two different years follows 

the saae trend in the d.ittereat combinations ot ... pUaa 
tiaee . This olose relationship between 7ear with , .. 

Jerse7 data is aleo apparent 1a Fig . ? ,  except tor aet 101 

data wh re , because no account is taken of whether the 

percentage difference ot the predic ted production ia oYer 

or under actual production values ,  trends into aegat1Ye 

values will be depicted as peake in the plo t .  

On the o ther hand , the two sets ot Friesian data 



( Fig . 6) , al though exhibiting the same overall t�ea4 aa 

the J erser data , are not n arlr as similar in their oWD 

variations except in the fora of a mean tren4 . 

Reference to Figs . 5 aad 6 ,  aa4 examtaati a ol _.. 

plots tor which the mean-data Jers 7 partial re.,resaion 

coefficients were used for prediction oD17 oa Jer •7 

data aad the mean-data Friesian partial regreaaion 

coefficients were used tor prediction onlJ on the 

Fri a�aa d ta . shows that there 1 a ver7 close relation­

ship between data derived in Jear 1 ( set 101 aad 10)) tor 
bo th breeds . Thia is no t o apparent in rear 2 ( a  t 1 02  

and 104) . In view o f  the tairl7 unitora relatio ahlp 

between related sets of data shown in these figures , aa 

in view o f  earlier favourable evidence ,  the use o f  aeaa 

data partial regression coefficients based oa data tr a 

several groups o t  saaplins times seems to have been 

justified . 

Because of thie favourable evaluatio• of thla 

t 2 o 

appro eh to extending the time during which samples oaul4 

be taken but bearing in mind the limita tion that a 

composite sample , based on samples tAken in each of the 

aamplin times within a group , should be used tor analJeia , 

tbe e ffect on prediction of production of taking the aeaa 

ot all the partial regression coe tticieata tor each ot t� 
pos ible coabinatioa o f  sampling times in each eet wae 

examined and this is discussed in the following eectloaa . 
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D i f f e r e n c e , in po unds o f  p ro t e i n , be tween  a c t ual 
p ro duc t ion and p roduc t io n  p r ed i c t e d  by u s i n g  mean -data 
par tial regress ion coe f f i c i e n ts . 

1 = s e t  1 0 1  ( J e rsey )  2 = s e t  1 02 ( Fr i e sian ) 

1 2 .i 
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6 
1 1  
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1 2  
1 5  

6 
1 0  
1 6  

.2 . .  
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6 6 7 7 
1 1  12 1 0 1 1  
16 16 1 5  1 5  
Sampling tim es 

··2al l dat a 

7 7 7 7 
12 1 0 11 12 
15 1 6  16 1 6  

D i f fe r e nc e , i n  p e rc e n t pro tein , b e t w e e n  ac tual 
produc t ion and produc t io n  predic t e d  by u s i n g  mean - d a t a  
par t ial r egre s si on coe f f i c i P.n t s . 

1 � s e t  1 0 1  ( J e r se y ) 2 = se t 1 0 2 ( Fr i e s i an )  

1 2 � 



Fig . 6 

Fig . 8  
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Elg._Q_ Sampling t imes 

D i f fe ren c e ,  i n  p o u n d s  o f  p r o t e i n , b e t w e e n  a c t ual 
produc t i o n  and p ro d u c t i o n  p r ed i c t e d  by u s i n g  mean - d a t a  
par t ial r e gr e � s i on co e f fi c i e n t s . 

D i ffe r e n c e ,  in p e r c e n t  pro t e in , b e twe en a c tual 
produc tion an d pro du c tion predi c t e d by using mean - d a t a  
par ti al r e gr e ssion c oe f f i c i en t s . 

3 � s e t  1 03 ( Friesian ) 4 = s e t 1 04 ( F r i e s i an )  



(F)  

Data Ul!d 

7: 11 :1f 

( c )  S tudY  of the effect of various soabiplpg 
procedvree on the meap valuee of severa1 aete 
ot regression coe t!ioieata apd op th! 

Prediction o f  production. 

Before the use o f  mean regression coefficient• 

could be examined , an evaluation o f  th various •-r• 

1 2 3 

in which � • an regression coe fficient could be derived 

was undertaken . Three me thods of deriving a aean 

regression equation ere examined , namel7: -

( 1 ) simple arithmetic meaa ot corre sponding partial 

regression coe fficients . 

( 2 ) use of meaned data for corre sponding sampliDC 

time s ,  i. e .  the same regression coeff1c1enta ae 

derived in the manual computations tor seta 101/ 

102 combined , etc . 

( 3) arithmetic mean after weightinc the individual 
p3rtial r egression coe fficients bJ the number o f  

samples used in th ir 4er1vation . 

The various partial regression coefficients an4 

their mean values derived , as indicated , are shown 1D 

the following tabl 

Pwttal ....-tu · efflct ... 

! ts Ztlhlt 11 Jh1;J5 tJ JI:Z:JJ 
Set 101 :S.4JJ '· 0 J. 10.1 

102 3.250 2.20J 8.618 6.6. 

Artt.ttc (1)48 181hOZ ).5J2 J.cm 6.21J e.m 

Sift 101/102 3.698 2.300 8.987 s.m 
" f;.ttct cmn 101/UI '·'" J.172 J.989 8.822 

Stt 10J S.SJ7 9.388 -1 .611 t.ao 
1(1 &.us ).DO t .4GO 11.510 

Arf tte wan 10J/Uit ••• GM9 -o.t2& n. 
Sot tOJ/104 nod - 5.979 S.456 '· 

Vo1ghted an UD/1Cit S.86J 6.204 o.ou t1.  

Arfthuetfc all-data 4.M 4.170 J.l& to. at 
IU-dtb cO!ibtned 4.J27 ;.sa; s.m ••• 

Weighted ean atl-d ta r..8J5 4.982 2.Ut 10.1H 



The e ffect these different mean partial regression 

coefficients had on the accuracy of prediction was examined 

using test data from sampling times 7 t 1 1 : 1 5 ,  set 101 . The 

results were as follows : -

Partfal ,... ion coefficfoots used Protetn 

As1u1 P,rtdtst.lf 
7: 1h1S Set 101 616.99 lba. 616.98 IJIG. all 

102 59S.ts -21.44 
Arttt.tttc aocm 101/t02 6f».JO ·10.69 
Set 101/UI c tnod 60'J .• 29 .. 9.10 

ltetflaW oean 101/102 607.JO • 9.44 

lltfghied · an  al l ta 6J9.0t. ... 

'" 
J.J 
1.7 

'" 
'·' 

'·' 

A test was also done u ing test data from sampling tiaee 
7 : 1 1 : 15 ,  e t  102. The re sults were as follows : -

Partial regression coefftcfMts uaed ttoa 

Adul 
7:n:15 Set 1 t.68.� tbs. 473.92 l •1 I z.z 

102 668.)9 Att tU  

Artttaottc 101/102 41J • •• 28 '·' 
Set UJI /Ul'l c:oabfntd 478.10 • 9.10 z.t 

lfet� 101/102 471.. • •  '·' 

Ytf{fJted m� all-data 49l.12 •·•a , .. 

The results indicate that weighting of the regre aioa 

coe fticieats by the number of observa tions on which theJ are 

based prior to taking their means has onlJ a minor e tfeot o� the 

predic ted results giving a marginally improved predic tioa of 



0 . 2  • 0 . 4% 1n set 101  and a m�rginal increase 1n prediction 

error o t  0 . 2  - 0 . 3% 1n set 1 02 .  There thus seemed little to 

be gained from the uae ot weighted meane . The use ot meane 

ot the regression coefficients derived tor individual set• 

1 2 u  

gave a slightly better predic tion than the regreseion 

coefficients derived using bulked data ( sets 101/102 coa 1De4) . 

A similar trial using data from sampling tiaes 7 : 1 1 & 1 2  

gave similar results . 

Simple arithmetic me ans ot the partial regreseion 

coefficients were us d in subsequent investigations . 



( F )  ( d ) 

1 2 \3 

Examination of the e ffeot on the standard error 
o t  es timate of using mean partial regression 

coetficients applicable to grouped samplins tiaee. 

The regression co efficients and standard error of 

the e stimate given in the following tables were derived 

as follows : -

( 1 ) The charac teri stic partial regression c oe fficients 

were determined for each combination of three 

sampling times in the series 6 and ? ;  1 0 ,  1 1  and 

1 2 ;  1 5  and 1 6  for each set of data . The se re sults 

represent the "actual " data and with the standard 

error o f  the estimate they are listed in Tables in 

Appendix D ( c ) . 

( 2) All the individual regression coefficients on a 

"within bre d" basis de termined in ( 1 ) were bulked 

as b71 , by
2 

and b73 ; where by1 ineludes sampling 

times 6 and 7 ;  by2 1 0 , 1 1  and 1 2 ;  and b73 1 5  and 1 6 ,  

and the mean value was then determined . Thua 

within each breed , 24 se ta of regression coefficients 

were averaged to give the "meon re�fr.ef'l!tiOn 

coe fficients · "  In set 1 03 ,  sampling tiaes 10 and 

1 1  occasionally gave slightly negative regression 

coefficients . However , the mean coefficients for 

1 0  and 1 1  were both positive and so these samplins 

times were retained in the system. These mean 

values for the regression e quations were then 

applied to the various c ombination& of data in the 

individual sets on a "within breed" basis to obtain 

the "predicted" standard error of the e s tiaate 

for sets 1 01/102 and sets 103/1 04 respeotivel7. 



(Tbia wae also done in the de termination ot the 

difference in proteiD production b7 prediction 

with each individual set ( i .e .  101 , 102, etc . ) .  

( 3} �· mean regression coefficients for each breed 

were then bulked aDd the "mean all-data 

regression coefficient•" were establiehecl aD4 

used to obtain the "all-data predic ted" standarcl 

error of the estillate and the "all-data" 

difference in protein produc tion b7 prediction 

with the specific set of data . 

Re• value$ f: ...-ton coefftctents and st8ldlrd ti'IW of estt 

Data used 

Set 101/102 

103/101. 

A ll-data 

ft'!l' aaopltng t1• 6 or 7; 10,11 or 1Z; n or 16. 

Parttal retr'fiSton Cllfftcf ts 

a 

4.56 
3.62 

J.99 

}.162 

S.94t. 

4.55) 

7.297 

G.167 

7.032 

Although these mean regression coetfioiente and 

the mean-data regression coefficients lieted in sec tion F 

( b )  have been obtained b7 very different procedures , 

their values do not differ greatly and their application 

to data obtained over this relativel7 broad epeotrua ot 

sampling times would no t appear to be l1kel7 to resalt in 

grossl7 unfair weighting o f  anr specific group ot 
sampling times . The mean regression coe fficients have a 

slightly smaller st andard error o f  es timate than the 



mean-data regression coettic1onts . and since the .. 

regression coefficients can predict using te••� samples 
their use has advantages both iD practice cl 1n 

accuracy. 

for tfag tt 6 · 7& 1 0,11 • 1 2; 1P or 16. 

Data U1XJd Parttat f't!II"GG8fon CHffttt ta .� ... , .... 
e bf1 "z •, � !IIIJI 

� Ngreoof coefftofeata 4.:56 J.t62 7.297 &.ao ,,., 
·. ta regresst _,tct..ts 4.00 ).4(1 6.661 6.2ZJ s. 

111 !2!llm 
· ton cotfft t.U J.62 !i.ilf.4 6.7&7 5.471 J.t 

AND-data ffot.W s.9G S-"9 5.822 6.611 ., .. 

au� 
Mean regrenst coeffttfMts ).99 4.J5J 1.0)2 s.m 6.1 

ate �·Oft coefft•ttnts J.90 5.286 s.an 6.694 JJ 

The various staa4ard errors o f  the estiaate 

baaed on the use ot these ean regression ooett1oleats 

are tabulated tor the various sampling time oo iuationa 

in Appendix F ( d ) . fhese analyses iadt.cate that ill 

ueiag "mean regression ooetf1c1eats" on a "within b.r••4" 

baaia , the maximum standard error ot the estimate � 

the J eroey breed was 6 .  2% and tor the J'J"ieai.aa br...t 

9 • .5';6 . It the ' 'all-data" mean regression ooetticleau 

were uae4 , these maximum standard errors of the e stimate 

increa sed to 10.!7; tor both breeds . These ma:d.8WI 

standard errors of the e stimate shoul4 be oo�are wit• 
the maximum and mini.mum values tor the "actual" st ar4 

1 2 8 
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error of the estimate in the followlag table , base4 oa 

the oharacterteti resressioa e quations tor aD1 three ol 

the sampl1ng times used in this section ( i .  e • 6 aa4 '1 1  
10. 1 1  and 1 2 ;  1 5  aad 1 6 .  

Staadard ..,... of tbt ··-

·��"·l .. tM ��-
aibl•u • • id!l Id 11 illlSI 

tialtu uu 6.2 '.J 5.6 S.J t.t "' 
tflnt • • • J.S •• t 4.0 •• z 

The minimum possible ataaclard e rrors whioh 414 aot 

appear in the same group of sampling tiJHe froa J• r 1 to 
1ear 2 within or between breeds h� ve thus beea roushlr 

doubled to obtain a more flexible samplias pattera. Aa the 

miaimwD values were aot obtaiaed ia a coaaisteat pattera it 
would not be possible to xploit these low valuee 

consiatentl7, and h ace the lo ot accuraCJ wtll not be aa 

great as the results giYea above aar at first ladloate . 

The use ot the meu partial regreasioa oo etticieata 

based. on all-data would be of oonslderable o Yenieao• , t 
their uee ia place of the meaa partial resreesioa 

coettici rats based on the within breed data cannot be 

justified in view o f the ooa.tderable iacrea e 1a tbe 

maximum standard error of estimate auoh aa actl a would 

introduce , and thi"' la particularly so. with the aeaa 

partial regression coefficients for the Jeraer bree4 (1•••  

those based o n  data from sets 1 0 1  aad 102) . 



Testa of significance between the aeu ataa4ar4 

errors of the estimate calculated by different aethoda , 

aad the aean "actual " standard error were deteraine d. .  

The mean "actual" standnrd error of the est:i.aate ne 

based on the standard errors associated with the 

charac teristic regression equation for each selected 

group of sampling times 1D each set . 

The following partial regression coe fficient• 

were used to de termine the standard. errore of tbe 

eatiltate : -

( 1 )  Meaa partial regresaioa ooetficiente for .. t 

1 01 and se t 1 02 combia d tor saapl1Ds tiaee 6 
and 7 1 10, 1 1  and 1 2 ;  15  and 1 6  ( i . e . aeaa of 

24 • ts of coofticieats) . (Mean re,reaaioa 

coefficients tor sets 101 and 102 eo bine4) .  

( 2) As tor ( 1 )  but for se t 103 and set 104 eoabine4 .  
(Mean regression coefficients for eeta 10) aa4 
104 combined ) . 

( 3 )  A e  for ( 1 )  but the mean partial regJ'easioa 

coefficients based. on "all-data" for these 

sampling times { i . e .  mean o t  48 sets ot 

ooetficients) . (Mean regression coefticieate tor 
all-data) . 

1 3 0  

( 4) Regression coefficients derived after prodaotioa 

data tor seta 101/102 for sampling timea 6 aa4 7 J  

10 , 1 1  and 12 a 15  and 1 6  had. been meaDe4 ( i . e .  

onl7 or.e regression analysis inYolved ) .  

{Mean-data regression ooefficieDte tor aet 101 
and 102 combin 4) . 

( 5) As for ( 4 )  but tor se ta 10}/104 .  (Mean-data 

regression coefficients tor seta 103 aad 1o4 ooa­

billed ) .  



( 6) As tor ( 4) but combiniag data froa all four 

seta before taking the mean values and thence 

deriYiDg the regression eo ftic�ent • (Mean­

data resression coefficients for all-data) . 

The results are stven in Tabl ! (4) . 

fte 41fferencea between the "calculated" and. "actual'' 

aean standard errors of the estimate are siglliticaat wllen 

individual eete of data are examined , but thia 4lttereace 

41 appears whea the estimate were based on both sets of 

data within a breed. Tbia is not surprising but i t  contiraa 

that the concept of taking the mean value of a whole s riea 

of regression e quations will not giYe a biased result . An 

interesting sidelight to this conc ept i that basing a 

regression coefficient on data that has been averaged rather 

than on the average of maD7 regression ooefticienta 

calculated froa this data also giYes mean standard errora ot 

1 3 ' 

the estiaate which do not differ signiticantlJ troa the ac tual 

meana . These oonoluaiona apply onl7 on a "withi.D breed" baeist 

th� use of coe fficients based on all the avail ble data gave 

s�gnificantly different rosults in all but one of the �ateaa 

testecl . 

The "actual" meane obtained with indi'ridual aeta ot data 

within breeds ( i . e .  sets 101  and 1 02 ,  or se ts 10' aad 1 04) 

were extremely olose and did not differ eigD1t1cantlJ, al�oueb 

the staadard deviations vnried cona14erablJ . This .us1••t 
that although there were considerable differences in the 4ata 

used , the regresa1on coefficients obtained gave oYerall 

predictions tbat did not differ aignit1cant17 witbiD a breed 

from Jenr to Jear and could , therefore , be bulked an4 

aYeraged with confidence ,  



- --------- - --------

the uee ot aean regression coe fficients on a withia 

breed basis will give a meaa standard error ot the estimate , 

when all possible sampling combinations are examined that 

does not clitfer significantly from the mean "actual" 

standard error o f  the e£timate tor these same saJil)lina 

combinations . These mean values were 4 . 6%  tor the Jeraer 

data and ?.5% tor the Frie sian data , and their correapoadiag 

maximum values were 6 . 2  and 9 . � . 

1 3 2. 
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1!1& !  (d) 

P..ttal lfffctenb used "' at.dard tMW tf etf .. 

N N 1f! !OWgz N N 
'Aciual1 (S.B. tl'l broc ta) �e.eo 4.68 4.6J 6.9} 1.f11 l. + • + • • • 

(.0.64) (.0.43) (.0.54) (•1 .t9) ( .W) ( . ) 

1t' test on dfff btt.eo O.f1 o.st 
sots 1m am 102 and sets 101 d 

10l ( t .e. be breeds}. 

" n fCift eeefffctenb ba•d J.91 s.J 4.61 S.61 e.w ' 
on u 101/1C1l. eombfa or sets 
10J/1� c 

1t" test on dtfferenee frog 1Actvat1 >J > l 0.886 >J > J  • $9 

•1ean �tsot ceefftctants ba•d 8. 4.02 7.17  6.14 9.90 
on al l  ta 

1 fl teat on cftff t fro 1Actuat• > J  > 3  > l >l > J  > f 

� •--data regresetoa cwftctenta s.n s.u 4.72 6.(1 8.6J '·" 

on seto tm/102 eo llld, 
or ta 10J/UI c ne d. 

Cfl ,,..•actual" 2.450 > )  0.18 2.JJ6 > J  1 .86.S 

ton efffctente 
based on all-data 3.32 J.82 J.J7 6.51 •• J 

1t' test on dffferonct from "Actual' > J > l  > .5  1 .JS2 > J >J 

Probabf Utv Uatta for •tt c:x.o.so 0 .. 697 0.191 o.m 0.697 o.m 
vatuos 

a..o.,u 1 .215 t .t1S 1 .188 1 .21S 1 .ttJ t.tao 

c:c.o.as J.497 J.491 2.159 J.497 JM'I ... 



( F )  ( e )  EJ!m�eation of the effect on Preaic tion ot 

prodJction ot applying meap regression 

coefficients to individual set s . 

