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THIS THESIS IS PRESENTLD IN TWO MAIN PARTS.

(1) A study of the solids-not-fat oontent of milk and of
some methods for the determimation of Solide-not-Fat
and Protein.

(2) A study of sampling frequency and the prediction of
protein production in milk from dairy cows based on a
restricted frequency of sampling,
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INTRODUCTION

Low solids-not-fat (S.N.r.) levels in the liquid milk
industry prompted an enquiry into the problem of meeting the
ainisum legal requirements for S.N.F. (8.5%) and into methods
for determining the S.N.F. content and the protein content of
the milk. The methods,for determining the S.N.F.,which were
investigated were based mainly on the hydrometric or density
technique which gives an indirect but rapid indication of the
composition, whilst the amido black technique was examined
with a view to assessing its suitability as a routine method

for the protein determination.

There is a growing awareneass of the nutritional
advantages of milk protein and of other nutritives in the

solida-not=-fat content of milk,

Wailte et al. have stated "In recent years the solids-
not=-fat content of milk has come to be regarded as of equal,
or of greater importance, than the fat percentage. This
change is the result of an increased awareness of the nutritive
value of milk protein and other non-fatty constituents, in
particular calcium and vitamins." Hansson in the same year
wrote '""The growing competition between fats of animal amd
plant origin has also led to the conclusion that the non-fat
components of the milk will be emphasized more correctly in

the future."

Furthermore, it is considered that there is an urgent
need to maintain milk composition up to the legal requirements

when it is delivered to the consumer.



Improvement in protein and S.N.F. percentage and
produstion levels can be brought about, for example, by
selective breeding. The use of S.N.F, percentage and
production levels as indicative parameters for evaluating
genetic improvement in protein levels is justified because
of the high correlations that exist between S.N.F. and
protein in milk, and because the measurement techniques for

S.N.F. are simpler than those for protein.

The use of m’xsd breed herds will also effectively
meet this need for improved S.N.F. and protein levels, but
because it introduces problems in husbandry and management

this is not a widely accepted answer to the problem.

A very simple and practical method for meetisg
mipimum 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 this concept
1s the use of non-fat-dried milk solids and unsalted butter
produced under maximum conditions of efficiency to provide a
continuous or partial supply of reconstituted milk of
standardised composition for the ligquid milk market. This
could readily replace the relatively inefficiently and
expensively produced market milk supplies, especially winter
supplies, and could result in a saving in subsidy of between

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

perhaps improved nutritive value to be marketed at the present

prices.

This theme has been investigated and developed in a
paper by the author entitled: "Meeting the minimum legal

requirements for S.N.F." (Dairy Ind. 27 s 39, 114 (1962) ).



The use of reconstituted dried milk solids as
alternative sources of milk supply for the liquid milk
industry is currently being investigated, both
technologically and economically, by a committee appointed
by the Minister of Agriculture. This investigation was
stimulated by the publicity following the publication of

the above paper which is attached to the next page.
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tee mn Great Britain recom-
mended that a greater em-
phasis should be placed on the
S.N.F. content of milk and that:

RECENTL\" the Cook Commit-

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

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

(xi1) differential payment
schemes for S.N.F. should be in-
troduced as soon as possible in all
five Milk Marketing Board areas
im 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 price scale should
he of sufhcient 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 considerable concern because
of its low value, e.g. S.N.F. levels in
Christchurch. The Annual Report of
the Department of Health (1939).
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) comprises an outstanding
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amount of the total non-compliance
in New Zealand.”

What cftective measures can he
taken to bring about an inprove-
ment 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.I'. and sclective breeding
from progeny tested stock could
bring a slow but definite improve-
ment in the quality 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-{at,
instead of crude protein, could result
in an increase in percentage solids-
not-fat, 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 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 levcls, as these can be

vitamin
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supplemented more economically
from artificial sources, there is a con-
tinuing need for proteins of high
biological value and ready digesti-
bility. Milk proteins can provide
much of this need, particularly as a
supplement to a predominantly
cercal diet. A breed improvement
programme  would  theoretically,
therefore, be better 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 approximately
0.5 between percentage fat and per-
centage crude protein and also
hetween 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 sclection based on fat
percentage, would give a rate of
improvement of about a quarter of
that possible if the protein percen-
tage of the milk itself was used as
the basis of selection.

Improved fat percentages in milk
for human neceds 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 selec-
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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.

If 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 9, ca 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. 9, and lactose
%, 1s 0.7, whereas rg protein %, and
lactose %, 1s 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 :

(1) If 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.

(i) If A.L. 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.L
organisation relaxing selection
standards for other characters of
commercial  significance, there
would be an 1mprovement of
about 0.22 per cent in A.l. 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.)

(111) By basing an S.N.F. im-
provement plan on the existing
fat-recording scheme, genetic gains
could be about 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 teir S.N.F. is
low.

The Cook Committee recom-
mended that “milk should continue
to be sold as it comes from the cow”,
and this could be discussed witl
considerable  emotion, but onlv
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 in Schools scheme.
This standardisation of the fat con-
tent of the milk has the blessings of
the pediatricians 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-
sclerosis, 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, the Cook Com-
mittee also recommended that “the
fixed mimimum 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 Clommittee 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 be
undertaken to protect the consumer
interest.

Standards

The necessity for minnnum com-
positional standards has been ques-
tioned. The consumer has the right

DAIRY INDUSTRIES, JANUARY, 1962

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 he 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
iIs 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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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, 057 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 days)
Based on:

FAT SUPPLIED:

S.N.F. SUPPLIED:

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, 1961). 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

AUTUMN PERIOD:

WINTER PERIOD:

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 £11 in an income
of £819. The correlation coefficients

SPRING PERIOD:

Value of | Percentage |Deviation from| Reallocation 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
Suppliers : b.f. total group total for supplied basis of SNF supplied basis of SNF supplied of S.N.F. supplied
fat supplied applied
£ £ £ £ £

1 1,266 6-26 nil nil 348 +0-7 411 -1 509 +0-5
2 2,856 14-11 +0-39 + 5 951 —3 957 + 6 949 +7
4 2,023 10-00 —0-73 —15 525 —0-6 669 — 5 838 -9
5 2,362 11-68 +0-42 + 8 504 —0-5 630 + 3 1230 +1
6 2,522 12-47 +0-16 + 4 561 +7 744 — 3 1219 —0-7
7 2,739 13-54 —0-47 —13 786 —3 819 —I11 1137 +0-6
8 1,639 8:10 +0-34 + 6 372 nil 468 + 3 801 +4
9 1,264 6:25 +0-23 4+ 3 318 nil 381 + 2 581 +1
10 1,556 7-69 —0-50 — 7 411 —3 336 + 06 807 —6
11 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 butterfat. 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./gal.

The deviations of the percentage distribution of individual supplier production of S.N.F. in relation to the production of the whole group

remains constant, but the actual returns and reallocations will be doubled on the basis of liquid milk prices.
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TABLE 2

Supplier No: ILb. SN.F. Lb. S.Nel, Lbs. S.N.F. Payout on lLess Final Payout per lb.
supplied minimum Under- S.N.F. penalty: payout: S.N.F.
(8:5%) supplied supplied
£ £ £ Pence
1 16,177 ) 16,43:. i 257. ’ 0 ) 36"_ i 2,226 a a 331
2 37,497 35,844 5,240 5,240 33-6
4 23,956 25 3,460 3,460 336
5 31,277 Y 1,370 4,370 33-6
6 32,649 4,580 4,580 33-6
7 33,791 4,730 4,730 33-6
s 21851 3.060 3.060 336
9 16,745 2,342 2,342 33-6
10 18,600 2,610 2,610 336
11 26,022 3,640 3,640 336
Supplier No. 1 was the only supplier sending in less than the minimum required quantity of S.N.I.
He was penalised to the extent of £36 which meant that his S.N.F. was purchased at 33-1 pence per
pound, instead of 33-6 pence per ponnd the basic price.
between the income distributed on a the weight of S.N.IY. which should 2/6x800
fat supplied lasis and on an S.N.F. have been supplied, had the milk =—
supplied basis were very high, being heen of the minimum acceptable .887
0.990 for the total period and 0.985, composition, can be calculated. = 4100/.887
. ) Ty 0 a ce
0.977 and. 0.988 for ic shgrltr Using the present gallonage price — £112 15s. 0d.
autumn, winter le](l spring )CI'lO(J.\'. se average S.N.F. M- .
G , pring | and the present average S.N.F. con For every .887 1h. S.N.F. below

On the basis of this study, which
there is no reason to consider atypi-
cal, it can be seen that the concept
of distribution of income on the
basis of S.N.F. supplied 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 on the fat supplied basis.

It should be horne in mind, how-
ever, that in New Zealand S.N.I'.
testing of raw milk supplies for town
milk use is already obligatory ~at
twice monthly intervals. Wallace.
1961, has shown that hydrometric
methods of S.N.F. assessment on
composite samples can give an
adequate estimate of S.N.F. sup-
plied for payment purposes. The in-
troduction of an S.N.F. payvment
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.I'. testing 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
percentage levels. From the weight
of milk supplied in a given period

DAIRY INDUSTRIES,
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tent of milk, calculate the payout
per pound of S.N.F. supplied. For
every pound of S.N.F. helow mini-
mum required level, deduct equiva-
lent payout. At the end of the 12
month period an adjustiuent should
be made on any difference 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 supplving the
mmimum  S.N.F. required on the
other.

An example follows :

In ten day period 10,000 1h. milk
supplied. S.N.F. test 8.0 per cent on
composite.

Le. S.N.F. supplied 800 1h.

Minimum S.N.F. required, 850 1b.,
Le. 8.5 per cent on 10,000 1h.

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 bhe pre-
sent S.N.F. average).

That is, payout will be

8.6 x10.32
— 1. S.N.F.

100
=2/6 per 0.887 Ih. S.N.F.
=33.8d./lh. S.N.F.

=2/6 per

Price paid for S.N.F. supplied

1962

minimum required level, deduct 2/6,
e.g. in above case payout on S.N.F.
supplied = £112 15s. 0d.
less 50 1b. deficient S.N.F. at
2/6 per 887 Ih.=£7 Is. 3d.
L.e. net payout=£105 13s. 9d.
1.e. S.N.F. was purchased at 31.7d.
Ib.

At end of 12 month period an
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.
c.g. over 36 tests 400,000 1h. milk

supplied.

minimum S.N.F. require at 8.5 per

cent = 34,000 1h.

S.N.F. supplied in total = 32,000 1b.
i.e. S.N.I'. deficiency = 2,000 1b.

S.N.F. deficiency on 10 day basis,

say = 1,800 1h.
1.c. Further deduction for 200 Ib. at
2/6 per .887 1b.

Using this concept, the payouts
given in Table 1 have been re-
calculated, assuming 8.5 per cent as
the minimum S.N.F. level and a
payout of 33.6d./Ib. S.N.F.

These are shown in table 2.

At current market price this
deficiency in production of S.N.F. by
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 £75 per ton, ie. 8d. Ib. and un-
salted 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 1b. S.N.F. and 4 Ib. fat to 10 gal.
=6/-+14/3 for 10 gal.

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

=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, 19/- 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 31st
August, 1960, was 32.916d./gal. 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./gal. 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./gal. paid for
autumn (February-April inclusive)
produced milk, and for winter (May-
August inclusive) this premium rises
to 12.68d./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./gal.,
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and in Oamaru and Southland there
is, in addition, a further premium of
4.0d./gal. Several North Island dis-
tricts receive additional premiums of
2-4d./gal. for limited periods. Thus,
the price for winter milk at the
factory door in Southland in 1960/
61 will be around 48.7d./gal. Assumn-
ing an average fat content of this
milk to be 3.5 per cent, this repre-
sents a cost of 146d./lb. of butter-
fat 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./gal.
Using the 1960 average price for
town milk at the factory door of 37.4
gal,, this represents a minimum
saving of 12.55 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
cast of production of winter milk is
considered 43.7d./gal. (with higher
costs in some districts), as compared
with 24.83d./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 1960,
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
such excessive expenditure on the
production of a product under the
inefhicient  conditions of winter
milking.

Conclusion

There is a growing awareness of
the nutritional advantages of milk
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protein and of other nutritives in the
solids-not-fat content of milk. There
1s 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 i1ts 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
of milk supplies for recording and for commercial purposes,
aspects of the following methods of milk analysis were

investigated:

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

(B) S.N.F. testing using the density hydrometer
method.

(c) Protein determination using amido black.

A The titati relations in the dil on o
Su r A for fa 8 .

A small but nevertheless important problem in the
testing of milk for S.N.F. has been the associated test for
fat and the need in this test for a simple means to calculate
the amount of dilution water necessary to add to the
concentrated sulphuric acid used in the testing procedure to

adjust the density of the acid to within the required limits.

In view of the hazerds involved in adding water to concentrated

sulphuric acid, the accepted techniques for adjusting the
composition of solutions by taking a known weight of the
material and diluting to a predetermined volume cannot be

followed.

Because of the large amount of heat of dilution and
the major deviation of the final volume from that of a purely

additive relationship, the normal dilution formulae cannot be

applied in these circumstances.

This investigation showed that a relationship existed

between the amount of contraction that occurred and the

10



diffeorence batween the energy stored as molal free energy of
the dilution watzsr and the energy liberated as heat of
dilution. Using this relationship a volume contraction
factor was derived for cach 0.001 gms/ml. change in density
between 1,836 gms/ml. and 1.794 gms/ml.,at which latter point
and less the dilution relationship became simply additive.
Using these volume contraction factors, dilution curves were
established permitting accurate dilution of conceatrated

sulphuric acid to another predetermined density.

This investigation has been reported in the following
paper: '"The Dilution of Sulphuric Acid in the Region of
Density 1.84 - 1.80." (Dairy Ind. 2% 1 753 (1960) ).

A copy is attached.

11



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

N the testing of milk to determine
I its fat content by the Gerber (1)
method, sulphuric acid of den-
sity  1.815+=0.002 g/ml. at 20° (.
(5.G. 60/60° F., 1.820-1.825) s
required. In the Babcock (2) method
sulphuric acid of density 1.822+0.005
g/ml. at 20°C. (S5.G. 60/60°F.
1.823-1.833, S.G. 20/20° C., 1.820-
1.830) 1s required.

Joncentrated sulphuric acid nor-
mally has a density of approximately
1.84 and it is necessary therefore to
dilute this with water to obtain the
specifiecd  densities. In view of the
hazards involved in adding water to
concentrated  sulphuric  acid, the
accepted  techniques for adjusting
the composition of solutions by
taking a known weight of the
material and diluting to a predeter-
mined volume cannot he followed.

The method generally followed is
a somewhat haphazard one of add-
ing the sulphuric acid to small
quantities of water, with quite
extensive delays whilst waiting for
the mixed acid to cool, until the
density or specific gravity has heen
adjusted to within the required
limits.

Because of the large amount of
heat of dilution and the major
deviation of the fimal volume from
that of a purely additive relation-
ship, the normal dilution formulac
cannot bhe applied under these cir-
cumstances. Scott (3) and Domke
(4), Rogers (5) have published dilu-
tion tables, but in no case are these
applicable in  the dilution range
discussed.

An investigation of this problem
showed that a relationship existed
between the amount of contraction

that occurred and the difference
between the energy stored as molal
free energy (E) of the dilution water
and the energy liberated as heat of
dilution (H) (6).

Table 1 gives this difference in
energy (E-H) and the corresponding
volume contraction factor for various
densities in the range of interest.
This data can he used in conjunc-
tion with Fig. |
volume of water required to produce

to calculate the

a dilute acid of known density.

Using  the data available in
BS 75371959 (7). Fig. 1 has been
constructed so that 1t is possible to
read directly the volume of strong
acid required to produce a dilute
acid of known composition and
density at 20° €. when diluted 1o
1 litre.

Method

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

Calculate the density of this acid

at 20° Ci. by adjusting the observed
density by 0.001 gims/ml. for each
one degree  centigrade  difference
from 20° (., increasing the observed
density 1f the observed temperature
was greater than 20° C. or decreas-
myg  the observed  density if the
observed temperature was less than
20° C.

Using  Fig. 1, determine the
volume. i milllitres, of this strong
acid to be taken to dilute to 1,000
ml. to obtain acid of the desired
density, by following or interpolating
the curve corresponding  to  the
density of the strong acid to its in-
tercept with the vertical line corres-
ponding to the density  desired.
Perpendicular to the vertical line at
this intercept read off the volumme of
strong acicl to he taken.

The voluine, in millilitres, of water
to be added to this predetermined
volume of strong acid to give acid
of the desired density on mixing is
calculated by multiplying the differ-
ence between the volume of acid
taken and 1.000 ml. by the factor

TABLE 1
Difference between relative partial molal free energy of water and heat of dilution
at 0001 gms/ml. incremental changes in density

D20°C, 12- £ cals. Volune
mins ol deg.-tmol.-? Contraction
factor
-9
A8
85

2680

D2o<C. E-H cals. Volume
ginsfml. deg.-'mol.-' Contraction
factor

I-814 2640 1-29
1-813 2600 1-27
1-812 2570 1-26
1811 2540 1-24
1810 2510 1-23
1-ROY 2480 1-21
1808 2450 120
1807 2420 1-18
1-806 2390 1:17,
1:805 2360 1-15
1804 2330 i-14
1-803 2300 N2
1802 2270 -1
1-801 2240 | 1-10
1-800 22210 1-08
1-799 2180 1-07
1-798 2150 1-05
1:797 2120 1-04
1-796 2090 1-02
1-795 2060 1-01
1-794 2030 1-00

DAIRY INDUSTRIES, OCTOBER, 1960

733

AW



DILUTION OF CONC SULPHURIC ACID

DILUTION FACTOR

D20°C FACTOR

1836 192

1835 1-88

890 1834 185
1833 181

1-832 177

1-831 174

1-830 170
900} 1-829 166
1-828 163

1-827 1-60

1-826 157

910 1825 155
\ 1824 152

1823 149

1.822 147

1821 144

920 1820 142
" 1-819 139
J 1-818  1-37
2 1-817 135
<930 1-816 133
o 1815 1-31
g 1814 129
1-813 127

o \ \ O 1811 124

o ™~

£ o3 1-810 123
f \ \ A 1-809 121
o) - 1-808 120
w950 2 1807 118
s o 1.806 117
i 1-805 115
0 1804 114
960 1803 112
1802 111

1801 110

\\ 1800 108

970

ARTN
\\\ \ \

1000

11805 1810 1-:815182018251-830 1835

DENSITY 20°C

734

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 gms/ml at 22°C.
Density of acid at 20°C. =1-834+4+2x-001
=1-836
Required density at 20°C. =1-815
Mean density =1-825

Factor for Dae 1-825 =155 from table
Volume of strong acid needed =925 m! from Fig. 1
Volume of water needed =(1000-925) x 1-55
=75%x1-55
=116 ml.

This investigation has been sup-
ported in part by a grant from the
Department of Scientific and Indus-
trial Research and this is gratefully
acknowledged, as is the technical
assistance of Miss S. Quin.
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A recurring source of error in deteraining the S8.N.F.

content of milk was in the calculations involved in converting
observed hydrometer readings into S.N.F. percentagese. The
methods available were slow and complicated even when the
Richmond slide rule was used and these frequently led to errors
of computation. In an endeavour to eliminate any complex
manipulative technique or computation, the relationship between
the fat percentage, the hydrometer reading at 20°C and the
solids-not~fat content waas plotted in the form of a nomograph.
The cursor was engraved not only with the basic ruling dut alse
with a set of other rulings, which enabled the S.N.F. content
to be read directly and without further manipulations when the
hydrometer readings were made at temperatures other than 20°%
(Standard). With this device it is possible to read the
80lids-not=fat content directly from the nomograph as soon as
the cursor has been properly located over the fat percentage
and hydrometer reading corresponding with those of the sample
being tested.

This nomograph and cursor were described in a paper
entitled: "A nomograph for calculating S.N.F. content of milk
from density hydrometer readings and fat percentage." (Dairy
Ind. 22 : 1030 (1957) ).

A copy of this paper is attached. A slightly modified
version of the nomograph and cursor (described in a note
attached to the paper) was subsequently developed by the author
and this form is universally used by the Town Milk Industry ia

New Zealand.
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A Nomograph 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.
\ NOMOGRAPH and

which simplifies the calcula-

cursor
ton of the solids-not-fat
content of milk from the density
hvdrometer reading and  fat per-
centage is deseribed. The cursor is
so cahbrated that independent cor-
rection ol the density  hydrometer
reading for temperatures other than
20° (L is obviated.

Introduction.

The present methods of caleulat-
g the wolids-not-lat content of milk
from hydrometer reading and fat
content are slow and complicated.

Although the Briush Standard (1)
(appendix D, table 4) gives a series
ol tables for the derivation of S.N.F.
and a separate table (table 3) for
correcting  hydrometer readings  at
temperatures other than 20° C. to
density at 200 CL) tme and care are
required to obtain the result. The
hydrometer  slide  rule
Richmond’s shide
rule necessitates various manipula-

density

developed  from
tions hefore giving the result in total
colids content. Incorrect use of the
slide rule i the adjustiment  of
hvdrometer readings to density  at
200 €L s not tech-
nicians. Further, the S.IN.F. percen-
tage must be derived from the total

unusual  with

solids  percentage, thus  presenting
more opportunities for error.

In the older lactometer technique
it was unusual for standardisation of
the previous temperature history of
the milk o e undertaken to control
the cffect of the Recknagel contrac-
tion. This 1s an integral part of the
Briush Standard procedure. Because
ol the exira handling necessary it is
desirable to compensate for the tune
imvolved by simplifying  the  pro-
cedure wherever possible.
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This nomograph and cursor save
time and because of their simplicity,
IICrease accuracy.

Description.

Using the data given m appendix
D, tables 3 and 4, of the British
Standard, a nomograph relating the
fat content of milks hetween 3.0 per
cent and 7.55 per cent and hydro-

LOCATE OVER FAT %
Ll

HYDROME TE i RE ADING

meter readings between 25 and 35
degrees was constructed so that the
S.N.F. percentage could be read off
directly to the nearest 0.05. This is
shown i fig. 1.

The perspex cursor (g, 2) has
been so engraved that the S.N.F.
content may bhe read without the
need for a preliminary adjustiment of
hydrometer reading taken at tem-

Fig. 2. Perspex cursor.

1957
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other  than  20° C. w0
density at 20° Ci. The range of tem-
perature compensation s 17-24 €l
m 1° increments,

peratures

Along the left horder of the nomo-
graph a strip of perspex can he fitted
<o that when the cursor, which has
been radiused m relaton o the Tat-
percentage-locating-mark, is in con-
tact with this strip it will always
bring the locating mark divectly over
the fat pereentage line of the nomo-
graph, thereby assisting i its rapid
manipulation.

Method of Use.

(1Y The cross at the left of the

cursor 1s placed over the appropriate
fat pereentage.

(2) "The maim line on the cursor,

marked 200 €L

observed hvdrometer reading.

is located over the

(3) The SONUEF. percentage s read
ofl under the appropriate tempera-
ture line on the right of the cursor.

P Jiscussion.

Some snuple method ol conpensa-

ton for hvdrometer readings  at
temperatures other than 200 CLos
essentials stnee a1t s not alwavs con-
venent 1o adjust the temperature ol
the itk 2090 alter

heating o 40 Co Tor 5 minutes as

exacthy to

preseribed in the Briush Standard.
The correction converting  hydro-
meter readimgs o density ae 200 C
varies with the Tat content (Briush
Standard table 3). The correction lor

4 per cent fat has been used i pre-
paring the cursor, but the error m-
woduced for fat percentages outside
this range is very small and can
justifiably be ignored.

The accuracy of the nomograph
within 0.03
percentage

units
S.N.F.,
which means that readings to the
nearest 0,05 will - be

and  cursor s

expressed s

suthciently
accurate for all practical purposes.

Cursors and  nomographs are
avadlable from the author.

I wish o acknowledge my in-
debtedness o Do WA MceGilliveay,
of this Departiment; who suggested
the possibility of using a nomograph
m this connection.

REFERENCE

(1) British Standard 734:1955, Density hydrometers
for usc in nilk,

Since this paper was published, B.S.734 has been amended and appropriately
amended versions of the nomograph for use when the fat is in the solid state
and for use when the fat is in the liquid state were prepared and were used by
Nameplate Engravers Limited as a template for commercial production of the

nomographs.

The cursor has 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 notched at every 0.1% fat increment to locate the pointed cursor.
This nomograph and cursor is universally used by the Town Milk Industry in New
Zealand and has proved very satisfactory.
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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 subject to errors other than those inherent in
the method of analysis. These other 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 10-day composite samples was showa to
reduce this variation to a much lower value (S.D. ¥ 0.05
S.N.F.%). Bias in the estimate occurred, the extent and
direction of the bias changing with season. The importance of
this bias was not easily assessed 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 method, when the S.N.F. content
of 10-day composite samples of milk taken from individual herds
were compared, after making due allowance for the effect of the
preservative present, with the weighted mean S.N,F. content
calculated on a daily basis, it was shown that the 10-day
composite sample could be used successfully for estimating the
S.N.F. percentage composition of the milk samrles and S.N.F.

production of the herd.

A comparison of the S.N.F. production estimated by
gravimetric and hydrometric methods using 10 commercial herds
gave a mean difference in the estimate of 0.14% (S.D. I 0.4).
The standard deviation expressed as a percentage error of the
estimate of S.N.F., production based on 10-day composite samples
using the hydrometric method of estimation was & 0.56 which was

not appreciably more than that for the Gerber estimation for



fat (S.D. 2 0.5) and was less than that for the Babcock
estimation for fat (S.D. ¥ 0.85), both of which have been
accepted without question as satisfactory methods of
analysis for a long time. This hydrometric technique using
10-day composite samples was of a satisfactory accuracy and
precision for routine analysis. These results are presented

and discussed in two papers.

In the first paper entitled: "Application of the
hydrometric method of analysis to the estimation of solids-
not-fat production." (J.Dairy Research 29 : 11 (1962) ),

the experimental results and their evaluation are presented.

In the second paper entitled: "Use of hydrometrio
technique in estimating S.N.F. content of milk." (Dairy Ind.
28 : 600 (1963) ), the accuracy of this technique is 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.

Coples of these papers are attached. The work
reported in these papers forms the basis of S.N.F. testing
studies at present under investigation by several sections

of the Town Milk Industry in New Zealand.
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Application of 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 1961)

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
10-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-
metricand hydrometric methods was made for ten herds supplying a commercial plant
over a period of 260 days. The mean difference was —0-149%, of the gravimetrically
estimated weight, s.p. 0-4, and the range was + 0-6 9%, 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 (1958) 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 10-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 (1955), Amendment no. 1 (1957) as soon as the sample had
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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 jar 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 1959.

(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 10-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 101°C 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 g/ml at 20°C with a standard deviation of
0-00012.

Using the formula given in BS 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 9%,+0-55,

where D = 1000(density — 1), the effect of an increase in density of 0-00094 g/ml at
20°C amounts to 0-235 9, S.N.F.
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The average weight of a preservative tablet was 0-265 g (average of sixteen, range
0-258-0-282 g). If all this tablet were soluble it would increase the density of a half
pint of milk (284 ml) by 0-00093 g/ml 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 0-0959%,.

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 0-14.

In the first examination of the results it was calculated that 284217 1b of s.N.F.
were supplied using the density method of estimation of s.N.F. 9,, whereas on the
basis of the gravimetric estimation 276 751 Ib of s.N.F. were supplied in 3145370 1b
of milk. Thus, the average s.N.F. content by density equals 9-036 9,, whereas the
average S.N.F. obtained gravimetrically equals 8-799 9%, Correcting these values for
the effect of the added preservative gives a density s.N.F. of 8:8019%, 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 734:1955 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 9, suggested in
Amendment no. 1 to BS 734, but agrees well with an observed over-estimation of
0-19, determined on a herd of mixed Friesian and Jersey cows (Wallace, 1958).