The effect on prediction o f  production when aeaa 

1 3 4 

regression coefficients are applied to data from aD7 of 

the twenty-four po ssible combinations o f  sampling tiaes 

within the selected . groupings showed that the maxiaaa 

error was 6.)% ( range 0 . 3  - 6 . 3% mean 1 . 98% S ,D .  !1 .67) 
with the Jersey da ta ( sets 101  an d  102 ) , and 3 . 5%  

( range 0 . 1  - 3 • .5% mean 1 . 9 1% S , D . ! 0 .93) with the 

Friesian data ( se t s  1 03 and 104) when mean regression 

coe fficients on a within breed basis were used.  When 

the mean regre ssion co efficients based on all-data 

were used , the errors in prediction o f  produc tion usias 

the available data increased and ranged as follows : -

Jersey ( se ts 1 0 1  and 1 02 ) ; { range 0 • .5 - 7 . �� .  mean } . ,}% 

s . D . ! 1 , 85) . Friesian ( sets 1 03 and 104) : ( range 0 . 9  • 

6 . 8%,  mean 3 . 8�� S . D. ! 1 . 87 ) . 

Thus on a within breed basis the mean variatione 

of the predic ted production from actual production are 

relatively minor , although the standard deviation about 

the mean is relatively large and consequently occasional 

combinations are l ikely to give considerably more 

divergent results { 6-7% have been demonatrated using the 

data available ) ·  

These re sults have been listed in Appendix F (d)  

and are plo tted i n  terms of the perc entage production 
in Figs . 1 0  and 1 2 ,  and in terms o f  difference in 

pounds of pro tein in Figs . 9  and 1 1 . The plo ts are very 

similar in their trends to those obtained using partial 

regression e quations based on mean-data and th e  comments 

aade on Figs. 5 to 8 apply equally well to Figs . 9  to 1 2 .  



Both ethods of establi hing a regression 

equation applicable to data from any ot several 

sampling time within an aggregated group ot eaapllns 

time haYe been shown to giYe predictions of proteia 

productioa baYing similar trends and a1ailar 

accuracies .  la Yiew of the simpler sampling e.Jstea 

possible wken aean partial regression coefficients are 

used and 1a view of the improYed accuracy when the 

within breed ean coetticients are used , further work 
has been limited to the use ot the mean partial 

regression coefficients for eets 101 and 1 02 oomb1ne4 

for use with JeraeJ data and for sets 103 aad 104 

combined for uae with Frieai n data . 

1 3 v 
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Fig . 1 0  

\ � 1 ol l  dct�5 
1 

1 sats101+1 02 

6 6 6 6 6 7 7 7 7 7 7 
1 0  1 1  12 1 0  1 1  1 2  10 1 1  12  10 1 1  12 
1 5  15 1 5  1 6  16 1 6  1 5 1 5  1 5  1 6  16 16 

fjg .9_ 
Sa mpl i n g  t i m e s  

Differenc e ,  in  pound s of  pro tein , be tween ac tual 
produc tion and pro d uc tion pr e di c t e d  by using mean 
par tial regr e s sion coe f ficien t s .  

D ifferenc e ,  i n  percent pro tein , b e tween ac tual 
pro duc tion and pro duc tion predic t e d  by using mean 
par t ial regression c o e f ficien ts . 

1 � s e t  1 0 1  ( J ersey) 2 = se t 1 02 { Friesian ) 

1 3 � 



1 36 ( a )  

� 4. � 20 0  · . .  

� ... 
� 3 0 0  
'6 4/ c: I sets 103>104-£400 4· · ·  3 · . 
u I I ' . / :I 
"8 50 0  \; I ' ... Q. I ' 

' }$S<ltS103+1� 

\! � 
I I 3 \/ 4. \ 3 

3 
. · -4. 4 .  

1000t 4 3oll data 

1 1 00  ·4al l  data 

6 6 6 6 6 6 7 7 7 7 7 7 
1 0  1 1  1 2  1 0  1 1  1 2  10 1 1  12 10  1 1  12 
1 5 1 5  1 5  1 6  16 1 6  15 15  1 5  1 6  16 16 

.Elg .ll 
Sampling timczs 

D i f ferenc e ,  in po unds of pro t e in , be tween ac tual 
prod uction and produc t i on predi c t e d  by using mean par t ial 
r e gre s sion coe f fic i e n t s . 

3 � s e t  1 0 3  ( Frie sian ) 4 � se t 1 04 ( Fr iesi an )  
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1 36 ( b )  

.4-01 1 eXIt a 

3 
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I . . . . . I \ I 1 .• · ·  .4 3\ _ 

. .4" · \ I ' AS� 1 03.1 04 
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,4' JS<ltS1 03.1(j4 
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L. 
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� 0����--�--�--=---�--�--�-- �--�---�---=---�------� 
0 6 0 6 6 6 7 7 7 7 7 7 
10 11 12 10 11 12 10  11 12 10 1 1  12 
15 15 15 16  16 16 15 15 15  16 16 1 G 

S ampl ing times 

D i f f eren c e , in p e r c en t p r o t e in , b e t w e e n  ac t ual 
p roduc tion predic t e d  by using m�an par t ial r e gr e s sion 
c oe f f i c ie n t s . 

3 = s e t  1 0 3  ( Fri e sian ) 4 = se t 1 04 ( Fr i e s i an ) 
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( t ) Acstp\ed accuracy of predic tion ot PF!d!Rtion . 

Few authors h Ye committed their thought• on 

thie to paper but a review of the literature on 

recording can give some ideas . Thus , Alexander and. 

Yapp observed tha t varia tions from their reference 

method of tbe following orders were insufficien t to 

rejec t their modified aamplinc procedure tor tat 

yiel d .  

£at..t tf warhtton f. o.z.o z. t.s.o s. 1-1o.o to. t. 

.. , ...... 11 tl 6 

J7 ' tf.D 

Davey and Alexander con idered a 10% error not 

too serious and Czak6 e t  al ( 1963) considered a ranse 

ot error ot +2 to -5% in estimating th tat 7ield. as 

being no t significan t ,  whereas they did consider an 

average deviation of around 8% as o f  eigaitioaooe . 

Erb and Ashworth' s  data on repeatabilit7 ia referred 

to in Sec tion G ( d ) . They commented that their 

repeatabilitiea were higher than generall7 o' erYed , 

yet their standard errors of the estimate wer. 

around 1? to 18%. 

It is interesting to note that Witt and Walter 

discussing three- or four-weekly testing in relation 

to breeding programme• obeerved that the standard 

4eYia t1on ot their estimate o f  but terfat production 

+ 
inoreaned trom - 3. 99% tor a three-weekl7 amplin 
interval to t 4 . 64% tor a tour-weekl7 aaaplins 

interval , b�t they concluded that deapite t-1• iaor•••• 

in the ataa4ard devistioa the heritab111tr waa altere4 
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oD17 aliibtly and the7 recommended , on economic groUD4 • 

that a ohaage to a f�:"·'lr•weeklJ sampling intenal be 

made . Campbell discussing the level of errors preaeat 

ia yateme of herd testing current in 1946 , compared 

with daily sampling and testing. showed that tlae 

standard deTiatioa in the e stimation of tat yield b7 

the Herd Improvement Aeeociation t sting procedure was 

! 6 .51% and by the Official Herd Teat procedure ••• 

! 6 . 35%. ( Appendix F ( t) ) .  

I t  thu seems that a standard deviation o f  around 

5% is an acceptable level o f  accuracy and in Jew Zealaa 

6 . 5%  ie senerally accep ted as satisfactoFJ tor butterfat 

yield recording purposes .  Herold and Vereas quoted the 

aYerage correlation between the laetational yield of 

milk protein based on monthly samples and that based on 

daily samples as +0. 82 . For comparison with the 4ata 

presented in this study , their value has been 

recalculat d to R2 = o . 6? .  Only t wo  sampling tt.e 

combinations out of the 48 used in this study tor 

determiniag the mean regression coefficient fell below 

thia level . Both combinations occurred in the 

7ear 1n the Frie sian data. Thua on thia baaia the 

three time s a lac tation sampling wAs equall7 aa 

effec tiYe as monthly sampling for prediction . Aa haa 

also been mentioned earlier in the discus ion on 

Me thods , Seaft stated month17 sampling tor protein waa 

as satietactor, as sampling once everJ ten days . It  1• 

worthy of note that Herold and Veress observed a 

slightlf higher average correlation ( +0 . 8,8) betweea 

dail7 sampling for protein production and saaplla 

twice in consecutive months mid-lactation than the7 

found wi t monthly sampling. 
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It i also of interest , at this s tage , to reYiew 

the inherent liaitations of the standard methods of 

sa.apliag and analysis , a s  these contribute to the 

errore of prediction as well as beiDg present 1D the 

basic data uaed tor comparison purposes .  Thia haa 

been discussed iD an earlier paper by Wallace ( a ) . 

Carr6 et al .  list the sources and extent of ph7aical 

errore in testing tor tat yield as follows: -

( 1 )  VI ighing, about 2 . 5%  ( may be up to 4% if quantit7 of 

lldlk is small) ; 

( 2) C ompositing , about o.�;  
( )) · Measuring tor Gerber , about 1 .0% ;  

( 4) Reading Gerber , about 1 . 25%. 

The e errors do not allow for human errore la 

sampling and technique . 

Ed.warcls aacl Simp on me tioa that the pnkble 

deYiation from the true mean when saapling fr�a a 

weigh � for S . N . F .  1a between 1 . 7  to 2.� of the 

S . N  . r .  estimate . I t  1a likely that tba aarae order of 

Yariation will be present whea eampliag tor proteiD. 

The standard deYiation ot the Kjeldahl aetho4 of 

protein analysis using single samples i about 0 .05• 

pro tein , i . e .  about 1 . 5% ot the compoa at aeaaured. 

Thua with these kDowa rrors , the error iD t e 

meaaurement of the protein content could posaibl7 

reach 1 0%  in extreme oases. 



In the light of the above discussion , the 

standard error of estimate using a mean reareseion 

equation tor sampling times 6 and 7 1  10, 1 1  and 12;  

15 and 1 6  based on all the Jerse7 data will pre41ct 

proteiD production o f  individual JerseJ cowa with a 

standard error of e stimate o f  4 . ?%  which ia an 

acceptable accuracy , and likewise total production 

1 4 0 

of the herd to within 2% of actual . The oorrespondias 

regression equation for predicting the production of 

individual Friesian cow h s an average standard 

error of estimate of 7 . 2% which is in exceae of th 

acceptable 6.5% but probabl7 la still acceptable tor 

m&DJ purposes , and it estimates total proteia 

production ot the herd within 2% of ac tual . 

The prediction of produc tion of protein by a 

h rd or b7 individual cows using a re tricted trequ acJ 

of saapling aad a range of possible aaapling tiaea ie , 

there fore , quite pr cticable . 



(F)  . ( g) §xtension to data based on different methods 

gt pal;rsis . 

The values for the pro tein content of the milk 

used in this study were based on the Kj ldahl me thod . 

The use of al ternative me thods of  protein analysis 

would introduce further errore as indicated below a -

Htthodt uatd on tf lk fret 
1Qdht duaL cowa 

Macro ar�t • black ( p. 34) 

fortol tttratton ( Have and Mulder) 

Kofranyf alkaUnt attn eH stHlati on 
(Havt and Hulder) 

Standard devi ation froa Kjeldahl •alut 

Protein � 

t 0.06 

! o. 13 

+ 
- 0.06 

� of pr�tetn 
ponttat 

Thus the macro amido black or the Kofranyi 

alkaline steam dis tillation techniques will increase 

the standard error of the e stimate 'by between 2 and 

3 per cent and if one accepts a 1 0%  error in 

pr diction as not unreasonable , these techniques 
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could 'be used with a restricted frequency of sampling. 

• '  



(F) (h ) Extgt@itp pr data to use with other her4t• 
Fritz et al .  discussing the environmental 

influences on regression factors for estimating 305-

day production from part lactation data observed 

that variation due to herd differences was aianitioant 

only tor the first month of production and usgeste4 

that herd differences are not an important factor 

influencing part to whole lactation relationahipa . 

· They concluded that it mAJ not be nece ssar.r or 

practical to derive e xteneion factors on an intra• 

herd basis to achieve maximam accuracy in exten41as 

on compl te records to a 305-day basis . In view of 

the greater variab1litJ 1n fat yield when compared 

wi.th pro tein ;rield ( Politiek) , these obeervatioa 

should , therefore , be applicable to thia proteiD 

prediction study aad suggest that the regression 

e quations derived here ma7 have a general application 

on a withla breed baeia. 

In New Zealand, the Dairy Board ( 1 958, 1962) 
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is using within herd and within season compariaoaa 

extensivelJ for sire survey, AB testing and merit cow 

teatins, 1n an attempt to separate enviroueatal aDJl 

management influences froa genetic effects.  Therefore , 

ae the regression quations derived in this study do 
not appear to be undul7 influenced by environmental 

and management influences s pointed out 1a the 

comparison o f  the mean "actual" standard errors of the 

estimate , they should be applicable for these same 

purpose& . 
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( G )  Exemint\1oa of the efttst or predicted proteia talpte 

oa ragkipg gf powa. 

• 

(a)  PJ'elhd.D¥1 epmpatioD of the IJ)Plioatiop O f  tJat 

prefiotioa eauatioa to !ht rapkina of '!!' f!£ 
proteip pro4Joti21• 

In herd improvement it  is often auftioient to be 

able to raak aaimale in order ot their produotioae ao 

that th aaiaals possessing Yarious levels of production 

can be a4equatelJ aelocted for the purpoee 4eeirt4 , 

whether it be culling of low producers or bree41a froa 

high proclucera . 

A preliminary examination of the effect of uatac 

a prediction equation on the rankiag of cows 1a a herd 

was undertaken. 

UsiRg a pling tim s 4 , 7 , 1 1 , 16• and their 

appropriate ooaputer 4er1Yed partial regr aaio 

coetticiente , the pre41cte4 protein production tor 

1B41viclual C(')wa was deri·ted a the extent of raaldac 

differeacea was exa.m.ined using the Jerse1 hel"cl clata 

( set 101 ) and the Friesian herd data ( eet 103) . Tht 

indiYidual cows were separately ranked in order of 

their production aa estimated b.J prediction d aa 

me�sured on the fortnightly sapling ba ia , the rank 

list ia giYen in Appendix g, ( a) . fh1a eillplt r•DkiDI 

proced�e wa not entirely an adequate baaia of 

comparison , since it tended to exaggerate amall 

Sampling times 4 , 7 , 1 1 , 16 were select 4 aince th!7 were 

the croup that together gave the lowest ataD ar er.ora 

of estimate tor both the Jersey data ( 4 .�) 4 1 

Fries1aA data ( 6.6%) . 



differences in production e Therefore , with1D tbia 

raak, cow were grouped on the baai of an ubitarJ 

scale baYiJls iacrei.Hnts of � of mean proteiD 

production o f  the herd . 1'h1a pi'Oced\U"e reduced tile 

number o f  ranka from 29 to 1 1  tor the Jerse:r bent 

aad troll 3) to 10 for the Friesian herd. With the 

JereeJs , in no cas was there a greater difference 

than 2 ra.Dke aa4 with olll7 three cows was the l'aiUCSJII 

dlffereat b7 a between the aotual aDd the pre41o'-4 

raa.k. W ith t e fri siaae . one cow only differed 'bJ ) 
• u4 six cows differed b1 2 ruka . In th 

cases , all other cows ranked equally or 41ftere4 br 

1 4 4 

only 1 raak. It thus see quite possible aclefl\ULM 

to use the predicted data for cow aeleotio purpo ·  •• 

VaiD& these aampU.., tiaes aD4 regreuioa 

ooetficie ta , the prediotecl protein production to• 
these herds was determiaed and the 4lfterea e t.roa 

that ba 4 on the fortn1Sbtl7 anal7sea were a •  

,,,,,, 
0 . 99'1'  less 1 .07% less 



1 4 � 

(G)  ( b )  Jst of 1 9ommop pwlipa date (gr all om 
withtp 1 htd· 
Oat diaa4vantage o f  the use o f  1rut1Yicbaal 

aaaplJJag tiaea 18 that the a1lk fro all cowa 1a tbe 

herd CAD not bt sampled tor exawtaat1oa at aD7 o • 

time since the cows aoraall7 calve down over aa 

extea4e4 perio4 ot tiae cl this will entail "Pt•t• 

plea w1 ih1n tlw 

required perioda of the lac tation tor the 1D41.t a1 

cows . 

To ...... at the etteot of uai.ag a o«m�IOa N'91 
4ate rather tb.aa haviag t euplt at npeate4 

b.tervala , the Jeraer herd data ( se t  101 ) waa uae to 
predict production uaiag eaapling timea 4a?a 1 1 a 16 aa 

the baaia , but the date oa wbio the maxi uber of 

cows were tirat teatecl ( 1, e • aaapliag tta. 4) wae ut4 

ae the 4 \ua aad all cows were thn tested on tJ&e aaae 

da7 irrespective ot the rtlat101l.8b1p th1a cla7 had to 

their lactational prosression . '1' a oowa out t tbe 29 

were iJl this wq exald Dtcl oa the correct b eia, aU 
other cowa being one or more tortnightl7 ,.rio4a t 

ot line • The r gression ooettioieata wtre .... aa 

in the prtU mj Da.£1 stuq • 'l'ht Ztaak 11at la given ill 
Appea41x G ( a) . -

The fteot ot thS.8 pi'Oceclun was to iaoreaae he 

standard error ot the pre41otecl value . 



In rankins 1 cow was 

3 cows were 

8 cowo were 

5 raDka out of place 
( approx . 20% error 1a 
precU.ction) .  

' ran&. out ot place 
( approx . 1 '�  error 1D 
prediction) • 

2 ranks out ot place 
( approx . 9% ezoror ill 
prediction) . 

This l!laJ' atill be adequatel7 accvate tor 

a lectioa purposes . 

An interesting sidelight was the etteot o t  this 
ditication on the predic tion ot herd produc tion 1a 

that it gaTe an error ot only 0.7�, eYea leas thaa 

that of the preT1oua ae thocl . 'rhua thi p rt1o111ar 

example showed little effect iD estimating tbe her4 

production ot pro tein but 414 lead to the expeote4 

inoreaa in tbe standard error of the eatiaate of 

production tor ind1v14ual con sad also increaee4 , ae 

1 4 6 

would b expected, the differences in rankins . BoweTer , 

depending on the purpose tor which the pre41ot1oa la 

required ,  the increase in the standard error of the 

estiaate and 1n the dittereaoea in ranking intro4uce4 

by thie prooedur may not be autficieat to warraat the 

more rtcorouo sampling approach. 

1'hia concept has been anticipated in earlier 

discussion b7 using resre aion equation• t r gr ot 
contiguous samplins times . 



(G) ( c) Studx of RankinG Pnceslurea 
The cl ciaioa to ruk 1a 5% increaeatal atepa waa 

examined to determine the effect it would haYe in 

determiDing rank differences 4 on rank correlati • 

( 1 )  CtUa£1.801 of rN!lsiBg of COli wbj.oh !Ill CO!DMI 
to bg\J! aete 101 yd 102. Ryld.ns ip t•&:M !( 

aqtua1 p[!dBCtloa. 
seta 101 aad 102 (Jer 17 

7ear 1 aad JerseJ Joar 2)  was exaaiaed uaiag actual 

production values . All the cows 1D both aete were not 

available for aomparat1Ye raakiD&s There were tltYea 

which were not used in aet 102,  and there were tiYe 

cows used iD aet 102 ( 17 , 24 , 6) , 1 12. 1 14) which were aot 

u.,4 ia set 101 . The reaaoaa tor chaRges � oowe uee4 

ia the 41ftereat eets withiR breed are si••a iD 

Appendix Methods ( a ) . 

!he �ta tor the ..as of quarea of raak 

4itfereacee were uaed to evaluate the sigaif1oaa e of 

the rank correlation . The cows identified _, their 

herd teat nuabere are lieted 1n rank order 1n Appeadiz 

S! ( a ) . 
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Compuison ot sums ot squares ot raDk 41fterenc s and of 

Spearman• s  Fank correlation coefficient tor estimatiac 

sisniticance in ranking when absolute ranking and ·5% 

inore eatal ranking procedures were uaed based on actual 

production tor year 1 and year 2 tor Jersey data . 

N (number ot raftka) 
2 � A ( SUil8 ot squares of 

rank differences)  

2 
Value of � A tor 
probability limits 
indicated a = 0.02' 

r ( Spearman • s rank 
correlation coefficient) 

A\ftl!Att rppk1ng 

18 

286 

0 . 705 

10 

80 

72 

58 

In terms of absolute ranking and uaina the .... 

ot squaree of rAnk 41tterences as the criterion t 
similarity, the t o seta of  ranked data were Yer7 

significantly similar. However , the probabilit7 of 

the two r Dkinge being different has ah1tte4 t 

0.005 or leae in the ab�olute series to �eater tbaa 

0 .05 in the 5% increment 1 grouping , and eo the te•t 

tor sigaiticanoe using � incremental raaka ie ore 

rigorous than absolute rankings . Furthermore . 'be i ea 

being easier to apply, the 5% incremental groupia 

detects variation in rank correlation which woald not 

1 4 8 
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be ob'ri.oua with abaolute raJlking procedvea , a!.Ace 

the sums of the squares of absolute raak 4if fereaces 

were in almost all cas�a considerably less tbaa 

figures givea in th probab:UitJ tables tor r-t • o.oo,, 

whereas these differences were detectable because ot 

the reduction in the number of ranks involved when ,_ 

incre .. atal ranks were used. 

From a production point of view , a -"' ohup la 

production is a minimally sigaifioaat chaage on which 

a selection should be based in view o f  the vagaries of 

This procedve of raakSag in � incree ta waa 

exaldned further with the following reeults 1 -

Cmar1eon of rnMing of HI! which were f'I!PU g HQ 
!IlL 193 ya 1f24. Rankin• 1a . $•£!!!! of ac$ual. erofgtig. 

Raaking of cows in sets 10.:5 ud 104 (J'rieaiaD . 

year 1 and Friesian year 2) was examined ueiag act-.1 

produc tion values. All cows 1n both seta were aot 

available tor comparative raakina . there were aiDe cowa 

which were not used i.n atat 104 aad there were abteea 

cowe ( 1 }2 , 1)) , 1 }4, 1),, 144 , 146 � 149, 1 S2, 1S4 , 1S? , 16J, 16,, 

170 , 172 , 1 85, 190) used in set 1o4 but not used 1n set 

103. The ranked nquenc s are givea ill Appe 4ix .9. ( o )  

( 1 ) .  
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Comparison ot ranking procedures comparinc actual 

production 1n 7ear 1 aa4 year z ,  using Friesian data . 

Ab!il!!SI rapiQps 
N 26 1 '  

� A2 179 ,,, 
2 

Value of � A tor a =0.025 1S8 
probability limita 
indicated a =O.o1 - 1 19 

a =0 .00.5 1418 -

"• 0.7,4 0.571 

Here agaia the uncritic 1 character of the probab1l1t7 

limits tor sums of aquares of rank differences in eYaluattDc 

the absolute rankings against the � incremental raDkings 1• 

obviows . 

Using the � incremental r81lking , the actual rarak 

displacement ot cows from 7ear 1 to 1 ar 2 were : -

Stt 101/102 Set 10J/1Q't 

0 r&DU 5 4 

1 5 8 

2 4 8 

' 2 2 

4 1 J 

5 1 -
6 - -
7 1 



( 2 )  EJSIPtiop gt \bt compariaop etutz to !!lmtntps 
the effect ot rgpk&p« ptgcedpree oq tbf 
£t+at1oaehiR betweea the actual £agktpg apt 
She prtci1cSt<l rwtpg of $he sye cows 1e tJa• 
ew uar. 
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The meaa- all-4at partial regression coefticleate 

for sampling times 6 and ? 1  10, 1 1  and 1 2 ;  15  aa4 16 

were used to predict individual cow production on tbe 

baaia of 4ata fro• aampling times 6 ; 1 1 s 15 ,  set 101 , a 

the oowa were ranked in order of their proteiD 

production . The rrualdng in al)eolute ancl "" 1Dere• Sal 

atepe were compared uaing 1 'aotual" and "pre41ctecl" 

production valueD .  A further ranking compariaoa waa 

aade , s tollowa : - Whereas in the � incremental 

raaking procedure the difference in rank w • cleterm1De4 

as the difference between the incre ental sroup raak 

number , i . e .  onl7 the groups have bean e ignecl rank 

nubela\ ill the aoditiecl group proc edure note wa taka 

ot the number o f  cow occurring in each group 4 al1 

cows 1n the group were given a mean rank number which 

was 4epaaclaat on th number ot cows in the II"''P • !bJ.a 

latter proce4ure clid no t reduce the number ot absol•t• 

ranka but introduced a &Jstem where several cowa oou14 

have the eaae rank number without r ducing the total 

number ot ranks as happened in the siaple groupiaa 1a 

5% incrtii!Dts • 

.Set 102 was examined alao , uaina ean-4ata 

regreaeion coefficients for sampling times 6 &D4 7 1 

10 , 1 1  and 1 2 ;  1 5  and 16 based on sets 101/ 10� U14 

applied to data from sampling times 6 : 1 1 a 1,.  
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� 6.2 

The reaulta from b oth these studies were aa followa a •  

z 

Coapariaoa of raDking procedures compariaa 

actual aad predicted ranka 

bl JQI 

to u 

1J8 

t1 

,. 

1 5 2 

falut ., � 6  fot a •  • • n • • 

,.altt Utr Uatta a • o. • • 58 - • 

tndtc:ated ac O.CI!J 2CBJ 200) • 912 .. 

, 
• 

0.91S 0.915 o •• • 

Both studies illustrate the greater riaour of th � 

incre .. atal group procedure and show how relatiYel7 u elesa la 

testinc oa the basla of absolute ranking , except to lD41oate 

an extremel7 high probab1lit7 that the t 1o ranks are stroas17 

correlated . The ll8e of meaa rank nWilbers in the "' iaoreM kl 

a7atea had no advantag over the absolute raakSns prooe4ure . 

Spear n• a rank correlation coefficient ••• intro4 oe4 

eubeequentl7 eo that eo pari on could be made with publi e4 

data . 

U sing Spearman• e  rank correlation coetfici t ,  the 

rigour o f  the � incre .. ntal ranking prooedure beooaee more 

obvious . The following table summarises the data o the raak 

correlation coefficient . 

• 



Spearmaa ' s  rank correlatioa 

� 

A:=c: I"i:Jrtifia1 
Set 1 0 1  on set 1 02 0 . ?05 0 . 516 

Ac tual da ta 

Set 10' on set 1o4 0 . ?)4 0 . 5?1 
Ac tual data 

Set 1 01 0 . 915 o.,az 
Predicted on actual 

Set 102 0.929 o .8os 
Predicted on actual 

Ia •lew ot the limited data , it i a  4itficult to 

determine the value ot the rank correlation coetticieat uaias 
5% incremental ranking which ia of e qui•alent merit to , 8«7• a 

rank correlation ot 0 . 9  in absolute rank correlatioa. !be mean 

absolute rank correlation was 0 . 821 aad the mean � lncre .. at 

rank correlation was 0.619 ,  and so it would appear that the ,_ 
iacre ent rank correlati�n would have valuee about

-
three-

quarters of their correepondiag absolute rank correlatioa 

values . 

In all �beequeat stuli• • •  the � iDcreaeatal ran�as 
procedure has been used because of ita greater rigour aa4 

because of ita greater aimplicit7 of applicatioa . 



(G)  ( 4 )  Jfgmipa$!99 ot the tffect 21 pro4vct1op syul 
ragking. ot applJipg tbr rtgress1op otsttio&aata 
tor thope groups ot tN"•• !aJ!Rliy tilt 
8!ltgte4 OB the baais of f1xiDI tbf lO!f!\ 
eta!da£4 trror of the elf&sete whtp f11·faSa 
w1Qia a breed had bttp uu4 ter the coaputatS.oa. 

( 1 )  Effe c t  oa prediction of production and raakiaa 

ot appl7iag regression ooelficieats tor 7a 1 1 a 15 
( S e t  101/102 )  on set 101 and 102 da�a tor 

aampliftg tiaes 7 : 1 1 a 15.  

D1lftrepce ia pro4Jctiop 
Total actual produc tion 

Total predic ted production 

Differeno from ac tual 

Difference � of ac tual 

S tandard error of the 
eetima t�c equation ) . �  

Set 101 

86)7 . 86 lba . 

8516 .76 lbe . 

-121 . 10 lbe . 

1 .40% 

B1ffertp!t 1p rapkiac, ut1n1 5% 1Qcre1fptt 
Set 191 

N 9 

� A2 '+1 

2 
Value of � ti for d •  o.o, 48 
probability liaits 
in41cate4 a •  o.o2s 'J8 

a • o.oos -

ra o.6s8 

,,, 102 
65S7.6o lbe . 

6578.04 lba . 

+20.lt4 1 • •  

0 .}1" 

Stt 1Q2 

1 2  

'J7 

-

6) 

o.8?1 



---------------- ------ - -------------

( 2) Effect on prediction of production aD4 r•nkiD 

of applJiAg regression coefficients tor 6a 12a 16 
(Set 103/104) on et 10) and 104 data tor 

sampling times 6a 12s 16.  

Dittsreese 1p prpd»ct1op sas 1S,!l ill 12!t 

1 3846 . 98 lba . 16697.66 1 • •  Total actual production 

Total predicted production 1 .)688 . ,50  lba . 1 6872 . 10 lba . 

Difference from actual 

Difference % of actual 

Standard error o f  the 
estimating equation 7.� 

-158 • .58 lb • 

1 . 14� 

Jlifterepoe iB rapkips1 uatpc '! 1poreatpte 
ses 10J 

N 14 

i. A2 '' 
2 

Value of i. 6 tor 
probabilit7 limit 
inc11oatecl a = 0.005 125 

re o.870 

+174.44 lba . 

1 .� 

s,, 101t 

19  

1 14 

"7 

0.900 

Using these specific regression ooetfi leata, tbt 

abilit7 to predict total produc tion and to raak cowa 

witbi& the herd is high , e . g .  error iD prediot�oa of 

total producti;,n ia lee a than 1 . � ucl with eets 102 ,  

103 aad 104 the euma o f  squares o f  rank ditterenoea a 

well inaicle the limits aet tor a • 0.005 , and •••• wltJa 

set 101 it was only a little oYer th! a •  0.025 Yalut. 
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De pite tbia high predictabilitJ, tbe actual 

rank displacement ot cows were a -

Set 101 Stt 102 s,, 103 s,s 1Q; 

0 raDks 9 8 10 9 
1 ,, 1 1 17  24 

z 7 z 6 ' 
' - 2 2 2 

4 - - - 1 

5 - - -

6 - - 1 

A rank difference of 1 cannot be considered ae 

pertinent in the examination ot the practicabilit7 of 

this predicting procedure tor a minimum ditterence of 
onl7 0 . 28 lba . ot protein could be involved. althoulb 

the maxiaua 4itterence which would still give onlr 1 

rank 41tterenoe was 27 .72 lbs . protein in aeta 101/102 

an4 }8 .92 lba . proteiD 1a sete 10}/104, thia la beo ... 

an arbitar,r fixed scale 1ncreaa1na b7 � increaenta waa 
uaed. to ra.ak the appropriate data . It one ccepta tlala 

concept ot ignorinc 1 rank difference , then the 

percentages ot cows incorrectl7 ranked were 1  

itt 1Q1 Set 102 Set 19] !t\ 1p; 

22.9% 21 .... 

For comparison , the percentage ot c •• cl1tter1Jl8 

.:rJ 
in 7ear 2 b� two� more ranks trom their position 1n 7ear 

1 based on ao tual production was : -

Set 101/192 Set 103/12ft 

66. ""  



Hence , these diaplacementa resultiDg from errore 

ia the prediction equation in terms of ranking w re 

only between one-halt and one-third of those arlaiDs 

from 7ear to Jear variabUity uains ac tual data. 

At thia stage , it is interesting to coapare the 

repeatabilities of the clata used here with repeat• 

abilit7 figures given by other authors . Veins 

Spearman • s  rank correlation coefficient s a measure 

of repeatabilit7, th following Yalues were obtained 

in tbia stud7 for protein Jie14 based on actual 

produc tion values and the abeolute raaking procedure. 

r 
s ( 101 I 102) 

( 10, I 104) 

0 . 705 

0 . 7,. 

Castle and Searle ( 1957)  state that with �tter­

fat Jield repeatabilit7 tor individual berda, iJDoriDs 

the 7ear etteet , ranged froe o.os to Oe76 with a 

r- �>oled value o f  0 . 49 .  When the 7ear e ffec t  waa 

eliminated , r peatabilit7 values ranged from 0. 16 to 

0.94 with a ·poolecl estimate of o . 61 .  

1 5 1 

Erb and Aehwortb , coraparillg individ1lal cow reoorcta 

from one lactation to tbe next , found correlations ot 

the following order : •  

r S.B,of latiMSe -

Mil.k o . 82 16."' 

Fat 7ielcl o .ao 18.� 
Protein 7iold o . so 16.&5 



They commented that these correlations ( or 

stima te of repeatability) were higher than generally 

observed .  The extent of  their standard error of 

estimate was , therefor e ,  surprising . 

Van Vleck and Hendereon ( 1961 ) ( b )  ) compared 

several systems for estimating tat yield and their 

effect on the correla tion between yields in 

succeeding coaplete le ctations and observed that 

correlations ot 0 . 52 to 0 . 57 were obtained using 

sequential or cumulative bimonthly and trimonthly 

tests for predic ting succeeding lacta t ions .  Using a 

c omplete lact�tion record , a correlP- tion o f  only 0 . 55 

was obtained , and when any single test in the fourth 

to sixth month o f  lac ta tion w s s  used there was a 

corr la tion of 0 . 50 . 

The repeatability , as measured by Spearman ' a  

rank correlation coefficient , o f  the ac tual data used 

in the inYestig� tion discussed herein is thue 

rela tively high and uniform tor bo th the Jersey data 

and the Friesian data . 



( G )  ( e ) Hankies bz predic tion usins regression egyatioes 
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bassf on mean-data tor sampling times 6 and 71 10, 

1 1  !fd 1 2; 15 and 1 6, and exafinipa e ffect on rank 

dieplaceeeg\ op ee te 101 and 103. 

Using the se ts 101/1 02 regression equation based 

on mean-data and testing on set 101 , up to 25% ot the 

cows wer ranked out of order by predic tion , although 

in some combinations of  sampling times less than 10% ot 

the cows were incorrectly ranked . The maximum 

displace ent in rank was 5 and this same cow wa tour 

places out o f  rank in three o t  the o ther combination• 

ot sampling ti .. s teoted , and three places out of rank 

in various combinations . The major discrepancies in 

ranking in this test herd was thus limited to four cowa 

or 15% of the herd . 

U sing the all-da ta coefficients based on m aned 

data tor sampling tiae s  6 and ? ;  10, 1 1  and 1 2 ;  1 5  and 
1 6 ,  and again testing on set 101 , the discrepancies in 

ranking were ore frequent ; eight cows out o f  the herd 

being displaced } or 4 ranks in some combination of 

sampling times . Comparing the e ffect on ranking w en 

using these differ nt regression coefficient s ,  in only 

two cases were the cows which were displaced in rank 

the same , thus the problem o f  incorrect rankins whilst 

undoubtedly contribu ted to by consistent individual 

non-conformity with the general pattern is also 

contributed to by a non-conformity at a specific 

sampling tim by a specific individual . These results 

are tabulated in Appendix G ( e )  ( 1 ) .  
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With the set 101 da ta (J ersey) , the average 

actual protein produc tion per cow was 298 lbs . and 

the cows displaced in rank by prediction produced 

a s  follows : -

Cow No. lba.rrotetn llo.of tiltS dhptaced tag ... .uta 
- I!A!ftd rmu'" ••"• ullfJ • 

Sf! 1 01/11 AU:Utt 

2 )59 • 1+ 
)9 Jtt • Jt 

18 J07 • 2• 

1 J07 • 1 +  

J) J .. ,. 

" JOt s- Je 

48 a • •• 

21 291 ,_ • 

u 2l8 ,_ -

JO . 222 J+ ,. 

When the mean-all-data regression equation was 

used tor prediction for ranking , the level of 

production did not indicate any clear tr nds in rank 

displacement , e ither in number of cows or in number of 

times displaced. Wi th the set 101/102 ,  mean-data 

regression equation , there was an obvious trend towards 

displacement of the lower than average producers. 

The partial regre ssion coe fficients used were a -

f1ean-data Set 101/1411. 

Nt�D-all-data 

(e) 

4.80 

J.90 

b J0,11 .. 12 

6M 

s.GJ 

.• 



As a consequence of the diff rence in the 

partial regression coefficients in the two regression 

equations , the emphasis on individual sampling tim s 

varied appreciably in the two sets o f  rankinga . With 

the teat on set 103 ,  however , the partial regression 

coefficients were z -

b b • 
(a) •orz tp.n or 11 lf K!! 

Ree-data Set 10J/1CW. J.96 S.66 5.82 6M 
Mean-all-data J.90 s.29 s.as 6.69 

and in this series it was only sampling times 6 and 7 

which directly contributed to the differences in 

ranking , detailed in Appendix G ( e ) ( 2 ) . 

As a consequence of the similarity in regression 

coefficients ,  nine cows were excessively displaced in 

1 6 1  

rank using either set of  regression coefficients ; three 

of  th se cows ( 1 50 , 1 59 , 1 80)  were comple tely out of line 

with the rest of the herd o f  39 . The average actual 

production ot protein by this herd was 355 lba . and it 

is interesting to observe that most of the cows listed 

were above aYerage producers o f  protein . 



c._ No. lbs.proteta No. of tieea dt splactd usfRt aean-data 
rwessfp patftns �iSfd If! 

__, J!!'!dpgd 

Sfl 1 01[192 All-data 

140 S40 - 4--
179 470 2- 4-
1 S9 le68 1 2- 1 2-

136 461 3- 7-

118 4§0 , .. 

1 50 443 1 0+  8+ 

1 80  41J 4- J.. 

139 421 1- 2-

168 417 1- ,_ 
147 )89 2- ,_ 
1 69 384 � �  ! 2+ !-
148 347 12+ 8+ 
1 61 146 2+ 

Those combinations or sampling times which appear to 

give rewest displacement in rank were : 

Partfal regresaton cotfffsfenta uftd 

Hean-data S et 1 01 /1 02 

Stt 1 01 §;I! 10J 

7: 1 0: 15 .  7: 1 2: 1 s. 7: 1 0: 16 
7: 1 1 : 1 5, 6 : 10: 16, 6: 1 1 : 16 ,  6-: 1 2 : 1 5  

1 6 2 

Htaa-al l-data 7: 1 2: 16, 6: 1 2: 16 ,  7: 1 1 : 16 6: 11 : 16,  � 12:15 ,  7: 11 : 15 
7: 1 2: 15 ,  7: 1 0: 16 

Htan-data Stt 1 0J/1• 6: 1 2: 1 5 ,  7: 12: 15 
7: 1 !h 1S ,  6: 1 1 : 16 

This selec tion or group combinations within the whole 

group negates to some extent the advantages of a broad spread 

of sampling times , but in doing this no more than five cows 

would be displaced , 2 or more ranks in the set 101 (Jersey) 

data , nor more than eleven cows would be similarly displ�oed 



in the se t 1 03 ( Friesian ) data . This applies , however , to 

this set using this data and wo�d probably not apply to 

o ther data tested in this way even for the same breed. Th 
e ffect o f  difference in breed on the selec tion of samplins 

time combinations for this purpose is illustrated in the 

above table using mean-all-data coefficients on sets 101 

and 1 03 9  where there has been no group of periods common to 

both sele c ted . 

A final assessment of  the ffect of  displacement of 

rank on say the culling out or selec tion tor breeding 

programme can be assessed best by listing the top or bo ttoa 

1 0% o f  the cows as ranked by both procedures ,  or those cows 

not reaching a preset production limit . Using the all-data 

regression equation Table G ( e ) ( 3) was prepared .  The six 

lowest producers ranked as such 67 times out of  a possible 

1 6 3 

72 or on 93% ot the occasions and thus despite the differ nces 

i n  ranking bJ predic tion the chance o f  unfair culling was not 

high . 
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U sing the set 101/102 mean-data regression equation 

tor predictins the ranking ot cows in se t 101 , the ix 

lowest producer• ranked t as such , 69 times out of a poaaible 

ot 12 . ( Table G ( e) ( 4 )  ) . These results could be exaained 

in a alightl7 different way . 