However, in view of its recognition in Amendment no. 1 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 734:1955 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 0-21 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.1. 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 1. Comparison of S.N.F. estimates based on weighted mean estimate of daily
samples and on esttmate 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. 9%, S.N.F. %, Difference S.N.F. %, Difference

daily basis composite (1)-(2), composite (1)—(3),

(hydrometric) (hydrometric) 9% S.N.F. (gravimetric) 9% S.N.F.

(1) @) (3)

8-988 8-845 0-143 8-81 0-18
8-894 8-885 0-009 8-73 016
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 0-111 9-06 0-20
8-8717 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 Difference, %,
S.N.F. produced 10-day Difference, 1b (1)—(2) x 100
daily testing, Ib composite sample, Ib (1)—(2) (1)
(1) (2)

451-8 4445 7-3 1-62
770-1 7691 1.0 0-13
932-6 934-4 -18 —0-19
9451 938-4 67 0-71
1231-1 1223-0 81 0-66
498-0 495-3 27 0-54
732-0 723-0 9-0 1-23
4987 493-0 57 1-14
555-0 5491 5-9 1.06
Total 6614-4 6570-4 440 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.p. 0-051, 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.¥.
percentage was 0-16, 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 10-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 (1936) found that there may be a slightly
lower estimation of the fat percentage of the composite sample amounting to 0-02
(i.e. about 0-59%, of an estimated fat content of 4 9,).

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 99, 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  8.N.F. supplied

supplied 8.N.F. supplied (hydrometric),
Total milk (gravimetric), (hydrometric), (2) x 100 Average
No. of supplied, Ib Ib IV S.N.F. 9%,

Supplier tests 1b (1) (2) % (gravimetric)

1 26 193360 16177-24 — 145 —0-009 8-366
2 26 421689 37496-83 —103-68 -0-277 8-:892
3 14 118990 10689-52 — 99-43 —0-930 8-984
4 26 273571 23956-20 — 9826 —0410 8-757
5 26 357085 31278-34 + 948 +0-030 8759
6 24 378314 32649-36 + 8313 +0-255 8630
7 25 375564 33796-69 —121-56 —0-360 8-999
8 26 250069 21820-47 ~138:10 —0-633 8-726
9 12 80940 751973 —114-59 —1-524 9-290
10 26 193 864 16745-03 + 108-54 + 0-648 8:638
11 25 216091 18600-16 - 124 —0-007 8-:608
12 26 285833 26021-78 —164-70 —0-633 9-104

Accuracy of hydrometric method of esttmating S.N.F. production

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 1b of s.N.F. between the amount estimated by the hydrometric method
and the 260000 lb estimated on a gravimetric basis. This is equivalent to 0-17 9, 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 —0-14, s.p. 0-404, the range
being from + 0648 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?

Let us assume we are estimating the fat content of a milk containing 4 9, fat.
Using equipment complying with BS 696:1955 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 + 1-529, of the estimate, and similarly
using the Australian standard S.A.A. N 26:1958 Babcock equipment the maximum
permissible equipment error amounts to + 2-79 9, of the estimate.

In discussing factors affecting the precision of the Babcock test, Heinemann (1953)
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 (1940), discussing the reproducibility of the
Gerber test, stated that 88 9, of the tests would agree within + 1-25 9, of the estimate.

In a discussion on the difficulties inherent in the adequate mixing of milk in weigh
tanks, Henningson & Bird (1959)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

Maximum Minimum
Agitated 299, 0-39,
Not agitated 2:3% 0-89%,

In an examination of milk sampling from weigh tanks, Edwards & Simpson (1958)
demonstrated the extent of the poor mixing frequently encountered and showed that
the fat estimation was more variable than the s.~.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. Comparison of estimates of weights of 8.N.F. produced based on gravimetric and hydrometric

Period

Autumn,
20. iii to 31. v.

Winter,

10. vi. to 31. viii.

Spring,

10. ix. to 10. xii.
Autumn}
Winter
Winter }
Spring
Spring
Autumn
Autumn
Winter }
Spring

methods of analysis during periods as indicated

Distribution of difference in weights of s.~.F. supplied,

Total s.N.F. Total s.N.F. l?ercentag'e gravimetric minus hydrometric as a percentage of gravi-
supplied supplied difference e metric, for individual suppliers over the period
No. of No. of  (gravimetric), (hydrometric), S-N.F.supplied 7 - \
testsin  suppliers 1b 1b (1)—(2) x 100 Mean of the differences
period tested (1) (2) (1) Range Mean and (s.p.) ignoring signs
8 11 76040 74661 —1-81 —0:676 to —1-85(0-625) 1-85
—2-923
9 11 79392 79270 —-0-15 +2-124 to +0-06 (0-892) 0-67
—~1-136
9 10 113071 114010 +0-83 +2-063 to —0-76 (0-536) 0-76
—0-015
17 10 145494 114109 -095 +0:197ug — 080 (:625) 093
—1-929
18 10 187987 188879 +047 e +049 (0-521) 0-51
—0-087
17 10 183648 183287 —0-20 + 0 to —0RA0S50) U
—0-737
26 10 258542 258114 —0-17 +0-648 to —0-14 (0-404) 0-33
—0-633

UOWINPOLA “A°N"S JO U0UDWISD 01479UOLPA [T

LI



18 G.M. WALLACE

range between 0-56 and 1-78 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 9,
of the fat estimate and 1-7-2-3 9, 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 + 1:259,
of the true value and frequently could be considerably in excess of this. Furthermore,
sampling errors alone may amount to 2-3 9,. 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 9%, 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 9, over-estimated and 1 9, 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.~.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 0-13,0-15
and 0-15 9, respectively, or 25s. in £950, 12s. in £380, and 38s. in £1200. These repre-
sent maximum deviations, so the majority of suppliers would be affected consider-
ably less than even these trivial amounts indicate.

CONCLUSIONS

1. 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 10-day



Hydrometric estimation of S.N.F. production 19

composite samples could not be 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 Milk

SUMMARIES

Etant donné la base indirecte de la mesure des solides non
gras quand on utilise la densite et la teneur en graisse, cette
meéthode est susceptible d'erreurs autres que celles qui sont
inhérentes aux méthodes d’analyse, Ces erreurs, qui sont
dles avant tour aux variations de la proportion lactose-
protéine du lait, peuvent étre appreciables (SD 40,059, de
solides non gras). On a constaté une deviation dans les
estimations dont la mesure et le sens changent suivant la
saison; il est possible que ce soit plus étroitement dépendant
du stade de lactation de la majorité des troupeaux que de la
saison.

Il n'est pas facile d'évaluer I'importance de cette deviation,
car I'on ne dispose que de renseignements limités. On estime
que cette deviation peut varier suivant les troupeaux et il
semblerait que ce soit le cas, d'aprés la publication de plusieurs
équations de regression differentes (2), (3), (1), montrant un
rapport entre densité, graisse et solides non gras. Il serait
difficile de tenir compte de cette variation et il serair peur-étre
trés équitable de n'en faire aucun cas, puisque I'estimation
couvrant une longue periode déchantillonnage (@ mois) n'a
pas révéle de deviation.

Enfin le Tableau 111 indique qu'en deépit de diverses sources
d'inexactitude, le calcul de la teneur en solides non gras du lai1,
en se servant d'échantillons composés sur 10 jours de lair de
troupeau ne s'écarte pas bien plus (SD -4 0,56) comme
pourcentage d’erreur de I'estimation totale que I'estimation
Gerber pour la graisse (SD - 0.5), acceptée sans réserves
depuis longtemps.

* * *

Wegen der indirekten Messungsbasis der ffrTM bei Ver-
wendung von Dichte und Feitgehalt, unterliegt die Methode
Irrtiimern, die unterschiedlich sind von denen, die den Analysc-
verfahren anhaften. Diese Fehlerquellen, die in erster Linie
auf die Schwankung im Laktose:Protein Verhdltnis der Milch
zuriickzufiihren sind, mogen abschdtzbar sein (SD +0,05
ffrTM %), Unzuverlissigkeiten bei den Schitzungen wurden
festgestellt, deren Ausmass und Richtung jahreszeitlich
schwanken. Dieses hdngt méglicherweise mehr vom Zustand
der Milchabsonderung der Mehrzahl der Herden als von der
Jahreszeit ab.

Das Ausmass dieser Unzuverldssigkeiten ldsst sich nicht
leicht ermitreln, da die verfiigbaren Hinweise begrenzt sind.
Man nimmt an, dass die Unzuverldssigkeiten wahrscheinlich
von Herde zu Herde schwanken, und dass dieses von der
Verdffentlichung verschiedener Regressionsgleichungen (2),
@), (7), beziigl. Dichte, Fett und ffrTM, her geschiehr. Es
diirfte schwierig sein, diese Schwankungen in Anrechnung zu
bringen, und wahrscheinlich wdre es nur zu gerecht, sie
allesamt zu ignorieren, da die Bewertung iiber einen Ilingeren
Zeitraum der Probensammlung (9 Monate) keine Unzuver-
ldssigkeiten aufwies.

Schliesslich zeigt Tabelle 111, dass trotz einer Vielzahl von
Quellen fiir Ungenauigkeit, die Ermittlung des ffrTM-
Gehalts von Milch bei Verwendung gemischter Proben von
Herdenmilch iiber 10 Tage als prozentualer Fehler der
Gesamtschéitzung nicht wesentlich mehr (SD 1 0,56) abweicht
als die Gerber-Schdrtzung fiir Fett (SD +0.,5), die seit langer
Zeit unwidersprochen akzeptierr wird.

Summary in English on page 601

G. M. WALLACE,

Senior Lecturer in Food Chemistry
at New Zealand’s Massey University
College of Manawatu, reviews its

accuracy and limitations

[N VIEW of the considerably increased interest being
L 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
procedures 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 or
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:

1. Anerror in accuracy due to some fallacy in the equation
used to predict composition from the observed data, i.e.
fat percentage and density at 20°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 (1957) 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 spectrurn 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.

to

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.

TABLE 1
Average %, Average % Ratio
Breed Solids-not-fat Protein SNF/Protein
Jersey 9.3 34 3.66
Friesian 8.6 2.9 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 (12A).

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
10 day period.

Available data, Table II, 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

10 day
composite 13
on herd milks

Individual
cows3,8,7 8 ¢ Herd?,10,11
Standarddevia- +0.13 to +0.09 to
tion, i.e. 669 +0.18 +0.16 +0.05
of tests lie with-
in these limits.

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.

It has been pointed out (12) that error introduced in the
taking of samples and in the testing of milk for its fat contents
can be considerable. Table III 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/
proteinratioo fthe milk may be appreciable (SD + 02 SNF%)
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 Il indicates that despite a variety o f sources
of inaccuracy the calculation of the SNF content of milk
using 10 day composite samples o f herd milk does not deviate
appreciably more (SD + 0.56) as a percentage error of the
total estimate than does the Gerber estimation for fat
(SD + 0.5) which has been accepted without question for a
long time.

SNF testing, the latter being based on hydrometry (B.S. 734
Amendment No. 1). Theextentof 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 111

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

Fat Hydrometric Solids-not-fat Sampling
10 day

composite
on Igerd

Babcock Gerber Individual Herd milk Fat SNF
+0.85 +0.5 +18 +13 10.56 +2 +1

The combined errors due to variation in 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 10 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 compositional
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

001



TABLE IV

Min. Max. Weighted SD of daily 10 day
Supplier Av. daily quantity of SNF SNF Mean SNF variation composite
No. milk supplied. lbs. A % % about mean SNF %
1 630 8.90 9.41 8.99 0.176 8.91
2 1,850 8.85 9.06 8.95 0.083
3 870 8.74 9.10 8.91 0.147
4 870 8.54 9.35 8.89 0.233 8.95
s 1,040 8.87 9.11 8.95 0.082 9.03
6 1,200 8.67 8.80 8.75 0.045 8.75
7 1,360 8.95 9.18 9.08 0.084 9.08
8 580 8.55 8.78 8.64 0.071 8.60
9 790 9.18 9.35 9.26 0.066 9.21
10 560 8.57 9.20 8.88 0.217 8.85
11 600 9.06 9.30 9.16 0.065 9.13
12 930 9.23 9.83 9.38 0.024
: i : iho 19 : ; Av. SD for in- SD 0.05 about
fiay samples can be quite vgnde. Thus wn.h 12 supplles coming dividus]  dally 'Weightgd mean
into a local treatment station and examined daily over a ten variation about of daily SNF
day period using a hydrometric method for estimating SNF the mean 0.113  testing
the above fluctuation was observed (12a).

Mickle (11), 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 milk, particularly in the
fat and lactose content. The daily variations were even
greater than the variations in the weekly averages, and it
appears that these daily variations are often greater than the
seasonal changes™'.

It could thus be grossly unfair to assume from individual
day samples of bulked milk analysed hydrometrically, that a
supplier has failed to comply over a period with minimum
S.N.F. composition regulations and it is recommended that
10 days composite samples should be used.

If this is done the standard deviation of the estimate by
comparison with gravimetrically 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 compliance with
minimum SNF requirements

In view of the standard deviation of 0.11% SNF (Table 1V)
that must be allowed for individual day samples of milk used
for calculating SNF content, it is possible for one sample

in 100 to be 0.33% SNF over or under calculated and for one
sample in 20 to be 0.229%, SNF over or under calculated.
This makes individual day sampling for compliance subject
to considerable unfairness.

With 10-day composite samples used for the calculation,
the errors are reduced to one sample in 100 being 0.15 %,
SNF over or under calculated, and to one sample in 20
being 0.109, SNF over or under calculated.

A variable bias is introduced to the calculated SNF value
at different times of the year, presumably as a result of
consistent changes in the composition of the solids-not-fat
and possibly of the fat in the milk due to seasonal and
lactational effects. Using data collected and reported (12)
it is possible to indicate 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 elimin-
ated for practical considerations, and 66% of the supplies
will have been estimated to within . 0.015 SNF % of their
gravimetric estimate, 95% to within 0.030 SNF %, and
99 % to within -0.045 SNF °4. It is thus possible to estimate
with fairness and accuracy the SNF content of a milk supply
using a hydrometric method and calculating the SNF from
the results, provided a reasonable number of sampling
periods is utilized.

This approach may not be entirely acceptable as most

TABLE V
Autumn Autumn Winter Spring Autumn Winter Spring
Winter Winter Spring Autumn
Spring
No. of suppliers tested 10 10 10 10 11 11 10
No. of 10 day periods
involved 26 17 18 17 8 9 9
Bias of calculated
SNF content —0.020 —0.085 +0.047 —0.030 —0.160 —0.011 +0.073
Standard deviation of
calculated individual
SNF contents about
gravimetric estimates ~0.015 1 0.042 - 0.027 -+ 0.019 +0.080 +.0.109 +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 8.29% 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 8.15% SNF and 8.29% 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 0.139% SNF for herd
milk from Table 11, 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 9% 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 0.13 SNF 9 would still have to be made for the natural
standard deviation of the individual samples.
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C.

This technigue has received considerable publiecity

and 18 being used in one of its modifications for a very
extensive protein testing scheme in Friesland. The various
factors contributing to the precision of the original
Steinsholt form of the technique were examined, particularly
as they affected the blank readings. A precision based on
comparison with Kjeldahl values for protein at least as good
a8 that claimed by other investigators was obtained dut there
was considerable variability in the blank determinations.
Miniaturisation of the method was considered desirable as the
quantities of reagents used and the size and quantity of the
equipment needed made the method unsuitable for use as a
routine method. The macro technique was miniaturised simply
by reducing the quantities taken at the various stages of the
procedure but maintaining the same ratios in these quantities.
An endeavour was made to determine any major controllable
sources of error in this miniaturised technique but no
consistent source of variation was observed over 4O tests and
the standard deviation was only : 0,003, about a mean value of
0.527 optical density units. Application of this miniaturised
technique to 70 preserved composite samples of milk from 12
herds and comparison with Kjeldahl protein results gave a
standard deviation of ¥ 0.19% protein (5.2% of the protein
content). This standard deviation was considered far too
high for routine testing and so further modifications were
made to the technique, but they brought about only a small
reduction in the standard deviation (to % 0.17%). Sinmce a
similar technique was being used in Friesland and a standard

deviation of only 0,06% claimed, it was decided that the



technique should be again tried on commercial samples using
Kjeldahl deterained protein contents for comparison. Ten
bulk supplies were examined using ten day composite samples

over a three month period but the results were no more

1+

encouraging, the standard deviation being - 0.21% protein
and the correlation coefficient between the two protein
values for any sampling period ranging from 0.30 to 0.96. It
was considered that in the miniaturised form, as developed,

the amido black technique for protein was unsuitadble as a

routine method using 10-day composite samples of bulked amilk.

This work is further discussed in an unpublished
paper entitled: '"The use of the amido black technique for

protein analysis."

This is attached. (p.23).
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CONCLUSION

It has been chown that it is economically practical
and, in fact, advantagecous to control the compositional S.N.F.
quality of milk by supplementation with reconstitutable dried
milk solids. In a study of some of the analytical procedures
routinely used in the dairy industry, a relationship between
the amount of water added to concentrated sulphuric acid anmd
the resulting denaity has been derived and its practical use
demonstrated. The hydrometric (density) method for determining
solids-not-fat on 10-day composite samples has been showa to
give results in good agreement with results based on daily
sanmpling and testing; furthermore, it was showa that if the
S.N.F. content of 10-day composite samples of bulk (herd) milk
supplies are determined by the hydrometric method, the
resultant estimate of the quantity of S.N.F. supplied 1is
measured with about the same accuracy and precision as the
quantity of fat eupplied based on the Gerber method of fat
estimation, providing the testing has extended over at least
6 sampling periods. The amido black method for protein
analysis has been examined and a modified miniaturised
technique has been developed as being more suitadble for routine
use. However, the S.D. of ¥ 0.19% protein about the Kjeldahl
derived protein valuss was considered too high for routine use,
particularly when the correlation coefficient between the
protein values determined by the Kjeldahl and amido black
techniques fell as low as O.2 on two out of ten sampling

occasions.

Economic and practical methods of S.N.F.supplementa-

tion and of measurcment have thus been demonstrated.
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In view of the lack of success with the amido black
technique for messuring protein, it appeared that a more
useful line of investigation for estimating protein produc-
tion was to use Kjeldahl determined values based on samples
taken on a specified few occasions and to predict tutal
production by means of a regression equation from this

limited data. This then is developed and examined in Part 1I.
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THE USE OF THE AMIDO BLACK TECHNIQUE FOR PROTEIN ANALYSIS

In acid solutions of protein a stoichiometric reaction
ococurs between certain anion active dyes and the cation active
sites on the protein giving a dye-protein precipitate and thus
the change in the optical density of the dye solution gives an
inverse measure of the protein content of the system. It is
necessary to separate fat and precipitated protein by
centrifugation prior to determining the optical density of the
residual dye solution. The technique using amido black as the
dye was developed in a usable form by Steinsholt (19%7),
although Udy had published a similar technique using the dye
Orange G., whilst the potential for the technique was first

indicated by Fraenkel-Conrat and Cooper.

Dolby (1958) reported on the amido black method then
being investigated in Europe and this, with an earlier report
by Stewart on the adaptation of the Steinsholt technique
proposed for the extensive protein testing schemes to be
used in Friesland, were used as a basis for investigating the

application of the technique to New Zealand conditions.

The Steinsholt technique (Appendix (a) ) requires
relatively large quantities of samples and reagents, and
apparatus which would be inconvenient in commercial practice.
It w18 decided, therefore, that the Friesland modifications
(Aprendix (b) ) of the technique should be investigated,

particularly in relation to miniaturising the technique.
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I.

RESULTS

STEINSHOLT TE U

A. Suitability of D

A scan of the absorption spectrum of the sample
of the Amido Black 10B Merck (available) gave a
maximum at 620 = u which was sufficiently close to
the 612.% n/u recommended, as well as coamparable
spectra, to indicate the dye solution was comparable

to that used in other investigations.

B. Determining Blank

Using the dye concentrations recommended and a
Beckman DU Spectrophotometer, the intensity of the
dye solution in the blank sample which had been
treated in a manner that was identical with that for
milk, was such that less than 11% of the incident
light was tranamitted. At this level of transmission,
sensitivity is low and incressed sensitivity had to be
provided. The blank was, therefore, prepared as a
weaker solution by taking 5 ml. of the bulk dye
solution instead of the indicated 10 ml. The rest of
the procedure was not changed. The resultant reading
for the optical density of the blank was increased
1.33 times to allow for the change in concentration of
the dye (doudbling the value would give an incorrect
adjustment due to subsequent operations altering the

original proportions). Using this technique the

precision of the blank determination was examined.

Number of tests (N) = 12

Mean value = 1,895 OD units (0.D.= optical
density).
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(1

(2)
(3)

(%)

(53

Standard Deviation (S.D.) » 0.020

Standard Error (S.E.) = 1.07% éS-E-' ;%:%‘i:fﬂ.;

C. Relationship between Kieldahl determined protein
and amido black values and effect of blank
variations on amido black values.

Using the :Steinsholt technique but using only S5 mls.
of dye for the blank. the change in dye concentration
was determined for twelve 10-~-day composite herd milk
samples preserved with mercuric chloride. KJjeldahl

protein values were also determined on the same samples.

It was observed that the values for the blanks using
amido black were not consistent and the method for
deciding which blank value to use was varied to observe
its effect on the estimating (regression) equation
relating the changes in the amido black readings (Y) to

the Kjeldahl protein values (X).

Sta d D io
Method of aczsessing blank value f e

(¥ Protein )

Common blank solution - readings 0.03
taken between every iwo samples =

each peir of sample readings

subtracted from their own blank.

As for (1) (repeated). 0.06

Common blank solution-readings 0,03
taken between every two samples -

all blark readings pooled and mean

value determined. All samjple

readin:s subtracted from mean value.

As for (2) (rcpeated). 0.03

Using the mean of the results for 0,06
(3) and (h)o
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The estimating (regression) equation for (5)
wass

X (% protein) = 0,073 + 2.632 Y ( OD units )

Y (OD unitas ) = 0.117 + 0.343 X (% protein )

Despite a disturbing variability in the blank values,
the standard deviation of these regression equations were not
high. To examine whether there was a significant difference
in the estimates given by these different regression equatioas,
the differences in U.D. units for dye precipitated in various
hypothetical protein solutions was calculated for each
equation. (Protein concentrations of 2,3,4 and 5% were used).
The values for equation (5) which was based on mean differences

in readings were ugsed as the reference.

SIGNIFICANCE OF DIFFERENCES BETWEEN VARIOUSLY DETERMINED MEAN
VALUES FOR BLANKS

Mean Values Mean difference  "t" value

Compared OD units
(5) = (1) 0,025 1.42
(5) = (2) 0,014 1.19
(5) = (4) 0.015 1.28

There were no significant differences resulting froa
the different methods feor determining the blank values and
their effect on the change in optical density of the dye

solution.

The estimating (regression) equation indicates that a
difference of 1% protein caused a change in optical density of

the dye solution of about 0,34 units. The standard deviation
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of the estimate was of the order of 0,02 0.D. units or about
0.06% protein, i.,e. about 1.5% of the mean protein conteant of
3.9%. The standard deviation of the blank was also of the
order of 0.02 0.D. unite, but using the mean of a series of

blank determinations raduced this latter source of deviation.

D. The effect of delays in reading.

Readings for blanks and samples were made

immediately and after 18 hours' storage in the

refrigerator.

Results for both the blanks and the samples
showed highly significant differcnces between the
readings at O and 18 hours. Despite these changes,
the differences between blank and sample did not
differ significantly at O and 18 hours, thus
indicating that provided both blank and sample are
treated in an identical manner and are read at the
same time, appreciable delays in reading will be
without significant effect on the dye protein

relationship.

Blank Samz}g Blank-

Difference between mean

values (O and 18 hours). 0.109 0,083 0.026
8 hourays ooe (0 and 0405 0,038 0,036
ii;:i:ﬁi:ﬂf »t:pn : 0.005 0.001 <0.025
w
E. vestigation of factors affect onsta

blank reading.
(1) In view of the difference in results which is
directly dependent on variations in the blank values,

a fresh bulk samrle of concentrated dye solution was
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prepared and this was diluted by both the 5 ml.
technique and a new 2 ml, technique, and the results
were compared with samples similarly prepared from
the first concentrated dye solution. The 2 ml,
technique which involved 2 ml. of dye instead of S
or 10 ml.,, but with all other procedures common
except for multiplying the reading by 3.33 to obtain
the equivalent blank value was introduced so that
the readings for both blank and sample were taken ia

the same area of the scale.

Nosof  Mean  gp
readings reading =
e.g. 2 ml.new dye solution 13 0.610 0,008 1.31%
2 ml.old dye solution 11 0.604 0,006 0.99%
5 ml.new dye solution 5 1.496 nil nil
5 ml.old dye solution 2 1,459 0,017 1.16%

There was no consistent improvement in precision
using the fresh dye solution or the smaller quantity

of dy.o

It appears that the standard deviation about the
mean blank reading amounts to about 1% of the reading,
although at times the precision is unexplainedly very

much better than this.

(2) Instead of reducing the amount of concentrated dye
taken as had been done above (b) and (E) (1), the same
quantity (10 ml.) of concentrated dye was used as for
the sample but smaller volumes of the centrifugate

were taken for dilution prior to meking the readings.
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Only half the quantity of blank centrifugate when
compared with the sample centrifugate was used. It
was hoped that under these conditions the known
non-linearity with Beer's Law would be reduced to
a minimum as both sample and blank would then give
readings of the same order. The blank reading was

then multiplied by two.

The methods thus modified are given in Appendix

(c). For the blanks the following mean values were

obtained.,

No.of Mean SD

readings  reading
0ld dye solution.

Series (1) 5 0.818 ) $81

Series (2) ] 0.816 Nil
New dye solution

Series (1) 1 0.759 -

Series (2) 1 0.713 -

The precision appears to be better using this
method, but there is still appreciable variation

between the blank preparations.

MINIAE!BISED TECHNIQUE
The technique detailed in Appendix (c) was

further modified by reducing the quantities takea at
the different stages, but the ratios were not altered.

The possible sources of variation were examined and

these are given in Appendix (e). It was considered

that the main variation was probably in the various
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volume measurements made including the use of a
Corawall syringe, or in the cells used in the
spectrophotometer. Forty tests were made on the

sample with the following results.
O.D.Difference mean value : 0,527 8.D. 0,003

No consistent pattera of variation was observable
in these variations of techniguz. The use of the
Cornwall syringe may have been a source of some
slight variation but its use was justified in teras

of speed if the method was to be commercially useful.

APPLICATION OF MINIATURISED TECHNIQUE TO COMMERCIAL

SAMPLES.

The Aethod described in Appendix (d) was applied
to 70 preserved composite samples of milk collected
from the same 12 herds during six ten-day sampling
periods, =snd the regression equation relating the
difference in Optical Density (Y) and *he Kjeldahl

protein values (X) was derived and was as follows:-

protein) = 1,652 + 4,974 Y (0.D.units) S.D.0,19% protein

(mean blank value was 0,793 S.D. 0.,015)

The higher values in the equation were consequent
upon the smaller differences in optical density

resulting from the changed technique.

The standard deviation of 0,19% protein was

equivalent to 5.2% of the mean protein content.
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This large standard deviation of the regression
equation made the technique unacceptable as an
analytical method. However, a similar technique was
being used as an analytical method in Friesland and
80 further modifications were introduced to try te
improve the precision of the technique. These
modifications were the use of larger quantities of a
weaker dye solution and the use of larger quantities
of centrifugate, wheredby errors in volume measurement
would be reduced in extent. These modifications are

detailed in an addendum to Appendix IV.

Using 32 further samples, the regression equation

for this modified miniaturised technique wasi

X (% protein) = 1,221 + 6,303 Y (0.D. units) S.D. 0,17 and

the mean blank value was 0.818 s.D. 0,006.

Iv.

These modifications brought about only a slill

reduction in the standard deviation.

ESTIMATION OF PROTEIN CONTENT OF COMMERCIAL SAMPLES BY
THE _MODIFIED MINIATURISED TECHNIQUE.