Cttance· tf cuUtq ltltlt ,...c.,./ a 

Set 101 �et 10J 
r .-A- � r -" � 
' 101/102 10}/ 104 

Ho. of eo• MNI-dlta Heaa·al l-clata Mt •data "-""'tll·datl 
I! • S!!U!d sllff!I!I!!U HI! fist IJ!I !!If!! El till! atfff&JI!II 

% � J ' 

1 16.7 41. 7  Nt t lltl 
2 50.0 66. 1 75.0 '19. 1 
J so.o 61. 1 69.4 n. z  
4 72.9 66. 7 87.S 85. 4 
5 88.3 86.7 90.0 81.3 

' "·' "· ' as. t 8J.J 

7 86.9 91. J 80. )  "'·' 
• 88. 4 94. 2 79.7 D. t 

9 9t.. 2 92. 1 ltl 76.-J 

10 96.4 92.} 86. 1 "'·' 

1 6 ti 

Thus proYided one wished to oull at least tlYe . of t • 

lowest producing cows in these herds , the chance was oyer 8'% 

that the cowe that should be culled would be the onea aeleote • 

This was in agreement with the observed occaaional 41eplaoeae t 

of up to 5 ranka. 

I t  culling practice �as based on discarding those oowa 

producing lees than a predetermined production, e .g.  280 lba. 

protein in the case o r  the Jersey data ( se t  1 01 ) ,  then the 



1. 6 6  

chances of an lnoorreot decision are listed in the table below . 

Chance If lellt dtscardtd 11r prtdt•tt• uat11 

Cow No. fft t'lftk 
101/102 order gtvt aU-data ... , �tf• AstuaL tf1dJII! • 
":.,an;1•t• RfflstiBtJ lw t!tJn no .... c c!fdt 

� s 

)0 U2 lbs. 1 00  100 

" . ua u.. 100 100 

)8 238 l  • 100 100 

96 2J8 lbs.. 1 00  100 

so M lbs. 1 00  1 00  

28 2J9 lbs. 100 92 

)2 269 lb&. 8J so 
16 m lbl. 8J 50 

The chance of a marginal low producer not being detected waa 

4% using set 101/102 mean-data coefficients and 14% uelns 

mean-all-data coefficients.  The following cows ooul4 have 

been unjustl7 discarded b7 prediction on the listed peraeat 

of occasions in set 1 0 1 . 

c ... f bttng dt ardtd ., predtott• .... 

101/1CI " ,,..,. ... 
c No. tn actaal ftelo.da ,., onter !Jtuti fndyctt.l!! Mtlftsttuta 

'f. s 
22 265 tbs. 11 lt l 

J 299 lbs. 8J • 
7lt 289 lbs. 2J lt l 

21 291 lba. ,. u 
u 29& lbs. nu IU 
" )01 lbs. 67 JJ 



Thus hilet all the lowest producere .. re defiD1tel7 

discarded , ome of  the other mBrginal cows may ha•• been 

discarded bJ the same criterion . 

1 6 7 
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When the eet 101/102 mean-data coefficients were 

used for ranking , the cows in se t 102 and tho ee cowe 

producing less than 280 lbs .  ot protein were listed (Table 

G ( e ) ( 5) ) , the six lowest producers ranked as such 66 

times out of 12 .  Of the marginal low producers , all were 

detected but not on all occasions . 

In suamarr, the following cows would have been 

correc tlr discarded br prediction on the listed percent ot 

occasions in ee t 102 .  

Cu No. ta ,. .. 

• 2U .. .  
.,. 226 .... 

112 UJ u... 
Z2 U9 u.a. 
u at &ba. 

11 R7 lba. 

" 87 '"· 
0 2J9 .... 
48 ., lba. 
" f'IO lba. 

JJ no lbs. 
" m \ba. 

100 

tao 

too 

Ul 

100 

1CID 

' 

100 

61 

17  

100 

fO 

The following cows could have been unjustlr discarded 

bJ predic tion on the listed percent or occasions in set 102 • . 

COt •· ta aotlll ...-nr kN' engu• 

zt 189 u.. 
ft4 290 ... 
• 2M u.. 

Jlllll·l!tlldN .UIJ1 .. 
s 

N U  
an 
" 

1 6 9 



(S) Rallk 

RGilk Pf'tdfcted 1 l Ad!!!� 
Cot No. 

1 s 12 • 

2 74 • 2 

J 1 12 • ' 

4 Z2 • 4 

J 4J - • 

6 17  - • 

., 96 • -

,, - • 

9 40 • • 

10 18 • 

11  S.J • 

12  ll • • 

u 21 - • 

14 114 • • 

15 32 • 

---- --- ----

!!ll i (t) 

frequency hblt for .all cows pnduct . less than zeo lba. preteta 
uatno 101/102 aean-data nefffctent Stt 102 

J 4 5 ' 7 B 9 10 11  11 1J 

• • • • 

' s • 1 

J • 2 1 

1 J • 1 

4 2 ' 1 - 2 

1 2 2 s 2 • 

• z - 2 2 2 1 2 1 

• • 1 s 4 2 • • 

• • • • 2 2 • 1 2 1 

• • • • 2 • • • 

• • 1 2 1 1 s 2 • • 

• • .. • • 4 1 1 • • 

• • • • • • • • • 

• • • • • • • • 

• • • - • 2 ' • 

-

100 

100 

100 

100 

' 

t 

' 

1 

67 

,, 
1 

t 
If& 

., 



Examining set 1 03 data in this same fashion using 

350 lbs . proteiD production as a miniaum, gave the rank 

order listed in Table Q ( e )  ( 6) tor all-data coefficleat• • 

The six lowest producers rank as such 60 tiaes out 

o f  72 ( 83%) . Of the marginal low producers , one was not 

detected , one was detected on onlr 8� of occasions . 

The predic ted ranking for all cows in set 10) 

producing less than 350 lbs . or protein , based on set 103/ 

104 mean-data coefficients ,  is giYen in Table G ( e ) ( 7 ) . 

The elx lowest producers ranked as such 61  times out 

o r  71 . Of the marginal low producers , two were not detected , · 

and of the other two, one was detected on 50% o f  testa and 

the other on 75% of testa. 

1 7 1 
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I!K J (t) 
(7) Jrtdfcttd rllkfftl fOr tU C4ill troductq ltsa JJO bs. PHttt• Uti 

Set 10J/10t. IIID-dtta ettfflcftntt oo Stt UD 

tWa Orc!R TION BASED or� SAtftlll TUI 

Ac t ' • 6 ' • ' ,, 7 7 1 ' :1 ... ft..ac 10 11  tf tO u u tt 12 t: u - 11 1J 1f  16 15 '' ,, 

1 1fl tt Ut 1!9 1 tl 128 129 128 121 121 128 t 1 

2 128 129 1 160 tz9 129 160 160 160 160 160 1 

J 142 ISO 160 tZI 169 160 128 129 1lt 119 169 tU tU 

4 t29 142 tn 142 160 tU 142 1U 1J7 141 142 1 ' 
J 1J7 tU 162 U7 142 U7 1J7 142 142 '" 127 18 '" 
6 1JO • 1Jt 1)8 1J8 ue ue ,, 151 ,, tl9 1U ,,, 
., '" • 14J • • • • - - '" 147 '" 1 
8 tU - - • • • • • • • tU tJI ' 

RM Ofi)ER FilE tCt fA 

Rlllk Prtdfctld Al.tal 1 2 I • ' • 

Cow • 

t uo - 8 J 1 ,• 
r 128 ' 1 2 - ' 
J 142 • - 2 6 4 
4 129 J J ' 1 1 1 t 
' 1J1 - • • J 4 1 - 1 " 
6 ne • • • • • ' • t 

7 161 • • • • • • • • ' 
• JH • - • - • - • • ' 
9 127 • - • • 1 1 • • " 

10 118 • - • • 1 1 1 • 

11  tU • • • 1 1 1 2 1 

1! 169 • • z • - • • • 1J 
1J tJO - - • - • • • • l 
14 tN • • • • • • • • IJtl 
, 147 • • • • • 1 2 - • 



---------------- --------

In summary , using set 1 03 ,  the following cows would 

have been correc tly discarded by prediction on the listed 

percent ot occasions . 

c .. u ... .... .... 
• • 

160 ,. • tOO t 

,,. 299 Ds. 100 t 

tu Jtll lba .. 1 t ' 
129 JfJ k 100 1 

,, "' u.. 11 ,. 
1 ,.., ... JO • 
"' .. • lfl I 
141 ., .... ltl l 

the followba cow• coulcl haYe beea uajuUr 41• an .. 
b7 prtt41otioa oa the lJ.atect pero at ot oooaeioaa iD aet 10) • 

c .... ., IJtf ....... ., 

Ct1 l .tt ...._, 10J/tCitt :;;;;. ... 
• • 

1l7 '" lba. " JJ 
,,. .... IJ JO. 

tU .. ..... fO ' 
"' . ..... 17 • 
UG ... u.. ltl IU 

116 •• lba. Rfl " 
167 J89 u.. 2S • 
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An assessment ot the chance of being correctl7 eeleote4 

by prediction tor culling was as follows : -

s 

. 
101/102 tlo.of cowa to Mt•-data bl culltf pttffJtlp 

� 
t t7 
2 50 

.J so 

4 7J 

s 
' • 
7 87 
8 88 
' 94 

10 96 

101 

.... 

Chance of culU loa t pro/Nctllf'/t 

Stt 102 

101h02 
ll-data an-data ptftctg wttts•anS• 

� � � 
42 100 ltt 
67 .58 " 
61 " " 
67 77 

81 90 
9J 90 
" , 
94 9) 
92 

92 

Set 1CJ 

tt ' . 

• 
ltl 

" 
'12 
• 

u 
" 
'IJ 



( G )  ( f) Ranking by prediction ueing meap regresaioa 

equations for samplipg tiae• 6 and Zi 10, 1 1  

an4 1?; 15 and 1 6, and &ts effect op r!Dk 

dieplacements apd rank correlation. 

Table G { f ) ( 1 )  ( p .  1 80 )  gives the 

frequency distribution o f  rank displacement& for seta 

101  and 1 02 when the mean regression coe fficients for 

set 101/102 were used for prediction . 

In set 102 ,  all the rankings by prediction were 

1 7 6 

highly significantly correlated with the actual rankinga 

and even with th e worst c ombinations of sampling tiae 

in set 101  ( 6 a 1 2 : 1 6  and 7 a 12 a 16) , the ranking was 

probabl7 significantly correlated with the actual , 

eepeciall7 in view o f  the rigorous charac ter o f  the auaa 

of squares of rank differences test on the ranking 

procedure adop te d .  With set 102 ,  there was no 

consistently fnvourable combination of s pling tlaea 

which ranked significantly be t t er than the others 

( 7 & 1 1 : 1 5  maybe , but the ranking differences were not 

gre a t ) . With s e t  101 , inclusion ot sampling time 12 

coneistentl7 incre ased the number and extent ot the 

ranking di fferences but still without too serious 

consequences . 

Table G ( f ) ( 2 ) gives the frequenc1 distribution 

of rank displac ement& tor se t s 103 and 1 04 when the 

mean regre ssi on coefficients for set 1 0,/104 were used 

for predic tion . 

In bo th sets the ranking by predic tion was 

significantly correla ted with the actu 1 ranks and in 

nei ther did ei ther any individual or group of sampling 



times have any major !fe e t  on the rank displace enta. 

Appendix G ( t } lis ts the cows and sampling time 

combinations tor which the predic ted ranking differed 

from the ac tual ranking by three or more places . 

1 7  l 

In set 101 , only two cows ( 6 . 9%  ot h rd ) were 

displac d more than 2 ranks in a ny sampling ti 

combination and as these were consistently displaced 

their production da ta w3s atypical o r  the herd . In eet 

1 02 , three different cows ( 1 3 . 0%  ot herd) were involved 

in major displacement& but only on one occasion to� each . 

I t  is probably significant that cows No . 43 and 

69 in set 101 were also found to be displaced 

excessively in rank when mean-data coe fficients were 

used (S ection G ( e )  ) , again indicating that they were 

atypical . 

In sets 1 03 and 10�, as in 1 01 and 1 02 ,  the saae 

cow was not displaced more than 2 ranks in both eets.  In 

se t 1 03 ,  five cows ( 1 4 . 3%  ot herd ) accounted tor 42 out 

of the 54 displacements ( 13 cows ) listed , and similarly 

in se t 1 04 ,  six different cows ( 13 . 6%  ot herd) accountecl 

tor 37 out ot the 48 displacement& ( 1 2 cows ) 11ate4 . 

Coaparing the cows excessively displaced in set 

103 , as listed in Appendix G ( t ) with the list siTeD la 

Appendix G ( e )  ( 2) ,  eleven out o f  the thirteen cowa 

were common to both groups . I t  would appear that 

regreesion coe fficients base d on mean-data or on the 

mean o f  individually determined coe tficienta are both 

affec ted to about the same exten t  by atypical data . 



Discussing the use o f  bimonthl7 recorda tor 

ranking cows within a herd and using Spearaan ' s  rank 

correlation co efficient , Castle and Searle ( 1961 )  

obser.ed that all values in their stud7 exceeded 0 . 81 

with 70% o t  t hea exceeding 0 . 90 ,  and on this baaia 

concluded that 11 cowe within a herd are ranked 

similarly by bimonthly records and by monthlr recorda, 

and the culling ot low producers on bimonthly recorda 

removes from the herd almost exactlr the same cows as 

would be removed by culling on monthly records . •• 

As the rank in this s tudy has been based on � 

incrementa and not on absolute ranks , a direct 

comp rison with Castle and Searle • a  work is not possible , 

but if the observa tions made earlier that the � 

increment rank correlation coefficients may be about 

three-quarters ot the value of their absolute rank 

correlation coefficient equivalen ts , then the resulta 

listed aboYe would indicate , using this cri terion , that 

the predicted ranking order was entirely ade quate tor 

the culling of low producers . 

The probabilitr that the ranks do not ditter ia 

a be t te r  means of eYaluating these r nking procedures . 

With the J$rsey data ( sets 1 0 1  and 1 02) , in only tour 

cas e was the probability that the ranks did no t differ 

greater than 1%, and of the se tour one was leaa than 

2 . �. and wi th the other three the probabilitJ wa lees 

than 5% . With the Friesian da ta ( se ts 103 and 1 04) , ia 

only three case s was this probability greater than 1• 

and in tboae three it was less than 2 . 5% .  The regressio 

equatioDe used thus rank both sets o f  data with equal 

merit and wi th a very satisfac tory aocur OJ . 

1 7 8 



The New Zealand Dair7 Board , 1 962 , reporte4 

that a Production Ranking 'l' st was being intro duce4 

as an alternative to the Alternate Monthly Test an4 

Group Her� Tes t .  This Production Ranking Test ia 

based on only two tests during the season . The 

production ranking test will be used tor culling 

purposes oDlJ . 

1 7 9 
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(G)  ( g )  Tbe effect of rank displacement on selectiop 

pro2eduree using regression equations b!sed on 
mean regreeeioq eguatiope. 

Tables G ( g )  ( 1 )  and G ( g) ( 2) give tb rankjng 

order frequency tor se ts 1 0 1  and 1 02 tor all cows 

producing lees than 280 lbs . of  pro tein when the mean 

regression coefficients for set 101/102 were used for 

predic tion . 

t u l  

In se t 101 , all o f  the "ac tual " low producers ( i . e .  

all cows above the line in the rank order frequency table ) 
would have been detec ted on 8)% or more of th 

combinations of sampling times . Howeve r ,  as indicated in 

the table , other cows could also have be�n rej ected two on 

8 occasions , one on 7 occ�sione , one on 3 occasions , one 

on 2 occasions and one on 1 occasion . 

The mean production in set 101  was 298 lbs. pro tein , 

whereas in set 102 it was 285 lbs . I f  the 280 lbs .  liait 

used in se t 101  was used in se t 102 , then the number of 

non-complying cows would represent a greater percent ge of 

the total her d .  The equivalent limi t in se t 102 was 268 

lbs . U sing the 280 lb . limit tor set 102 ,  ten ot the 

twelve low producing cows would have been de tec ted on 7"' 

or more occasions and the o ther two on 50-2� ot occasions . 

Two other cows would have been incorrec tly selected on 1 7  

and 25% o t  occasions . I t  the 268 lb . limit was used , i . e .  

all cows ranked above the lin , then the results should be 

more comparable with tho se o t  se t 101 and it is seen tha t 

ot the eight low producing cows using this criterion , all 

would have been selected on 92% or more occasions with 

four cows being unjustly included on 25 , 1 7 ,  17 and � of 

the occasions . 



Thus the selec tion of low producing animals is 

reasonably satistactorr with the lowe st producers 

always being s lect d and the marginal ones sometimes 

excluded , sometimes unjustly included . However , the 

injustice is not serious when one considers the 

inherent variability of produc tion from year 1 to year 

2. as indica ted in the ranking tables using "actual" 

data ( Appendix G ( c )  ) where the cows above the line 

would have been discarded on the 280 and 268 lb . limit • 

1 8 2  

Tables G ( g )  ( 3) and G ( g) ( 4) give the raBking 

order and rank order frequency for se t 103 and 104 ,  

respectively for all cows producing leas than a 

predetermined quantity of  protein when the mean regression 

coefficients tor set 1 03/1 04 were used tor prediction . 

In sets 103 and 104 , the limit of  production 

selec ted was proportionately the same as tor sets 101  and 

1 02 .  

In set 103, twelve cows under-produced and 

prediction selected eight o t  them on 7� or more 

occasions with the others being detected on 58 , 33.  2� 

o f  the occasions . One low producing cow was not detected 

at  all and eight cows were unfairly selected on 50 ,  1 7 ,  

33 t 25, 8 ,  8 ,  8 ,  8% ot  the occasions . 

Ot the seventeen cows under-producing in s t 104 ,  

fifteen were detec ted on 7� or more occasions and the 

o ther two were de tected on 58 and 4�� of occasions . Five 

cows would have been unfairlr selected by prediction on 

92 , 50 ,  1 7 ,  1 7  and 8% of occasions . 



l!f&l l (g) 

(1 ) PNdtc1Jd r-*fng far all ..,odutf .... than 280 

.. .. ...... f eltlfffctMto for Stt tot/102 

RANK omER FOR NO ICltO PROOCJ ION BASED Off SAfl'll TUI 

At ' 6 6 7 ., 7 ' 6 6 1 ' , R ,. 1t " li 1 0  n 12 10 11 �� tr 11 t 
- 15 15 " ,, 16 16 

1 JO u u u u 28 u 4J JO u 4J 
2 4) so JO JO 50 96 so u 

J • JO JO 28 4J JO so JO 

4 50 4J • J) J8 69 .r. 
' J • 2tl JO JB )8 JO u JO 
' 28 28 69 J8 J2 69 t6 18 J8 ,. 
' J2 1 , J8 J2 21 96 9 28 • 

• " J )2 1 16 J 16 J J " J2 
9 - " 21 J 69 J2 - J2 Jl J 21 , 

10 • • 21 • • 74 2t • " 21 • I 11 

t1 • • • • • 96 1 • • t8 • tl 11 
12 • • • • • • • • • • • • • 

U 0180 FlhllCY TAIU 

R.tt Prtdtdal , t ' 4 ' ' ., • ' 10 tt 11 !i1UI 
c • 

• 
1 JO J ' J 2 1 1 

2 . U  1 t 1 1 • •  
J J8 • 2 • 1 6 2 t t 
' • • 2 t ' 1 • ' 1 • - ' t 
s 50 • J J 2 2 • • • • - • ' 

28 1 1 1 1 1 4 J • • • • t 
7 J2 - - • - .. 1 2 2 J • 
e .I • • ... • • 2 J 4 • 1 1 

9 22 • • - • • - • • • • • ' • 
1 J • • • • • • 1 4 I t • • ., 
" .,. • • • • • • • • 1 - 1 '' 
12 21 - • • • • • 1 • 2 ' • • 

1 )  fi • • • 1 • :s ' 1 2 • • • " 
14 18 • • • • • • • • • • J • 



1 & 4 

.wy ! (g) 

(2) Prtdfettd ranking for all ens produetng less than 280 lbs. proitit 
ustng eean r&gressfon etefftc1ents for Set 1 01 /1 02 on Set 1(1. 