A limited comparison of estimates of protein
production by the modified miniaturised amido black
technique and by the standard Kjeldahl method was
undertaeken using mixed herd milks collected as 10-day
composite samples over approximately 3 months from a
common group of suppliers. The correlation
coefficients between the two methods for the data for

each 10-day sampling period were as follows:-



Poriod  suprIYSFS test correlation Coefficient

a 10 042971
2 11 0.6852
3 9 0,7568
b 1 0.6528
5 11 0.9630
6 10 0.9370
?7 9 0.2960
8 8 0.8983

all bulked 0.4723

In periods 1 and 7, two results were discarded
since with them present negative correlations were
obtained. Even with these two samples discarded the

correlations in these two periods were extremely low.

Using this data a new regression equation was
calculated (the two results discarded for the

correlation studies were again discarded).

X (% protein) = 3,051 + 1,794 Y (O.D. units) S.D. 0.21

The standard deviation was greater than that
observed in Section III when the miniaturised
technique was first applied to commercial preservatised
samples and, in consequence, the method as modified
was still too imprecise for use in estimating the

protein content of preservatised mixed herd milka.

If all data in periods 1 and 7 were discarded, the
precision of the regression equation improved. The

regreseion equation then became:

X (% protein) = 1,580 + 6,467 Y (O.D.units) S.D. 0,18 and
the correlation coefficient was 0,7382.
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Thus,even under these highly selective conditions
the protein was estimated with a standard deviation of
0.,18% which was too high to be acceptable since it

represented 5% of the average protein content.
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DISCUSSION

Steinsholt (1960) showed there was a linear relation-
ship between the protein content and the amount of amido black
precipitated only when the amido black was present in excess.
He showed that a ratio of 0.486 gm.dye per gm.protein was
necessary to ensure linearity at all protein levels. In the
technique used in these studies a dye to protein ratio of 1:1
was used; consequently the variations observed were not due to
a deficiency of dye but may have been related to the excess of

dye presont.

The accuracy of the Steinsholt technique,when compared

with the Kjeldahl method, appears to be faily well documented.

Steinsholt S.Ds 0.12% protein
Vogt 5.De 0,07% "
Dolby S.D. 0,07% "
Macrc method (IC) S.D. 0.06% e

Miniature method (III) S.D. 0.,17% "

The macro method used in this study was thus of the
same precision as that of other investigators, but the
miniaturised method had & consistent error of about 3 times
the extent of the macro method and it was not poseible to

reduce it appreciabdbly.

Raadsveld modified and simplified the Steinsholt
technique in order to make it more suitable for mass
analytical purposes. He standardised the dye strength to a

predetermined optical density and then read the optical

34



density of the clear centrifugate. He claimed that the
standard error of the estimate using this techmique was
0.,06% protein when compared with the Kjeldahl determination
and the standard deviation between duplicates for the amido
black technique was 0.05% protein. Posthumus reported the
automation of the Raadsveld technique to handle 1000 tests
per hour and claimed a standard error of estimate of the
same order, but he considers it necessary to run regular

checks against the Kjeldahl method.

Ricordeau ¢t al., Dolby and Vanschoubrek also reported
standard deviations of the same order, although disagreeing on
the presence or absence of lactational effects on the relation-

ship.

Hashimoto et al. reported a survey of the protein
determination in 997 milk samples by the amido black emnd
Kjeldahl techniques and their correlation coefficients between
the two methods ranged between 0,706 - 0.990 for their 10
groups of samples; wherecas im the study reported here the
range was from 0,296 = 0,963, They also observed that the
following factors did not affect the determination, source of
dye, pi range 2.2 = 3.2, filtration or centrifugation, mercuric
chloride preservative, thus indicating that the method is# not
particularly sensitive to conditions. This is disputed by

Ashworth and by Vogt.

Kiermeier and Reimer established a regression equation
different from the original equation determined by Steinsholt

as have all the other investigators.

In Denmark the method has been commercialised under

the name Pro-}Milk. Reviewing the Pro-Milk technique, McNeil

<



et al. noted that this technique gave higher values for
protein %: the differences ranged from -0.,26% to +0.34%

total protein.

It appears that the various modifications of the
Steinsholt technique should give protein estimates that
have a standard deviatiocn from those determined by the
Kjeldahl technique of around 0.1% or less, but this has not
proved consistently so, nor is there consistent agreemeut on
the effect of varying conditions of analysis. Investigations
on miniaturised techniques reported in this paper showed
that these techniques were not capable of producing results
maintaining a consistently high correlation with the Kjeldahl
results, and although the inconsistency of the dlank
determination is responsible for some of the variation, this
is by no means the only source as is obvious from a perusal
of the correlation coefficients in Section IV. The cause of
this excessive variation has not been determined. The
modified amido black methods for the determination of protein
in milk discussed herein are not suitable for use on
comnercial 10~day composite samples in their present fora,
although their use consistently over an extended period of
supply should give as accurate an estimate of protein supplied

as does the hydrometric technique for solids-not-fat.
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APPENDIX

Reagent :

Method :

(a)

PROTEIN ANALYSIS BY AMIDO BLACK (STEINSHOLT)

Steinsholt, K. Meleriposten 46:(14) 259-64 (15)
279-84 (46) 901-05 (1957).

A colorimetric method for the quantitative
determination of protein".

0.6165 ¢ amido black 10B (Merck for electro=-
phoresis) is dissolved in 1 litre of buffer

solution pH 2.35 coneisting of:

825 ml. 0,1 M citric acid solution
175 ml. 0.2 M disodium hydrogen phosphate

In later experiments, 0.,3M citric acid at pH 2

replaced the mixed bdbuffer.

15 mle milk diluted with distilled water to
200 ml,

To 10 ml. of the dilution is added 20 ml.amido
black solution.

After 10 min. the mixture is centrifuged for
5 min. at 2,500 RPM in a Wifug (Model H)
centrifuge.

S5 ml., of centrifugate is diluted with distilled

water to 200 ml., and light transmission measured

at 61206 m/“o
Distilled water used as blank.
Kjeldahl method using 6.37 x N% was used as

reference method.
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Results !

349

Correlations between amido black method and
Kjeldahl.

(a) 64 preserved herd milk samples 0.982

(b) 62 fresh (unpreserved) herd ailk 0.975%
samples

Regression uation -« linear

% protein = =3,132D + 4,738 where D = optical
density.



APPENDIX (b)

Reagent 3

Method ¢

Resg ts 3

OFFICIAL FRIES D METHOD (POS 8)
(based on report by Stewart)
0,388 g amido black 10B

2,080 g Na, HPO, 2H,0

15,78 g citric acid

are dissolved in 1 litre distilled water.
pH 1s adjusted to 2.35

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

Determine optical density of this and adjust
with citric acid - phoasphate buffer pH 2.35 to
predetermined standard 0.D.

Warm sample to 40°C mix and cool back to 20%C
using Cornwall pipette transfer 0,95 ml. to
test tube,

Add 19 ml. amido black solution and mix 10 mins.
Centrifuge 1500 RPM/5 mins.

Determine the colour in the intermediate layer
(L.e. minus fat and sediment).

Using 40 samples and comparing with Kjeldahl.
Regression equation - ocurvilinear

% protein = 1.0910% x 10° -3.6787D x 107> + .27
Day to day fluctation of 2% 0,05%

Check samples using Kjeldahl are necessary.

S.D. claimed to be 2 0.05%

About 94 per test.
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APPENDIX (¢)

Blank :

MODIFIED STEINSHOLT TECHNIQUE

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

to 5 ml. of this add 10 ml. dye solution, shake,
stand 10 min. Centrifuge at 2500 RPM for 5 min.,
then dilute 4 ml. of supernatant to 100 ml. with
water. Read at 620 m u in optical density units

and subtract from blank.

To 5 mi. of water add 10 ml. dye solution, shake,
and dilute 2 ml., of this to 100 ml. with water.
Read at 620 m/u and multiply optical density

reading by two.
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APPENDIX (4)

Sample :

42

MINIATURISED MODIFIED STEINSHOLT TECHNIQUE

Dilute 3 ml. of milk to 100 ml. with water, to
1 ml., of this add 2 ml. of dye solution, shake,
stand 1C min. Centrifuge at 2500 RPH for 5 min.
and to 0.83 ml. of the supernatant add 20 ml. of
water using Cornwall syringe. Read at 620 mu

in optical density units and subtract from blank,

To 1 ml, of water add 2 ml, of dye solution,
shake, and to 0,415 ml. of this add 20 al. of
water using Cornwall syringe. Read at 620 mu
multiplying optical density reading by two.

Further modifications introduced:

(a) the concentrated dye solution was diluted
1¢S5 and 10 ml. of this was used imn place
of the 2 ml, of concentrated dye.

(b) 3 ml. of centrifugate was used in place
of 0.83 ml. and to this, using a Cornwall
syringe, 80 ml. of water was added in
place of 20 ml,

(¢) the blank was prepared as follows: to 1 ml.
of water add 10 ml. of dye solution
diluted 1:5, shake. To 1.5 ml. of this
add 19.5 ml. of water. Read at 620 mu,
multiply optical density reading by two.
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AERIX (p)
EFFECT OF VARIATION OF TECHNIOUE ON PRECISION OF MEASURENAM
Tost 0.0,
e, Teghnigue variation
1 al. plpette A 2 nl.pipette C ( )
2 52 (o5-.830) ° .
3 'm§111ua2umtc (0« .15 . a
[ 1998 ("] [ 198 (]
‘ 0’29 p ” p 0‘1’ - om " bl
’ .s&oi 1 ol plpette B 2 al.pipette E ; o..usz ' "
el. . ( ]
6 530 P i A5 - 830 . .
! '”zi 1 al. pipette 8 2 nl.pipette € ; 0= .41 ' "
° (] ale { ]
8 0530 . ”” ” o“s - usm ] L] s
9 540 as for 1
:l: ;g ) o8 for 1 but 20 al. Cornwall syringe replaced 20 al. pipette F
12 522
13 S )
1® 519 )
15 .530
1% 2510 ;
}z .;;g a8 for 5 and 6 but taking perticular care with .415 al.
N .535 qentity using full length of pipette 0 and 20 ml. Cornssll cyringe
20 %
2 ?ﬁ  as for 7 and 8 but using only O = 415 Length of pipette D ead 20 el. Cornmall eyringe
2y 525 as for 21 end 22 but cells roversed
2 533
25 o532 repeat on 21 using third cell
% 530
4} .531 ) repeat on 21 using fourth coll
3 5%
2 52
30 74 } s for 7 and 8 but using matehed cells
1] 527
7] 520
2B
g zg; fresh sample using only 0 - .415 al, portions pipette 0 and 20 ml. Coravall syringe
57 K71
18 529
3 2529
0 .528

¥EAN 0,527 S.0. 0,003 SJD. as § of reading 0,65



PART II

A STUDY OF SAMPLING FREQUENCY AND THE PREDICTION OF PROTEIN
PRODUCTION IN MILK FROM DAIRY COWS BASED ON A RESTRICTED
FREQUENCY OF SAMPLING.
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INTRODUCTION

For effective use of prediction of proteinmn production

in herd improvement and in milk production, it was considered

that the following requirements must be met.

(1)

(2)

(3)

(a) One should be able to select the best and werst
10% of the cows with confidence - the main
requirement is cne of ranking rather than an

accurate knowledge of individual production.

(b) If several groups of sampling times gave
approxdimately equivalent estimates for the
purposes of (a), this would be an advantage,as
it would spread the sampling and analysis
requirements. This would be an advantage both

within and between breeds.

For es t o

One should be able to give an estimate of total
production as this would be of value as an experisental
aid in asscssing the effects of changes im husbandry on
the production of protein. A lknowledge of the error of
the estimate would assist in determining the

significance of obeserved changes.

r d mi n
One should be able to make a reliable estimate
of the protein cupplied during a dairying season on a
whole herd basis so that a reasonably accurate paysent

can be made for it.
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For all of these it was considered that the desirabdle
frequency of sampling should be some combination of 2, 3 or 4
sampling times which givas the best estimates of the total
production for the individual animal).s and for the herd., It
was considered desirable that the partial regression
coefficients for the selected sampling times should not
differ greatly from year to year and it would be useful as
well if these coefficients did not differ greatly between

breeds.

The investigation has been centred on protein
production since it is considered that the protein content of
milk will be of increasing nutritional significance in a
situation where the available sources of palatable and
acceptable protein are not increasing at the same rate as the
world population. There are also analytical problems, as the

quicker methods of protein analysis are still of only

marginally adequate accuracy and reliability, and the Kjeldahl

technique with its requirements for specialised laboratory
facilities continues to be used both as the reference and =8

the routine method.

If the number of tests needed to predict protein
production can be reduced, then it becomes a practical

possibility to test for protein production since regional

49

central laboratories could be established to do these analysea.

In this way the cost of the testing progrumme could be kept to

a minimum.

The results and discussion that follow were the
consequence of examining the feasibility of these concepts.

Following the introduction is a literature review of the
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effects of variations in sampling frequency on the accuracy
of prediction. First the results from various short
interval sampling frequencias were compared with the results
from daily sampling and it was estalilisched that a frequengy
of fortnightly samplings could be used to provide an
adequate basis for this study. Secondly, the results froa
long interval or restricted frequency samplings have been
recorded for comparison with the results reported herein and
the advantages and disadvantages of regression equations and
simple proportion ratios for estimating total production froam
a limited amount of data have also been noted. The methods
section then follows and in it the source of the data, the
methods of analysis and of computation are described, and a

1list of the statistics used is given.

In the results and discussion, it has been necessary
for purposes of argument to examine and discuss the results
stepwise. Thus the first sections (A), (B) and (C) deal with
the selection and evaluation of the sampling times for use in
predicting protein production. They include a consideration
of the correlation of protein production at particular
sampling times with the total production of protein, together
with a consideration of the intercorrclation of proteins
production between individual sampling times, since it was
considered that these two correlations would be of assistance
in selecting the sampling times to be examined for their
abllity to provide data suitable for accurate prediction (or
estimation) of production. A comparison with correlation

data reported in the literature is also included.

In Section D the results of the manual determination

of the partial regression coefficients for data froa



particular sampling times and their efficiency for predicting
production, as measured in terms of the standard error of the
estimate (for definiticn, see p.70 ), are presented and

considered.

In Section E an examination similar to that in Section
D is made, but in this section the partial regression
coefficients and standard errors of estimate used were computer
derived and further the merits and demerits of the computer
programme are examined. Finally, in this section, there is a
comnarison of results obtained by the manual and computer

methods of regression analysis.

In Section F the problem of selecting from the large
number of partial regression coefficients availadble for any
particular sampling time or for any group of sampling times,
those partial regression coefficients to use in a general
purpose predicting or estimating equation is presented. The
effect of various methods of combining data, or of combining
partial regression coefficients, on the accuracy of the
prediction and on practical application is considered. A
review of the accepted accuracy of the prediction of

production is also included.

In Section G an examination is made of, procedures for
ranking cows in terms of production, and, the effect on the
ranking of the cows of using the selected partial regression
coefficients for predicting production. The use of partial
regression coefficients which are applicable to data deriwed
from cows withim a breed over an extended range of sampling
times is then considered in terms of its effect on the
prediction of total production for a herd, the prediction of

total production for individuals within a herd, the ranking



of the individuals and the effect on culling practices.

In conclusion, it is shown that a system of
predicting protein production from only three samples taken
during specific bdbut droadly defined periods within a

lactation seems practicable.

An interim report on this investigation was presented
to the Z!I: International Dairy Congress and has been

published as the following paper:-

"Ppediction of Protein Production based
on a restricted frequency of sampling."
Proc. XVQT Int.Dairy Cong.S5ect. A1, Paper

N00378| Pe37. (1966) .

A copy is attached as Appendix, Introduction (1).
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REVIEW OF EFFECTS OF VARIATIONS IN SAMPLING FREQUENCY ON
ACCURACY OF PREDICTION

(1) Short interval sampling

In a recent review, Voigtlander (Appendix Introduction
(2) ) discussed the number of tests necessary to assess the
milk yield and its composition. Most investigations which
have been reported have been based on milk yield and butterfat
Yield and so far little work appears to have been reported om
the number of tests necessary to determine protein yleld.
However, a consideration of these reports on milk and fat
yield can be of value in (a) establishing whether a fortaightly
sampling routine was a suitable asystem on which to base the
investigations into the estimation of protein yield and (D)
establishing the level of errors in prediction which are

acceptable.

With regard to milk yield, examination of the data
listed in Appendix Introduction (3) showed that the mean
maximum percentage difference between actual amnd estimated

production at different sampling intervals was as follows:=

for milk yield -

Sampling freguency
(. days 15 days 21 days 2O days
Mean maximum difference % 6.3 8.0 10.5% 12.2
Standard deviation (S.D.) :Q.B 3“.3 4 3.6 té.2

No. of reports used (N) 12 12 9 15
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and for butterfat yield -

Sampling frequency
Zdays lodays 2ldays 20 days

Mean aaximum difference % 5.4 8.3 8.9 12.0
Standard deviation (S.D.) 2,0 b B .0 > 419
No. of reports used (N) 4 L 2 9

With regard to fortnightly sampling, Campbell, basimg
his report on the results of daily testing, showed that the
percentage error to be expected and its standard deviation, was

as follows: -

Ereguency of test Average % error end 5.D.

Hilk Yield Fat ¥ Eat Yield
Twice weekly “0.79 ¥ 1,11 -0.53 I 1.64 -1.29 T 2,42
Weekly +0.52 I 1,10 -0.38 I 2,41 +0.1 I 2,68
Fortnightly +#1.52 ¥ 1,71 -0.33 ¥ 3.52 +1.18 2 3,90
Monthly +1,35 T 3,72 -0.65 I 4.12 +0.56 = 6.45

Dick, after a more detailed examination of some of the
data on milk yield used by Campbell, states that '"bias in the
sampling results may be safely neglected for all periods (i.e.
from 2 up to 28 days), as the highest average percentage error
does not exceed 1%. The relationship between the interval of
the sampling period and the standard deviation of the

percentage error follows a straight line law very closely."
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Dick's figures in summary were:-

Ereguency of test A ercent .
Milk Yield
Every 3 days +0.17 ¥ 0,49
CE A - 0,07 ¥ 0.98
vy w - 0.11 ¥ 1,20
no28 v - 0,55 2 2.39

Dick also examined whether the accuracy of sampling
depends not only on the iaterval in the period used dbut aleo
on the point, in time, within the period at which the sample
was taken. His results given above were based on samples taken
on the last day of the period studied. Dick stated "for each
period there were no significant differences between the
standard deviations of the percentage errors obtained by using
different starting points." His results also showed no bias
in the average percentage error due to lactational effects with
the use of different sampling days within the sampling period.
Johansson,on the other hand, in a review of earlier work
reported results which suggest increases in both the cyctiu&tio
error and the standard deviation when the sampling day was

moved from mid-period to end of period.

It seems reasonable to summarise these findings as
follows:~ there is nc bias introduced into results using
fortnightly samplings instead of daily, the average percentage
error in most investigations has been around O.1% with a
standard deviation around 2% and there appears to be little
significance in the day, within the fortnightly period, on

which the sample is taken.
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Dick examined the daily variability in milk yield,
breaking the change in yield down into two components (a)
that which occurs as a result of a uormal lactational change
(his percentage variadbility); (b) that which occurs due to

random factors (his standard deviation).

For the 52 cows examined the percentage variability
was 8,13%, the stamdard deviation 4 2.65, and the correlation
between the percentage variadbility and the average daily

production was zero.

There is thus a considerable uncontrolled variadbility
from day to day which only daily recording could obviate and
since such a procedure is for the majority of purposes
impracticable, an extended period between samplings becomes
logical, provided the extent of the errors so introduced are

known.

With respect to protein sampling, Senft, using daily
protein determinations as a basis, found that the protein .
yield could equally well be determined by sampling at t-weekly

intervals as by sampling every 10 days.

Politiek, in a discussion on the influence of
heredity and environment on the composition of the milk of
Friesian cows, stated that the protein percentage appeared to
be very constant during a milking and there appeared to be
little difference between the percentage of protein in the
morning milk and the evening milk. Other factors such as in-
season, incomplete milking-out,etc., had practically no effect

on the percentage of protein.

Vanschoubdbrek reported the daily variation for protein



percentage during 10 successive days tu be 2.6%, considerably

less than the 4.2% for milk yield and 6.2% for fat,

A study in the Netherlands reported by the
International Dairy Federation indicates that sampling once a
fortnight, when compared with daily sampling taken over a
period of a year, will yield an estimate of protein production

having a standard deviation of 0,013% about the actual.

The error introduced by fortnightly sampling is

therefore small,
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()  Leng inkerval or rostricted frequency sampling

Czaké and Csukas considered it unnecessary to perfors
monthly protein analyses during lactation as the milk proteim
production during lactation could be adequately assessed by
sampling and analysis on only three occasions, namely in the
2nd, 6th and 10th month of lactation. Using this combinatien
of sampling times the correlatiom coefficient (r) with the
monthly data was 0,86, The daily examination, for one month,
of the protein content in the milk of 14 cows showed that
relinbility of the analysis was not influenced by a deviation
of a fow days or even 1-2 weeks from the centred sampling
dates, the range in observed protein values being less thaa
3% during this period.

Lemvigh, in an early paper, suggested sampling in the
Sth and 6th months, with the 2nd or the 4th in additionm.

(Cited by Voigtlander, Vanschoubrek).

Senft, using daily protein determinations as a dbasis,
found that the protein yield could equally well be determined
by sampling once every %4 weeks as by sampling at 10-~day
intervals. Sampling at k-weekly intervals gave a better
estimate of protein production than did Lemvigh's sampling
pattern. Senft recommended that samples taken on the 50th,
150th and 250th day of lactation gave a fairly satisfactory
prediction of protein production. No correlation coefficieat

was given,

Voigtlander compared prediction of milk yield and
protein percentage based on weekly sampling with that based
on 14, 21, 28, 42 and 56-day sampling frequencies, and also

with limited frequency sampling systems, as follows:-
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(a) Czaké and Csukas' method 2, 6 and 10 months
(b) Horn's method - 3, 6 and 9 months
(¢) Lemvigh's method « 4, 5 and 6 months

(d) Pjanovskaya's method 2, 5 and 8 months

|

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

Samples were taken mid-month in systems (a)to (d).
The average yield over the three test days was determined
and this was multiplied by the length of the laetation
period to determine total protein yield. This simple
averaging and multiplication approach is common to almost all
systems of predicting production from partial lactation
records (Carré et al., Lamb and McGilliard, Alexander and

Yapp) .

Voigtlander's results for the average of 29
lactations of German Friesian cows are given in Table 1 and

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

In summary, he found that when the production data
for the whole herd, using samples taken at 7-day intervals as
his reference, were compared, there was an almost linear
increase in the mean value of the estimated milk yield as the
interval between the regular sampling dates increased
reaching 0.36% in excess of the 7~day total at S56-day intervals.
With mean protein percentage there was likewise an increase in
the mean value, but whereas this value was only 0.57% in excess
of the 7-day value at both 28 and 42-day intervals, it 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 proteina

percentage from the 7-day value were obtained:-
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2 ¢+ 6 + 10 mth. «0,28% of the mean value
2 + 6 + 9 mth. ~1.1%%% n » " "
b «+ 5 + 6 mth. b4 B3X v » " "

2 + % + 8 mth. 2,85 " » " "
50 + 150 + 250 days 114 " ® " "

The above results represented the deviations of the
mean values from the 7-day values wher all the lactation data
were combined. When individual lactations were examined for
milk yield, the mean error tended to increase with ingreasing
sampling interval and the standard deviation of the mean error
increased almost linearly from I 1,36% of the mean value at
14 days to ¥ 3.54% of the mean value at 56 days: With
protein percentage, aithough the error of the mean value
increased with longer sampling intervals, the standard
deviation of the error did not vary appreciably for 28 , 42
or 56-day intervals being of the order of < 1,4% uf the mean
value. With the limited frequency-of-sampling studies, the
following variations and their standard deviation from the 7-
day values for individual lactation data in terms of protein

percent were obtained:-

3.58% of the mean value

2 + 6 + 10 mth, 1,50 2

3 + 6 + 9mth., =1,17 % 3,495 " n» v
4 + 5 + 6 mth. 5.8 ¥ 4,86 * v " "
2 + 5 + 8mth. 3,03 2 3,84 v nw w m
S0 + 150 + 230 days  -0.97 I 3.57% v v
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The results given in Tabls 2 of the original data®
indicate that sampling regularly at 42-day intervals gives
an estimation of protein production for an individual cow
with a maximum error of + 0,79 ¥ 14,76% of the mean value.
Unfortunately, the effect of the limited frequency sampling
times on milk yield was not given so an estimate of the
maximum error in protein yield is not possible, but if the
50, 150, 250-day data for protein ¥ is used with the 36-day
sampling interval data for milk yield, an estimate of the
naximm error is - 0,45 ¥ 21.33% of the meam valus,

Voigtlander suggests that a maaximim error range of

% 10% would be acceptable for most uses of the predicted

production.

* ABSTRACT FROM TABLE 2. Relative sampling errors using
individual lactation data. Data for 42-day interval

relative to 7-dey interval.

MEAN 8.2,
Milk Yield Kg/Lactation + 0,05 3.48
Protein ¥ + 0,74 1.44

Protein Yield + 0.79 4,92



Examining the effect of different sampling times on
the ranking of individual cows, Voigtlander found the

following rank correlations.

7 day 3+ 14 days + 0,9844
¢ 21 + 0,9916
: 28 v + 0,9788
1 b2 v + 0,9547
¢ 96 + 0,9678
1 2 + 6 + 10 mth. + 0.8049
t 3 +«+ 6 + 9 mth. + 0,8670
t 4 + 5 &+ 8 mth, + 0.8706
$1 2 + 5 + 8 mth. + 0.8783
t 50 + 150 + 250 days + 0.,86%9

The above work on the prediction of protein
production, most of which has besn reported since the
investigation reported herein was commenced, has been
approached differently from that used here in that no use
has been made of a regression equation to weight the data

gathered at the specifisd sampling times.

Discussing the value 0f a regression equation for
prediction of production, Lamb and McGilliard observed that
there were two basic methods for estimating total lactation
production, either (1) from a single test or (2) from
cumulative production. The simplest method was to extend

the data using a simple proportion ratio based on days-on-
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test projected to 305 days.

The other method was to obtain the regression of
total production on partial production. Both linear amd
quadratic regression equations have been used but linear
regression is considered to provide a satisfactory means

for extending part production.

Choice between the two methods depended on the:

(1) purpose of the prediction.
(2) ease and simplicity of use.

(3) comparative acouracy.

The advantages and disadvantages of the two methods

were oonsiderod,

The ratio method is far simpler and easier to derive,
to use and to understand. It under estimates the total
production of low producers snd it over estimntes the total
production of high producers since time is the ohly variable.
However, the variation in the estimated production is closer.
to that observed in actual production records, whereas the
regression method of prediction tends to narrow the extent ef
this variation. The regression method does, however, correct

more adequately for an incomplets lactation.

Either method should rank cows in the same order but
since records extended by regression differ less than actual,
this tendency to group the records more closely about the

mean may make selection decisions more difficult.



Cianci examined the average difference between the
actual 270-day production and the production predicted,
using in one case a simple ratio factor and in the other

cas® regression factors, with the following results:-

Average differgnce from agtual
Droduction
Simple ratio factor Regression factor
Based on 30-day 8.2% 10,5% 7.3% 11.7%
Jield
Based on 150-day 3.3% b.1% 3.08 b
yield

In thie study the average difference was not reduced
by the use of regression factors in place of the simple ratio

factors,

In 1955, Patchell reported briefly that samples taken
at the end of the 10th, 18th and 26th week after calving could
be used, with the appropriate regression equations to predict
milk yield and fat yileld with an accuracy differimg little

from that based on monthly testing.

Comparing his results against daily testing, he found

the extent of the errors to be as follows:-~

Erediction by
Teryr o
Milk yield ¥ 8% of true value p4 7% of true value
Butterfat yield 2 9% of true value < 7% of true value

This report of Patchell'’s prompted the present
investigation.
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(A)

METHODS

Sampling ond Analyeis

1. Seourge of data
The milk production and composition of individual

cows in the Mas:ey University Jersey and Friesiaa herds
was measured during two consecutive full lactational
poeriode for ¢ach cow. All data were kept separate by

year and by breed.