RANk ORDER FOR PRED ICTED PROOttT ION 8ASEO ON  SAMP UtC T lfl GROUP.I·NIS SHOW 

Actual ' 6 6 6 6 6 7 7 1 " 1 1 1 
Rank �·Jc 10  1 1  12 10 1 1  12 1 0  1 1  u 10 1 1  u - bt.. 1S 1S 1S 16 16 16 1S 1S 1S 16 16 

1 f 5 s ' s s s s s ' ' s s 

2 74 112 14 22 11Z 112 22 1 1 2 74 u 1 12 uz a 
} 1 12 lt.3 11 2  4J 4J 74 1 12  74 111 n 74 14 17 

4 22 74 43 74 74 4) u 4J 22 4) " 96 • 
s u 22 n 1 1t t7 22 t7 zz 4) 17 .u 2l 111 

6 17  )} 0 t7 )J " 71t ).J 63 1 12  t7 6) •• 
7 96 .u 17 6) " 17 96 11 96 ,, J3 17 u 
8 u 6.J 48 'a 22 6J 6J 6J ll - 96 u u jJ 
' u " 7J 1l !J B 7S .! 48 .Y Jl a ll .-, 

10 18 96 J3 )} 75 3.3 J3 18 J3 n 18 JJ 4t 
1 1 3) " 96 75 48 75 7S • t1 
12 7S - .. 21 • - ., 
1) .. • 18 

14 J! 

RANK OFDER fREQUEttY TABU 
c.,. . 

Rank Predtcttd 1 2 J s ' 7 a ' 10 11  t 2  1J. 14 ... , ..... 
!W1l .. ·•et· 

., .,. c •• Nt. ' ' ' . 

� 
1 J 12 1 

2 74 - ! J 4 1 100 

} 1 1 2  6 3 2 1 100 

4 22 6 J 100 

' 43 - 3 s 2 • 1 1 

' 17 - 3 2 (4)S 1 (92)100 

7 96 2 z } 1 (0)1 ( 0)! UJO 
J !I • } 2 (4); 2 • - (9%)100 

' 48 - (1 )2 (1 )2 (0)1 (0)1 (11) !;0 
10 1 8  .. (0)2 • (0)1 (lf l)2J 
1 1  lJ J (0)1 (0)7 .. ... (2J)1. 
12 7S (0)4 (0)1 (O)J (O)t .. ( ) 7J 
1} 21 (0)1 (0)1 - (Nf l)tl 

14 }2 2 • • _(G)1 Ut) ts 
The fi gures fn parenthtsf s r resent the freauencies uafno 268 lbs. aa tha Uatttao buaL 
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Thus with the Friesian herds , as with the JerseJ 

herds , a reasonably satisfactory selection is possible 

by predic tion . This data is summarised in the following 

table : -

No . of' cows to be No . of times No . o f  cows 
culled based on selec t•d by \lllfairlJ 
actual produc tion . predic tion . selected. 

> 7� < 7� >25% < 2� 

of occasions o t  occasions 

101 8 8 Nil ' } 

102 8 8 Nil Nil 4 

10} 12  8 4 z 6 

1 04 17  , , 2 2 ' 

The effect of variations in rank order can also be 

measured by determining the chances of th variousl7 

lowly ranke d cows being selected for culling .  

No . o f'  cows 
to be cull!cl 

Chance of culling lowest producers using 
anr combination of sampling tiaea and the 
appropriate r gression coefficieeta .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

.Set 1 01 

25'h 

54 

58 

69 

90 

78 

87 

88 

a, 

87 

Set 102 

1 00% 

58 

78 

77 

90 

86 

89 

94 

90 

84 

Set 103 

Nil % 
71 

69 

81  

88 

86 

76 

71 

68 

71  

No . o f  animals to be culled to reach a culling rate of: -

10% of herd 

20J' of herd 

3 

6 

3 

5 

4 

7 

Set 104 

Nil 7' 
50 

6? 

81 

68 

,, 
64 
69 

70 

70 

4 

8 



1 ii 8  

As with the ranking using regression equatioee 

based on mean-data , the chance of  picking the lowest 

producer using these predic tion equations is not 

neceasaril1 high, e . g .  in this series the chance range 

from nil to 100%, but as the number to be culled increases 

up to five or six animals , so does the probabilit1 that 

the lowest producers will be the ones selected. However , 

above this number , an increase in the number to be culled 

does not result in further improvement in the chances of 

selec ting the correct cows for culling . In fact the 

chances regress in set 103 . With the Jersey mean 

regresaion equation applied to the Jersey data and when 

five or more cows are to be selec ted for culling this caB 

be done with a better than 85% chance o f  the correct cows 

being chosen bJ prediction . With the Friesians using the 

Friesian mean regression coefficients the correct 

selection is not as strong - the chances being that the 

selec tion will be 70% correct .  

The se probabilitJ figures o f  correct selection 

must , however , be considered in relation to the natural 

errors inherent in ranking cows tor selection purposes . 

This was discussed earlier when it was shown that , uaing 

actual production data, 50% o f  the Jersey cows and 6� of 

the Friesian cows would have been two or more ranks 

displaced from year 1 to Jear 2 ,  or expressed in the aaae 

terms as used earlier in this section . 



No . o t  cows 
to be cylle4 

1 

2 

' 

4 

5 

6 

7 

8 

9 

10  

Chance of culling the lowest producer 
in year 2 based on data trom· year 1 
w&thiR breeds and using aotual data, 

Set 101/102 

Nil % 
Nil 

Nil 

25 

Set 193/104 

Nil % 

Nil 

33 

� 
( 2� culling level ) 

40 

'' 
4} 
50 

56 

60 

( 20% culling 1 vel) 

� 
56 

75 

67 

80 

Thus using ac tual data from year 1 and appl71Ds 

i t  to Jear z ,  would not correc tly selec t the lowest 

producing animal with any degree of cer taintJ , unless 

eight or more animals were to be culled and even in this 

case the Jersey sele c tion would only be 50-60% correct , 

despite the fact that over 50% of the cows were beina 

culled . With the Friesian data the selection was 

slightly more satisfac tory , but even here a culling rate 

1 6 9  

ot  4�� had to be achieved to rea ch an 80% correct decision . 

A ranking and culling procedure tor protein 

production of about the same merit as that currently 

used for herd improvement based on butterfat yield is thus 

possible , using a se t of mean regression coeffici nta on 

a within breed basis when samples are taken three times 

during a normal lac tation within fairly widely specified 

sampling times . 



CONCLUSION 

This inYestigation has shown that it is possible to 

predic t proteiD yield with considerable precision when a 

regression equation based on a spec1t1c set ot data ia used , 

( a )  ( manuall7 co.,uted regre ssion equations based on data 

trom four or less sampling time s ) . 

Wi th Jersey data 

Year 1 

Year 2 

Year 1 and 2 combined 

With Friesian data 

Tear 1 

Year 2 

Year 1 and 2 combined 

Sampling timea 
used to e stabliah 
rearession egyatiop 

7 : 1 1 : 1 5  

6 : 10: 15)  
) 

6 a 1 2 : 16)  
) 

7 a 10&  1 5) 

6& 1 1 : 15)  

7& 1 1 : 15 )  

7 & 1 1 & 15 

6 a 1 2 a 1 6  

6 z 10z 16 )  
) 

7 : 10 1 1 6 )  

6 z  1 2 a 1 6  

s . E. o t  
E tiaate 

,. � 

4.ZJ' 

4. �  

,.� 

1 3 0  
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( b) ( computer generated regression equations based on data 

from tour or less sampling times ) . 

With Jersey 

Year 1 

Year 2 

Year 1 

data 

sa.mpling tiaea 
used to establish 
r gression egua tiona 

5 : 8 : 1 1 & 1 2 ) 
) 

4 : 7 & 1 1 & 1 6 ) 

2 : 4 : 1 2 : 16  

and 2 combined 6 : 7 : 1 1 : 14 

With Friesian data 

Year 1 3 & l u  1 2 &  1 6  

Year 2 5 :  1 0 :  1 6  

Year 1 and 2 combined 4 : 7 : 1 2 & 14  ) 
) 

4 : 7 :  1 2 :  1 6  ) 

s . E . or 
Estiaate 

4 . ?,i  

5 . 8� 
4 . 4% 

I t  has also been shown that it  is  possible to apply the 

same partial regression coeffic�enta to data from three samples 

taken over a reasonable spread of sampling times without 

increasing the error or the estimate too greatly , e . g .  Data 

collec ted during the following stages o f  th lac tation 84-1 1 1  

days ( by1 ) , 140- 181  days ( by2
) and 210·237 days ( by3

) could be 

used to predict protein production during the whole lactation 

by using the following partial regression coe fficients : -

.!. 

( 1 )  tor Jersey data 4 . 36 3 . 1 62 7 . 297 6 . o4o 

( 2 ) for Friesian data 3 . 62 5 . 944 6 . 767 5 . 475 

S . E . of Esti ate 



The ma?di!IW! standard errors o f  the estiau.te of pi'OtelD 

production of individual cows using this SJatem were found to 

be a 

Jers 7 6 . 2%  ( ean 4.61%) 

Friesian 9 . ,� ( mean ? . 50%) 

The eaxi!BI errors in predicting the protein production 

of the whole herd were & 

Jerse7 

Friesiu 

(mean + 1 . 98 ,  s . D .  t 1 .67)  

(aean - 1 . 91 ,  S .D .  ! 0.9,) 

The se rrors have been considered in relation to the 

errors or sampling and estimating systems in current U$8 aDd 

are considered not to dif fer greatl7 from the accepted 

variabilitie s ,  and so this sampling and predicting 87&tea 1a 

recommended aa being practicable . 

1 3 2  

The interchangeabilit7 of samplin6 tiaes mentioned in the 

introduction as being a desirable aia in a limited frequenc1 of 

sampling aystem has been achieved b7 using a breadth ot tiae 

during which each o f  the three samples needed can be taken . 

Thus there are 27 daJ in the first and last sampling period.a 

and 41  daJS in the middle period . This should allow a 

flexibilit7 in the sampling and testing operations sufficient 

to enable a reasonabl7 e fficient sampling and testing scheae to 

be operatecl . 

The saapliDg prosramme envisaged ancl discussed here coul4 

be read1l7 integrated into the Herd Improvement Association 

testing programm for rat yield since the same sampling 

o fficers can be used to take sample s for protein analy ie on 



their regular visits at the appropriate times . 

The pro teiD production pr dieted b7 these resreeaion 

equations ie utficiently accurate tor normal ranking aD4 

culling purposes.  The e ffec t  o f  predic tion on ranking haa 

been closelr scrutinized and , although it has been shoWD 

that the oha:�- ot  selecting the lowest producer in the 

herd bJ this proc.e4ure � V&::j from 0 to 10�, chances ot 

detecting the lowest two cows ar over SO% ,  three cowa 6� , 

tour cows ?0%, at which stage chances level off but it  one 

of the cows selected is not the next lowest , it is likel7 

to be not greatly different in production from the next 

lowest , so the ranking and culling process can be operated 

using this data with as much confidence as anr of the 

procedures currentlr in use . 

The estimate ot total protein production from a herd 

using the regression equations gave a mean difference of +2% 

with the Jerse1 data and -2% with the Friesian data . With 

the range 1n equivalent eampling times likely with the varied 

calving dates o f  the cows in a herd the tendency will be tor 

this mean difference �etween predicted and actual production 

to be approached , rather than the extreme limits o f  6 . )%  and 

'·5% respectivel7 mentioned. Bearing in mind sampling and 

anal7tical sources o f  variation , a prediction within � of 

the actual production should not give an unjust distribution 

ot  pay.ments for pro teiD produc tion if paid for on a predicted 

basis. 

1 �j 3 
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Prediction of  Protein Production based on a 
Restricted Frequency of Sampling 

G. M. WALLACE 

37 

Food Technology Department, Massey Univers i t y  o f  Manawatu, Palmerston North, N. Z. 

Low SNF levels in the l iquid milk industry prompted an enquiry into methods of  

analysis and into the frequency of analysis necessary to predict the production 

of SNF or SNF components. 

With regard to the prediction of production using a restricted frequency of 

sampling, i t  was considered that the following requirements must be met : 

1 .  For herd improvement on an individual cow basis. 

(a) One should be able to select the top and bottom 100/o with confidence -

the main requirement is one of ranking rather than an accurate knowledge 
of individual performance. 

(b) If several groups of sampling times gave approximately equivalent esti­

mates for the purposes of  (a) , this would be an advantage, as it would 

spread the sampling and analysis requirements. This would be an advan­

tage both within and between breeds. 

2 .  For estimating production on a whole herd basis. 

One should be able to give an estimate of  total production of  a named com­
ponent - this would be of value as an experimental aid in assessing the effects 

of changes in husbandry on the production of components - a knowledge of  

the error of  the es timate would assist in determining the s ignificance of  ob­

served changes. 

3 .  For determining monetary return to the farmer. One should be able to make 

a reliable estimate of milk components supplied during a da irying season on 

a whole herd basis so that a reasonably accurate calculation can be made of  

the value of the component supplied. 

I t  was considered that the desirable frequency of  sampl ing should be some com­
bination of 2, 3 or 4 sampling t imes which g ive the best estimates of the total 
production for the individual animals and for the herd. It was considered desir­
able that the partial regression coefficients for the selected sampl ing times should 

not differ greatly from year to year and it would be useful as well i f  these coeffi­
cients did not differ greatly between breeds. 

Analytical and production data, using standard methods of  analyses, were accu­
mulated over two dairy ing seasons from samples taken fortnightly from indi­

vidual cows at the P. M. and A. M. milking of the cows comprising the main 
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Jersey and Friesian herds on the Massey University dairy farm. A composite 

P. M., A. M.  sample was prepared on a proportionate basis for each of these 

cows. Data from the first 16 fortnightly samplings were used in the computa­

tions 1 •  

To examine this data two procedures were adopted. 

1. Manual calculation was used to determine : 

(a) The correlation between the production for individual sampling times 

with the total production. These correlations were ranked for each set of 

data (namely production and analysis data of approximately 30 Jersey 
cows for year 1 and year 2, and likewise for approximately 50 Friesian 

cows) and for the combined data. 

(b) The intercorrelation between the most highly ranked sampling times. 

(c) The partial regression coefficients and the standard error of estimate for 

combinations of 2, 3 or 4 sampling times. The sampling times selected 
were those having high individual correlations with total production and 
low intercorrelations with one another, 45 analyses of the data were done 

this way, a constant term (a) regression coefficients (b 1 ,  b2 etc.) and a 

standard error of estimate being calculated for each group of data. 

2. Computer calculation 

A modified Trap (Regression Analysis) programme was used to calculate partial 

regression coefficients, etc. as above. This programme was designed to force the 

regression line through zero since this would eliminate the constant factor (a) 

which was very variable. 
The programme was designed to discard variables which did not give a t-value 
greater than 2 when their corresponding partial regression coefficient was tested 

for significance. 

Because of limits in computer capacity, variables were selected on the basis of 

(1)  all odd sampling times, (2) all even sampling times, (3) sampling times not 
rejected from (1) and (2), (4) sampling times selected by (3) for each year and 

for each breed (5) all combinations of four sampling times selected from those 
not rejected from (1) and (2) . 

MANUALLY CALCULATED DATA 

With the Jersey herd the lowest standard error of estimate was 3.4°/o (R2 = 0 .94) 
using three sampling times, namely sampling times 7, 11, 15. The regression 

1 The fortnightly period post parturition corresponding to the sampling times quoted may be 
calculated as follows : 
Sampling time x 14 + 0 to 1 3  
Thus sampling t ime 5 corresponds to t h e  period 5 x 14 + 0 = 7 0  to 5 x 14 + 13 = 8 3  that 
is  between 70 and 83 days post parturition. 
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coefficients were (a) 3 .70 (b7) 5.99 ( b , J )  2 .30 (b t. > )  8 .99.  W i th the Friesian herd 

the lowest s tandard error of estimate was 4. 4°/o ( R� = 0.95)  using three sampling 

t imes, 10, 1 2, 14,  which were d ifferent from those for the Jersey herd . The regres­

sion coefficients were (a) 1 . 27 (b 1 0 )  1 1 .4 3  (b , � )  19 .98 ( b t � ) - 1 1 . 9 2 .  W i th the com­

b ined herds the lowest s tandard error of est ima te was 6.95 (R� = 0.84)  and this  

occurred when samples were taken be tween the 98th - 1 1 1 th day,  the 168th -

1 82nd day, and 210 th-223rd day of lactation. The regression coefficients were (a)  

3 .73 (b;)  5 . 20 (bd 7 . 79 (b,;;)  5 . 29 .  

Sampling t imes : 7,  1 2 ,  1 4 ; 7,  1 1 ,  1 5 ;  1 1 ,  1 2 ,  1 5 ;  were t h e  only ones common t o  

both Friesian a n d  Jersey d a t a  t h a t  gave reasonably l o w  s tandard errors of the 

est imate (Table 1 ) .  

TABLE 1 
Regression rlnta for common sa mpling I imes, both  yenrs consirlererl together 

Stnndm·d 
Error of 
Est imate (n) ( b7)  ( b 1 2 )  ( b 1 4 )  
percent ------- �-- -

not 
jersey 5.5 determined 4 .1 2 7 .74 4 . 1 8  

not 
Friesian 6.3 determined 5.95 1 9.57 -7.03 

Combined I not 
j ersey J 7.3 determined 6 . 10  1 4 . 5 1  -3.79 
Friesian 

(n) ( b7) ( b/ 1 )  ( b 1 5) 
j ersey 3.4 3.70 2 .30 8.99 5.99 
Friesian 8.4 4 .65 5.98 5.46 6.04 

(n) ( b 1 7 )  ( b 1 2) ( b 1 5) 
jersey 4.2 4 .92 7.59 4 .75 4 .00 
Friesian 8.8 6.77 3.55 9.58 5.90 
Combined 
jersey 8.0 4 . 1 4  4 .53 8.02 5.80 
Friesian 

The comb ination of sampling t imes 7, 12, 1 4  was rej ected on the basis that a l l  

pos i t i ve regression coefficients were desirable s ince i n  these circums tances they 

all  made a pos i t ive contribution to the predict ion of production. 

I t  would be feasible therefore to use sampling t imes 7 or 1 2 ,  1 1  and 1 5  for esti­

mating protein production. The d i l emma arises, however, as to which value for 

constant and regression coefficient should be used s ince they vary considerably. 

COMPUTER CALCU LATED DATA 

Using the regression analyses made on all combinat ions of 4 variables based on 

the 9 sampling times which had been selected for their s ignifi cant contribution 
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to prediction i t  was determined that estimates of production based o n  the follo­

wing sampling times gave a standard error of estimate as follows : 

S. E. of estimate 

Jersey Friesian 

4, 7, 11 ,  16 4.9% 6.6% 

4, 6, 7, 16 5 . 1  6.9 

4, 6, 11 ,  16 5 .3  6 .7  

4, 7, 1 2, 16 5 .3  6 .4 

These results were based on the use of the combined (2 year) data for the Jersey 

group and similarly for the Friesian group. 