The number of cows finally used in the computation

werel

Year 19572/58 1938/39
Jersey 29 (sot 101) 23 (set 102)
Friesian 35 (set 103) 42 (set 104)

The reasons for changes in the cows used in the
different sets within a breed are detailed in Appendix

(Methods (a) ).

2.  Milk collection and sampling

The milk fron individual cows was collected,
weighed, and sampled at fortnightly intervals uaing the
Pem. milking and the following a.m. milking. Composite
samples were prepared by mixing together the well-
mixed p.m. and a.m. samples in volumetric proportiem to
the weights of milk produced. The composite saamples
were preserved with 0,06 g HgCl, per 250 ml. of ailk
(0«2 ml. of a saturated alcoholic solution of mercuris
chloride per 250 al., of milk). The samples were held

in a refrigerator until required for analysis.
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Samples were then warmed to room temperature (approx,

15°C) before proceeding with the analysis.

3. Protein determination

This was based on the Kjeldahl method using
aercuric sulphate solution as catalyst and reducing
with powdered zinc in the distillation process, The
distillate was collected in saturated boric acid and
the titration was made with standardised approximately
0.1 ﬁ stoh using methyl red as the indicator. Five ml.
of the well-mixed milk sample was digested and the
protein content was calculated on a weight/volume

basis.

Protein production was calculated from the weight
of milk produced and percentage protein found. This
introduces a slight error in that the protein content
was calculated on w/v basis, whereas the production
calculation assumed a w/w basis. The exteat of the
error introduced by this aprroach is relatively small
since the maximum snd minimum densities observed at

20°C were 1.032 and 1,026 and these give a spread of

20,015 g in the weight of milk assumed to be
represented by the 5 mls. taken (an error eof p4 O 3%

in the weight assumed).

No attempt was made to "age correct" the

production data.



(B)

Te

All cows in milk were sampled at each samplimg
date. The first sample for each cow (representing a
stage 27 lactation tetween 1 and 13 days) was not
used in the statistical analysis as it was not
possible to entirely eliminate the variability due to
colostrum effects" in this sample. The 16 sampling
times used in this study were consecutive and
followed imnmediately after the rejected 1st sample.
These sampling times, therefore, refer to the

following stages of lactation,

Sampling time Stage of Lactation
1 W - 27 days
2 28 - 49 v
3 b2 - 55 »

b 56 - 69 "

5 70 - 83 v

6 84 =97 n

7 98 =111

8 112- 12% »

9 126 =139 "
10 %0 -153
1 154 <167 v
12 168 -181 v
13 182 =198 "
1% 196 =209 "
15 210 =223
16 224 -238
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Only cows giving 16 consecutive tests were
used in ;ho computation. A lactation length of at _
least géh days was thus the minimum used in this
investigation. The New Zealand Dairy Productiom
and Marketing Board (1965) considers any lactation
over 200 days to be satisfactory when evaluating
sire survey data. For the years involved in this
study, the average length of lactations based on
Herd Improvement data, as reported in the Annual

Reports of the Board, were:-

1957/58 258 days
1958/59 260 days

The lactations used in this investigation were,

therefore, normal in character.

2 ula i

The correlations between the individual sets of
fortnightly data and total production, and the inter-
correlations between the individual sets of
fortnightly data, were calculated using an I.B.M,6%0
Computer. These correlations were deterained on
each of the four sets of data, namely Jersey 1957/58,
Jersey 1958/59, Friesian 1957/58, Friesian 1958/39.

3. Select comb ong of
analyels - magual colculation

Using the determined correlation information,
the ten ocut of sixteen individual sampling times most
highly correlated with the total production were ranked

in descending order of their correlation coefficieat.



Intercorrelations between these ranked sampling
times were then examined, and various combinations
of the sampling times most highly correlated with
the total production and with minimal inter-
correlation were selected for calculating the
appropriate parameters of the multiple regression

equations for predicting total production.

4.  Regression analysis by computer
Subsequently a modified Tape Regression Analysis

Programme (TRAP) was used on the I.B.M. 650 for the
regreasion analysis, and as only a limited capacity
was avallable, sampling times were sclected and
examined and their contribution to the regression
equation was tested by determining the Student '"t"
value. The TRAP programme was modified to reject
the lowest value in terms of "t" until all values of
"t" were in exceas of 2 which was just over the 5%

significance level.

All odd sampling times werc first examined. All
even sampling times were then examined and finally
the odd and even sampling times retained on the "t"
basis were examined as a group. The procedure was

repeated for each of the four sets of data,

Finally the odd and even sampling times retained
on the '"'t" basis for Jersey year 1 data were used to
examine Jersey year 2 data and vice versa, and like-~
wise this was done within the Friesian groups.

Because this procedure did not give a clear indication
that any specific sampling times were consistently

capable of giving a satisfactory basis on which
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prediction could be based, the TRAP programme was
modified to take every combination of 4 sampling
times out of 9 sampling times selected on the dasis
of their relatively high correlaticn with total
production and their spread over the lactation
period, namely sampling times 4,6,7,10,11,12, 14,15,
16. This programme was run using the Jersey data
for both years together and the Friesian data for

both years together.

5. Basis of evaluation of groups of sampling times

d regressio

Each multiple regression equation was evaluated
in terms of the standard error of the estimated value,
Each group of sampling times was ranked in terms of
this standard error for each set or combination of
sets. The ranked sequences were then examined for
those groups having the lowest standard errors over
all sets or combinations of seta. A set was one
year's data for one breed, thus there were four sets

of data available.

6.

(a) Multiple Regression Analyeis and standard

error of estimate (Croxton and Cowden, p.546

et 89).

(b) Standard error of estimate expressed as
percentage of the mean production of protein
per cew for the set or sets of data being
used. Whenever standard error of estimate is
mentioned in the text, it is this statistie
that 1s referred to. This statistic is also

k¥nown as the Coefficient of Variation.
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7.

(c) Spearman®s Rank Correlation Coefficient

(Croxton and Cowden, p.478).

(d) Limits for sums of squares of rank

differences (Bennett, p.284).

(e) Average standard error of estimate!

Average standard error of estimate =

sE2(a) x df (a) + SE2(b) x df(b) ete.

df(a) + ar(v) etec.

where SEZ(a) = square of the standard error of

the estimate for set (a).

df(a) = degrees of freedoa in set (a).

Sampling Yime V Sampling perioed

In this investigation the effect of sampling
time in relation to sampling period was of no
significance since no account was taken of the
total fortnightly production, only the production
at the specified sampling times being used im the
correlation studies and regression analyses. In
the discussion on ranking and predicted

production, the total production values used for

71

the regression analyses or predicted by regression

have been multiplied by a factor of 14 so that

they approximate actual production values.
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RESULTS AND DISCUSSION

(a) 8 sel £ ing ¢ 8
in predicting protein production.

The criteria used to select sampling time
groups for examining their suitadbility for predicting

protein production wore:-

(1) High correlation with total production.

(2) Leow intercorrelation among the individuals of
the group of sampling times.

(3) Reasonable spread in time between sampling
times to reduce temporary interactions of
weather, feed, husbandry conditions, etc.,and
to enable a reasonable sampling and testing
organisation to be planned, which is easier

with a spread of sampling times.

(b) s of ev ion of sa
r use in pr t ote .

It was considered that a group of three
sampling times would be the most satisfactory
grouping. In this way the number of samplings
needed would be kept to a minimum and yet three
sampling times would reduce the effects of imaccurate
sampling and analysis, and uncontrollable local
variations of weather, feed or husbandry on the data

used for prediction.



It was considered that a prediction equation
based on a2 regression analysis using data from the
sampling times selected would be the most suitable

form of prediction to use.

The practical limitation in the use of
prediction equations is the accuracy of their
prediction and this is indicated by the standard

error of estimnte of the equation.

This statistic is thus in the form of a
standard deviation but, since it is expressed in
every case in the form of a percentage, it can be
used directly for the comparative assessment of the
efficiency of a regression equation for prediction,
irrespective of the magnitude of the data on which

the regression equation was based,

Data from various groups of sampling times,
selected on the basis of the correlation study,
were examined to establish the standard error of the
estimate. The smallest standard error of the
estimate was used as the best measure of the
efficiency of a group im predicting protein

production.

It was also éovnsidered that where two groupe
of sampling times gave comparable standard errors of
the estimate, then the group in which the individual
coefficients of regression were as unifora as

possible should be used so that undue weighting of

results froam any single sampling time would not ocour.
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(B)
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The correlation coefficients derived from the

computer matrix are presented as a histogram in Fig.1.
The correlation coefficients for each set at each
sampling time are shcwn in sequence as contiauous
lines. The interrupted line in each group represents
the mean correlation coefficient ulinglnll data for
each sampling time. The mean value was derived as

the arithmetic mean.

The mean values and their standard deviation for
all sampling times having a mean correlation

coefficient greater than 0.75 were as follows:-

Sampling tiwme with tot
£
¢ ient
12 0.86 ¢ 0,06
1 0.85 2 0.13
10 0.81 2 0.10
15 0.79 2 0.08
7 0.78 2 0,04
16 0,77 2 0.06
6 0.77 2 0.05

The above table and Fig.1 clearly indicate that
protein production in only a limited number of
sampling times is consistently highly correlated with
the total protein production. Thus, sampling times

6, 7, 10, 11, 12, 15 and 16 appear to be those that
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warrant a more critical examination to determine
their value as sampling times for prediction of

protein production,

(b)  Intercorrelation of Protein production values

bgtwe sampli

These are shown in Fig.2 (a) where th§ inter-
correlation of protein production in sampling time 6,
with that in sampling times 7, 10, 11, 12, 15 and 16
and similarly for sampling time 7 are plotted. 1In
Fig.2 (b). the plots for intercorrelation coefficients
for sampling times 10,11,12,15 and 16 are presented.
In each group the intercorrelation for each set in the

individual sampling time is shown as a contimuous line,

‘whereas the interrupted line represents the arithmetic

mean value of intercorrelations for all data for the

particular sampling time.

The table below is the intercorrelation matrix
using mean values for each of the selected sampling
times. Values in brackets are the standard

deviationa about the mean values.

L
0.60 (=0,14)

1 b 1 b1 2 b} b}
0.M (:o.m) 0.65 (:o.u) 0.65 (:o.m) 0.57 (30.13) 0.51 (:o.u)
% L L L} [ ]
- 0.73 (<0.07) 0,70 (<0.08) 0,63 (<0.09) 0.59 (=0,13) 0,57 («0.00)
- - 03 (0.8) 0.7 (20.12) 061 (50.15) 0,61 (50.03)
L L] L)
= - <= - 0.7 (:o.m) 0.7 (:0.10)
- - - - - om0
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The intercorrelations between the sampling
times selected because of the high correlation of
their protein production with total production
vary and are, at times, fairly high. Despite this,
sampling times 6 and 7, although not themselves
highly intercorrelated, have intercorrelation
coefficients with the other sampling times that do
not differ greatly and that follow the same general
trend in velue. Sampling times 6 and 7 may,
therefore, be found to be interchangeable as

sampling times.

Sampling times 10,11 and 12 are all fairly
highly intercorrelated and sampling times 11 and 12
follow one another very closely in their inter-
correlation with sampling times 15 and 16, and so
sampling times 11 and 12 should likewise be inter-
changeable. On the basis of the intercorrelation
coefficients, sampling time 10 does not fit as
neatly into the scheme with sampling times 11 and

12,

Sampling time 10 produced intercorrelation
coefficients of considerably lower value for the
1957/58 Friesian dnta (set 192) than with the other
data, as can be seen in Fig;s{ and this may explain
its non-conforaity with the pattern for sampling

times 11 and 12,

Sampling times 15 and 16 are reasonably

highly intercorrelated. The intercorrelation dbetween

these and the other sampling times selected, with
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(c)

the e:ception of sampling time 1C, show a

c¢haracteristic common trend.

From the correlation data, it has been possibdle
to select several sampling times, namely 6,7,10,11,12,

15 and 16 which:

(1) are fairly highly correlated with the total
when the valuss for protein production at the
individual sampling times and in total are

examined,

(2) can be grouped into three groups of contiguous
times, namely 6 and 73 10,11 and 12; 15 and 16
having fairly common trends for intercorrelation
valuez (with the exception of 10) and with
intercorrelations with members of the other

groupa not unreasonably high.

(3) when grouped are reasonably spread throughout

the lactation,.

It has thua been possible to meet the original
criterion defining the suitability of selected
sampling times from this preliminary survey of the

correlation data,

Reported valuee for correlations between production
at individual sampling timee and total production.

Madden 2t al have published a correlation

matrix for milk production of Holstein-Friesian cows

(e



glving the correlations with total production and
intercorrelations between the production estimated
using monthly tost days., Their month of test, say
M, can be velated to the sampling times (S) reported
in this study by the equation S = 2M ~ 1, They
furthor calculated their correlation data for two
groups within the herd (a) under 3 years of age, and
(b) 3 years of age and over. Some of their values

Werole

Ranking in torms of highest correlation between milk
production at individual times with total milk
preduction.

Under 3 year old ar old ov
Rank Sampling r(70T) Sampling r(T0T)
time time o
1 9 0.93 9 0,91
2 11 93 11 90
3 7 .92 7 .89
b 13 91 13 .88
5 15 +90 5 .86
6 5 «89 15 84
7 3 .86 3 .80
8 7 .85 17 .78
9 1 «75 19 «68

-
o
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Sampling Sampling r (INT) r (INT) R r

time time Under 3 yr. 3 yrs.& over -
7 9 .89 .87 7 7
1 85 .79 b b
13 .80 73 2 2
15 .75 .65 1 1
9 14 .89 .87 7 ?
13 .85 .80 b S
15 .81 73 3 2
1 13 .89 .87 4 7
15 .85 .80 b S
13 19 .89 .88 7 8

These correlations indicate the same trend observed
with the data used in this study, namely that sampling times
7,11 and 15 give estimates that correlate highly with tetal
production; 9 and 13 also had high correlation coefficients.
The intercorrelations between sampling times were consideradbly
higher than those reported here for protein. Although cow age
affected the magnitude of the correlation coefficient, it had
no significant effect on the rank order of production at
individual sampling times, either with the total production or
between sampling times. The age of the cows used in this study
was not considered as a variable factor but it seems unlikely,
in view of Madden's data, that this would have affected the

findings significantly.
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(a) Evaluation of results u at
nll the rs ws and combin ata

the Friesian cows.

The group of three sampling times having the
hichest arithmetic mean correlation coefficient with
total production ( r TOT) was selected for the first
trial. The mean intercorrelation coefficients ( ¥ TOT)
were also determined and the various groupings of
sampling times were then ranked in descending order of
mean total correlation and mean intercorrelation. The
regression equations for this series of groups were not
all calculated since it was argued that when the mean
total correlation of a group was the same or only 0,01
less than the next group above it, but the mean
intercorrelation was higher than the group above, then
the standard error of the estimate would be greater

than the previous group.

When the groups of sampling times were assembled
in descending order, of mean correlation with total and
mean intercorrelations, no obvious order or pattern was
observable in the standard error of the estimate (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 increasing order of
their standard errors of the estimate. These tables
indiaate that high mean intercorrelations frequently
counteract any expected advantage associated with
groups of sampling times having high mean correlations

with total preduction. This was particularly apparent



when sampling times 10:11:12 and 7:11:12 4in Table D (a)
were compared with 7:11:15, There were anomolies in
the effect of the intercorrelation on the staandard
error of the estimate. Thus in Table D (a) sampling
times 10:112:16 had a greater standard error of the
estimate than did groups 10:11:16, 11:15:16 and 7312115,
despite the appreciably lower mean intercorrelation for
10:12116. This lack of consistency is also apparent in
Table D (a) in a slightly different form when the
standard errors of estimate for 7:11:12:15 and 10:11:1%
are compared. In this case, both groups have the same
mean correlation with total and the same mean inter-
correlation. The inclusion of an extra sampling time
has no doubt influenced the result so that the group of
four sampling times has an appreciably lower standard
error of the estimate than the group of three. The
inclusion of a fourth sampling time does not, however,
always result in this appreciable improvement in the
standard error of the estimate. This is apparent in
Table D (b) with mampling times 6:110:12:114 and 10:12: 14
and with 6:7:10:12 and 6:7:12, and in Table D (a) with

7:11:12:16 and 11312116,

The use of the mean correlation coefficients and
mean intercorrelation coefficients to select the most
likely groupings of sampling times to give a low
standard error of the estimate was justified, but the
method cannot be depended on to critically delineate

the best possible grouping of sampling times.

In an endeavour to improve the ability to select

those groupings of sampling times likely to have the



snallest standard error of the estimate, the
regression equation relating changes in the average
intercorrelation coefficiecat with ehanges in the
average correlation coefficient and with total
production was deterzined and is given in Appendix
D (e)s It was found that an increase in the value
of ¢ (TOT) by 0,07 will generally result in a lower
standaré error of the estimate provided r (INT) has

not also increased by about 0,04,

It 18 of interest to note that an individual
sampling time, e.g. 11 in Table D (a), that ie
highly correlated with the total production cam give
a fairly low standard error of estimate, but even
here the mean correlation coefficient was not an
infallible guide to the suitability of the sampling
time for prediction as was shown by sampling times 1%
and 7 in Table D (b). The inclusion of a fourth
sempling time in a group did not consistently improve
the group's ability to predict with precision, and so
it was decided that groups of three sampling tises
would probably meet the needs of the study best.

When all the Jersey data was combined and
examined Table D (a), the group of sampling times
7111115 gave the best prediction. When all the
Friesian data was combined and examined Table D (b),
sampling time 14 occurred frequeatly in the groups of
sampling times having the least stendard errors of
eatimate. Unfortunately, whenever sampling time 14
occurred in a group its regression coefficient was
strongly negative; it was, therefore, rejected from

further consideration. The group of sampling times
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6112115 gave the best prediction for the Friesiam cows
but the standord error of the estimate was considerably
greater, 5.,5¢ as agzainst 3.5% for 7:11:15, the bdest
grouping for the Jorsey cows, but it was not greatly
different from the 5.1% for 6:12:1%5 for the Jersey
cows, On the other hand, the group 7:113115 for the
Friesian cows had a standard orror of the estimate of
8.4, In the group 6:12:15, using all the Friesian
data, sampling time 6 had a nogative regression

coefficient and so it too was discarded.

This eomparison ia extended in the following
table which also includes the standard errors of the
estimote when 2ll data was used in deteramining the
regression equation for several groups of sampling
times.

Sampling times  Standard error of estimate
16%2§!1oa 103s ’ou fr.  Ald-date

% % % %

7:11:12:15 3.6 7.4 6.1 -
63111316 b 7.4 6.4 -
7:12315 .9 7.4 6.5 7.0
6:12116 5.1 7.2 6.5 -
7:12:16 5.3 8.0 6.5 -
6:11:15 4.5 7.3 6.8 -
7:11:15 3.4 8.4 6.9 -
11:12:15% 4,2 8.8 7.4 8.0
12 6.6 10.1 8.9 9.6

11 5.5 11.1 9.3 10.0

15 8.0 10.8 9.8 10.2

10 7.9 11.2 10.0 10.7

? 8.4 1.3 10.4 10.7

This table has been assembled in increasing



order of the average of the standard errors of
estimate for sets 101 and 102 combined and sets
103 and 104 combined. The group of sampling times
7:11:12: 15 has the lowest average standard error
and then groups 6:11:16, 7:112:15, 6:12:16 and

7112116 have very similar average values.

In Appendix D (c) the regression coefficients,
etandard errors of estimate and related data are
listed for all combinations of three sampling times
from the groupings 6 or 7; 10,11 or 123 15 or 16 for

each set of data.

The following table lists these various groups
of sampling times in the order of their increasing
average astandard error of the estimate. No
combination of sampling times gave an obvious amd

consistent pattern of high prediction.

d dual S.E. Es

Sampling time Set 101 Set 102 Set 103 Set 104 Av.S.E.

% % % % fezapal
6112:16 Se3 4e2 4.0 7.7 5.779
6:110:16 4.8 5.3 7.0 6.2 6.012
7110315 4,9 4.2 7.2 6.7 6.123
6:11:16 L.3 5.0 6.6 7.2 6.130
6:11:15 b,2 L,3 7.1 7.3 6.216
6:10:15 5.0 be2 7.1 7.2 6.297
7:12:16 4,8 b.9 6.6 7.5 6.316
6:12:15 5.2 4.6 6.5 7.5 6.319
7:12:115 b.9 4.8 6.5 7.6 6.331
7:10: 16 b.b 5¢5 8.1 6.2 6.342
7:11:18% 3.5 L3 7.4 8.1 6.537
711116 T 5.0 9.1 6.7 6.735

Mean & S.Dv 462 20,52 4472047 6.59°1.24 6.3 % 0.0



The above table suggests that various
combinations of sampling times 6 or 7; 10,11 or 123
15 or 16 will give a very unifors estimate of
production irrespective of dbreed or year of sampling.
Only the comdbinations 6:112:16 and 7:111:116 lie outside
the limits of the mean of the Average Standard Error
of the Estimate 2 5% of the S.i. which contains all
other values. Calculated data thus substantiates the
observations made on the basis of the correlation data
that combinations of sampling times 6 and 73 10,11 and
123 15 and 16 should give reasonable estimates of
production and this section shows that the estimates

are reasonably uniform.

In Appendix D (d), the results are given of a
linited examination of regression data and standard
error of estimate for selected groups of sampling
times using data aggregatsd by years rather thaa by
breeds. Once again the introduction of the Friesian

data inoreases the standard error of the best estimates

derived to about 7%. It was considered that this method

of grouping data did not warrant further investigation.

Finally in this series, test regression analyses
were made using as data the differences between the
mean and actual production values at each selected
sanpling time in any one set of data. Using this
approach it was hoped that there would be an
inmprovement in the predicted relationship between the
production at an individual sampling time and total
production, for by taking only the differences froa

the mean value.common factors, such as weather and



feed conditions should be eliminated from coansideration
and only individual cow variability should be affecting
the results. The improved relationship was not
apparent, e.g. with the group 7:11:115 and set 101 data,
the coefficient of determination was 0,93 using actual
values, but only 0,71 when the differences from the
mean value were used. With set 102 data, the
coefficientas of deteraination were 0,92 and 0,79

respectively. This approach was not proceeded with.
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1ag P (a)

Standard errer of the estinate for groups of sanpling times selected besmuce of thelr
high sean corrolation ceofficlents. Data used were the combined deta for the Jereey
Conz. (Sets 101 and 102 cocbined).

Yeoan corvolation fean {ntercarrelotios SLoof

Sampling times vith total preduction betesen saspling times Cetinate
[Fe———
# (vor) ¢ (INT) §
7:11:18 0.65 0.9 JA
1112158 o8 N | ¥ 3
1M1:12:16 87 N, (%}
7:11:12:16 .65 N (8
11:12:15 .68 N &2
A7 211016 80 3 A2
7:11:16 .8 &7 ()
10:12:15 45 A9 ¥ )
6:11:16 M 43 4
6:11:15 R\ 46 oS
10:11:12 .08 00 ¥ 3
711:12 8 N (X
10:11:18 06 J3 (% 4
10:11:48 84 )] (W )
11:15:%6 8 A (W )
1:12:15 8% 50 (B
7:10:15 <82 y B
10:12: 16 R 65 5.1
12:15:16 8 49 5.
6:12:15 N\ A5 5.1
6:12:16 N | 41 $.1
7:12:16 .83 £6 8.3
1" S . |
7:10:16 80 60 sé
7:15:16 50 K 5.9
12 90 - 6.5
10 N: ) - 1.9
13 02 - 8.0
7 .80 - 8.4

" o” L “’



1 p (b

Standard errer of the estimate for proups of sempling times ecelected becayse of thele
kigh sosn cerrelation cosfficients. Data used sere the combined dates for the Friesim
Coss. (Sots 103 and 104 cosbined).

Sapling tises ':m ml;’t:&.nﬁu ::f.uztm.g:n z:!!;n“:o
¢ (ror) ¢ (1) s
110 12:14 0.80 0.66 39
6:210:12:14 .81 K 4.3
10212:14 . N ] W
6312:15 .00 o7 5.5
m2an X)) ) 6.3
6:12:14 0 9 14
6:12:16 .00 53 1.2
6:7:10:12 .00 30 1.3
7:12:16 N 65 1.3
6: 7:12 .80 48 12 )
711:12:15 N N 14
T:12:18 N &6 74
6:11:16 18 A2 14
7:11:16 .18 66 1.9
6:11:18 .78 67 1.0
1:12:14 .61 .80 0.3
T:11:18 .18 49 tA
1:12:15 .M 81 8.8
12 .82 - 10,1
15 N/ - 10,8
6 80 . 1.1
1" N, - .
16 N/ . 1.1
10 R} - 1.2,
? N ] - 1t

1% .61 - 6.5



(D)

)

(b) Comparison of partial regression coefficients for

a_gommon group of sampling times.

If the groupings 7,11 or 12 and 15 were selected
as those which could logically be used to give the best
prediction of total production, then all that is
necessary is to decide on the appropriate partial
regression coefficients and a value for the coastant (a).
Examination of the Tatle D (b) (1) indicates the prodlems
involved in this decision. Thus the regression
coefficients derived for sampling time ?7 range froa 2 to
9,for sampling time 11 from -2 to plus 11, and so on. It
appears that the only possible answer to this is to use
the regrecsion coefficients derived by using all the
data or at least combined data for a single breed, amnd
to accept the increase in the standard error of the

estimate inherent in this procedure.



LAE o ()
(1) Comparison of partial regressien coefficients for a ceame grevp of saspling tinge
Partial regression cooffictents
Saspling tines sad dats S.E,0f
used n regrossion analysis ] byl.m byn. ln a.la Estimate
- — — — R
)
T:11:18 Set 1O 3.45 3.940 3.890 10,580 5.5
102 3.5 2,20 0.640 6.610 83
103 554 9.390 1,650 9.240 1.4
10 0A2 3.550 1.400 12.50 8.4
101/102 cosbined 3.0 5.99% 2,500 .96 5A
101103 soubined  od 0.164 1,440 6.9 7.0
103/10 combined  4.65 5.97 5.436 6,09 8.4
102/104 coebined ad 3.252 1n.n»m 4,900 68
Mi=date .33 5.526 $.929 5.90 6.9
11312 Set 100 5.68 (W14 5. 738 5.7 (W ]
102 3.8 2,670 8.5% 5.9 4.0
[ 3.18 1.187 1.308 \.09 63
104 2.9 he$32 9.0 s.5N 14
101/102 cosdined ~ 6.122 3.493 6.8 A9
101/163 cosbined nd 6.701 5.872 4.097 6.5
103/40% ccabined o 5.58) 9,001 49512 1A
102110 cosblned o 4,20 9.060 5.7 e
Mi-dsta LY 4] 5.200 1.787 5.8 1.0
11212515 Set 101/102 conbined (.92 7.5% b2 4,00 4.2
103 /104 comdined  nd 3.954 9,585 5.905 8.8
All=date (N1 45N B.01Y 5.0 8.0
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(E)

Since the selection of sampling times on the basis
of the high correlation of their production data with
the total production data and of minimum intercorre¢la-
tions was not entirely successful in selecting the best
combination of sampling times to use for prediction,
the opportunity of a limited availability of time om an
I.B.M.650 Computer was used to try a modified Tape
Regression Analysis Programme on the data. A much less
selective approach on data used thus became possible,
although methods of limiting the extent of this "head
on" approach were seriously considered. This was the

reason for the '"t" test rejection system.

(a) Selecting sa

of "t" test for rejection.

Because of limited capacity in computer storage
it was possibly only to examine a limited group of
sampling times in any one analysis. The contribution
of sampling times to the prediction of production was
examined by testing each sampling time against a "t
value after each regression analysis and only those
having a "t" test greater than 2 were retained aad
used in the next regression analysis. In this way the

number of sampling times contridbuting significantly to

a regression equation was ultimately derived and it is

only this final group, in each case, that is givea in

the tables in Appendix (E (a).