The partial regression coefficients differed for each group and were typically as 

follows : 
4 7 1 1  1 6  

Jersey 3.67 4 .73 6.19 5.08 

Friesian 4 .09 4.47 5.09 7.03 

4 7 1 2  1 6  
Jersey 4 .38 5 .29 3.91 6 .48 

Friesian 3.31 5 .23 6.98 5 .36 

The sampling time groupings above were the ones which were both, common to 

the Jersey and Friesian groups and, amongst those most highly ranked for lowest 

standard errors of estimate in each group. Combined (2 year) data were used 
since the regression coefficients so determined would be more generally appli­

cable than those determined for data from a single year of sampling, the conse­
quence of this was the higher standard errors of the estimates. 

Examination of the data for the individual groups studied showed that the follo­

wing sampling times gave the lowest standard errors of estimate for protein 

production. 

Jersey, Year 1 

Year 2 

both years 
Friesian, Year 1 

Year 2 

both years 

Sampling Period 

5, 8, 11, 12 

Standard error of estimate 

3.8% 

3, 7, 12, 

5, 7, 8, 

3, 4, 12, 

4, 7, 10, 

3, 4, 7, 

1 3, 15 

11,  12,  1 6  

16 

14, 16 

1 2, 15, 16 

2.9% 

4 .0°/o 

4 .7°/o 

5.4% 

5.5% 

With these small standard errors differences in ranking would not be expected 
to be serious. 

Using sampling times 4, 7, 11 ,  16 and the partial regression coefficients listed 

above, the extent of the ranking differences was examined using the Jersey 

sample herd data and the Friesian sample herd data. The individual cows were 
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ranked in the order o f  their  production as estimated on the pred iction basis  and 

on the fortnightly sample basis.  Th is simple ranking procedure was not entirely 

an adequate basis of comparison, s ince it tended to exaggerate small d ifferences 

in production. Therefore, within th is rank cows were grouped on the basis  of 

increments of 5°/o of mean produc tion. Thi s  procedure reduced the number of 

ranks from 29 to 11 for the J ersey sample herd and from 3 3  to 10 for the Friesian 

sample herd. With the J erseys, in no case was there a grea ter di fference than 

2 ranks and with only 3 cows was the ranking different by 2 be tween the two 

methods of ranking. With the Friesians one cow only d i ffered by 3 ranks, and 

6 cows d iffered by 2 ranks. In both cases, all the other cows ranked equally or 

d iffered by only 1 rank. It  is  thus qu i te possible and adequate to use the predicted 

data for cow selection purposes. 

Similarly using these sampling t imes and regression coefficients the predicted 

protein production was determ ined and the d ifferences from th a t  based on the 

fortn ightly analysis were : 

Jersey 
0.99°/o less 

J: ricsinn 
1 .07°/o less 

CR ITICISM 

1. One cri t icism of this  system is that  the milk from not a l l  cows in the herd can 

be sampled for examination at any one time s ince the cows normal ly  calve down 

over an ex tended period of t ime and this  wil l  entai l  repeated vis i ts to the herd 

to obtain samples w i th i n  the requi red periods post parturit ion for the indiv idual 

cows. 

To examine the effect o f  using a common sampling date rather than having to 

sample at repeated intervals, the J ersey sample herd data was used to pred ict  

production but  the date  on which the maximum number o f  cows were f irst  tes ted 

was used as the datum and all  cows were then tes ted on the same day i rrespective 

o f  the relationship th is  day had to their lactational progression. 1 0  cows out of  

the 29 were in this  way examined on the correct basis ,  a l l  o ther cows being 1 or 

more fortnightly periods out o f  l ine. The same regression coefficients were used. 

The e ffect o f  this procedure was to increase the standard error o f  the predicted 

value. 

I n  ranking 1 cow was 5 ranks out of place (approx.  20°/o error 

in pred ict ion) 

3 cows were 3 ranks out of place (approx. 1 3°/o error 

i n  pred iction) 

8 cows were 2 ranks out of place (approx. 9°/o error 

in pred iction) 

This may s t i l l  be adequately accura te for selection purposes. 
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An interesting sidelight was the effect o f  this modification on the prediction of 

herd production in that it gave an error of only 0 .74°/o, even less than that of the 

previous method .  

2 .  The base against which the predicted value is compared is i tself subject to a 

prediction error since the estimation of total production assumes only minor 

changes in milk composition and volume produced in any one fortnightly period. 

3.  The regression coefficients and the sampling periods selected to give best 

prediction varied with each of the four individual sets of data and with the 

grouped data, hence the ability to predict from data other than that on which 

the regression analyses were based may not be high. Nevertheless, the fact that 

both the grouped Friesian and grouped Jersey data indicated that the periods 

selected will enable a reasonably accurate prediction to be made, bearing in mind 

always that d ifferent regression coefficients are involved, suggests that produc­

tion of protein during these periods post parturition is fairly closely correlated 

with total production of protein. 

A major problem has been the pre-selection of data likely to give significantly 

useful results after computation of the partial regression coefficients. The Trap 

programme is a fairly lengthy one and each analysis has required an appreciable 

time. The first attempt at selection was based on using high correlations between 

total production and production at individual sampling times and low inter­

correlations between the latter, but this was not an adequate basis. The use of 

the t - value in the Trap programme was then examined and although this also 
was not entirely consistent the indications are that it will give the most econo­

mical way of determining which selection of periods will give the lowest standard 

error of estimate. The method is limited at the moment in that no more than ten 

values can be built into the matrix at any one time because of computer capacity. 

The selection on the t - value is based on the elimination of variables for which 

the t - value does not reach a predetermined level. I t  is considered that the pro­

gramme could be improved by modifying it to reject on the basis of the lowest t -
value and to test not against the t - value but against a predetermined number 

(say 3 or 4) of residual variables ( i . e.  selected sampling times) .  

A disadvantage of the t - value selection approach as against the simple permu­
tation series approach is that it is very much more d ifficult to select, as has been 
done in this study, sampling periods common to several groups of original data 

and having minimal standard errors for all data. Present indications are that 
progressive working through all possible permutations of, say, 3 or 4 variables, 
of the analytical data is still the most useful way of determining the best com­

bination of sampling periods when comparison between different sets of data 

are required for the selection of common features. 

Acknowledgement is made of financial assistance for this Study by the Depart­

ment of Scientific and Industrial research of New Zealand. 
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AND ITS COMPOSITION 
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The continually increasing interest in the 

constituents of cows• milk and also the economic importaace 

ot increasing the level of the concentrations of these 

constituents has resulted in an increasing consideration ot 

these factors in relation to animal husbandry . Besides 

interest in major constituents aad tat content,  consideration 

has also been given to the o ther milk constituents , in 

particular S . N . F . To do this it  is , therefore , necessary to 

carry out research on bulls and cows ; in the case of bulls ,  

into a determined number o f  female offspring , and with cowe, 

into individual performances during a lac tation . The precise 

lactation performance of a cow can only be de termined by 

daily weighings of the milk and its analysis .  Johanaaon 

( 1 942) describes this as the true performance ,  althousb 

subject to errors in weighing and analysis .  The determination 

of true performance is , however , not possible under praoti al 

condi tione because of the cost involved in the large nuaber 

ot milk samples that have to be investiga ted.  In the absence 

ot means o f  determining the precise values it is possible , 

however , to make use of  samplings at regular time interYala 

or o t  individual tests at pred termined times . The caloul te4 

performance· so obtained compared wi th the true perforaanoe 

gives a difference known as the sampling error . The eouroea 

of this error are to be found in the day-to-day variation• 1A 

milk yield and comp sition , as well as variations in the 

conditions o f  lac tation (Jobaneson,  1942 ) . The conflict 

between ( a ) keeping the number o f  test samples during 
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lac tation to a minimum and ( b )  the reliability and co8parative 

value of the results has stimulated research into the " aaapliDC 



error" . The sampling error resulting from sampling at 

predetermined time intervals has been discussed in r lation 

to work on milking performance .  

Whereas at the end o f  the century it was cona1dere4 

that weekly samples were sufficient , under the compulsion of 

the increasing number of cows to be examined it is now 

considered that 1 4 ,  21 or even 28-day intervals or eYen 

longer saapling time intervals should be used ( Bayley u . a . , 

1 952 ; Breirem, 1 933 ; Campo , 1952 ; Cianci ,  196); Czak6 u . a . , · 

1962 ; Deger , 1 935 1 Erb u.  Mitarb . ,  1 952 ; aartner , 1921 1 

Herweg,  1 91 1 ;  Johansson, 1942 ; Jordao u .a . , 1 948 ; Laupreoht , 

1950 ;  Meerpohl , 1941 ; Ringler , 19,7 ; Thompson , 1 962 ; Th a)son 

u . a . , 1960 1 Vogel , 1931 ;  Wendt,  1 9 1 3 ,  u . a . ) .  These vlews and 

opinions reached their climax in 1951 during the F . A . O .  

European Conference on the unification o f  methods o t  ailk 4 

fat testing in which it was stated that tests should be 

carried out at least at monthly intervals (Kruger, 1 958 ) . The 

working guide for performance testing states that the present 

day milk Jield tests should be carried out at 21 - 28 day 

intervals (Schaaf,  1 960) . Earlier workers also suggested 

that the protein and S . N . F .  could also be determined during 

these intervals ( O ' Connor u . Lipton , 1 960 ; Mouatgaard u .  

Neimann-S�rensen, 1 962 ; Senft , 1958 ; Tbompson , 1962 ; Thoapson 

u . a .  1 960) . In contrast to these recommendations in tbe case 

of bull and progeny testing stations , shorter interval• are 

recommended ( BrUggemann , e t  al .  1956, 1 958 ) . In auch station 

tests the dams are tested for milk yield and tat content 
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every day as well as for weekly tests ot protein . The prosea7 

testing station tor bulls in Denmark take testa of milk yields 

four tiaes a week and the fat content •ice a week, whereaa the 

protein content is tested every 1 4  daJa (Hanaen , et al . 1960, 

1 949/50 ) . 
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On the other band the German progear teatiac etatlon 

at Loga in East Friesla teats milk Jields and tat coateat 

twice a week aad protein and S . N .F.  oace a week (Barialt et al . 

1 9S6 , 19,S ) . 

A 41tfereat aetho4 tor ooatrol at 4etiaite tlae 

iaterval is the apo t te at control . 'l'hie aonaiata of two to 

ais predeterlliaed sampling tillea during the lactation period . 

Their · average value is said to be representative ot the whole 

performance . Although this method was suggested aaD1 yeara 

ago (Lemvigh , 1 9)4) , it is only since the last war that aaD7 

trials have been aade ot this method (Alexander u . Tapp , 19JOa 

Czak6 u .CINltaa , 1 961 ; Born, zit . aach Wltt u .Walter , 1959 J 

Jarrige u .Roaaetti , 19,7 1 Maauda u . Bigaki , 19S); Pjaaovaka7a, 
196.0 & Seatt , 19J8) . The 4isa4vaatage ot rigid pre4eteralae4 

testiag ttaea haa been avoided b7 the ae thod of Ew1z4a, et al .  

1957 . Thia aethod ooaaiata ot the uae ot a theoretical to..ala 

to calculate the actual value of lactation pertoraaace la 

relation to milk rield , based on apot testa taken at o nvealeat 

intervals . Thia method hae been teated by Krippl and Schuaaaa 

( 1959 ) J Stahl , Rasch aad Dorfling ( 1960) and von Vachil and 

fealik ( 196)) , an4 has been tested iD relation to tat coat at 

by the first two pairs of authora . The importance of the spot 

teat aampliag lies in obtainiDs a aelectioa baae baae4 oa 

breadth of data froa broad experience . The method ia alao 

sutticieatl1 precise to be applied tor prosear teats . rroa the 

maDJ poaa1�1lit1�• thia paper hae developed a spee1t1o aetho4 

for tlaia tn• of teatins . Siaoe the aoa t accurate perfor8aaoe 

4ata based on dailJ aaapliags aould not be obtained , uae has 

been aade ot week17 teste .  This tiae inter•al has been 

· aelea te4 because shorter iater•al• can hardly be ooaai4ere4 

oa economic grounda, 



Furthermore , a significant volume o t  literature has shown 

that good agreement can be obtained be tween weekly and dail7 

testing . 

( 1 )  Mate£ialg a9d Methods 

As a test herd , 29 complete and normal lactation. 

were studied from 1 4  days after calving for 17 German 

Friesian cow s .  'l'his is ba.sed on inveatigstions at the 

Insti tute ot Animal HusbandrJ and Dairying at the ltarl Mars 

Univerait7. S amples were taken at regular 7-daJ intervale 

for the determination of milk yields . Approxima tely 1 200 

samples were taken and these were also used to de termine the 

concentra tion of the milk constituents . 

Fat was de termined by Gerber method and protein b7 
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the Kofranyi me tho d .  Ash b y  usual metho ds . Lactose deteraine.4 

as N . F . E . equivalent by di fference and S . N . F .  also b7 

difference . 

For the samplings a t  defini t e  time intervals , sample 

times of 1 4 ,  21 , 28 ,  42 and 56 da7s ' duration were used . 'l'he 

sample days were taken in the middle of the respec tive time 

intervals . 'l'he milk yield of the to tal lactation period was 

cal culated by t aking the milk yield o f  the sample daye 

multiplying them by the length o f  the sample period and the 

milk yields so obtained were added together . In order to 

de termine the average content o f  A milk consti tuent , the 

percentage value from each or the sample s wa multiplied b7 

the milk yield . The total value s were then calculated for 

each full individual lac tation period . For random testet the 

following me thods were available � -



( a )  Samples a t  2, 6 and 10 months by the M thod 

of Czak6 and Csukas, 1 961 . 

( b )  Samples at 3 1  6 and 9 months b7 the Method 

of llorn ( see Witt and VJalter, 1 959) . 

( c ) Sample at 4 ,  5 and 6 months by the Method 

of Lemvig 1 9}4 . 

( d )  Sample s  at 2 ,  5 and 8 months by the M thod 

of Pj anovskaya 1960 . 

( e )  Samples at 50 , 1 50 ,  2 50  days b7 the Method 

of Senft 1958 .  

The preYiouely mentioned method of Kwizda et al . 1957 

was not applied to these investigAtions in it broader 

applica tion to fat content but was used only for the )00 or 

}05 day perforaance . Here , however , the perforaanoee durlna 

the a c tual duration o f  lac tation should be compared. The 

method selec ted was one which gave the average dail7 

performance from milk yields or the three testing d ya . The 

average percentage o f  the milk constituents were calculated 

trom the content on the three test days . Thee figures were 

obtained by addition and division by the average milk Jield 

performance .  

For methods o f  a - d above , t he test daJS lay in the 

middle of the corresponding months. 

Lac tation performances obtained by the different 

control me thods were compared with the performance determined 

at 7-day interYals .  These difference s are an expression o f  

the sampling error , the absolute and relative values for 

which are given below . (The absolute sampling error is 
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expressed as a percentage of the values obtained bJ the weeklJ 



sampling procedure ) .  These comparative data were obtained 

tor all 29 lactationa and could be compared ( by the method 

o f  C zak6 and Csukas ( a )  above ) with only 20 lactatio a 

containins 7-day s814plin�-:�s . The other 9 lactatioaa cou14 

not be eo par d because they had eaded before the middle of 

the 10th month. 
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( 2) Pertor!ABC!f by differest saeplipg method! 1p relatigp 

to th• aethods yae4 . 

In the applica tion o f  the chosen sampling me thods , 

lac tation performances were calculated and compared with the 

average o f  the methods used . The r sults are shown in Table 1 

and show that in seneral there is an !acrease of saaplins 

error wi th increasing length o f  the sampling period . Thia 

tendency , however , is not evident in all cases since low 

sampling errors were also found at long time interv le ,  Ia 
general , relative sampling errors are under 1� tor tiae 

interval s up to 28 d ays . whereas in te sts of p�riods of 42 

and 56 days this value is o ften exceeded . Comparison of the 

values o t  these errors with those obtaine d by o ther authors 

is not poasible because these were taken under vastl7 

different testing condi tions , namely daily camplinga , aonthl7 

samplings , or 305-da,- sampling& . The reeu.lt s o f  ran4-oa 

sampliag in general show greater sampling errors . Thia la 

par ticularly true with Lemvigh ' s  me thod ( ( c )  above ) ,  

probabl7 because during the tests in the middle of the 

lactation p e riod ( 4 , 5 and 6 months ) the lacta tion trends of 

the individual components were no t considered autt1eientl7 • 

The bost value s o f  the lacta tion performances are given 

obviously by the me thod o f  C zakb and C sukas ( me thod ( a )  

above ) ( 2 , 6 and 10 months ) and also that o f  Sentt ( ( e) above) 

at 50 , 1 50 , 250-day intervals . Both o f  the se me thods have the 



disadYantage that in the case ot shorter but otherwise normal 

lac tations no evaluation can be made . In thie case the 

random sample s  houlcl be taken from the middle ot tile 

lac ta tion period prior to the beginning ot the 10th onth , 

because o therwise it is necessary to extrapolate to th 10th 

month in these short lactations . The o ther two me tho4e have 

values of the sampling error lying int ermediate between the 

rest . I t  is concluded after comparisons of the average valuea 

of all the methods that when t sts are carried out at definite 

interval s a sampling time length of no t more than 28 days ia 

desirable . I t  inve s tigations are carried out on ver,r large 

population& bJ means of random sampling , the method ot Seatt 

with controls at 50 , 1 50 and 250 days appears to have 

advantages .  All these me thods do no t , however , tell ue eh 

about how the individual lac tations can be evalu ted by the 

different sampling methods since they are merely the average 

values of a number of la c t� tions . It is , there fore , necesaar,r 

to further investigate the sampling errors arising in thia 

2 0 G  

manner eo that they may be applied to the classification ot an 

individual animal , e . g . to the dam o f  a bull. 

( 3) Calculated performance of ip.dividual lac tatiope ob\!iaecl 

Rz different sa.m2lip6 method�. 

The individual lactation& were evaluated by th 

different sa.mplina methods in the same way as th average 

performancea for the total material had been determined . The 

value of the inclividu.al sampling errore were determiDed.. The 

de termining of the absolute sampling errors was in this case 

omitted since some methods give either over or under valuation 

o f  these errors .  The sampling errors were considered in 

relation to their standard deviations . The sampling err ra 

using individual lac ta tion data show somewhat higher results 



than with the bulked dat a ,  but in most cases the relative 

errors s till lie under 1% for 28-day intervals , although 

the random sampling method s on the whole show higher errors. 

The relatively small sampling errore obtained by the methode 

of Czak6 , Ceukas and S enft do not show up to the saae xteat 

as previouely . In this connection the standard deviation 18 

a reflec tion o f  the fluc tuation o f  the individual eaaplins 

errore and is particularly interesting . With increaaiac 

sampling time intervals the standard deviation wa usuall7 

greater - this shows that when there is a long period betwe n 

tests the results lose certaintr . When sampling tiaee are 

lees than 28 dare . the standard deviations for the milk 

constituent values lies under 2% .  I t  may further be ob erved 

that in contrast to the fat content the erro r e obtained wltb 

the pro tein e stima tes show considerably smaller catter. The 

random sampling methods show a eigaificantlr greater scatter 

than those obtained using definite sampling intervala.  With 

such random sampling me thods the que s tion o f  error must be 

taken into considern tion much more frequently than whea tlxed 

interval tests are used . This s tatement underlines the 

sampling errors shown for the individual components aDd 

demonstrates the very evident truth that in none o f  these 

me thods are low value s  to be found for all component• 

toge ther , and o the xtent o f  the standard deviation .ust be 

allowed for .  The fluc tuations in the sampling error which 

2 0 'j 

have been shown to be A function o f  the method used r iaea the 

interesting que stions a.e to what e ffec t  the eaJDpling error has 

on individual componen ts . For the inves tigation o t  thia 

problem the distribution can be de termined , whic h  under noraal 

conditions would apply to 99 . 73% of  the cases . (The values 

- + -
will be between x - }S where x is average value and S • 

standard deviation ) . By using the average values tor the 
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sampling errore these limiting values were calculated for the 

above methods.  These have been worked out tor the partlcularlr 

interesting data of milk yield ,  fat and protein , and are ahown 

in Figure 1 .  The other milk constituents gave a different 

picture and have been left out . Even a casual glance wlll 

show that wi th tests taken at fixed intervals the control 

errors are low, The range of these errors increases 1D 

relation to milk yield and fat content with increas1Ds 

intervals b tween sampling times . Such differences are less 

apparent in the case of pro tein content , where the span of 

error is less . If one accepts a maximum error range of ! 1� 

this will no t be exceeded in the case of  milk yield 

determina tion& tor sampling time intervals up to 28 days an4 

will not be exceeded tor fat content determin tiona up to 

sampling time interv�l s of 42 days and will no t be exceeded 

in the case o f  protein up to 56 days. 