The sampling times selected were identified by

a group number. Group 1 represented the saampling



times considered likely to be significant on the basis
of the correlation data and was extended to include
sanpling time 4 to give a wider coverage of the
lactation pericd. Group 2 was all the odd sampling
times and Grour 3 was all the even sampling times.
Group 4 included all those sampling times found
significant in the analyses of Groups 2 and 3, and
these were examined set by set. In Group 5, those
sampling times retained as contributing significantly
to the regression equation for set 101 in Group 4
were used for set 102 and vice versa, and similarly
those retained in Group 4 for set 103 were used for
set 104 and vice versa. Other groups were examined

but did not add further information.

The frequency with which individual sampling
times were retained on the basis of the "t'" test whea
the data from all groups were plotted is shown im Fig.
3. Sampling time 9 was never selected and only
sanpling times 4,7,11,12,15 and 16 were selected for

every set of data but not necessarily in every grouping.

This would appear to suggzest that independent of
breed, protein production when measured at sampling
times 4,7,11,12,15 and 16 could be expected to give the

best indication of total production.

The results summarised in Table E (a),illustrate
the problem that arises with this form of analysis and
rejection. Examination of the sampling times selected
indicates their wide diversity and, as a consequence,
it is impossible to select a common core of sampling

times which contributed significantly to the prediction
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of production using all four sets of data. Even in
Group 1, in which the original group of sampling

times contained those considerel to be significantly
related to total production, the common core, except
for sampling time 4, was not appar:nt, although there
was a greater degree of uniformity. It is interesting
to note that the sampling times selected in Group &

for sets 101 and 102 gave standard errors of estimate
identical with those selected in Uroup 1, despite the
fact that for individual sets the majority of the
sampling times selected were different. These sampling
times, however, differed by only one up or down and
this suggests that sampling times adjacent to that
selected may, in general, be used to give a reasonably
accurate prediction. There ie, however, always a
limiting factor, if a low standard error of estimate is
to be retained then a new set of coefficients of
regression, often of appreciably different value, are
required whenever such a change in sampling times is

nade.
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DA E (a)

Saepling times and their standard errors of estimate, retained as centributing
significantly to the prediction ef production when pre-selected data was precessed
by TRAP procedure

Group Set No. Saapling tines retained S.E.of Estimate

1 101 4:7:11:16 3.8
102 &:6:7:12:14 2.9

103 4:6:12:16 5.6
104 &:7:10:14:16 5.4

101/102 4:6:7:11:14:16 43

103/104 4:6:7:12:14:16 5.9

2 101 5:7:11:15 L7
102 3:7:11:13:15 3.3

103 3:7:15 5.J

104 1:5:11:15 6.2

3 101 4:8:10:12:16 L7
102 2:4:12:16 3.4

103 4:6:12:16 5.6

104 4:8:10:14:16 5.6

4 100 5:8:11:12 3.8
102 3:7:12:13:15 2.9

103 3:4:12:16 8.7

104 5:10:16 5.8

5 101 2:7:11:12 4.8
102 8:10:12:15 4.0

103 1:4:11:16 6.0

104 b:7:12:15 6.4



(E)

(b)  An examination of the use of the "t" test for
discarding variables in reirecsion analyses.

The basis on which the "t" test rejects
variables in the TRAP procedure was examined to try
to establish a basis for pre-selection of data so
that the time on the computer could be reduced. It
was gonsidered that the major factor sontributing te
a rejection would be a high intercorrelation between
the variables, but it was not poseidble to determine
unequivocally just why the rejected variable gave a
low "t" value. This aspect is further discussed in

Appendix E (b) (1).

The relationship between the "t' values of
variables and the standard error of the ectimate
using these variables was also examined and is
discussed, in detail, in Appendix E (b) (2). In
general, the substitution of sampling times with low
"t" values for those with higher '"t" values resulted
in Ancreasing standard errors of estimate, but
interaction of the sampling times did at times “pl.t.

this trend.

Despite the lack of striet compliance with
these generally observed trends betweean the variables
(sampling times) and their associated "t" values,
the use of the value "t" for selecting variables
that can contribute significantly to the computer
derived regression equation has been justified amnd
this study has indicated that probadly the mest
economical way of determining which group of sampling

times will give the lowest standard error of



estimate 18 through a process of elimination based
on the "t" test of the variables used in each
regression equation. 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-determined number (say, 3
or 4) of residual variables (i.e. selected sampling
times). This would give a more uniform collection

of data to further investigate.

A disadvantage of this approach is that it is
very much more difficult to select sampling times
common to several groupa of original data and having
minimal standard errors for all data. Such
information is not generated in the '"t" selection

programne.
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(E)

93

(c) E nation o r tions

sampling times from a pre-selected group of
sampling times.

Since the se2lection of sampling times by the
'"t" basis produced groups of sampling times that had
little in common between the vrrious sets of data, it
was impossible to establish a comparative evaluation
of the predicting potential of different groups of
sampling times. All combinations of four sampling
times out of the group 4,6,7,10,11,12,14,15,16 were,
therefore, examined using the TRAP procedure.
Combinations of four sampling times were used instead
of three to partially compensate for the absence of a

value corresponding to "a" derived in the manual

method.

From the data, 80 derived, it was possible to
list the various groups of sampling times in increasing
order of their standard error of estimate (Tables E

(¢) (1) and (¢) (2) on p.104 and 105.)

Examinetion of these tables shows that all the
sampling times used in the permutations are to be
found in the first 26 groups of sampling times when
ranked in order of their increasing standard error of
estimate. The freguency of their occurrence is showa
in Fig.4, in which the total frequency of occurrence
of the various sampling periods is plotted with the
Jersey data frequency indicated by the bar on the

histogram.
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The frequency of occurrence of sampling times
L and 6 may be biased since not all possible
permutations of the group of sampling times selected
were examined with the combined data for the Friesianm
cows. Only those groups containing sampling time &
and sampling time 6 with the other sampling times
could be examined because of the lack of further time
on the computer. Bearing the above limitations in
wind, protein production in sampling times 7, 11 and
16 can obvicusly be used to effectively predict total
protein production. When the frequeancy of occurrence
for the Jersey cows and the Friesian cows is examined
separately, it is seen that sampling time 7 occurs
with equal frequency in both. With sampling time 11,
however, it occurred with much greater frequency inm
the Jersey data and this was balanced by contributions
from both sampling times 10 and 12, with the Friesian
data. Thies is illustrated in Fig. 4 (a) where the
frequency of occurrence for sampling times 6 and 7; 10,
11 and 12; 15 and 16 are bulked separately for the
Jersey data and the Friesian data. When these
frequencies are bulked in this way a very unifora
frequency of occurrence is observed between the Jersey

data and the Friesian data.

In viev of this uniformity it was necessary to
decide whether further work should be concentrated on
these groups of sampling which were also those
selected on the basis of the high correlation of
protein production at individual sampling times with

total production.



102

Sampling time 14 has already been discussed
and discarded as being unsuitable because of its
consistent negative regression coefficients when
included in groups of three sampling times examined by

the manual procedure.

The table below shows that the correlations of
production in sampling time 4 with total production
(4:17) were low end the inclusion of data from
sampling time 4 in the groups selected was primarily
because of its low intercorrelation with other

sampling times, particularly in set 103.

Correlation”
Sampling time
relationship Set 101 Set 102 Set 103 Set 104 Meap
4:17 (total) 0.66 0.70 0.27 0.84 0.62
L: 6 0.61 0.63 0.29 0.80 0.58
1 7 0.60 0.39 C.11 0.67 Ol
:11 0.56 0.69 0.01 0.76 0.51
112 0.59 0.58 0.10 0.73 0.50
115 0.51 0.48 0.01 0.63 0.41
$16 0.40 0.36 21 0.63 0.40

Sampling time 4 was rejected on the basis of
this low and very variable correlation with the total

production.

Sampling time 10 was examined in a similar way
since it was the sampling time having the lowest
overall frequency of occurrence and its inclusion say

not have been warranted.



104

Correlation r

s
Eiiﬁii:ﬁ;ﬁtﬁ? Set 101 Set 102 Set 103 Set 104 Mean
10:17 (total) 0,81 0.85 0.64 '0.91 0.80
6110 0.58 0.77 0.69 0.79 0.71
7:10 0.66 0.82 0.77 0.68 0.73
10:11 0.86 0.87 0,51 0.90 0.79
112 0.68 0.77 0.56 0.8% 0.72
115 0.57 0.58 0.46 0.82 0.61
116 0.57 0.49 0.59 0.79 0.61

The correlation of production in sampling time
10 with total production was high and comparable with

that of the other pericds selected, e.g. table below,

Set 101 Set 102 Set 103 Set 104 Meanm

6117 0.77 0.69 0.77 0.82 0.76
7:17 0.79 0.80 0.77 0.80 0.79
11:17 0.92 0.92 0.65 0.92 0.8%
12:17 0.87 0,92 0.78 0.86 0,86
18117 0.78 0.86 0.67 0.86 0.79
16:17 0.80 0.75 0.69 0.8k 0.7?7
Mean 0.82 0.82 0.72 0.85% -

Sampling time 10 could, therefore, be included
and furthermore it can conveniently be associated with

sampling timesz 11 and 12.



(1)

IS £ (c)

Steedard errors of ostimate of permutations of four saspling tises listed

in order of 1ncressing orror. Data used was the comdined data for Jersey cows.
(Sets 101 and 102 cesbined)

ALl combi

Renking Order

&=

7=

9=

12«

17

fons of four out of campling times 4,6 7.10 11,12,14,15,16
(1.8. Group 1) were oxanined using ' values grezter than two for retentd

Imboer of analyses aedo 156. Only the first 26
rank order 1n terms of Increacing standard error of

Saspling tmes

6:7:11:14
S:7: 113214

6:7:11:15

4:6:7:16

:10:16 s

oo
v
-
O
-
o

6: 10 I H 16;

6:
& 710'
&

T311:12:14
7-11-- 14
T:11:14:16
6:11:12:15

fon,

have beea Listed fn
estimate,

S.E.of Eatimate
#

4647
(.}
M

0.887

%0

5.2

5.20

$.318
5,366

S.416

104



DAL E (c)

(2) Standard errors of estimate of percmtations of four sozpling tiwes Listed
in ondor of increasing error. Dats used sas tho coubined data for Friesfan cows.
(Sets 105 and 104 combined)

cw‘mﬂm of four out of sanpling timses 4,6,7,10,11,12,14,15,16 (1.e.

Group 1) vere exesined using *"t* values greater then tee for retention. Husber

of sston enalyses 100. (Only these cozbinations containing fng time &

and 6 with all other sampling tises were examined bocause of Liaftations on

coaputer tise). This linftation may have blased the frequeacy with shich

m times & and 6 appear in tho list. Only the first 26 groups have besn
n

rank ordor.
Rankisg Order Sampling tines S.E.of Estinate
1 beTe12:14 6.3
2 §:7:12:16 6.389
3 L2 7:11:16 6.63%
& 4:7:12:15 6,670
Se $26:12:14 6,705
4:6:11:16

7 §:6:12:16 6.776

8 b:7:14216 6.011

9 4:7:10:12 6.847

10= 6:7:12:16 6.7
426214216
4:6: 7:16

13e 6:7:12:14 6.952
§:7119:16

15« Lr7:1%:12 6,997
41637212

17 67 :12:15 7.058
&:10:12:14

19o 47210214 7.164
§:6:12:15

2e 6:10:12:“; 7.25
4:10:11:16
& 6:10:15

b: 7:15:16

p. > 6:10:12:16§ 7.30%
b 7:10:15



(E)

The groups of sampling timees listed in Tables

E (d) (1) and (2) were the only ones that were coamen
to both the manually and computer generated regressioam

data.

None of the other groups of three sampling
times listed in Table D (a) and (b) for manually
calculated regression equations were calculated in the
computer programme, since one of the sampling times
was rejected before the final analysis on the basis
that its contribution to the regression analysis was
not significant. It should be noted that the data
used in the manual calculation were the corrected suas
of squares and the regression eqguation so derived
included a value for the constant '"a', whereas the
computer calculated value was based on the uncorrected
suns of squares and the regression equation was "forced
through the zero" (i.,e. "a" was arbitarily taeken as

zero).

Despite this difference in method of computation,
it is interesting to note with the Jersey data that of
those sampling times that were analysed by both
processes, sampling times 7:11:15 gave the lowest S.E.
of estimnte by Loth procedures. The inclusion of
sampling time 12 in the group did not reduce the
standard error and the substitution of sampling time

16 for 15 only marginally increased the error,



Although the rankings of the Jersey sampling
times were not well correlated (Spearman's rank
correlation coefficient 0.1), the standard errors of
estimate were not widely varied in either the manual
or computer series. Both methods of computation thus
appear to be equally satisfactory for determining the
significance of a group of sampling times to predict

protein production.

10/



10¢

1L E (0)

(1} Jorsgy 1957/1958 and 1958/1959 (Sets 101 and 102) cosbined.

i.mg.ﬁmmw

Saspling tfoes  Mangal Coomrter Hanual  Computer

111218 3.4 546 1 1
11:12:16 [N 1.0 2 9
11:12:15 A2 6.5 3 S

111216 (18 6.0 ) 2
10:12:18 bob 6.7 5 ]

1711212 4.6 6.4 6 [}
10:11:18 [N 6.6 7 6o

n12:15 69 6.6 6. b

7:10:15 69 6.3 Be 3

B11:12:15 3b 5.6 1 1

7:11:12: 16 6.1 5.9 2 3
b 11:16 6.2 A9 3 2

(2) Friestan 1957/1958 aad 1958/1959 (Sets 103 and 108) cosbined.

Lhﬂ,ilm Bank besed 0 S.€.

Sampling times Manual Coaputer Nanval  Computer

6212: 14 7.1 7.3 1 1
6: 7:12 14 1.5 r 2 2
6:11:16 7.4 7.7 2 3
6:10:12: 14 8.3 7.2 1 1
6: 7:10:12 7.3 7.3 2 2



109

(F) Selection of the partisl regression coefficients for

@ with the orotein prod ion data from t

times selected.

The problem of the selection of the partial
regression coefficients to be used arises because, for
each group of sampling times and for each set of data,
there is a characteristic set of partial regressien
coefficients which differ appreciably from set to set

or between sampling time groupings.

This difficulty, which was mentioned in Section D
(b), 48 1llustrated and discussed in Section ¥ (a) .
Following this, two different methods for deriving a
generally applicable set of partial regreassion

coefficients is considered.
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The following Table ¥ (a) p.112 is a summary of
the regression coefficients derived by the TRAP
procedure for six of the groups of sampling times
ranked reasonably highly, on the basis of the exteat
of their standard error of estimate, for both the

Jersey data and the Friesian data.

It will be seon that the regression coefficiente
may vary appreciably:-
(a) for any particular sampling time withia a breed
¢lassification.

(b) between breeds for any particular coambination of
sampling times.

These results suggest that it would be desirable
to use the appropriate breed controlled regression
coefficients for any particular combination of sampling
times if maximua accuracy of prediction were to be
obtained and further that indiscriminate selection of
data from sampling times 6 or 7; or 10,11 or 12; or
15 or 16 is not possible, if only one set of the
calculated partial regression coefficients were to be
applied to this data to obtain a prediction of total
production. The group of sampling times 4,7,10 and 16
was the only group in which the partial regression
coefficients were sufficiently similar for both breeds

for a common set of coefficients to be used,

The group of sampling times 4,7,10 and 16,
however, are not an entirely satisfactory grouping to

use.



Sampling time 4 has already been rejected as
being unsatisfactory and the use of sampling times
7,10 and 16 alone is considered too restrictive in
that it requires very close control over the

sampling programme for each cow in the herd.

It has been shown that sampling times 6 and 7;
10,11 and 12; 15 and 16 group effectively to produce
a uniform pattern of prediction of reasomabdle
accuracy. If it were possible to derive a set of
partial regression coefficients applicable to data
obtained in any sampling time, within each of the
sections in this larger grouping of sampling tises,
and capable of giving reasonably accurate predietion,
flexibility in the sampling programme could be

introduced.



IME £ (o)
Partial regression ceefficiants S.E.of Estimats
+
Saspling times 4 1 1 i
Data used for regrossion analyses
Set 101/102 3.6 4D 6.19 5.08 4.9
103104 b0 447 5.09 7.03 6.6

Set 101 1R 038 5.9 39 6.8 5.9
13/106 3.3 5.3 6.9 5.8 6.4

Set 100/102 a1 3.9 .86 5.25 $J
130 3.4 W1 5.3 7.12 6.7

Set 101/102 3.32  3.67 S 1.0 .1
103/108 3.2 3T 3% 908 6.9

Set 101102 20 oA 3.3 1.3 5.2
103 /104 610 4.7 432 157 7.0

Set 101/102 345 M 3.60 8.19 5.4
103/108 3.68  4.07 5.9 6.3 1.3

[
X |



(F) (b) Examipation of the effect on the standard error

The regression equation derived by this proocedure

1s called the mesn-data regression eguatiop and this is
compared later with the mean regression equation which

has been derived by determining the mean of the
regression equations calculated for each possible
grouping of sampling times within the sections of the

contiguous sampling times selected.

All the partial regression coefficients used in
this and subsequent parts of the study have been
manually derived using corrected suams of squares in

the calculation of the regression equation.

The use of a =data r ssio 8
requires samples to be taken in each of the contiguoue
sampling times and then to be bulked appropriately

before their analysis.

To derive the mean-dats regression equation the

total corrected sums of squares and sums of products
based on all the data for each of the sampling times
used were found, the means of these totals were then
calculated and these mean values were used to derive
the partial regression coefficients. The procedure

used to derive these mean values is detailed in

Appendix ¥ (b) (1).



gxouped 6 335_7; 1gl11 apd 12; 15 gng 1§

2  bylima bymila byauda ¥
Using all Jersey

data
(Sets 101/102) 4.80 3.401 6.661 6.223 5.0
Using all Friesian
data
(Sets 103/104) 3.96 5.659 5.822 6.678 7.8
Uaing all-data 3.90 50286 5.83"} 60 69‘* 703

The effect on the standard error of cstimate as
contiguous groups of sampling times are progressively used for
calculating mean-data regression equations is showa in the
following table along with the standard errors of estimate of

the regression equations based on simple groups of sampling

times.
Stand
Bartial regression Mean-data H_gn:ans
goefficionts used Set- .
101/102

Sampling time % ®
6:11:15 4,5 8.0 .-
6:11:16 4,4 7.4 -
6:12: 15 5.1 5.5 -
6:12:16 Se1 7.2 -
7:11:15 3.4 8.4 7.5
7311316 "03 7.9 o
7:12:15 4,9 7.4 7.0
7:12:16 5.3 7.9 --
7:11 and 12:15 - - 7.2
?7:11 and 12:15 and 16 - - 7.8
6 and 73 11 and 12; 15 and 16 4.7 3.4 3.4

6 and 73 10,11 and 12; 15 and 16 5.0 7.8 73



The progressive inclusion of the data from more
sampling times did not make a great deal of difference
to the standard error of the estimate when the means
of all data were used for calculating the regression
equation. Nor was there much difference between the
standard errors of estimate for sets 101/102 combined
and for sets 103/104 combined, irrespective of whether
the partial regression coefficients characteristic of
any particular group of sampling times or
characteristic of the meaned data for the aggregated

sampling times for each of the combined sets was used.

The grouping of 6 and 7; 11 and 12} 15 and 16
had a most pronounced effect on the accuracy of
prediction when the Friesian data was used for the
computation and this effect of the Friesian data was
also equally obvious in the low standard error when

the means of all-data were used in the computation.

From this examination, it appears that the use
of meaned data for deriving a regression equation will
not cause any serious diminution in the efficiency of
the equation for prediction and, in fact, it may bring

about an appreciable improvement in prediction.

The effect on the standard error of estimate of
applying partial regression coefficients, derived from
data from a specific set, was also examined and a

typical table of results is given below.

Using data from sampling times 7111115 in the
various sets, the effect of substitution of the partial

regression coefficients on the standard error of the



estimate is shown., The value underlined is the one
characteristic of the particular regression equation

being used.

Regreceion equation used Set of Estimate
#

0 SR SN SeIO

211215 Set 101 5 29 M 1.5
102 2.5 &3 18 122
103 % BN ¥R NN ¥
104 5.2 A0 0 &l

101/102 2.2 4.0 7.3 8.
10103 5.2 4.3 1.3 8.8
103/10 3.2 3. 7.0 8.9
1021108 (W) 4.0 5.8 1.0

Alledata 3.2 3.4 Tt 9.2
7: 11 and 12:15 foom-all-deta 2.2 2.5 TA 9.6
711 and 12:15 and 16 flean-otl data 4.7 W3 1.5 9.8

6 and 7:11 and 12:45 - Hom-aliedata 1.1 14 54 L3

It is interesting to note that with the exeeption of
set 104, the substitution of the regression ceefficients
for sampling times 7:11:15 based on all the &nta resulted
in lower standard errors of estimate than was obtained
when the regression coefficients based on data specific to
each set were used. (The use of the regression coefficients
for 73111 and 12:15; and for 6 aRd 7; 11 and 12; 15 and 16

gave even lower standard errors of estimate).



Even with the wide range of regression coefficients
used, the maximum standard error of estimate did not exceed
6.0% for the Jersey data and 10% for the Friesian data,
with the exception of that based on data from 7:11:115, set

102.

It thus seems possible to apply partial regression
coefficients, characteristic of selected data, to other
data derived at comparzble sampling timez from the same
herd in different years or derived from a differeat breed
in the same or in different years, without seriously

upsetting the accuracy ¢f the prediction.

The general applicability of a regression equation
based on mean-data was further examined by applying the
mean-data partial regression coefficients to data from
each of the''possible combinations of sampling times used
to obtain the mean-data regression equation. Thus with
the grouping of sampling times 6 and 7; 10,11 and 12:15
and 16, there are twelve possible combinations of sampliag
times. The following table shows the maximua standard
error of estimate that occured whea all the coambinations

of sampling times were examined set by set.

Mean-~data regression Maxisum observed
equations used S.E. othltinato

Set 101 Set 102 Set 103 Set 10k
6 and 7;10,11 and 12;15 and 16
Set 101/102 L.7 6.4 e -
Set 103/104 - -- 6.7 9.6
All-data 4,2 5.2 7.2 906



The use of common partial regression coefficients
on data from twelve different groupings of sampling times

did not introduce excessive increases in the standard

error of the estimate.

Whereas it had been observed earlier that the
grouping 6 and ?; 11 and 12; 15 and 16 had =much lower
standard errors for the regression equations based on the
mean Friesian data or the meam all-data, when these
equations were used on all combinations of sampling times,
the maximum standard errors of estimate generated, with
the exception of mean-all-data on set 101, were only
slightly less than those generated by the regreasion
equation for 6 and 7; 10,11 and 12; 15 and 16 used in
similar conditions. The advantage of this aggregation of
sampling times was thus not maintained. The maximum
observed standard errors of estimate for the grouping 6
and 7; 11 and 12; 15 and 16 were as follows. Eight

combinations were possible.

Mean-data regression Maximum observed
equations used S.E. of Eastimate
%

Set 101 Set 102 Set 103 Set 104
6 and 7311 and 123 15 and 16

Set 101/102 4.1 6.1 - -
Set 103/104 — - 6.8 9.2

All-data 1.8 4,2 7.0 9.5
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A final assessment of the general applicability of
the concept of using common partial regresaion coefficients
was done by using the mean-data partial regression
coefficients for predicting protein production using the
set by set data for each of the possible combinations of
sampling times. The results of this calculation are
listed in Appendix F (b) (2) and are depicted in FPig.5 for
Jersey data and Fig. 6 for Friesian data. The difference
in pounde between protein production predicted, and
protein ;roduction as measured, is plotted for each set
of data and for each cormbination of sampling times using
either the mean-all-data partial regression coefficlieats
for prediction or the partisl regression coefficients
based on mean-data for the Jersey cows to prediect
production using the Jersey data (sets 101 and 102) and
the partial regression coefficients based on mean-data
for the Friesian cows to prediect production using the
Friesian data (sets 103 and 104). Fig.7 and 8 are plots
similar to those in Figs. 5 and 6, except that the
percentage difference between predicted protein preduction

and actual production is plotted.

Fig.5 illustrates clearly the very close way in
which Jersey data from the two different years follows
the same trend in the different combinations of sampling
times. This close relationship between years with the
Jersey data is slso apparent in Fig.7, except for set 101
data where, because no account is taken of whether the
percentage difference of the predicted production is over
or under actual production values, trends into negative

values will he depicted as peaks in the plot.

On the other hand, the two sets of Friesian data
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(Fig.6), although exhibiting the same overall trend as
the Jersey data, are not nearly as similar in their own

variations except in the form of a mean tremnd.

Reference to Figs. 5 and 6, and examination of the
plots for which the mean-data Jersey partial regression
coefficients were used for prediction only on Jersey
data and the mean-data Friesian partial regression
coefficients were used for prediction only on the
Friesian data, shows that there is a very close relation-
ship between data derived in year 1 (set 101 and 103) for
both breeds. This 18 not so apparent in year 2 (set 102
and 104). In view of the fairly unifora relatioanship
between related sets of data shown in these figures, and
in view of earlier favourable evidence, the use of mean
data partial regression coefficients baced on data froa
several groups of sampling times seems to have been

Justified.

Becruse of this favourable evaluation of this
approach to extending the time during which samples could
be takem but bearing in mind the limitation that a
composite sample, based on samples taken in each of the
sampling times within a group, should be used for analysis,
the effect on prediction of production of taking the mean
of all the partial regression coefficients for each of the
possible combination of sampling times in each set was

examined and this is discussed in the following sections.
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Before the use of mean regression coefficients
could be examined, sn evaluation of the various ways
in which » weoan regression coefficient could be derived
was undertaken., Three methods of deriving a mean

regression equation were examined, namely:-

(1), simple arithmetic mean of corresponding partial

regression coefficients.

(2) use of meaned data for corresponding sampling
times, 1.e. the same regression coefficients as
derived in the manual computations for sets 101/
102 combined, etc.

(3) arithmetic mean after weighting the individual
partial regression coefficients by the nuuber of
samples used in their derivation.

The various partial regression coefficients and
their mean values derived, as indicated, are shown in

the following table.

Partfal regression coefficients

(O WIHEE RiHA U R HA

Set 101 3453 5,940 3.888 10,500

102 3.250 2,209 0.638 6408
frithastic moan 101A02 3.332 3.0% 6.2 .59
Set 101/102 conbined 3.698 2.300 8.987 5.998
Votghted acen 101/102 3.363 3172 5.989 8.022
Set 103 5.537 9.580 -1.681 9. 240

10 6.135 5.550 1.400 12.50
Aritheetfe momn 103/100 5.8% 6,469 0,126 11,905
Set 103/104 combined -~ 5.97 5AS6 .09
Woighted mean 103/100 5,063 6.20% 0.013 11.0%
Artthmotic noa alledats 4.584 AT 5,008 10.249
li-data cocdined W32 5,52 5,929 5.9

Heighted acan all-data 6.855 6,982 24022 10,155



The effect these diffsrent mean partial regression

coefficients had on the accuracy of prediction was examined

using test data from sampling times 7:111:15, set 101. The
results were as follows:-
Partial regression coefficionts used Protefn production

124

MWW

7:11:15 Sot 101 616.99 tbs. 616.98 Lbe.
102 595,55
Arithaetic acan 101/102 606,30
Set 101102 conbinod 607.29
Weighted cean 101/102 607,50
Keighted soan alledata 639.0

afl
«21.44
10,69
«9.70
= 9.
2,05

all
38
1.7
1.6
1.5
34

A test was also done using test data from sampling times

7:11:15, set 102. The results were as follows:-

Partial regression coofficionts used Protefn production

febgl - eedietd ffforency

TB:15 Set 101 68,40 Wbs. 478.92 lbs,
102 63,5
Arithaotie moon 101/102 A3.68
Set 10/102 conbined 478,10
Veighted moan 101/102 WR.2%
Veighted momn all-data 4982

The resulte indicate that weighting of the regression

10,52
ol
+5.28
¢9.20
* 5,06
2642

.2

ofl
.1
2.1
1.3
5.6

coefficients by the number of observations on which they are

based pricr to taking their means has only a minor effeot on the

predicted results giving a marginally improved prediction of
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0.2 = O.4% in set 101 and a marginal increase in prediction
error of 0.2 = 0.3% in set 102. There thus seemed little to
be gained from the use of weighted means. The use of means
of the regression coefficients derived for individual sets
gave & slightly better prediction than the regression

coefficients derived using bulked data (sets 101/102 combined).

A similar trial using data from sampling times 7:11:12

gave similar results,

Simple arithmetic means of the partial regression

coefficients were used in subsequent investigatione.
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(a) Examination of the effeot on the standard error

of estimate of using mean partial re ssio

coefficients applicable to ouped sa t i

The regression coefficients and standard error of
the estimate given in the following tables were derived

as follows:-

(1) The characteristic partial regression coefficients
were determined for each combination of three
sampling times in the series 6 and 7; 10, 11 and
12; 15 and 16 for each set of data. These results
represent the "actual' data and with the standard
error of the estimate they are listed in Tables in

Appendix D (c).

(2) All the individual regression coefficients on a
"within breed" basis determined in (1) were bulked
as by1, by2 and by,; where by1 includes sampling
times 6 and 7; bya 10,11 and 12; and by3 15 and 16,
and the mean value was then determined. Thue
within each breed, 24 sets of regression coefficients
were averaged to give the '"mean regressaion
coefficients-" In set 103, sampling times 10 and
11 occasionally gave slightly negative regression
coefficients. However, the mean coefficients for
10 and 11 were both positive and so these sampling
times were retained in the system. These mean
values for the regression equations were then
applied to the various combinations of data in the

individual sets on a "within breed" basis to obtain
the "predicted" standard error of the estimate

for sets 101/102 and sets 103/104 respectively.
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(This was also done in the determination of the
difference in protein production by prediction

with each individual set (i.e., 101, 102, etc.).

(3) The mean regression coefficients for each breed
were then bulked and the ''sean all-data
regression coefficients' were established and
used to obtain the '"all-data predicted" standard
error of the estimate and the '"all-data"
difference in protein production by prediction

with the specific set of data.,

Mo values for regrossion coefficionta and stamdard ervor of the estisste
for saapling tiees 6 or 7; 10,11 or 12; 15 or 16,

Data uveed Partial regressfon cosfficicats $.E.of Estimate
#
’ v, v, v,
Set 101/102 4.36 3.162 7.297 6,040 467
103/104 3.62 54944 6.77 5475 1.1
All-data %.99 4.553 7.032 5.757 6.24

Although these mean regreseion coefficients and
the mean~data regression coefficients listed in section F
(b) have been obtaimed by very different procedures,
their values do not differ greatly and their application
to data obtained over this relatively broad spectrum of
aaméling times would not appear to be likely to result in
grossly unfair weighting of any specific group of
sampling times. The mean regression coefficients have a

s8lightly smaller standard error of estimate than the
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mean=data regression coefficients, and since the mean

regression coefficients can predict using fewer samples

their use has advantages both im practice and in

accuracy.

Comparison of regrossion coeffictonts

for sampling times 6 or 73 10,11 or 12; 15 or 16,

Dats uaod

St oI
Rean regroasion eoesfficionts

Hoanedata regrossion eeefftclents

St 1BA%
loan rogrescion cosffipients

Rea—doto rogression coeffictents

All-dats
fean regrassion cseffisiants

Hean=data rogrecsien coefficlents

Partial regraasion coefficients

4%
L.80
362
3.9%

3.9
3.90

"y

3.162
JA

5944
5,689

4.553
5,200

¥,

1.297
6,661

6.77
5.822

1.052
54834

",

6.000
6.223

SATS
657

5.751
6.6%

$.£.of Eotinnte
*

47
5.0

7.2
1.8

6.2
7.3

The verious standard errors of the estimate

based on the use of these moan regression coefficlients

are tabulated for the various sampling time combinstions

in Appendix F (4d).

Theae analyses indicate that in

using "mean regression cocefficients" on a "within breed™

basis, the maximum standard error of the estimate for

the Jersey breed was 6.2% and for the Frieeian bdreed

9.5%. If the "alledata'" meanr regression coefficients

were used, these maximm standard errors of the estimate

increased to 10.5% for both breeds.

These maximus

standard errors of the estimate should be compared with

the maximur and minimum values for the "actual' standard
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errorg of the estimate in the following table, based on
the characteristig regression equations for any three of
the sampling times used in this section (i.e. 6 and 7;
10,11 and 12} 15 and 16.

Stadard arrore of the cotimts

Individual mtm‘n conbinations

Reargasion

cocfficlonts  fom

seffictorts  Vota 10h% 1B  Set10 t1@ Sat10 Sebim
Mniow - - - 3.5 (%4 (W] 6.2

The minimum possible standard errors which 4id not
appear in the same group of sampling times from year 1 to
year 2 within or between breeds h:ve thus been roughly
doubled to obtain a more flexible sampling pattern. As the
minimum values were not ochbtained in a consisteat pattern it
would not be poseible to e¢xploit these low values
consistently, and hence the loss of accuracy will not dbe as

great as the results given above may at first imndicate.

The use of the mean partial regression coefficieats
based on all-data would be of consideradble convenisace,but
their use in place of the mean partial regression
coefficients based on the within breed data cannot be
Justified in view of the consideradble imcreasze in the
maxisum standard error of estimate such an action -ould‘
introduce, and this is particularly so with the mean
partial regression coefficients for the Jersey breed (i.es.

those based on data from sets 101 and 102).
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Tests of significance between the mean standard
errors of the estimate calculated by different methods,
and the mean "actual' standard error were deteramined.
The mean "actual" standard error of the estimate was
based on the standard errors associcted with the
characteristic regression equation for each selected

group of sampling times in each set.

The following partizl regression coefficients
were used to determine the standard errors of the

estiaante: -

(1) Mean partial regression coefficients for set
101 and set 102 combined for sampling times 6
and 73 10,11 and 12; 15 and 16 (i.e. mean of
2L sets of coocfficiente). (Mean regression
coefficients for sets 101 and 102 combined).

(2) As for (1) but for set 103 and set 104 combined.
(Mean regression coefficients for sets 103 and
104 combined),

(3) As for (1) but the mean partial regression
coefficients based on "all~data" for these
sampling times (i.e. mean of 48 sets of
coefficients). (Mean regression coefficients for
ell-data).

(&) Regression coefficients derived after production
data for sets 101/102 for sampling times 6 and 7;
10,11 and 12} 15 and 16 had been meaned (i.e.
only ore regression analyesis involved).
(Mean~data regression coefficients for sets 101
and 102 combined).

(5) As for (4) but for sets 103/104, (Mean-data
regression coefficients for sets 103 and 104 com-~
bined).



(6) As for (4) but combining data from all four
sets before taking the mean values and thence
deriving the regression coefficients. (Mean-
data regression coefficients for all-~data).

The results are given in Table F (d).

The differences between the '"calculated" and "actual”
mean standard errors of the estimate are significant when
individual sets of data are examined, but this difference
disappears when the estimates were based on both sets of
data within a breed. This is not surprising but it confirwme
that the concept of taking the mean value of a whole series
of regression equations will not give a biased result. An
interesting sidelight to this concept is that basing a
regression coefficient on data that has been averaged rather
than on the average of many regression coefficients
calculated froa this dats =z1lso gives mean standard errors of
the estimate which do not differ significantly from the actual
means. These conclusions apply only on a "within breed" basis;
the nse of coefficients based on all the available data gave
significantly different results in all but one of the systesms

tested.

The "actual' means obtained with individual sets of data
within breede (i.e. sets 101 and 102, or sets 103 aad 19#)
were extremely close and did not differ significantly,although
the standard deviations varied considerably. This suggests
that although there were considerable differences in the data
used, the regression coefficients obtained gave overall
predictions that did not differ significantly within a breed
from year to year and could, therefore, be bulked and

averaged with confidence,
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The use of mean regression coefficients on a within
breed basis will give a mean standard error of the estinmate,
when all possible sampling combinations are examined that
does not differ significantly from the mean 'actual"
standard error of the ectimate for these same sampling
combinations. These mean values were 4.6% for the Jersey
data and 7.5% for the Friesian data, and their corresponding

aaximum values were 6.2 and 9.5%.
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IS E ()

Hoan standard errors of estimate based on the use of various partial regression coefficients

Partial regression coefficients used

*Actual® (S$.0. in brackets)

50 st on & Fforence betesen
cats 101 and 102 and sets 103 and
100 (1.0. betwoen breeds).

Mean regresaion ceefficlients based
on sots 101/102 coabined or sots
105/104 conbined

"1 g5t on difference frea *Actual®

tean sfon ceefficionts based
on all=data

*'¢9 tost on difference froo *Actusl®

Hoan-data regrecsion cesfficlents
based on sets 101/102 conbined,
or sots 103/100 conbined.

8¢ tost on differonce froa"actusl”
nean rogression coefficioents
based on all-dsta

"¢ dast on differonce froa *Actual®
Probabf Lity Linits for *¥ 0«0.50

o 0.2
a=0.0

Moan staadard error of gstimate

§.60 469 b.63 6.93 1.0 1.07
[ [ L 3
(20.60) (20.43)  (0.58)  (-1.19) (<0.16)  (=0.98)

0.51 0.9

3.9 5.38 4.61 5.61 8.7 7.50
>3 >3 0.886 >3 >3 0,959

8.86 bR 7.17 6.5 9.90 8.95
>3 >3 >3 >3 >3 >3

5.3 5.13 b7 6.00 6.63 7.35
2.450 >3 0.18 2.3% >3 1.065

3.32 3.82 3.97 6,38 8.98 7.68
>3 >3 >3 1.532 >3 >3

0.697  0.697 0,685 0,697 0457 0,603
1215 1.5 1.180 .25 1215 1,180
549 3T 2.089 3AN 3497 2.069
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(e) E ation of the effect on prediction
roducti f 1l me T esslio
coefficients to individual sets.

The effect on prediction of production when mean
regression coefficients are applied to data from any of
the twenty-four possible combinations of sampling times
within the selected .groupings showed that the maximum
error was 6.3% (range 0.3 - 6.3% mean 1.98% S.D. £1.67)
with the Jersey data (sets 101 amd 102), and 3.5%
(range 0.1 - 3.5% mean 1.91% S.D. 2 0.93) with the
Friesian data (sets 103 and 104) when mean regression
coefficients on a within breed basis were used. When
the mean regression coefficients based on all-data
were used, the errors in prediction of production using
the available data increased and ranged as follows:-
Jersey (sets 101 and 102); (range 0.5 = 7.0%, mean 3.33%

+

S.D. = 1.85). Friesian (sets 103 and 104): (range 0.9 =

6.8%, mean 3.80% S.D. : 1.87)0

Thus on a within breed basis the mean variations
of the predicted production from actual production are
relatively minor, although the standard deviation about
the mean is relatively large and consequently occasional
combinations are likely to give considerably more
divergent results (6-7% have been demonstrated using the

data available)-

These results have been listed in Appendix F (4)
and are plotted in terms of the percentage production
in Figs. 10 and 12, and in terms of difference in
pounds of protein in Figs.9 and 11. The plots are very
similar in their trends to those obtained using partial
regression equations based on mean-data and the comments

made on Figs. 5 to 8 apply equally well to Figs.9 to 12.



Both methods of establishing a regreesion
equation applicable to data from any of several
sampling times within an aggregated group of sampling
times have been shown to give predictions of protein
production having similar trends and similar
accuracies. In view of the simpler sampling system
possible when mean partial regression coefficients are
used and in view of the improved accuracy when the
within breed mean coefficients are used, further work
has been limited to the use of the mean partial
regression coefficients for sets 101 and 102 combined
for use with Jersey data and for sete 103 and 104

comrbined for use with Friesian data.
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(£) A ted accuracy of prediction o odugtion.

Few authors have committed their thoughts on
this to paper but a review of the literature on
recording can give some ideas. Thus, Alexander and
Yapp oSaervod that variations from their reference
method of the following orders were insufficient to
reject their modified sampling procedure for fat

yield.

§ Cous varying from actusl records Esﬂ:!mi 5.0,

Extont of varfation & 0-20 21-5.0 5.1-10.0 0.1

Holoteln ) 4] 10 6 3.9

Jorsey

3 e % ’ 3.0

Davey and Alexander considered a 10% error not
too serious and Czaké et al (1963) considered a range
of error of +2 to ~5% in estimating the fat yield as
being not significant, whereas they did consider an
average deviation of around 8% as of significance.
Erd and Ashworth's data on repeatadbility is referred
to in Section G (d). They commented that their
repeatabilities were higher than generally observed,
yet their standard errors of the estimate were

around 17 to 18%.

It is interesting to note that ¥itt and Walter
discussing three- or four-weekly testing in relation
to breeding programmes observed that the stamdard
deviation of their estimate of butterfat production

inoreased frem <= 3,99% for a three-weekly sampling

interval to I 4,64% for a four-weekly sampling
interval, but they concluded that despite this inerease

in the standard deviation the heritability was altered



138

only slightly and they recommended, on econoaic grounds,
that a change to a frur-weekly sampling interval be
made. Campbell discussing the level of errors preseat
in systems of herd testing current in 1946, compared
with daily sampling and testing, showed that the
standard deviation in the estimation of fat yileld by
the Herd Improvement Aasociation testing procedure was

2 6.51% and by the Official Herd Test procedure was

I+

6.35%. (Appendix F (f) ).

It thus seems that a standard deviation of around
5% is an acceptable level of accuracy and in New Zealand
6.5% is generally accepted as satisfactory for butterfat
yield recording purposes. Herold and Veress quoted the
average correlation between the lactational yield of
milk protein based on monthly samples and that based on
daily samples as +0.82. For comparison with the data
presented in this study, their value has been
recalculated to Ra = 0.67. Only two sampling time
combinations out of the 48 used in this study for
determining the mean regression coefficients fell below
this level. Both comdbinations occurred in the same
year in the Friesian data. Thus on this basis the
three times a lactation sampling was equally as
effective as monthly sampling for prediction. As has
also been mentioned earlier in the discussion on
Methods, Senft stated monthly sampling for protein was
as satisfactory as sampling once every ten days. It is
worthy of note that Herold and Veress observed a
slightly higher average correlation (+0.838) betweea
daily sampling for protein production and sampling
twice in consecutive months mid-lactation than they

found with monthly sampling.
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It 415 also of interest, at this stage, to review
the inherent limitations of the standard methods of
sampling and analysis, as these contribute to the
errore of prediction as well as being present in the
basic data used for comparison purposes. This has
been discussed in an earlier paper by Wallace (a).
Carré et al. 1list the sources and extent of physical

errors in testing for fat yield as follows:-

(1) Weighing, about 2.5% (may be up to 4% if quantity of
ailk is small);

(2) Compositing, about 0.95%;

(3) Measuring for Gerber, about 1.0%;

(&) Reading Gerber, about 1.25%.

Theze errors do not allow for human errors in

sampling amd technique.

Edwards and Simpson mention that the probable
deviation from the true mean when sampling from a
weigh tank for S.N.F. is between 1.7 to 2.3 of the
S.N.F. estimate. It is likely that the same order of

variation will be present when sampling for protein.

The standard deviation of the Kjeldahl method of
protein analysis using single samples is about 0.05%

protein, i.e. about 1,55 of the component measured.

Thus with these known errors, the error in the
measurement of the protein contemnt could possibly

reach 10% in extreme cases.



140

In the 1light of the above discussion, the
standard errors of estimate using a mean regression
equation for sampling times 6 and 7; 10,11 and 12;
15 and 16 baced on all the Jersey data will predict
protein production of individual Jersey cows with a
standard error of estimate of 4.7% which is an
acceptable accuracy, and likewise total production
of the herd to within 2% of actual. The corresponding
regression equation for predicting the production of
individual Friesian cows has an average standard
error of estimate of 7,2% which is in exceses of the
acceptable 6.5% but probably is still acceptadble for
many purposes, and it estimates total protein

production of the herd within 2% of actual.

The prediction of production of proteim by a
herd or by individual cows using a restricted frequemcy
of sampling and a range of possible sampling times is,

therefore, quite practicable.
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(F) (g) Extension to data based on different methods
of analysis.

The values for the protein content of the milk
used in this study were based on the Kjeldahl method.
The use of alternative methods of protein analysis

would introduce further errors as indicated below:-

Hethods used on milk frea Standard deviation from Kjeldahl value
individual cows .
Protein § % of pratein
—scontent
Macre anide black (p.34) * 0,06 tey
Forsel titration (Have and Mulder) 20.13 W)
Kofranyi alkaline ateam distillation % 0.06 s 206

(Have and Mulder)

Thus the macro amido black or the Kofranyi
alkaline steam distillation techniques will increase
the standard error of the estimate by between 2 and
3 per cent and if one accepts a 10% error in
prediction as not unreasonable, these techniques

could be used with a restricted frequency of sampling.
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(h) E £ W other .

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 significant
only for the first month of production and suggested
that herd differences are not an important factor

influencing part toc whole lactation relationships.

- They concluded that it may not be necessary or

practical to derive extenslon factors on an intra-~
herd basis to achieve maximum accuracy in extending
on complete resords to a 305-day basis. In view of
the greater variability in fat yield when compared
with protein yield (Politiek), these observations
should, therefore, be applicable to this protein
prediction study and suggest that the regression
equations derived here may have a general application

on a within breed basis.

In New Zealand, the Dairy Board (1958, 1962)
i3 using within herd and within season comparisons
extensively for sire survey, AB testing and merit cow
testing, in an attempt to separate environaental amd
management influences froa genetic effects. Therefore,
as the regression equations derived in this study do
not appear to be unduly influenced by enviroanmental
and management influences as pointed out in the
conpariaon of the mean "actual" standard errors of the
estimate, they should be applicable for these same

purpoios.
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In herd improvement it is often sufficient to de
able to rank apimals in order of their productions so
that the animalc possessing various levels of production
can be adequately selccted for the purpose desired,
whether it be culling of low producers or breeding from

high producers.

A preliminary examination of the effect of using
a prediction egustion on the ranking of cows in a herd

was undertaken.

Using sanmpling times 4,7,11,16° and their
appropriate computer derived partial regression
coefficients, the predicted protein production for
individual c¢ows nas derived; the extent of ranking
differences wans examined using the Jersey herd data
(set 101) and the Friesian herd data (set 103). The
individual cows were separately ranked in order of
their production as estimated by prediction and as
measured on the fortnightly sampling basis, the ramk
list is given in Appendix G (a). This simple raaking
procedure was not entirely an adequate basis of

comparison, since it tended to exaggerate small

Sampling times 4,7,11,16 were selected since they were
the group that together gave the lowest standard errors
of estimate for both the Jersey data (4.9%) and the
Friesian data (6,6%).
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differences in production. Therefore, within this
rank, cows were grouped on the basis of an arbitary
scale having increnments of 5% of mean protein
production of the herd. This procedure reduced the
number of ranks from 29 to 11 for the Jersey herd

and from 33 to 10 for the Friesian herd. With the
Jerseys, in no case was there a greater difference
than 2 ranks and with only three cows was the ranking
different by 2 between the asctual and the predicted
rank, With the Friosians, one ¢ow only differed dy 3
ranks, and six cows differed by 2 ranks. In beth
cases, all other cows ranked equally or differed by
only 1 rank. It thus seems quite possible and adequate

to use the predicted data for cow selection purposes.

Using those sampling times and regressioa
coefficients, the predicted protein production for
these hoerds was determined and the differense froa

that based on the fortnightly analyses were:-

Jersey Friesian
009% less 1 .07% less
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One disadvantage of the use of individual

eampling times is that the milk from all cows ia the
herd can not be sampled for examination at any ome
time since the cows normally calve down over aa
extended period of time and this will entail repeated
visits to the herd to obtain samples within the
required periods of the lactation for the individual

cows.

To examine the effect of using a common sampling
date rather than having to sample at repeated
intervals, the Jersey herd data (set 101) was used to
predict production using sampling times 4173111116 as
the basis, but the date on which the maximum number of
cows were first tested (i.e., sampling time 4) was used
as the datum and all cows were then tested on the same
day irrespective of the relationship this day bad to
their lactational progression. Ten cows out of the 29
were in this way examined on the correct basis, all
other cows being one or more fortnightly periods out
of line. The same regression coefficients were used as
in the preliminary study. The rank list is given in

Appendix G (a).

The offect of this procedure was to increase the

otandard error of the predicted value.



In ranledng 1 cow was 5 ranks out of place
(approx.20% error in
prediction).

3 cows were 3 ranks out of place
(approx. 13% error in
prediction).

8 cows were 2 ranks out of place

(approx. 9% error in
prediction).

This may still be adequately accurate for
selection purposes.

An interesting sidelight was the effect of this
modification on the prediction of herd production in
that it gave an error of only 0.,74%, even less than
that of the previous methed. Thus this particular
example showed little effect in estimating the herd
production of protein but did lead to the expected
increase in the standard error of the estimate of
production for individual cows =2nd also increased, as
would be expected, the differences in ranlaing. However,
depending on the purpose for which the predictioa is
required, the increase in the standard error of the
estimate and in the differences in ranking introduced
by this procedure may not be sufficient to warraant the

more rigorous sampling approach.

This concept has been anticipated in earlier
discussion by using regreassion egquations for groups of

contiguous sampling times.
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(e)  Study of Ranking Procedures
The decision to rank in 5% incremental steps was

examined to determine the effect it would have in

deteraining rank differences and on rank correlation,

Ranking of cows in sets 101 and 102 (Jersey

year 1 and Jersey yeoar 2) was examined using actual
production valuea. All the cows in both sets were not
avallable for comparative ranking. There were eleven
cows used in set 101 (1,29,30,38,50,28,16,3,69,72,39)
which were not used in set 102, and there were five
cows used in set 102 (17,24,63,112,114) which were not
used in set 101, The reasons for changes in cows used
in the different sets within breed are givea in

Appendix Methods (a).

The limits for the sums of squares of rank
differences were used to evaluate the significance of
the rank correlationa. The cows identified by their
herd test numbers are listed in rank order in Appendix

G (e).



Comparison of sums of squares of rank differences and of
Spearman's rank correlation coefficient for estimating
significance in ranking when absolute ranking and 5%
incremsntal ranlddng procedures were used based on actual
productions for year 1 and yesr 2 for Jersey data.

S
rrrralliey

N (number of ranks) 18 10
2
24 (sums of squares of 286 80
rank differences)
2

Value of <A for a= 0,05 72

probability limits

indicated a= 0.02% 58

a= 0,005 363
r, (Spearman's rank 0.705 0.516

correlation coefficiant)

In terms of absolute ranking and using the sums
of squares of rank differences as the criterion of
similarity, the two sets of ranked data were very
significantly similar., However. the probability of
the two rankings being different has shifted from
0.00% or lecs in the absolute series to greater thaa
0.05 in the 5% incremen$2l grouping, and so the test
for significance using 5% incremental ranks is more
rigorous than absolute rankings. Furthermore, besides
being easier to apply, the 5% incremental grouping

detects variations in rank correlation which would not

148



149

be obvious with absolute ranmking procedures, since
the sums of the equares of absolute rank differences
were in almost all casss considerably less than
figures given in the probability tables for:is= 0.,009%,
whereas these differences were detectable because of
the reduction in the number of ranks involved when 5%

incremental ranks were used.

From a production point of view, a 5% change in
production is a minimally significant change on which
a selection should be based in view of the vagaries of

sampling and tesfing.

This procedure of ranking in 5% increments was
examined further with the following results:-

pEparison 0f ranking

Ranking of cows in sets 103 and 104 (Friesian

year 1 and Frieslan year 2) was examined using actual
production values. All cows in both sets were not
available for comparative ranking. There were nine cows
(128,147,187,162, 168,155,171 159,136) used in set 103
which were not used in set 704 and there were sixteen
cows (132,133,134,135, 14k, 146, 149,152,154,157,163, 163,
170,172,185,190) used in set 104 but not used in set
103. The ranked sequences are given in Appendix ¢ (o)
(1.
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Comparison of ranking procedures comparing actual
production in year 1 and year 2, ueing Friesian data.

5%
Absolute  Ipcremental
ranking ranking

N 26 13
2
zA 779 159
2
Value of 24 for (=0.025 - 158
probability limits
indicated a=0.01 - 119
a=0,005% 1418 -
r, 0,734 0.571

Here again the uncritical character of the prodbadility
limits for sums of squares of rank differences in evaluating
the absolute rankings against the 5% incremental rankings is

obvious.

Using the 5% incremental ranking, the actual rank

displacement of cows from year 1 to year 2 were:-

S 101/1 3 4 !

O ranks

N oM &N
Y
!



(2)

The mean-all-data partial regression coefficients
for sampling times 6 and ?; 10,11 and 12; 15 and 16
were used to predict individual cow production on the
basis of data from sampling times 6:11:15, set 101, and
the cows were ranked in order of their protein
production. The ranking in adbsolute and 5% incresental
steps were compared using “actual" and 'predicted"
production values. A further ranking comparison was
aade,as follows:- Vhereas in the 5% incremental
ranking procedure the difference in rank was determined
as the difference between the incremental group rank
number, i.e. only the groups have been assigned rank
numberr, in the modified group procedure note was taken
of the number of cows occurring in each group amnd all
cows in the group were given a mean rank number which
was dependant on the number of cows in the group. 7This
latter procedure did not reduce the number of absolute
ranks but introduced a system where several cows could
have the same rank number without reducing the total
number of ranks as happened in the simple grouping ia

S% incremeants.

Set 102 was examined also, using mean-data
regression coefficients for sampling times 6 and 7}
10,11 and 12; 15 and 16 based on sets 101/102 gn4

applied to data from sampling times 6:11:11S.
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The results from both these studies were as follows:-

Comparison of ranking procedures coamparing
actual and predicted ranks

Set 101 st 10
“2:?“' %audnlg:!? Ra:?u Absolute ::?rn
r nereten ranking
" but using mean incroments incresents
N 29 29 10 ra ] 1
2
gA 3464 346 69 130 )]
2
Yamw of SO for e 0,05 - - n - -
pradability lisits ae 0,025 - - 58 - -
ndic ated Qe 0,008 2083 2083 - 912 ()
r 0.915 0,915 0,582 0929 0805

Both studies illustrate the greater rigour of the 5%
incremental group procedure and show how relatively useleass is
testing on the basis of absolute ranking, except to indiecate
an extremely high probabllity that the two ranks are strongly
correlated. The use of mean rank numbers in the SX incresental

system had no advantage over the absolute ranking progedure.

Spearman's rank correlation coefficient was introduced
subsequently so that comparison could be made with published

data.

Using Spearman's rank correlation coefficient, the
rigour of the 5% incremental ranking progedure becomes more
obvious. The following table summarises the data on the ramk

correlation coefficient.
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Spearman's rank correlation

e g

Set 101 on set 102 0.705 0.516
Actual data

Set 103 on set 104 0.73h 0.571
Actual data
Set 101 0.915 0.582

Predicted on actual

Set 102 0.929 0.80%
Predicted on actual

In view of the limited data, it is difficult to
determine the value of the rank correlation coefficient usiang
5% incremental ranking which is of equivalent merit to, say, a
rank correlation of 0,9 in absolute rank correlation. The mean
absolute rank correlation was 0.821 and the mean 5% increment
rank correlation was 0.619, and so it would appear that the
increment rank correlatiun would have values about three-
quarters of their corresponding absolute rank correlation

values.

In all subasequent studlies, the 5% incremental ranking
procedure has been uszed because of its greater rigour and

because of its greater asimplicity of application,



154

(a) (a)

(1) Effect on prediction of production and ranking
of applying regression coefficients for 7111115
(set 101/102) on set 101 and 102 data for
sampling times 7:11:115.