In the case of random sampling there are considerable 

variations from the average value o f  the samplins error . A 

maximum range o f  error of ! 10% is in all cases exce 4ed , 

though in the case of protein only on the negative ide . In 

the field of animal husbandry it is o ften of iaportance to 

obtain an idea of the quality of the animal and to clasatfr 

animal& in ranked order and hence separat good beast froa 

those or lower quality . I n  so far as this was possible with 

the 41fterent sampling method s ,  it was applied to the above 

material . The performances for llilk yields and lllilk 

constituents determined by weekl7 samples were used to obtain 

a ranking ot the lac tation& . These ranks were used to compare 

the sampling . e thods . In o rder to obtain the numerical value 

tor the agreement between the ranking o r  weekly samples the 

rank correlation coefficients were determined . Th se are 
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shown in Table 3 and show tha t  samples taken at definite tiae 

intervRls give a better indication of the animals behaviour 

than random sampling me thods .  Also the uncertainty o f  the 

ranking is increased aa the control time interval is increased . 

I t  is further no teworthy tha t  in the caee o f  the coefficients 

tor milk yields and t he moro important constituen t s ,  fat and 

protein , these coe fficients always lie above +0 e 9 ' and , 

there fore , give a rela tively good means o f  classifying the 

individual performancee . Also the rank correla tion 

coefficients of the S . N . F .  are rela tively high , whereas those 

for Lac tose and Ash become smaller . Sampling intervals up to 

28 days show furthermore tha t they are satisfactory in 

particular for the tat and protein content . The soaewhat 

smaller coefficients tor random sampling me thods signif7 that 

these me thods frequently give deviations from the correct r Dk 

order and hence a false evalu� tion can be attached for 

individual lac ta tions . 

I t  has not ye t been possible to establish a "best" 

me thod for high coe ffic ient s  for all component s .  

I n  the ranking of individual lac ta tion& a significant 

factor has been established . I t  was shown tha t in the case o f  

samples taken at definite intervals the best and the worst 

lac ta tione were found mostly at th top and -bOt t� of the 

ranked series . In the ran1. e of the middle ranks there were 

o ften frequent devia tions fron1 the correct rank order . In the 

c a s e  of random sampling me thod s  this phenomenon was lee 

obvious , although errors in classification also occurre4 here 

in the top and bottom ranks , e . t� · All these observa tions are 

shown in Table 4 where ranking in order of fat content ia given . 

I t  can clearly be seen tha t  in the c � se of teste taken at  



prede termined interVt'lls  it is possible to determine the 

extremes more satisfac torily than by utilisa tion o t  random 

sampling controls . The relatively good results obtained tor 

the ra t content of 2 ,  6 and 1 0  mon th intervals by the method 

o f  C zRk6 and C sukas , do not show up in the same way tor the 

o ther components . 

The testing of indiv idual sampling me thods in 

relation to individua.l lac tation& has again e stablish d the 

already obse rved facts that control interv�ls of up to 28 

days give reliable results . Longer intervals and also the use 

ot random sampling methods lead , however , more trequentl7 to 

errors which produc e unreliable results in the classifica tion 

of performances for selec tion work . In the case o f  random 

sampling methods it wa s not possible to determine an7 one 

me thod which gave bet ter results than any o ther tor the 

components which were inves tigated . 

Conclusion 

For the selec tion purposes it is o f  very great 

importance to establish the performance of the most important 

dome stic animals such as bulls and their dams . The basis ot 

such determina tions are teste in which it is desired to obtain 

precise performance data at the lowest possible cost . There 

is , there fore ,  a general tendency to reduce as tar as possible 

the number ot sampline;s . This c an be done by increasing the 

interval between sampling where a me thod of fixed interval 

samplings is used . Alternatively rendom sampling me thods aaJ 

b used at de finite time int ervals during a lac tation . In 

this lat ter case it is impor tan t that the reliability o f  the 

da ta shall not be unduly in que stion . 

In these investigations it has been shown that in the 
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determina tion of milk yields and milk composi tion , testa at 

intervals o f 28 days produce the most reliable re�ults . 

Longer sampling intervals and also the random sampling 

methods in their di fferent combinations lead trequentl7 to 

errors . Their application i s ,  therefore , somewhat limite4 .  

The use of these methods has been in the field of the 

evaluation of animals in animal husbandry ( daughter-mother 

regresaion , etc . ) and in population gene tic s .  These e thoda 

ha•e also been used by o ther autho rs ( Ashton , 1 956 l Bayle7 

u . a . , 1 952 ; Carr6u U o a . ,  1959 ; Castle u . Searle , 1 961 ; 

O ' Connor U o Lipton , 1 960 ; Erb u . a . , 1956 ; u . a . ) .  By these 

means it ie possible to compare the expected devia tion• and 

the actual errors . For this problem, however , further 

investi ga tions are necessary . For the testing of bulls aD4 

progeny a t  stations these me thods do not provide quite the 

quality of results which are claimed to be required . In suob 

cases sampling intervals o f  not more than 23 days .uet be 
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used . The7 then allow a significantly accurate evaluation of 

perfo rmance to be mnde for a cross sec tion of animals as well 

as for a relatively exact evaluation of individual performances. 

When testing individual bulls , not only must the average 

performance data be recorded but also the persistence and 

course of the lac tation curves , and also the correlation• , an4 

then shorter time intervals are preferred o For 28-daJ 

intervals only 10- 1 1  controls for a normal lactation are used 

and , as a consequence , no outstanding accuracy ie claimed for 

these investigations . For the determination of an average 

tor a group of animals a greater number of tests gi•e• a 

higher accura cy so that in this case 28-day intervals are 

sufficient . 

In relation to samples taken a t  de finite time int rvala 



it is important , particularly iD the case ot milk Jield tests , 

to take care that the sample day lies in the middle o t  the 

corresponding sample period ( Campo , 1 952 ; Erb , u . a .  1 952 u .  
1 956 1 Johansson , 1 942 ; Laben u . a .  1 956 ; Vogel , 1 9,2 1 Weadt , 

1 9 1 3 ,  u . a . ) . Transformation to fewer days does not tbereb7 

affect the resul ts ( Dick, 1 950; Thompeon & Mitarb , 1 960) . 

Ashton 1956 has suggested that the length of the sample day 

should be 24 hours for milk yield tests.  Inc rea sing the 

s pling time to 48 hours improves the precision ot the 

results to only a slight degre e or no t at all . ( Ashton, 1 956 ; 

Camp , 1 952 ; Nagy, 1963 ; Vogel , 1931 ) .  Furthermore , a saaplinc 

time o f  96 hours reduces the error by less than 1� tor milk 

yields and tor fat content by less than 2% ( Erb e t al . 1952) . 

On this basis it does not appear necessary to make the 
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testing day greater than 24 hours . A frequently diecuseed 
problem now remains , that is the timing of the beginning and 
end of the tests in relation to the complete lactation per1o.4 . 

This problem and these que stions are to be further inYestigate4 

in a la ter stu4T . 



TABU 1 

Mttk rtettt/hctattea Ht Uc rtet4/.., rat � PNtetn � Sitar �  Alb I S.N. f.l 
._, .... .,.,. s Ung wrer '-' t��g .,.,., S.U111 rrer s.,u.., .,.,.r s.,u" '""' s.,u.., tl'f'Or 

• .. rtlat. .. 

.... rtttt. • 
.. rtlat. 

• .. rtltt. • 
.... rtlat. 

• .... relat. 
• 

. ... Ntat. 
I I I I I I • I (kg) (kg) ,., (let) (let) (I) ''·� ,., (P.� (I) (S.� (� ( A.�) (S) ( Stl S) (� 

7.01J·I...,al Z9 4669,7 1J..J 3.0 .J.J1 4.74 0.77 t.oo 

1W11•1 dtrt�l 8 46'JO,O .O.J !o 1S.J !o !o ).IJ !o !o J.SZ ..0.01 .0. 28 4..7� !o !o 0. 77 !o !o 9.01 +0.01 .0. 1 1  

2t�l .nt�at 29 4673,4 .J.7 ·0.· 15.1 !o :0 J.U !o !a J.n .0.01 .o. 4..73 .0.01 ..o. n 0.77 !o to 9.01 .o.ot .o. u 

28-811·1 .. �., 29 t6l0., .o.t 402 1S. Z -4. 1 .0.7S J.I.J !o !o .J.f) .0.02 .o.n 4.74 � •o 0.77 to !o t.oz .0.02 .o. u 

41-011·1 """'' 29 4680,0 + 10.J .0. 22  "· ' .o.z ·.t.Jt J.IS .0.02 .O.J2 :J.JJ .0.02 .0.57 4..10 -o.o, .0.14 0.15 .o.u ·2.60 9.00 :0 !o 
16-DIJ ltttrWl 2t �.J •16.1 .0.)6 11.2 ..0.1 .0.3 J.IJ !o • 

J.Jl .0.06 •'· "  4. ll  +0.01 .a. rt  0.76 .o.ot ·1.30 t.G6 .0.06 .0.67 

1. • 6. • 10. .... zo ,.., ... , .... ).91 .O.OJ .... ., J.JO ..o.o• .o. a 4. n  .o.oz .o..-o 0.71 !o :0 9. I .O.OJ .o.JO 
'- • 4 +  ........ " ,._, .... , ifo\. • '·" .0.04 ·1.04 ; ,.,., ..0. • . ·'· " "'" ..O.OJ .o.o 0.16 ..O.Ot •••• '·" .0.01 .0. 1 1  

' . .. . ........ If 16.7 •'·' .•. , ).JJ ..o.• ·"·" J.J4 .o. n ..... .. , .o.ot •O. It  0.14 .o.OJ .., .• 1.16 .0. 14 ·'·" 
L • J. • ....... If 16.1 ... , .. t.U ,_., .... -t09 .. ., ..o. t .... 4-'lt • 04 .0.14 O.'lt .0.01 ·1. JO ... .0.01 ..O.N 

JO...tJO.. 88. • ••• ' .s. u '·'' ..o.oa .0.11 J.47 .0.14 ·'· '· '-" .0.01 ..o.rt o.n to to .. ,., .o.OJ .O.JJ 
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""" rttld ltttt Jftl4 Fat Prttttll Sugar .... S.N.F. 

kt/lact.tt• .. ,. • � % s � 
• 1 I i i • 

I • 
... i I • _ .. I _._ I _I I I ' 

14-Day-lattr.al • o.oa '·" • 0.14 1.63 + 0. 12  1. 15 • 0. 17 o.as + 0.09 O.tl • 0. 42 1. 45 . o.oz 0. 14 

l1·DIJ-1 nterval + o.os 1 .60 · 0. 21 '· 71 + G.OJ 1.72 • o.n 0. 89  • 0. 14 1.57 + 0.62 1. 7Z + 0. 1 %  0.80 

28-0.IIIttrnl . o. n I. Of · O.J4 ,. .,  • O.OJ 1.16 • 0.17 1. 45 • 0. 21  '·" • 0.97 1.60 • 0. 16 1. 20 

42-0ay-l ntt"al t O.OJ J.U . '·" '-" • O.A .... • 0.74 1.44 • 0.69 tJO t 0.71 2. 35 • o. oz 1. 1J 

56-DIJ·IIlttt'Vtl • o.sz 3.54 + O. J1 s.u • 0. 28  J.n • 1.6J 1. 40 • 0.6! .s. n + O.O.J 2. 14 + O.ll 2. 14 

__ _.... 

2. + 6.  • 10. ...... - 0.15 U.tl • 1.� '-JJ - 1.JO J. H . o. oo 4.J3 ! 0 5.JJ + O.OJ 2. 19 

J • •  6. • '· """ • J. 10 u • •  • 1. 10 7. 1J • 1.17 J.U • 0.90 "·" • 1. J1 J. " t 0. 21 1.86 
4. • '· • 6. ...... . '·" '· · • 6.34 l.JI • s.u 4.86 • 0.90 3.00 • 1. 24 &.t! • 1.69 2. 24  

z. + J • • .. .... t10.54 .... • 1.0) 4-Jt • J.OJ 1. &4 • t.u 4. tt + 0. 21  J.t1 . ... J.ll 

so. • tJO. • ao. o., • J.IO tr." • 0.07 6-Jt • 0.97 l.f7 • 0.6t J.47 • 0.21 J.OI • a. n 1.49 
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Agedh : l(dmNtttn (J) 
,.,bU lbtd obitmd dlta on tht effect of ROft.diHy lhort htttr¥al ._u ... 

on the accuracy of at lk rteld aad bltterfat y1tld eatt1at� 

ttut .. perctfttatt dtfftrtnet bet wen actual 1f lk yteld proclactten Md 11tt1lttd ,...otiot 
uattg l*'itdtc IIIPUII ( baatd tn part Oft Cartt- et at. ) .  
--· 

Author Mo.of lactatfone Supltao ff'tqUtftCJ -
1 •• ,, ctar• Z1 41rt JO .,. 

Harcq & Lahaye• J S. 93 t.'Jf 

HarttDJ' 7.JS 
Stidtl' 14. 68 17.93 

Gurt�ter• 11 

l apliUd et al. • 10 8. 1 

llit4eftltia 11. 1 
LIUP"Cht' 252 .a. z tt .a.4 
Porzco• 105 13,S9 15. 75 14. 12 28.5 

Athttlt 1.47 te 3.9 Z. S to 9.S 4.69 te t.9J 

........ .00 .s to •' : 1 -11 ta ·7 -11 tt •" 

o.,., 89 !to ! 10 
Athtta 1S4 !4 
Zom• 1 19 !10 -12 te +12.1 
Jehlftlllft !3.6 

.. 
-s. 4 !6.6 !7.1 

CIIPhell u.e • 
-3.} !s. 1 !n.z  

HcOo•tt• 8,) 
HcCarthr no ! '·' 

Otck u !z.t !},6 ! 7. 2 

JthlltiiOD SUMa, !..J.O !4,.9 !7. 2 ! '· '  

( N . m� ( H • J21) ( N • 1)9) ( I  • 111 ) 

Chnct !4. 0 

Fhttag et al. !8.7 !9,9  !12.0 

ThOIIIPIOJI tt at. 
• 
• 7.2 

Mnn 6,} 8,0 10.J  12. 1  
( N  • 12 ) ( N • 12 ) ( I  • 9 )  (If • 1J ) 

s.o. 4..J 4.3 3.6 6. 2 

N • I'NIIIber of obaervaUent on lhtch data wre baaed 
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....... J)tf'Ctttbtt 4tfftrtnCe btttJetJ aetuat butttrfat rtelcf lld •• u .. tt4 ........ 
utt"f pertodtc ._, tao. 

lutltor Re. tf Lactatl111 
-

1 -· 

Haroq ' llbaJt• 5. 11 

Marttnr• 

LIJliiCI et at. • 

IIIUatlft I Hate• "· ' 

flft"111Jt•• 

MIDIIItl' 

L•prteht• 82 

..... tt to J. ! 
, ... 100 

C���tbtll 11.8 te.o 

...... 
• 
·S. 1 

.... S.4 

( N • 4 )  

s.. o. z.o 

• Cfttd bJ C.,. et al. 

S.,lflt ""'..., 

1J dap 21 •• 

'·' 

'·' 

U.7 

6,1 

4.6 to 6.6 

!u.7 

• 
. '·' ! 8.4 

I.J a.t 

( . .  ' ) ( I • I )  

Z.t ... 

JO .,. 

'·' 

'·' 
10. 4 

.. , 

•''-' t• ·"·' 

'·' to 10.4 

•12 te ·11 
.:tt.4 

!9.6 

!t.t 

tZ.O 

<• • t )  

4.J 
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tllflt •Jtt tf• tt bt to M-.lr ..,.ldtd ttth tltt tetal ,.._._ tUt tltt 

et•4ard .,.., " lit Nttaatt ••••• •tr•lr .ut • ._,. tt• u •• -.t 11n. lilt 
thta ... tt• ta ut 102, al� Jut u htthLr ooml•ttd. "" • MWW 

atMdard .,..,. of tbe eattaate. St1Uarlr to Ctlbthttll tf tbl aapttng tt.. 
UMttiOd 9M • atmou Md coutn.t pattn tf btgh pre4tctton. 

2 2 2  



2 2 3  

......... 19§7/JI ( Stt 101) 

S.UII S.L tf 
Ptrttal ._.... cttfftettllt tilll Esttutt 

l:l:l r ( TOT) ; ( Jlf) f, I bJl;IJI a.,.:u bya: la •',:a. 
6:10:tJ 0.79 O.J9 s.o 4.94 4. 411 5. 175 '·"' ·" 
6 : 1 1 : 15 .u .67 4. 2  4.88 J. UJ ••• L7Jf • 

6: 12: tS . 11 .6S 5. 2 6. 32 J.GU 6. 711 5.4JO ... 
6:10:16 .10 • st 4. 4.86 4.061 . '· t.J) 7.G8t •• 

6: 1 1 : 16 ·" .10 4.3 4.98 J.m t.JJS z.w ·" 

6:1Z: 16 .8! .69 S.J 6.34 J. ZSO f.Jll f.ttt ... 
7:10s1J .19 ·'' 4.9 4.8J S. 1ll 4..J09 &.tat •• 

7:U J1J ·" .67 J.J J.U J •• .., J •• tO.I'It .tJ 
7; 12:15 ·" ·" ,, '·" 4.J1J J.JJJ J.7JJ •• 
7:10: 16 .eo ·" ... 4.lt 5. 127 ·'-'* 7.9¥ .at 
7: 1 1 : 16 .84 .68 4.1 4.69 4.JJ1 7. 110 4. 1'11 ·" 

7;12: 16 .81 • 66 ... s. a J.OJ9 4.104 6.m .17 

7: th12  .86 .7J 4. 0  ed 2. 694 8. 1U J.701 .91 

7: 12  .83 .74 5.8 Id s.on •• • • •• 

11 • 92 • 2.8 ad 14.051 • • ·" 

12 .81 • 6.4 ftd 1 1. J46 • .. ·" 

......., t9se/5t < s.t 10e 

6: 10:tS 0.80 0.61 4. 2  J.98 o.ou 7.647 t.an O.tt 

6: u, ts .IJ .64 4.1 2.74 1.90J t.094 t.92t ••• 
6: 11:15 .IJ .64 .. , l.lt 2.840 t.¥1 S�BI .tt 

6 J 10 : 16 . n  ·" '·' 4.10 z. at 7. 171 '·"' .17 

6 : 1ht6 • 19 .16 s.o J. 10 2.991 ••• 4. 111 ·" 

6:12: 16 . 79  .sz " '  2.6J '·''" 10. 1Jl '-"1 ·" 
7:10:tJ .84 ·" 4. 2  4.01 0.694 7.om ..... .tt 
7&11 : 11 .86 . 72 4.) '·· 2. &  1.6JI 6.606 .tJ 

7:12: 1J .86 .74 4.8 '·'' 2. 610 1.516 �tl1 • 

7:10:16 .eo .62 s.s J • .Jt '·"' 1.m 6. 250 . 17 

7: t1 : 16 . u  . 61  s.o J.BO t7D 10. 171 5.JTI ·" 
7 :12: 16 . 12 .6S 4. 9  3.94 2. 459 10. '10J '·"' .to 

7:11 : 1 2  • .80 4.4 ad 1. 100 7.8tJ •. ,. .tt 

1: •2 .86 . 76 S.7 nd 2. 724 tJ. tJZ • ·" 

1 1  . 92 6.0 nd t5.J93 • • ... 
12  • 92 • 6.0 .. 16. 176 • • ... 