Difference in predyction Set 101 Set 102
Total actual production 8637.86 1bs. 6557.60 lbs.
Total predicted production 8516.76 1bs. 6578.04 1lbs.
Difference from actual -121,10 1bs, +20.44 1bs,
Difference ¥ of actual 1.40% 0.31%

Standard error of the
estimating equation 345

N 9 12
2
zA 41 37
2

Value of 24 for = 0.05 48 .

probability limits
indicated a= 0.025 38 -
as= 0.005 - 6’

r, 0.658 0.871
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(2) Effect on prediction of production amd ranking
of applying regression coefficients for 6112116
(Set 103/10k) on set 103 and 104 data for
sampling times 6:12:116.

Difference in production Set 103 Sgt 104
Total actual production 13846.98 1bs. 16697.66 1bs.
Total predicted production 13688.%0 1bs. 16872.10 1lbs.
Difference from actual ~158.58 1bs. +174.44 1bs.
Difference % of actual 1.14% 1.0%

Standard error of the
estimating equation 7.2%

s 59 114

2
Value of 24 tor
probability limits
indicated a= 0.005 128 4?7

rG 00870 0.900

Using these specific regreasion coefficienta, the
ability to predict total production and to ramk cows
withir the herd is high, e.g. error in prediction of
total productiosn is less than 1.,50% and with sets 102,
103 and 104 the eums of squares of rank differences was
well inside the limits set for g= 0.005,and even with

set 101 it was only a little over the = 0.025 value.



Decpite this high predictability, the actual

rank displacement of cows were:-

Set 101 Set 102 Set 103 Set 19&

0 ranks 9 8 10 9
1 13 11 17 2b
2 7 2 6 S
3 - 2 2 2
4 - - - 1
5 - = - =
6 - - - 1

A rank difference of 1 cannot be considered as
pertineat in the examination of the practicability of
this predicting procedure for a minimum difference of
only 0.28 1bs. of protein could be involved, although
the maximum difference which would still give only 1
rank difference was 27.72 lbs. protein in sets 101/102
and 38.92 1bs. protein in sets 103/104; thie is because
an arbitary fixed scale incrcasing by 5% increments was
used to rank the appropriate data. If one accepts this
concept of ignoring 1 rank difference, thea the

percentages of cows incorrectly ranked were:

Set 101 Set 102 Set 103 St 104
24.1% 17.4% 22.9% 21.%8

For comparison, the percentage of cows differing
ol
in year 2 by two,.more ranks from their position in year

1 based on actual production was:-

S¢t 1017102 Set 103/10k
S50% 66.7%
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Hence, these displacements resulting from errors
in the prediction equation in terms of ranking were
only between one-half and one-third of those arising

from year to year variability using actual data.

At this stage, it is interesting to compare the
repeatabilities of the data used here with repeat-
ability figures given by other authors. Using
Spearman®s rank correlation coefficient as a measure
of repeatsbility, the followdng values were obtained
in this study for protein yield based on actual

production values and the absolute ranking procedure.

s (101 ¢ 102) 0.705

s (103 1 104) 0.73%

Castle and Searle (1957) state that with butter-
fat yield repeatability for individual herds, ignoring
the year effect, ranged from 0.0% to 0.76 with a
sooled value of 0,49, When the year effect was
eliminated, repeatability values ranged from 0,16 teo

0.94% with a pooled estimate of 0.61.

Erd and Ashworth,comparing individual cow records
from one lactation to the next, found correlations of

the following order:-

Milk 0.82 16.9%
Fat yield 0.80 18.0%
Protein yleld 0.80 16.6%



They commented that these correlations (or
estimate of repeatability) were higher than generally
obzerved. The extent of their standard error of

estimate was, therefore, surprising.

Van Vleck and Henderson (1961) (b) ) compared
several systems for estimating fat yield and their
effect on the correlation between yields in
succeeding complete lactations and observed that
correlations of 0.52 to 0.57 were obtained using
sequential or cumulative bimonthly and trimonthly
tests for predicting succeeding lactations. Using a
complete lactation record, a correl:tion of only 0.55
was obtained, and when any single test in the fourth
to sixth month of lactation was used there was a

correlation of 0,50.

The repeatability, as measured by Spearman's
rank correlation coefficient, of the actual data used
in the investigation discussed herein is thus
relatively high snd uniform for both the Jersey data

and the Friesisn data.
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(e) b ediction using regression egquatio

based on mean-data for sampling times 6 and 7; 10,

11 and 12; 15 and 16 d exa effect on rank
displacement on sets 101 and 102.

Using the sets 101/102 regression equation based
on mean-data and testing on set 101, up to 25% of the
cows were ranked out of order by prediction, although
in some combinations of sampling times less than 10% of
the cows were incorrectly ranked. The maximum
displacement in rank was 5 and this same cow was four
Places out of rank in three of the other combinations
of sampling times tecsted, and three places out of rank
in various combinations. The major discrepancies in
ranking in this test herd was thus limited to four cows

or 15% of the herd.,

Using the all-data coefficients based on mcaned
data for sampling times 6 and 7; 10,11 and 12; 15 and
16, and again testing on set 101, the discrepancies in
ranking were more frequent; eight cows out of the herd
being displaced 3 or 4 ranks in some combination of
sampling times. Comparing the effect on ranking when
using these different regression coefficients, in only
two cases were the cows which were displaced in rank
the same, thus the problem of incorrect ranking whilst
undoubtedly contributed to by consistent individual
non=conformity with the general pattern is aleo
contributed to by a non-conformity at a specific
sampling time by a specific individual. These results

are tabulated in Aprendix G (e) (1).
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#ith the set 101 data (Jersey), the average
actual protein production per cow was 298 1lbs. and
the cows displaced in rank by prediction produced

as follows: -

Cow No, (bs.proteln Ho.of times displaced using seanedata
— Drodued —Loiression oquations bosed o
Set 101/102 All-dats
2 359 - e
» M - 3
18 ) - 2
1 30 - 1+
)] 306 - 3
69 0 3e
8 2% -
4] Fa )] 1- -
A 38 5- -
30 2 |

When the mean-all~data regression equation was
used for prediction for ranking, the level of
production did not indicate any clear trends im rank
displacement, either in number of cows or in number of
times displaced. With the set 101/102, mean-data
regression equation, there was an obvious trend towards

displacement of the lower than average producers.

The partial regression coefficients used were:-

b b b
() _6or? A0Mtor12 _1S5erlé
Hoan-data Set 101V (R 4.80 3.40 6,56 6.22

Heaneall-data 3.90 5.29 5.03 6.69



Ais a consequence of the difference in the
partial regression coefficients in the two regression
equations, the emphasis on individual sampling times
varied appreciably in the two sets of rankings. With
the test on set 103, however, the partial regression

coefficients were:-

b b (]
(a) borl Joitert2 3ot
Mean=data Set 103/1064 3.% 5.66 5.82 6.68
Hoan-gll-data 3.90 $.09 5.83 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
coafficients, nine cows were excessively displaced in
rank using either set of regression coefficients; three
of these cows (150,159,180) were completely out of line
with the rest of the herd of 39. The average actual
production of protein by this herd was 355 lbs. amd it
is interesting to observe that most of the cows listed

were above average producers of protein.
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Cow Ne.

140
1P
159
136
17
150
180
139
168
W7
169

148
161

Lbs.protein

540
k70
k68
468
450
13
(1%
21
47
589
384

1Y)

No. of tiess displaced using mean-data
regression eguations based en

12=

10+

te

2-

gZo
2

12¢
2¢

Those combinations of sampling times which appear to

give fewest displacement in rank were:

Partfal regression
conffictonts used

set 101 ot 103
Mean-data Set 101/102 7:10:15, 7:12:15, 7:10:16
7:11:15, 6:10:16, 6:11:16, 6:12:15
Hean-all-data 7:12:16, 6:12:16, 7:11:16 6:11:16, 6:12:15, 7:11:15
7:12:15, 7:10:16
Hean-data Set 103/164 6:12:15, 7:12:15
7:10:15, 6:11:16

This selection of 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 displaced



in the set 103 (Friesian) data. This applies, however, to
this set using this data and would probably not apply to
other data tested in this way even for the same breed. The
effect of difference in breced on the selection of sampling
time combinations for this purpose is illustrated in the
above table using mean-all-data coefficients on sets 101
and 103, where there has been no group of periods common to

both selected.

A final assessment of the effect of displacement of
rank on say the culling out or selection for breeding
programme can be assessed best by listing the top or bottom
10% of 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
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72 or on 93% of the occasions and thus despite the differences

in ranking by prediction the chance of unfair culling was not

high.



(3)

-
1 30
2 [}
3 38
) %
5 50
6 26
7 32
8 16
9 s

10 -

Rank Prodicted
Cov No.
1 30
2 [}
3 38
& %
5 50
6 28
7 32
] 16
9 2

10 3

1 n

12 A

13 &8

% 69

18I § (o)

Pradicted ranking for all cows preducing less than 260 Lbs. protein using sesn=-all-

=data regrassion coofficients on Set 101

RANK ORDER FOR PREDICTED PRODUCT ION BASED ON SAMPLING TIME GROUPINGS SHOWN

6 6
10 1))
15 15
3] 30
50 43
30 50
% %
30 39
28 28

§
H
7

6
12
15

30
50
(3
28
%
69
38
16

-

- - NN

N &~

6
10
16

1}
30
50
%
30
16

6
"
16

RANK ORDER FRECUENCY TABLE

- s NN

Y]

6
12
16

30
%
50
3]
69
38
16
28

1
10
15

1}
50
3¢
28
38
9%
R

1
1))
15

3]
28
50
38
30
%
32

17

1
12
15

30
28
50
3]
50
74
16
A
69
%

1
10
16

3]
50
30
9%
28
16
52
3n

3

10

17
1"
16

[}
38
30
28
S0
%
32
A

Chance of
refectien

vol
o wolatn

100
100
100
100
100

e

(1]}
»
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Using the set 101/102 mean-data regression equation
for predicting the ranking of cows in set 101, the saix
lowest producers raikod, as such, 69 times out of a possibdle
of 72. (Table G (e) (4) ). These results could be examined

in a slightly different way.

Chance of culling Lowest preducer/s

Set 101 Sat 103
-~ N T
101/102 103/ 106
No.of cove Nean-dota Hean-al l-dats Hean-dats Meas-all-data
do beculled  coefficionts coofficionts,  coefficients seofficients,
] 4 5 $

1 16.7 M7 N1t L]

b4 50.0 66.1 7.0 n.t

5 50.0 61.1 69.4 2

[} 129 66.7 81.5 8.4

5 86,3 86.7 9.0 8.3

6 9.0 93. 1 5.9 5,3

7 86.9 9.3 80,5 n..

0 . 4 92 LAY n.A

9 9%.2 21 8> .3

10 96. 4 %) 86, 1 .6

Thus provided one wished to cull at least five of the
lowest producing cows in these herds, the chance waa over 8%%
that the cows that should be culled would be the ones selected.
This was in agreement with the observed occasional displacement

of up to 5 ranks.

If culling practice was based on discarding those cows
producing less than a predetermined production, e.g. 280 lbs.

protein in the case of the Jersey data (set 101), then the
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chances of an incorrect decision are listed in the table below.

Com Ho. fa rank

mu’mm %‘ﬂk

dass then 200 Wbs. Actual Production

4

30 222 s, 100
A3 38 We. 100
3 258 (bs. 100
% 258 bs, 100
$0 20 s, 100
28 %9 Wbs, 100
32 269 \bs. 83
16 r s, (1)

The chance of a marginal low producer not being detected was

Chance of being discarded by predictien using

Hloan-all-data

sogfficlonts
s

100
100
100
100
100
”
0
50

4% using set 101/102 mean-data coefficients and 14% using

mean-all-data coefficients.

The following cows could have

been unjustly discarded by prediction on the listed percent

of occasions in set 101.

Cov to. 10 actusl

Jetual Production

&3 F? R

S

285 (bs,
299 (bs,
289 Ibs.
291 (s,
2% (bs.
301 Lbs.

Chance of being discarded by predictien using

100102

Rean-data

pd

17
[
%
58
L1}
67

Hean-all-data
soefficionts

5

L]
»
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Thus whilst all the lowest producers mere definitely
discarded, some of the other marginal cows may have been

discarded by the same coriterion.



()
Rank m.l
-— pie
1 30
2 )]
3 38
) %
S 50
6 .}
7 52
) 16
9 -
10 -
" -
1 -
13 -
Remk  Predicted
Cow Ne,
1 30
2 &
3 58
) 9%
H 50
6 8
7 52
8 16
9 2
10 3
1" (L)
12 A
13 48
% 69

TARLE § (o)

Predicted ranking using Set 101/102 sean~data coefficients on Sot 101. AL
cous producing lecs than 280 (bs, pretefn

-

RANK ORDER FOR PIEDICTED PROOW;:%:J“MSEU ON SAPLING TIME GROUPINGS

001
5 15 18
(LR S
0 % %0
% 0 %
5
» ¥ 8
2 B 6
% 3
s %
- n n
- o Rn
- - 3
12 3

2 2 3

8 - 1

- 1

T

- 3 3
11 -

e

N N - -

6
10
16

&3

b3

38
1

32
16

6
12
16
9
30
$0

o9

&

7
10
15

36
52
16

7
1"
15

28 SRS ILE

0
~N

RARY ORDER FREQUENCY TABLE

N N e D N -

6

7

9

7
12
15

10

"

17

S S B LC R E SR

B .3 %

L]
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When the set 101/102 mean-data coefficients were
used for ranking, the cows in set 102 and those cows
producing less tham 280 lbs. of protein were listed (Table
G (e) (5) ), the six lowest producers ranked as such 66
times out of 72. Of the marginal low producers, all were

detected but not on all occasions.

In summary, the following cows would have been
correctly discarded by prediction on the listed percent of

occasions in set 102.

Chence of being discarded by prediction using

101/
Cew No. 18 actual Hean-data

ek oder . Agtual Production sufficioots

$

5 23 o, 100

n 25 s, 100

"2 B) e, 100

22 39 (bs. 100

o AS Lbs. 100

7 %7 Lba, 100

% 37 s, 100

6 239 . 100

4 %9 e, 67

L] 210 lbs. 11}

53 270 Lbs. 100

» 2N (de, 50

The following cows could have been unjustly discarded

by prediction on the listed percent of occasions in set 102.

Chance of befng discarded by prediction using

Cov me. In actual

10/AR tem-dats conffistonts
$
2 269 (be. 1]}
1 50 Lde, 11}

R 34 L. b
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Roak

10
"
12
13
1)

15

Predicted

Cow Ho.

%

112

&3

17

63

48

19

35

1%

Raak ordor frequency table for all coss producing less than 280 Lba, protein

IMRE § ()

using 101/102 eean~data coofficients on Set 102

1

1?

"

12

13

100

17
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Examining set 103 data in this same fashion using
350 1lbs. protein production as a minimum, gave the rank

order listed in Table G (e) (6) for all-data coefficieats.

The six lowest producers rank as such 60 times out
of 72 (83%). Of the marginal low producers, one was not

detected, one was detected on only 8% of occasions,

The predicted ranking for all cows in set 103
producing less than 350 lbs. of protein, based on set 103/

104 mean-data coefficients, is given in Table G (e) (7).

The eix lowest producers ranked as such 61 times out

of 71. Of the marginal low producers, two were not detected,

and of the other two, one was detected on 50% of tests amd

the other on 75% of tests.



14L § (o)

(6) Prodicted ranking for stl cons producing Less thea 350 (be.pretate wing motneoli-déts
coofficients en Set 109

RAINK ORDER FOR PREDICTED PRODUCY 10N BASED O SMPLING THE GROUPHES SHOWN

- TEEEEEEEEEE
- 1 15 15 W W8 16 15 15 13 % % »
1 o 128 128 19 12 128 128 18 120 18 128 128 18
4 1 19 129 160 19 129 160 160 160 160 160 160 160
3 w2 160 160 120 19 10 129 13 157 W3 W W2 W
) o e 17 U2 W W u W W W 1m0
5 1)) W W2 17 W2 1 W2 W 19 B8 @ '8 1B
) 159 198 130 133 138 19 159 WM 18 1 W W W
7 16 1 W 158 17 A3 158 137 W3 1Y 1 W 1%
' 1 $ - W 1 - - 158 158 19 W 1% 19
9 1 - - e W - . - w - 1 -
10 - - - - - - - - - - o - 13
RAMK ORDER FRECUEICY TAGLE o
m Predicted 1 4 3 [} 5 6 7 S 9 L) ME
Coe lio, P
1 140 - 8 3 1 00
2 128 n - 1 - 100
3 e - - 3 $ ) 100
[} 19 1 [} 2 2 [ - 1 100
S 13)] . - 1 2 3 2 1 1 100
¢ 1" . . - - - 5 - ¢ - B
7 1 - - - - - - - - 1 s
s n - - - - - - - ) - L]
’ 1} ] - - - - 1 1 1 - | )
1o 158 - - - - 1 1 3 1 ° »
" 0 - - - e 1 1 4 2 1 1 100
| }4 L - - [ - - . 1 - - o S
13 1% - - - - - - . - - - il
% %6 - - - - - - - - - -
15 W - - - - - 4 1 - - - s
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@ = O W\ &S W N -

W @ ~N O W P w N -

- - e @ e o
W S WM N - O

Actual
Rank

94
¥!

1
w2
129
112
130
161
148

Predicted

Com lo,

12

129
137
138
161

14
158
1w
169
130
15
W

Set 103/10, asan=data coefficients oo Set 103

AL § (o)

Predicted raaking for sll cows producing less than 390 (bs. pretefn using

RANK OROER FOR PRECICTED PRODUCT ION BASED OH SAHPLING TIME GROUPINGS SHOWN

6
10
13
128
15
160

A2
13

¢
"
15

12
128
160
m
%2
138
13

6
12
135

160
128
12
1
158

6
10
1

8
19
169
160

W2
138

8
"
%

12
19
160
w2
L}
138

1
1
129
160
128
w2

15
128

7
10
15

128
160
12
13
We
n

7
L
13

128
160
12
137
e
150

RAIX OFDER FREQUEICY TABLE

&> = o

W = e

1
12
13

128
160
12
e
159
1n
L

?
10
1

12
160
169
L}
12
19
1))
1

1
H
12
160
L}
158
19
10
11}
158

i

128
160
2
15
in
11}
158
15

174
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In summary, using set 103, the following cows would
have been correctly discarded by prediction on the listed

percent of occasions.

Chance of being discarded by prodiction using

e

Cow Ho.in astusl m w

Actual Prodwetion geefficlests

t $
160 % s, 100 100
128 299 s, 100 100
12 307 tba. 100 100
129 517 B, 100 100
157 318 L. B 100
138 540 ths, 50 B
L 54 tbs, (]} s
148 547 s, (L ]]} ]

The following cows could have been unjustly discarded
by prediotion on the 1isted percent of occcasions in set 103,

Chanco of baing discarded ly prediction using

ot a8

Cow No.in astual m m
s

$
1} 355 s, 17 b
L} %6 a, 4] 50
W %0 W, $0 100
w 3 . 17 5
130 38 (bs, L1 ]
15 388 Lbs. 1] L]

w 389 ibs, (<] L
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An assessment of the chance of being correctly selected

by prediction for culling was as follows:-

Chance of culling lowest preducer/s

Set 101 Set 102 Set 108
Nowof  101/102 10111QR 105/104
cows to  Mean-dats Hoan=all-data  Hoan-data Noanedata Hoan-all=dats
boculled goofficiontc scoefficionts  gcoefficlonts  goeffisionts coefficionts
¢ p p4 ¢ 4
1 7 &2 100 Kt 1]
2 50 67 59 » ”
3 50 61 B (1] /]
‘ n 67 n 88 (]
5 68 871 88 9% 88
¢ % 9 % & (]
7 87 ] 9 00 n
8 o8 % 9 %0 n
9 % 92 ® %
10 9% %2 ® ) 20
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(£) R by prediction ng mean regress
equations for sampling times 6 and 7; 10,11

and 123 15 and 16, and its effect on rank
displacements and rank correlation.

Table G (f) (1) (p. 180) gives the
frequency distribution of rank displacements for sets
101 and 102 when the mean regression coefficients for

set 101/102 were used for prediction.

In set 102, all the rankings by prediction were
highly significantly correlated with the actual rankings
and even with the worst combinations of sampling time
in set 101 (6:112:16 and 7:112116), the ranking was
probably significantly correlated with the actual,
especially in view of the rigorous character of the sums
of squares of rank differences test on the ranking
procedure adopted. WKith set 102, there was no
consistently f:vourable combination of sampling times
which ranked significantly better than the others
(7:11:15 maybe, but the ranking differences were not
great). With set 101, inclusion of sampling time 12
consistently incrensed the number and extent of the
ranking differences but still without too serious

consequences.

Table G (f) (2) gives the frequency distribution
of rank displacements for sets 103 and 104 when th;
mean regression coefficients for set 103/104 were used

for prediction.

In both sets the ranking by prediction was
significantly correlated with the actual ranks and in

neither did either any individual or group of sampling
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times have any major effect on the rank displacements.

Appendix G (f) lists the cows and sampling time
combinations for which the predicted ranking differed

from the actual ranking by three or more places.

In set 101, only two cows (6.9% of herd) were
displaced more than 2 ranks in any sampling time
combination and as these were consistently displaced
their production data was atypical of the herd. In set
102, three different cows (13.0% of herd) were involved

in major displacements but only on one occasion for each.

It is probably significant that cows No. 43 and
69 in set 101 were also found to be displaced
excessively in rank when mean-data coefficients were
used (Section G (e) ), again indicating that they were

atypical,

In sets 107 and 104, as in 101 and 102, the same
cow was not displaced more than 2 ranks in both sets. In
set 103, five cows (14,.3% of herd) accounted for 42 out
of the 54 displacements (13 cows) listed, and similarly
in set 104, six different cows (13.6% of herd) accounted

for 37 out of the 48 displacements (12 cows) listed.

Comparing the cows excessively displacod in set
103, as 1isted in aAppendix G (f) with the list given in
Appendix G (e) (2), eleven out of the thirteen cows
were common to both groups. It would appear that
regression coefficients based on mean-data or on the
mean of individually determined coefficients are both

affected to about the same extert by atypical data.
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Discussing the use of bimonthly records for
ranking cows within a herd and using Spearman's rank
correlation coefficient, Castle and Searle (1961)
observed that all values in their study exceeded 0.81
with 70% of them exceeding 0,90, and on this basis
concluded that "cows within a herd are ranked
similarly by bimonthly records and by monthly records,
and the culling of low producers on bimonthly records
removes from the herd almost exactly the same cows as

would be removed by culling on monthly records."

As the rank in this study has been based on 5%
increments and not on absolute ranks, a direct
comparison with Caastle and Searle's work is not possibdble,
but if the observations made earlier that the 5%
increment rank correlation coefficients may be about
three=quarters of the value of their absolute rank
correlation coefficient equivalents, then the results
listed above would indicate, using this criterion, that
the predicted ranking order was entirely adequate for

the culling of low producers.

The probability that the ranks do not differ is
a better means of evaluating these ranking precedures.
With the Jersey data (sets 101 and 102), in only four
cases was the probability that the ranks did not differ
greater than 1%, and of these four one was less than
2+.5%, and with the other three the probability was less
than 5%. With the Friesian data (sets 103 and 104), 4n
only three cases was this probability greater than 1%
and in those three it was less than 2.5%. The regression
equations used thus rank both sets of data with equal

merit and with a very satisfactory accuracy.



The New Zealand Dairy Board, 1962, reported
that a Production Ranking Test was being introduced
as an alternative to the Alternate Monthly Test and
Group Herd Test. This Production Ranking Test is
based on only two tests during the season. The
production ranking test will be used for culling

purposes only.
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Rank displacensnt extent
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3
b
$
fice of Ranks
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Sums of squares of rank
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Prabability that Owae ranie
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4
$

(2)

Rank displacemont entent

o - > w N
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(g) The effect of rank displacement on selection
progedures using regression eguations based on
mean repgression eguations.

Tables G (g) (1) and G (g) (2) give the ranking
order frequency for sets 101 and 102 for all cows
producing less than 280 lbs. of protein when the mean
regression coefficients for set 101/102 were used for

prediction.

In set 101, all of the "actual'" low producers (i.e.
all cows above the line in the rank order frequency table)
would have been detected on 83% or more of the
combinations of sampling times. However, as indicated in
the table, other cows could also have been rejected two on
8 occasions, one on 7 occasions, one on 3 occasions, one

on 2 occasions and one on 1 occasion.

The mean production ia set 101 was 298 lbs. protein,
whereas in set 102 it was 285 1lbs. If the 280 1lbs. limit
used in set 101 was used in set 102, then the number of
non-complying cows would represent a greater percentage of
the total herd. The equivalent limit in set 102 was 268
lbs. Using the 280 1lb. limit for set 102, ten of the
twelve low producing cows would have been detected on 75%
or more occasions and the other two on 50-25% of occasions.
Two other cows would have been incorrectly selected on 17
and 25% of occasions. If the 268 1b. limit was used, i.e.
all cows ranked above the line, then the results should be
more comparable with those of set 101 and it is seen that
of 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, 17, 17 and 8% of

the occasions.
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Thus the selection of low. producing animals is
reasonably satisfactory with the lowest producers
always being selected and the marginal ones sometimes
excluded, sometimes unjustly included. However, the
injustice is not serious when one considers the
inherent variability of production from year 1 to year
2 as indicated 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 1b. limits,

Tables G (g) (3) and G (g) (4) give the ranking
order snd rank order freguency for set 103 and 104,
respectively for all cows producing less than a
predetermined quantity of protein when the mean regression

coefficients for set 103/104 were used for prediction.

In sets 103 and 104, the limit of production
selected was proportionately the same as for sets 101 and

102.

In set 103, twelve cows under-produced and
prediction selected eight of them on 75% or more
occaslons with the others being detected on 58, 33, 2%
of the occasions. One low producing cow was not detected
at all and eight cows were unfairly selected on 50, 17,

33, 25, 8, 8, 8, 8% of the occasions.

Of the seventeen cows under-producing in set 104,

fifteen were detected on 75% or more occasions and the
other two were detected on 58 and 42% of occasions. Five
cows would have been unfairly selected by prediction on

92, 50, 17, 17 and 8% of occasions.
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IMRE § (9)
Predicted ranking for all cous producing less thas 2580 Lbs, protetn

using som regression ceefficiento for Set 101/102 on Set 10).

(1)

RAHX ODER FOR PRED ICTED PRODNCT IOR BASED ON SAMPLING TIME GROUPINGS SHOWN
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TABLE § (9)

(2) ) Predfcted ranking for all cows producing less than 280 Lbs. protefn
using mean regressfon coefficients for Set 101/102 on Set 102.
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TAE G (9)
(\) Prodicted ranking for sll cews produeing less 574 Wbs. protein using mean regression coefficients

RANK ORDER FOR PREDICTED PRODUCTION BASED ON SAMPLING TIME GROUPINGS SHOWN
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Thus with the Friesian herds, as with the Jersey

herds, a reasonably satisfactory selection is possible

by prediction. This data is summarised in the following

table: -

No.of cows to be
culled based on

actual production.

Set 101 8
Set 102 8
Set 103 12
Set 104 17

8

No.of times
selected by

grodictgon-
> 75%

<75%

of occasions

Wil

Nil

No.of cows
unfairly

aglggtg‘.
>25%

N1

AV N - S Y

<25%

of occasions

187

The effect of variations in rank order can also be

measured by determining the chances of the variously

lowly ranked cows being selected for culling.

Chance of culling lowest producers using

No. of cows
to be cull

Set 101
25%

Sk
58
69
90
78
87
88
83
87

O N O\ & w2

SN
o

No. of animals to be culled to reach a culling rate of:-

10% of herd 3

20% of herd 6

coeff

3
5

Set 102 Set 103
100% Nil %
58 71
78 69
7?7 81
90 88
86 86
89 76
94 7
90 68
84 71

N
7

ents.