- - - - ----

2 2 4  

FrtlltM 19fl/J8 ( Stt 10J) 

Supltlf S.£. tf 
tt• &ttaatt Parttat ,...., .. cettftot•ta 

l:aut ; {TOT) ; ( tNY) ' I blh• bpda bp:tl /,zl• 

6: 10 : 15 0.10 0. 53 7. 1 7.40 6.68 1. 184 7. Ut o.n 
6:  1 1 : 1S . 70  .56 7 1 1. 21 6.993 ton f.901 ·"' 
6: 12:15 .74 ·" . 6. 1 5.00 S.821 "·"' J.dl .11 
6: 10:16 • 71 .sa 7.0 7.69 1.JOZ • o.Ht 1.7JI ·"' 
6:1 1 : 16 . '10  . 49 6.6 6.00 '-'" J. a 6.317 •• 
6:11:16 · " .J4 4.0 .... s.ns 6.JH J.MD ·'' 
7:10:1f .'10 ·" 7. ! J.U 9. tJJ ...... 7.164 .lJ 

7: 1 h tf . lO  . 60  7.4 5.54 9.J88 -1.651 t.N .u 
7:12:11 • n ·" 6.5 '· '' 7. 1S1 7.JOI 4;,0Jt •• 
7: 10: 16 .71 ·" •• t 7.96 8. 1 16 O.J71 6.JJ7 ·" 
7: 1 1 : 16 . 70  · "  9. 1 10. 1.7 1Z. tOO .t.OJJ O. U t ·" 
7:12:16 .'IJ .60 6.6 J. n 6. 100 9. J49 J. r.t .n 
7: 1 1 : 1 2  . »  .6J 6.1 d 7. t80 ·'· no 1LD6U :n 
12  .78 . ... 8.1 ad 16. 109  • ·'' 

16 • 69 • 10.4 Ad 12.J6J • • .44 

Ftftttu 19SI/5t (set 1� 

6: 10 : 15 0. 86 0.18 7. 2 1. 8 J.no 10 •• J.417 O.tt 

6: 1 1 :U .81 .79 7. J O..JO J.ZOO 12.8 J.04t _ .. 
6:1Z:1S . u  .76 7.J 1.82 J.IUf 8.JJ4 6.0J6 ·" 

6: 10:16 .86 ·" 6. 2  .0.7J t76J tl. IZ1 4. 118  ·" 
6: 1 h 16 .86 ·" 7. 2 o.OJ 4.JJ8 10 • ., •••• • 

6: 12s 16 ... .71 1.1 1.62 6. 465  6.6JJ 6. 494 .81 

7:10:& .86 .n 6.7 1. 18 J.tZI 1Z. 1JI '·"' .tO 
7:1 1  : 1J .16 .n 8. 1 o. u 3.550 t�G tl.tlO •• 

7: 1t:1S .84 , 74 7.6 2. 97 4.632 9.012 ,.,.,, .. , 
1: 10 : 16 .as ,69 6. 2 1,02 4.5JJ 10.7U s. m .91 

7: 1 1 : 16 .as . 72 '-l 0.46 4. .5'3 u.m 4.9D .90 
1:12: 16 .IJ ·" 7.S 2.80 5.812 7. 892 J.t.J7 •• 
7; 1 1 : 12 .86 . 71  6. J  nd 4.325 ,,, 1J.06'f ·'' 
1 2  .86 • 8.4 ad l1.96S • • ... 
1 6  ... • 1 1. 4  Id 16. 221 • • .71 



2 2 ti  

lttgralltOft Cllffto1•te ud atlft4lant emn If eattllte fw llliCW ....,,. tl ._. ... 
tt• Uill data ,...ated bJ ,..,.. ratlttr ._ bt ........, 

S.Utt 
t•-

l :a:a ; non ; ( t  lt!) 

7: 11 :12 0.80 0.6t 

1:n:1s • n ·" 

7: 1 2:1S .11 ,.61 
10:1 1 : 11 . 18  .69 

7 : 1h1Z 0.81 0.74 
1t 1hU . 86  

7: 12:11 •• 

to:1 1 : 12 .90 .n 

S.£ • ., 
bttut• 

6.8 

7.0 

6.J 

8. !  

f. I 

6.8 

7. 2 

7.4 

Partht ...... _,ttt..ta 

• larh• .... .. .,.,ll 0 ,. 

,.., s.an 

Z. IIJ 
1.UO 

t.m 

Id '· oz n • .,, 

• 4,. 1)0  '·· 

ad 6.J07 9.445 

4,904 

'·"' 

.. ' 

·"' 

:n 

O.M 

.., 

.u 

.n 



!IIBGI D (t) 
£ettaUon of relatt8111btp bet .. dtUIJII t1 comlatiOA tt teta lft•tt• ., 
chlnGel to tfttnorrtlatt lftd lie tffect on tbt ltMdard .,.. of till ttttatt.. 

•• ., let • ceebtotttOit tf Mta, .,....., tarttVt M�Midt• tf ..,u., t-. . 

... .. ... at•dard '"" tf tht ..tt .. t .. .. dtff ....... ..... .. , ... ,., ; t 181) 

Md ;. ( Un)  ftr tiCta OOibflltl• tf IIIPllllt tliM .. . t .. tflflf - th ftlllltlf 

Nlatilllhtp - ..tlblhlltd ...... .,.,,.... ·-�-

r < 111') • '·" ; < ron • t60 u� ..,..,. ,, .. u •• o.Jt .,.,., 

'lbt wal• et thfe retatt ... tp U• ta tM •-••••lit tt ....,,, ta.,...t ft at 
abttttr tt •lilt dtta IMt t Uttr te otn tilt beat llftdtctt• •att-. ...,. tt. 

fllrtt •• ..,utct te • ..ttret' ,_. lit of dtta bae •t bill .... •4 .......... 
the Cll'f't&att• Mfftctllt matt11 tht ••• •• ; t J01) 1111 .... •• ; ( tffl) • _., 
o.6J _. .. the ....,.. w .. ,, ...,..,, ,.,...t... .......... •. tilt Nlett• 

tapertMCt tf ibt tffllt tf chaiD• t1 ._ valutl ta ullfut, ..... • ,.,.,. ., F ( tot)  
bJ O.Ot II U  IIIINt&J .. u f.,..td prtdtott• pt�Vtdtd ; ( I Hf)  '- .e at. fllf'l_, 
., aboclt o. 04. 

2 2 G 



YNea.l ( I)  

...,._.,. CllfflctiMt Mtt thtf r  ,....,... ..,... of tdtlltt ftt IIIIP&flll ttaea ,..,_, 
aa Olntrtbutlnt tttntftolntlr tt tbt ll'fdlctt• tf ,....tton ea ,_,..., datl .,.  
ft'OD•Nd bt TIAP iftC  ..... 

; Stltotld fNa IIDPUat tt• catdertd Uktlr tt . .• ., ..... . ..... ., at calcu,ation • 

� AU (Witdl. 
ltJul.! : All tMt pertodl. 
!iiM t :  ..... ··- ....... 

, ... . , ... 4,6,7,10, 11 ,12, 1 4,1f,t6 .... � 

ft Grouts I 11d J ftr tMia Mt.. � tit W Mt. 

2 2 '/ 

111111 •  S.,U119 tt• 1tl1Cttd ta ....., 4 for lit 181 .,.. ttttM fw lit 102 .. wt11 
""" 1111 atlt lartr ,.,. lite 1QJ ad 104. 

are. t  

W IG.  Sllplfnt t1• S.E. of 1111h• •:tnp •'- 11nu&. ..,. "' 
- 'd!attv - -

� 
101 4:7: 11 : 16  J.8 2. 4.98 6.01 6.12 
t02 ,�16:7: 1 2;14 Z.f 2.59 Z.86 '-" s .. e7 6.8 
1GJ 4t6:1Z:t6 5.6 z.n 4.42 6.9J '·'" 
,. ':7:10:14: 16 5.4 J. 14 2.f61 6.98 J.JO J.87 

tOt/10! 4:6:7: 1t:U: t6  4.J z. u  Z.6J J.62 '·"' .. , I. 
1QJ/104 4t6:7t 12214:t6 J.t t.GS 2. 19  J. Z! s.e .s.• , .• 

....,, , 
101 Js7;th1J ... ., S.J6 J.Jl 6.n J. 'IO 
101 J:7J 1 1 z 1J z 1J '·' '-" Z. t8  ' "  '·" '·" UD J:7:1J f.J s. ttc 6. 1 1  8.6J 
104 t :S : 1 t : 1J 6. 2 L'D J. " 7.tJ 6.J7 

J 

t01 't s10z 12:16 4. 1  2.64 S.ll Z.64 J. 6. 27 
102 2:4t 12J16 :J.4 J.SO 1. 99 '·" " "  
tOS 4:6: !2:16 J.6 2.17 4.42 6.95 1.J1 
104 4: :10: 14: 16 5.6 l.OO 3.49 5.49 4.76 \.JO 

hit 4 

101 f:8:t 1 :1Z J.8 4.S8 S.OJ 5.96 J.J6 f02 JzJ: 11: 1JJ tS a.t J.'IO 1.86 7.06 J.67 ,.,, 
"' J :4:12: t6 4.7 4.B '·" 5.81 9.30 104 5 : 10 : 16 '·' '·" '·" 5. §4 

...., , 

101 2t7: 1 t : 12 ... J.ts 4. 24  7.0J J.S6 tOJ 1: 10:12: tJ 4.0 '·" S.46 s. to 6.65 
tOJ 1 :4: 11 :16 6.0 , , 2. 10 '·" .. , 
104 4:7: 12:15 6. 4  .. ., 2.94 7.01 '·" 
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IPWdl• & Ut  ( � 
Attatt•t· bttMI 1t1 YllUU •f vartabltt and the ltandft ""' tf  a.t tlttJttt. 

Uellg tlte ttlbtlld data for Mta 101 IM 102 Md -.ttiJ tt• J,$,7,1t,1J, • 
.....,.. .. If • lt..-cl enw tf tttfedt and tM -t• tilt fl tilt -.tt111 tW. 
retafttd abt• that •betttuti• of IUPUIO tt111 tttft te 't' vtLHI ftr "" 
hfgbtr 1t1 values aeaeriUJ NIUlted ta fHI'tltf at..w4 .,..,,. of 11ttaat� 

Sapling tt• •t• value SIIPUIO tt• 

) I.J4 

4 LU ' ' 1 ' 7 

7 ' " 7 7 11 t1 11 

11 '" 1 1  n 14 " 1J 
14 1.51 14 15 1J 

!S '-" 

flitlft •t• val• ba.- • •t• valutl ltltM '· " J.U '·" J.IO J.JJ 

S. E. tl Edtute 4.¥ ... , ,, '·' J. 4 S.l 

11at tN4 fl t reast��g stMdarcl .,.. tf ..ttlltt wtttt ltw .. 't1 ft •• 
ai.'Pif"'Dt lilt .t c•1 tt•t. 

2 2 9  

An ... t .. ttoa ta tftUII' Unea tf tbt etlbtltd utt ftr ut 101/101. o,_, t lhfll 
tbt .. tftH. 

SalpUDt ttate •t• ''"' SllpUq tt• 

4 1.94 

' J. tZ 6 ' 6 4 4 ' ' ' 4 ' 7 

7 4. 21  7 7 7 7 ' ' 1 1  ' • " 11 

u ... 14 11 11 11 tt 7 t 1  14 7 " t4 " 

'' LJI 14 14 " 16 16 " t6 n ,, 

" 1. 1t 

,... •t• vatlt ...., .. •t• '· " J. 42 J.U J.Jl J. 11  '· '' 1.96 J.IO 3. 10 J.f1 J.h 
vatw l tatM 

S. E. If Ettfaatt '-_n 4.6 4.7 4.89 4.94 s. t S. 1 f.J J.) '·' J. J2 '·' 

llftb tilt• uttu ctt•rd .. ftOt etrtcttr '" .,..,. tf t•re•t11 •t• ,., ..... .., •. 
tbt tdlt ltlltdlrd trrtr ...... attd lttb .. u .. ..... 4.6,7,1 1  .. WDU&d ltavt .... .. t ... 
lateractt• btt_. todtvt•et ..,uno tt111 ta  tbvtoutlJ •Hecttt�� tht Mltctl& 

1 
" 

14 

16 

J.D 

s. • 



.IIIIISIU < b) ( 1) 
Dlrttltt• tf nt• ftr oorrtatd Ml tf ,.•et• -.4 llft'tttt6 .. tf IQIItr• uttl to Ct�P�tt the ,......toa eotfftctuta fw ...,u tt• """cl aa ftU ... a• 

6 IIHf J• 10,1 1  IM 111 tJ 114 16a 17 (teW) 

·� Stt 101/102 � Stt 10J/104 � Stt tot/1 � 

6:10 J.J)10 s.5649 10: 1S '· " 4.0087 
6:1t 1. 28U  4.5l67 t0:16 1.0060 bJ.9t90 
6:12  1.J2GO 4. 041 1h1J 1. 1J74 .. ,.,, 
7t 10 1.7IJO 5.0966 11 : 16 1.09U J.'ll96 

7:11 1. U8 '"" t2; 1J '· '"' 4.0661 

7: 12 1.5154 3 .. 900 12: 16 t. UD J.'ltU 

,., .. t.47D 4.625J ,.. Ylllt t.otJI ' " 

6;1f o.9f9s 4.1611 6t6 r. un '·"" 

6:16 0.814% 4. 10  1:1 2. 1 '· ' 

1:6 1.0JJ6 4.9421 Milt v•l• f. l)tl 9 • .JI6J 

7:16 o.Hza "'''" 

Mill Vlllt 0.94lt 4.S6U 10: 10 t.t1J6 J.mt 
U : 11 1. 1106 t.067t 

1Jz1f t.JtOZ 6.4111 12: 1 2  1.1719 """ 
16:16 1.5019 J.SJZ8 ... ..... LGa '· 
..... , ... '·"'' '·9865 

10:11 16.14)) 16.8980 
6:17 21.t6tJ UL890 1 1 : 17 ft.8696 '·'"' 

7:17 24. 4143 108.¥MO 12:17 24- lDU 71.8221 
.... fatui 2J.19t8 110.5065 Htaft ntu a.utJ 81.8050 

15 : 17 19.U01 9J. Z600 t1s17 421.1916 2D70.HI 
16: 17 19. 2712 85.4930 

vatue "·"92 n .l765 

2 3 0  



c..,.,., .. tf tt•Wd trrOt tf the eattutt. the dtfftf'IIOt t1 till. tf tnttt• IIMt tilt 
PtN•tltt tHff tn protein proutt11 prtdtcted ,,.. tlte aat•at ,.ttta prttadttt .,_ the  ,.rtta& ,..,..,on ceofftctenta baald on ..... data ftt 6 Md 7; 10.11  IINI 1 1: 15 
-.d 16, etthtr for all data ,,. fOJ" att 10t/WZ co.bhttd .,. ftr ttt 10l/104 .., .,. 
appUtd to tndtvtdllll grouptnga of data tft the tadht •at aeta u tldtCittd. 

Stt t01 Set tot 

lOfAL PII)DIICJION 1 86J8 lbl. fOUL PrllOUCJIOI 2 6JJI , ... 

hlpttlf tt .. 
•d ·--··· 

rns=mu· endlf=Ue 
........... S.E.tf lbl..dtff. ' S.E.ef , ... . ,. J 
•fftcf•tt Vlt4. bttlltt frol Actval D1ff. Eett1ate ,,. ... , ""· 

-

� ' 

• '·' 1J1 1.7 4.7 • .., 
AU-4ata J. 1 "' 6. 1  4.2 su .. , 

• .. , u 0.6 s.z 221 '·' 
AU·4aU J.l 473 '·' ,, IU '· 

• '-' -mz t.J '·' " t.t 
AU·data 3.1 m 4.6 '· ' 412 6.J 

foWl 4. 2  1S 0.2 '-' t44 t.l 
Atl-data J.S 420 4.9 4.0 41J 6.J 

• '-1 -8'1 1.0 '· ' 101 '·' 
AU-4ata 4.2 38 '·' 6. 7  J&l '·' 

w "'' -JJ6 '·' 6.J ·7 0. 1  
AU-data J.lt 251 2.9 ,, 2IJ ,, 

• '·' 0 O.f 4.7 201 '·' 
Ut-data Z.' "' 4.6 '·' ..... 6.1 

• 4.4 -S9 0.7 J.4 "' l.f 
All-Mta :s.t JOI ).6 .J.4 412 .. , 

w 4.3 ·JOI '·' '·' " 0.1 

Atl,..ta J.O ZJO 2.7 '· ' Jn .... 

• . 4.1 -90 1.0 4.1 11 '·' 
AU-clata :s.o 241 2.1 1.2 Jilt 4.1 

• 2 ... , -19J 2.2 '·' u 7 
AU-dtta ,., 150 1.7 '·' ., .. , 

• 4.5 -441 '·' '·' ·11 '· ' 
All-data '· ' 73 0.8 J. Z 181 z.t 

2 3 1  



2 3 2  

A"*"'h f ( b)  ( 2) cnttmttd. • • • • •  

Stt 103 ltt 104 

1Df M. PlGOUCTtOII : tJ.UJ lbL toTAL PIIOOCJIOI t t6.6tl lM. 

Salctltlll t'-
. ..... ta 

env:sr.er•• rmrtl'tl• 
,..,..., .. S.E. tf lbl. dtff. J S.E. ., Lbl.4tff. J ' 
ctlfftcflltl llltd. £etiutt ftw Actual otH. £at111tt ,,. L otff. 

- -
$ � 

• '· ' '" 1. 1  8. 1 "' '·' 
All-DIU '·' .;u 0. 1 •. , ,, 0.9 

• '·' no 1.0 I.J 4.JI ,., 
All-data J.7 92 0.7 ... n 0.4 

• .... -ttf '·' 1.4 JJZ LO 
AU4ta .. , _,, Z.7 ••• .JJ 0.1 

• �t.J -1 0. 1  '·' 84 '·' 

AU-dita ••• ·186 '·' '·' -» 0.� 

�lJil '·' 111 o.e 9.6 f1J t.J 

AU-dita '·' -'2 o.s  '·' _,,. ' 

• s.a .)46 2.5 '·' 101 0.6 

Att-4ate '· ' ·58 '·' '·' -m '·' 

• 6.5 -10 '·' 7.7 ·141 O.t 

AU·datl 6.7 -zn 1.7 1. 1  -471 Ll 

• '·' " 0.4 '· ' .ao '·' 
AU•data 6.9 -101 0.1 1. 7 .JJJ J.J 

• '-' ... J.o ... _,, Z.l 
At l-ata '·' ..J7J 4..2 t.J -et '·' 

• ... -m t.6 · '  ..Jn 1.1 
Atl ... ta 6.7 _, . r.a 9. 1 -697 r.. r 

• 6.6 -99 0.7 .. , ..U4 1.7 

AU•datl '·' .• , '·' 9.3 -m 4.7 

w 7.0 -560 .. , ••• _,,, J.4 

AU-ftta 7.Z -7Z7 l. 3 9.4 ... , J.J 



AP!IMI• f t tt  
c.,art ... ff .U.Wd ""' tf tbt tiHIItt. tht 4fff,_t at lllf'Cettlot Md te ,..... tf PHt•t• fM actul prtductton ulfnt cttfftcflllts 
,., 6 7a 10i n Md 12& 1J * 16 �Mud • •• ,..,.._ .. COifftatatt ftt .. ta 101/102 111d 10l/104, ud fer all•4ata and 11Pllt4 to trttiP• tf 
._u .. tt• 11 tHtcaW. 

(IDTI 2 Standarct .....,. If mtttltt tppt�ftt group colbtnatton tt 1Actual'. st .. rd .,.., tf tlt1111tt baaecl IR tftt Speofftc regrt81iH tqldttH 
- ,.,. "'' dab) .  

P..-ctfu • §rt 101 ; 86J8 lb&. Stt JOI: 6S52 lbe. i,tt w, u,an tbl. set JOt: ''·''a tbl. 
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