50
6?7
81
68
63
64
69
70
70

any combination of sampling times and the
riate regressio

Set 104

Nil %
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As with the ranking using regression equations
based on mean-data, the chance of picking the lowest
producer using these prediction equations is not
necessarily high, e.g. in this series the chance ranges
from nil to 100%, but as the number to be culled increases
up to five or six animals, so does the probability that
the lowest producers will be the ones selected. However,
above this number, an increase in the numher to be culled
does not result in further improvement in the chances of
selecting the correct cows for culling. In fact the
chances regress in set 103. With the Jersey mean
regression equation applied to the Jersey data and when
five or more cows are to be selected for culling this can
be done with a better than 85% chance of the correct cows
being chosen by prediction. With the Friesians using the
Friesian mean regression coefficients the correct
selection 18 not as strong - the chances being that the

selection will be 70% correct.

These probability figures of correct selection
sust, however, be considered in relation to the natural
errors inherent in ranking cows for selection purposes.
This was discussed earlier when it was shown that, using
actual production data, 50% of the Jersey cows and 67% of
the Friesian cows would have been two or more ranks
displaced from year 1 to year 2, or expressed in the same

terms as used earlier in this section.
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Chance of culling the lowest producer

No.of cows in year 2 based on data from year 1
to be culled within breeds and using actual data,

Set 101/102 Set 1 104

1 Nil % Nl %
2 Nil Nil
3 Nil 33
4 25 50
(20% culling level)
5 Lo 60
(20% culling level)
6 33 50
7 b3 56
8 50 75
9 56 67
10 60 80

Thus using actual data from year 1 and applying
it to year 2, would not correctly select the lowest
producing animals with any degree of certainty, unless
eight or more animals were to be culled and even in this
case the Jersey selection would only be 50-60% correct,
despite the fact that over S0% of the cows were being
culled. With the Friesian data the selection was
slightly more satisfactory. but even here a culling rate

of 42, had to be achieved to reach an 80% correct decision.

A ranking and culling procedure for protein
production of about the same merit as that currently
used for herd improvement based on butterfat yield is thus
possible, using a set of mean regression coefficients on
a within breed basis when samples are taken three times
during a normal lactation within fairly widely specified

sampling times.



CONCLUSION

Thie investigation has shown that it is possible to
predict protein yield with considerable precision when a
regression equation based on a specific set of data is used,
Cele

(a) (manually computed regression equations based on data
from four or less sampling times).

Sampling times S.E. of
used to establish Estimate

Zegression equation

With Jersey data

Year 1 7:11:15 3.5%
Year 2 6:10315) b.2%
6112:16;
7:10315;
6:11:15) bo3%
7:11:15)
Year 1 and 2 combined 71113115 3,.4%

With Friesian data

Year 1 6112116 b, 0%
Year 2 6:10:16; 2%
73103 16)

Year 1 and 2 combined 6:12116 7:2%

190
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(b) (computer generated regression equations based on data

from four or less sampling times).

Sampling times
used to establish S.E. of

regression equations Estimate

With Jersey data

Year 1 5:8:113112 ) 3.8%
437111116 ;
Year 2 2:14:12:16 3.4%
Year 1 and 2 combined 6:7:11:14 b.6%
With Friesian data
Year 1 334312116 b.7%
Year 2 5:10:116 5.8%
Year 1 and 2 combined 43171123114 b, b

L3:7:12;:16

It has also been shown that it is possible to apply the
same partial regression coefficlients to data from three samples
taken over a reasonable spread of sampling times without
increasing the error of the estimate too greatly, e.g. Data
collected during the following stages of the lactatioan 84-111
days (by,), 140-181 days (bya) and 210-237 days (byB) could be
used to predict protein production during the whole lactation

by using the following partial regression coefficients:-

a L2 by, bys Estimote

(1) for Jersey data 4.36 3.162 7.297 6.040 b,67%
(2) for Friesian data 3.62 5.944 6.767 5.475 7.1%%
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The gaximum standard errors of the estimate of protein
production of individual cows using this system were found to

be:

Jersey 6.2% (mean 4.61%)
Friesian 9.5¢ (mean 7.50%)

The mgximum errors in predicting the protein production

of the whole herd were:

Jersey 6.3% (mean + 1.98, S.D. & 1.67)

Friesian 3,5¢ (mean - 1.91, S.D. b4 0.93)

These errors have been considered in relation to the
errors of sampling and estimating systems in current use aad
are considered not to differ greatly from the accepted
variabilities, and 80 this sampling and predicting system is

recommended as being practicable.

The interchangeability of sampling times mentioned in the
introduction as being a desirable aim in a limited frequency of
sampling system has been achieved by using a breadth of time
during which each of the three samples needed can be taken.
Thus there are 27 days in the first and last sampling periods
and 41 days in the middle period. This should allow a
flexibility in the sampling and testing operations sufficient
to enable a reasonably efficient sampling and testing scheme to

be operated.

The sampling programme envisaged and discussed here could
be resadily integrated into the Herd Improvement Association
testing programme for fat yield since the same sampling

officers can be used to take camples for protein analysis on



193

their regular visits at the appropriate times.

The protein production prodicted by these regression
equations is sufficiently accurate for normal ranking and
culling purposes. The effect of prediction on ranking has
been closely scrutinized and, slthough it has been shown
that the chax~n of selecting the lowest producer in the
herd by this procedure ¢an very from O to 100%, chances of
detecting the lowest two cows ars over 50%, three cows 60%,
four cows 70%, at which stage chances level off but if one
of the cows selected is not the next lowest, it is likely
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 any of the

procedures currently in use.

The estimate of total protein production from a herd
using the regression equations gave a mean difference of +2%
with the Jersey data and «2% with the Friesian data., With
the range in equivalent sampling times likely with the varied
calving dates of the cows in a herd the tendency will be for
this mean difference between predicted and actual production
to be approached, rather than the extreme limits of 6.3% and
3¢5% respectively mentioned. Bearing in mind sampling and
analytical sources of variation, a prediction within 2% of
the actual production should not give anm unjust distribution
of payments for protein production if paid for on a predicted

basis.
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Prediction of Protein Production based on a
Restricted Frequency of Sampling

G. M. WALLACE
Food Technology Department, Massey University of Manawatu, Palmerston North, N. Z.

Low SNF levels in the liquid 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, it 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 10% 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 estimate would assist in determining the significance 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 dairying season on

a whole herd basis so that a reasonably accurate calculation can be made of

the value of the component supplied.

It was considered that the desirable frequency of sampling should be some com-
bination of 2, 3 or 4 sampling times which give 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 sampling times should
not differ greatly from year to year and it would be useful as well if these coeffi-
cients did not differ greatly between breeds.

Analytical and production data, using standard methods of analyses, were accu-
mulated over two dairying 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 (b1, 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% (R? = 0.94)
using three sampling times, namely sampling times 7, 11, 15. The regression

! The fortnightly period post parturition corresponding to the sampling times quoted may be
calculated as follows:
Sampling time x 14 + 0to 13
Thus sampling time 5 corresponds to the period 5x 14 + 0 = 70to 5 x 14 + 13 = 83 that
is between 70 and 83 days post parturition.
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coefficients were (a) 3.70 (b;) 599 (by) 2.30 (bis) 8.99. With the Friesian herd
the lowest standard error of estimate was 4.4%4 (R* = 0.95) using three sampling
times, 10, 12, 14, which were different from those for the Jersey herd. The regres-
sion coefficients were (a) 1.27 (by,) 11.43 (b,.) 19.98 (b11)-11.92. With the com-
bined herds the lowest standard error of estimate was 6.95 (R* = 0.84) and this
occurred when samples were taken between the 98th - 111th day, the 168th -
182nd day, and 210th—223rd day of lactation. The regression coefficients were (a)
3.73 (b;) 5.20 (by2) 7.79 (bis) 5.29.

Sampling times: 7, 12, 14; 7, 11, 15; 11, 12, 15; were the only ones common to
both Friesian and Jersey data that gave reasonably low standard errors of the
estimate (Table 1).

TABLE 1
Regression data for conumon sampling times, both years considered together
Standard
Error of
Estimate (a) (b7) (b12) (b14)
percent
not
Jersey 5.5 determined 4.12 7.74 4.18
not
Friesian 6.3 determined 5.95 19.57 —7.02
Combined \ not
Jersey 7.3 determined 6.10 14.51 —3.79
Friesian
(a) (b7) (b11) (b15)
Jersey 3.4 3.70 2.30 8.99 5.99
Friesian 8.4 4.65 5.98 5.46 6.04
(a) (b11) (b12) (b15)
Jersey 4.2 4.92 7.59 4.75 4.00
Friesian 8.8 6.77 3.55 9.58 5.90
Combined
Jersey l 8.0 4.11 4.53 8.02 5.80
Friesian J

The combination of sampling times 7, 12, 14 was rejected on the basis that all
positive regression cocfficients were desirable since in these circumstances they
all made a positive contribution to the prediction of production.

It would be feasible therefore to use sampling times 7 or 12, 11 and 15 for esti-
mating protein production. The dilemma arises, however, as to which value for
constant and regression coefficient should be used since they vary considerably.

COMPUTER CALCULATED DATA

Using the regression analyses made on all combinations of 4 variables based on
the 9 sampling times which had been selected for their significant contribution
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to prediction it was determined that estimates of production based on 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%0
4, 6, 7, 16 5.1 6.9
4, 6, 11, 16 5.3 6.7
4,7, 12, 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 11 16
Jersey 3.67 4.73 6.19 5.08
Friesian 4.09 4.47 5.09 7.03
4 7 12 16
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.

Sampling Period Standard error of estimate

Jersey, Year 1 5, 8, 11, 12 3.8%
Year 2 3,7,12, 13, 15 2.9%

both years 57, 8,611, 12, 16 4.0%
Friesian, Year 1 3, 4, 12, 16 4.7%
Year 2 4, 7, 10, 14, 16 5.4%

both years 3,4, 7,12, 15, 16 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 of their production as estimated on the prediction basis and
on the fortnightly sample basis. This simple ranking procedure was not entirely
an adequate basis of comparison, since it tended to exaggerate small differences
in production. Therefore, within this rank cows were grouped on the basis of
increments of 5°/y of mean production. This procedure reduced the number of
ranks from 29 to 11 for the Jersey sample herd and from 33 to 10 for the Friesian
sample herd. With the Jerseys, in no case was there a greater difference than
2 ranks and with only 3 cows was the ranking different by 2 between the two
methods of ranking. With the Friesians one cow only differed by 3 ranks, and
6 cows differed by 2 ranks. In both cases, all the other cows ranked equally or
differed by only 1 rank. It is thus quite possible and adequate to use the predicted
data for cow selection purposes.

Similarly using these sampling times and regression coefficients the predicted
protein production was determined and the differences from that based on the
fortnightly analysis were:

Jersey Friesian
0.99%0 less 1.070 less
CRITICISM

1. One criticism of this system is that the milk from not all cows in the herd can
be sampled for examination at any one time since the cows normally calve down
over an extended period of time and this will entail repeated visits to the herd
to obtain samples within the required periods post parturition for the individuai
cows.
To examine the effect of using a common sampling date rather than having to
sample at repeated intervals, the Jersey sample herd data was used to predict
production but the date on which the maximum number of cows were first tested
was used as the datum and all cows were then tested on the same day irrespective
of the relationship this day had to their lactational progression. 10 cows out of
the 29 were in this way examined on the correct basis, all other cows being 1 or
more fortnightly periods out of line. The same regression coefficients were used.
The effect of this procedure was to increase the standard error of the predicted
value.
In ranking 1 cow was 5 ranks out of place  (approx. 20 error

in prediction)

3 cows were 3 ranks out of place (approx. 13%werror
in prediction)
8 cows were 2 ranks out of place (approx. 9%/ error
in prediction)

This may still be adequately accurate for selection purposes.
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An interesting sidelight was the effect of this modification on the prediction of
herd production in that it gave an error of only 0.74%, even less than that of the
previous method.

2. The base against which the predicted value is compared is itself 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 different 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. It 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 difficult 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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The continually increasing interest in the
constituents of cows® milk and also the economic importance
of increasing the level of the concentrations of these
constituents has resulted in an increasing consideration of
these factors in relation to animal husbandry. Besides
interest in major constituents and fat content, consideration
has also been given to the other milk constituents, in
particular 8.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 of female offspring, and with cows,
into individual performances during a lactation. The precise
lactation performance of a cow can only be determined by
daily weighings of the milk and its analysis. Johansson
(1942) describes this as the true performance, although
subject to errors in weighing and analysis. The deteraination
of true performance is, however, not possible under practical
conditionas because of the cost involved in the large number
of milk samples that have to be investigated. In the absence
of means of determining the precise values it is possibdble,
however, to make use of samplings at regular time intervals
or of individual tests at predetermined times. The calculated
performance so obtained compared with the true performance
gives a difference known as the sampling error. The sources
of this error are to be found in the day-to-day variations in
milk yield and composition, as well as variations in the
conditions of lactation (Johansson, 1942). The conflict
between (a) keeping the number of test samples during
lactation to a minimum and (b) the reliability and comparative

value of the results has stimulated research into the '"sampling
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error'". The sampling error resulting from sampling at
predetermined time intervals has been discussed in relation

to work on milking performance.

Whereas at the end of the century it was considered
that weekly samples were sufficient, under the compulsion of
the increasing number of cows to be examined it is now
considered that 14, 21 or even 28-day intervals or evea
longer sampling time intervals should be used (Bayley u.a.,
1952; Breirem, 1933; Campo, 1952; Cianci, 1963; Czakd u.a,,
1962; Deger, 19353 Erb u. Mitardb., 1952; Geartner, 1921
Merweg, 1911; Johansson, 1942; Jordao u.a., 1948; Lauprecht,
1950; Meerpohl, 1941; Ringler, 1937; Thompson, 1962; Thompson
u.&., 1960; Vogel, 1931; ¥Wendt, 1913, u.a.). These views and
opinions reached their climax in 1951 during the F.A.O.
European Conference on the unification of methods of milk and
fat testing in which it was stated that tests should be
carried out at least at monthly intervals (Kruger, 1958). The
working guide for performance testing states that the present
day milk yield tests should be carried out at 21 - 28 day
intervals (Schaaf, 1960). Earlier workers also suggested
that the protein and 5.N.F. could also be determined during
these intervals (O'Connor u.lLipton, 1960; Moustgaard u.
Neimann-Sgrensen, 1962; Senft, 1958; Thompson, 1962; Thoapson
u.a. 1960). In contrast to these recommendations in the case
of bull and progeny testing stations, shorter intervals are
recommended (Bruggemann, et al. 1956, 1958). 1In such station
tests the dams are testsd for milk yield and fat content
every day as well as for weekly tests of protein. The progeay
testing station for bulls in Denmark take tests of milk ylelds
four times a week and the fat content twice a week, whereas the
protein content i3 tested every 14 days (Hansen, et al. 1960,

1949/50) .
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On the other hand the Germanm progeny testing station
at Loga in East Friesia tests milk ylelds and fat content

twice a week and protein and S.N.F. once a week (Haring, et al.

1956,1958).

A different method for coatrol at definite tise
intervales is the spot test control. This consists of two to
six predeterained sampling times during the lactation period.
Their average value is said to be roprosontatiio of the whole
performance. Although this method was suggested many years
ago (Lemvigh,1934),it is only since the last war that aany
trials have been made of this metkod (Alexander u.Yapp, 19%0;
Czakd u.Csukas, 1961; Horn, zit.nach Witt u.Walter, 1959;
Jarrige u.Rossetti, 1957; Masuda u.Higaki, 1953; Pjanovskaya,
19603 Senft,1958). The disadvantage of rigid predeteramined
testing times has been avoided by the method of Kwizda, et al.
1957. This method comsista of the use of a theoretical formula
to calculate the actual value of lactation performance in
relation to milk yiold, based on spot tests taken at convenient
intervals. This method has been tested by Krippl and Echumann
(1959); Stahl, Rasch and Dorfling (1960) and von Vachdl and
Teslik (1963), and has been tested in relation to fat conmtent
by the first two pairs of authors. The importance of the spot
test sampling lies in odtaining a selection base based on
breadth of data from broad experience. The method is also
sufficiently precise to be applied for progeny tests. From the
zany possitilitiss this paper has developed a specific method
for this type of testing. Since the most accurate perforsance
data based on daily samplings could not be obtained, use has
been made of weekly tests. This time interval has been
selected because shorter intervals can hardly be considered

on economic¢ grounds.



Furthermore, a significant volume of literature has shown
that good agreement can be obtained between weekly and daily

testing.

(1) t d Methods

As a test herd, 29 complete and normal lactations
were studied from 14 days after calving for 17 German
Friesian cowa, This is based on investigations at the
Institute of Animal Husbandry and Dairying at the Karl Marx
University. Samples were taken at regular 7-day intervals
for the determination of milk yilelds. Approximately 1200
samples were taken and these were also used to determine the

concentration of the milk constituents.

Fat was determined by Gerber method and protein by
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the Kofranyl method. Ash by usual methods. Lactose determined

as N.F.E., equivalent by difference and S.N.F. also by

difference.

For the samplings at definite time intervals, sample
times of 14, 21, 28, 42 and 56 days' duration were used. The
sample days were taken in the middle of the respective time
intervale. The milk yield of the total lactation period was
calculated by taking the milk yield of the sample days
multiplying them by the length of the sample period amnd the
milk yields 8o obtained were added together. In order to
determine the average content of a milk constituent., the
percentage velue from each of the samples was multiplied by
the milk yield. The total values were then calculated for
each full individual lactation period. For random testssthe

following methods were available:-



(a) Samples at 2, 6 and 10 monthe by the Method
of Czgakd and Csukas, 1961.

(b) Samples at 3, 6 and 9 months by the Method
of Horn (see Witt and Walter, 1959).

(¢) Samples at 4, 5 and 6 months by the Method
of Lemvig 1934.

(d) Samples at 2, 5 and 8 months by the Method
of Pjanovskaya 1960.

(e) Samples at 50, 150, 250 days by the Method
of Senft 1958,

The previcusly mentioned method of Kwizda et al.1957
was not applied to these investigations in its broader
application to fat content but wae used only for the 300 or
305 day performance. Here, however, the performances during
the actual duration of lactation should be compared. The
method selected was one which gave the average daily
performance from milk yields of the three testing days. The
average percentage of the milk constituents were calculated
from the content on the three test days. These figures were

obtained by addition and division by the average milk yield

performance.

For methodrs of a -~ d above, the test daya lay in the

middle of the corresponding months.

Lactation performances obtained by the different
control methods were compared with the performance detersined
at 7-day intervals. These differences are an expression of
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 by the weekly
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sanpling procedure). These comparative data were obtaimed
for all 29 lactations and could be compared (by the method
of Czakd and Csukas (a) above) with only 20 lactations
containing 7-day samplings. The other 9 lactations could
not be compared because they had emded before the middle of

the 10th month,

In the application of the chosen sampling methods,

lactation performances were calculated and compared with the
average of the methods used. The results are shown in Table 1
and show that in general there is an increase of sampling
error with increasing length of the sampling period. This
tendency, however, is not evident in all cmses since low
sampling errors were also found at long time intervals. In
general, relative sampling errors are under 1% for time
intervals up to 28 days, whereas in tests of psriods of 42
and 56 days this value is often exceeded. Comparison of the
values of these errors with those obtained by other authors
is not possible because these were taken under vastly
different testing conditions, namely dally ssmplings, monthly
samplings, or 305-day samplings. The results of random
sampling in general show greater sampling errors. This is
particularly true with Lemvigh's method ( (c) above ),
probably because during the tests in the middle of the
lactation pariod (4,5 and 6 months) the lactation trends of
the individual compcnents were not considered sufficiently.
The baest values of the lactation performances are given
obviously by the method of Czaké and Csukas ( method (a)
above) (2,6 and 10 months) and also that of Senft ( (e) above)

at 50,150,250-day intervals. Both of these methods have the
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disadvantage that in the case of shorter but otherwise norsal
lactations no evaluation can be made. In this case the

random samples should be taken from the middle of the
lactation period prior to the beginning of the 10th month,
because otherwise it is necessary to extrapolate to the 10th
month in these short lactations. The other two methods have
values of the sampling error lying intermediate between the
rest. It is concluded after comparisons of the average values
of all the methods that when tests are carried out at definite
intervals a sampling time length of not more than 28 days 1is
desirable. If investigations are carried out on very large
populations by means of random sampling, the method of Seaft
with controls at 50, 150 and 250 dayes appears to have
advantages. All these methods do not, however, tell us much
about how the individual lactatione can be evaluated by the
different sampling methods since they are merely the average
values of a number of lactations. It is, therefore, necessary
to further investigate the sampling errors arising in this
manner so that they may be aprlied to the classification of an

individual animal, e.g. to the dam of a bull,

(}) Ll G .-'..-' periormance ol ndividual

by different sampling methods.

The individual lactations were evaluated by the

different sampling methods in the same way as the average
poerformances for the total material had been determined. The
value of the individual sampling errors were determined. The
determining of the absoclute sampling errors was in this case
omitted since some methods give either over or under e¢cvaluation
of these errors. The sampling errors were considered in
relation to their standard deviations. The sampling errers

using individual lactation data show somewhat higher results
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than with the bdbulked data, but in most cases the relative
errors still lie under 1% for 28-day intervals, although

the random sampling methods on the whole show higher errors.
The relatively small sampling errors obtained by the methods
of Czaké, Cesukas and Senft do not show up to the same extent
as previously. In this connection the standard deviation is
a reflection of the fluctuation of the individual sampling
errors and is particularly interesting. With increaasing
sampling time intervals the standard deviation wac usually
greater - this shows that when there is a long period between
tests the results lose certainty. When sampling times are
less than 28 days, the standard deviations for the milk
constituent values lies under 2%. It may further be observed
that in contrast to the fat content the errors obtained with
the protein estimates show considerably smaller scatter. The
random sampling methods show a significantly greater scatter
than those obtained using definite sampling intervals., With
such random sampling methods the question of error must be
taken into consideration much more frequently than when fixed
interval tests are usad. This statement underlines the
sampling errors shown for the individual components amd
dermonstrates the very evident truth that in none of these
methods are low values to be found for all components
together, and so the extent of the standard deviation must be
allowed for. The fluctuations in the sampling error which
have been shown to be n function of the method used raises the
interesting questions as to what effect the sampling error has
on individual components. For the investigation of this
problem the distribution can be determined, which under normal
conditions would apprly to 99.73% of the cases. (The values
will be between X = 3 where x 1is average value and S =

standard deviation). By using the average values for the



208

sampling errors these limiting values were calculated for the
above methods. These have been worked out for the particularly
interesting data of milk yield, fat and protein, and are shown
in Figure 1. The other milk constituents gave a different
picture and have been left out. Even a casual glance will
show that with tests taken at fixed intervals the control
errors are low, The range of these errors increases in
relation to milk yield and fat content with increasing
intervals between sampling times. Such differences are less
apparent in the case of protein content, where the span of
error is less. If one accepts a maximum error range of 4 10%
this will not be exceeded in the czse of milk yield
determinations for sampling time intervals up to 28 days and
will not be exceeded for fat content determinations up to
sampling time intervals of 42 days and will not be exceeded

in the case of protein up to 56 days.

In the case of random sampling there are considerable
variations from the average velue of the sampling error. A
maximum range of error of I 10% 18 in all cases exceeded,
though in the case of protein only on the negative side. 1In
the field of animal husbandry it is often of importance to
obtain an idea of the quality of the animal and to classify
animals in ranked order and hence separate good beasts from
those of lower quality. In so far as this was possible with
the different sampling methods, it was applied to the above
paterial. The performances for milk yields and milk
constituents determined by weekly samples were used to obtain
a rénking of the lactations. These ranks were used to compare
the sampling methods. In order to obtain the numerical value
for the agreement botween the ranking of weekly samples the

rank correlation coefficients were determined. These are
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shown in Table 3 and show that samples taken at definite time
intervals give a better indication of the animals behaviour
than random sampling methods. Also the uncertainty of the
ranking is increased as the control time interval is increased.
It is further noteworthy that in the csse of the coefficieants
for milk yields and the more important constituents, fat and
protein, thesze coefficlents always lie above +0.9°and,
therefore, give a relatively good means of classifying the
individual performances. Also the rank correlation
coefficients of the S.N.F. are relatively high, whereas those
for Lactose and Ash become smaller. Sampling intervals up to
28 days show furthermore that they are satisfactory in
particular for the fat and protein content. The somewhat
smaller coefficients for random sampling methods signify that
these methods frequently give deviations from the correct rank
order and hence a false evaluation can be attached for

individual lactations,

It has not yet been possible to establish a "best'

method for high coefficients for all components.

In the ranking of individual lactations a significant
factor has been established. It was shown that in the case of
samples taken at definite intervals the best and the worst
lactations were found mostly at the top and bottok of the
ranked series. In the ran;e of the middle ranks there were
often frequent deviations from the correct rank order. In the
case of random sampling methods this phenomenon was less
obvious, although errors in classification also occurred here
in the top and bottor ranks, e.;. All these observations are
shown in Table 4 where ranking in order of fat content is given.

It can clearly be seen that in the cnse of tests taken at



predetermined intervsls it is possible to determine the
extremes more satisfactorily than by utilisation of random
sampling controls. The relatively good results obtained for
the fat content of 2, 6 and 10 month intervals by the method
of Czakd and Csukae, do not show up in the same way for the

other components.

The testing of individual sampling methods in
relation to individual lactations has again established the
already observed facts that control intervals of up to 28
days give reliable results. Longer intervals and also the use
of random sampling methods lead, however, more frequently to
errors which produce unreliable results in the classification
of performances for selection work. In the case of random
sampling methods it was not possible to determine any one
method which gave better results than any other for the

components which were investigated.

Conclusions

For the selection purposes it is of very great
importance to establish the performance of the most important
domestic animals such as bulls and their dams. The basis of
such determinations are tests in which it is desired to obtain
precise performance data at the lowest possible cost. There
is, therefore, a general tendency to reduce as far as possible
the number of samplings. This can be done by increasing the
interval between sampling where a method of fixed interval
samplings is used. Alternatively rendom sampling methods may
be used at definite time intervals during 2 lactation. 1In
this latter case it is important that the reliability of the

data shall not be unduly in question.

In these investig=z=tions it has been shown that in the

-
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deternmination of milk ylelds and milk composition, tests at
intervels of 28 days produce the most reliable results.
Longer sampling intervals and also the random sampling
methods in their different combinations lead frequently to
errors. Their application 1s, therefore, somewhat limited.
The use of these methods has been in the field of the
evaluation of animales in animal husbandry (daughter-mother
regression,etc.) and in population genetics. These methods
have also been used by other authors (Ashton, 1956; Bayley
u.a., 1952; Carrédu u.a., 1959; Castle u.Searle, 1961;
O'Connor u.lipton, 1960; Erb u.a., 1956; u.a.). By these
means it is possible to compare the expected deviations and
the actual errors. For this problem, however, further
investigations are necessary. For the testing of bulls and
progeny at stations these methods do not provide gquite the
quality of results which are claimed to be required. In such
cases sampling intervals of not more than 23 days must be
used. They then allow a significantly accurate evaluation of
performance to be mnde for a cross section 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 lactation curves, and also the correlations, and
then shorter time intervals are preferred. For 28-day
intervals only 10-11 controls for a normal lactation are used
and, as a congequence, no outstanding accuracy is claimed for
these investigations. For the determination of an average
for a group of animals a greater number of tests gives a
higher accuracy so that in this case 28-day intervals are

sufficient.

In relation to samples taken at definite time intervals
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it is important, particularly in the case of milk yileld tests,
to take care that the sample day lies in the middle of the
corresponding sample period (Campo, 1952; Erdb, u.a. 1952 u.
19563 Johansson, 1942; Laben u.a. 1956; Vogel, 1932; Wendt,
1913, u.a,). Transfornation to fewer days does not theredby
affect the results (Dick, 1950; Thompson & Mitard,1960).

Ashton 1956 has suggested that the length of the sample day
should be 24 hours for milk yield tests. Increasing the
sampling time to 48 hours imrroves the precision of the
results to only a slight degree or not at all. (Ashton, 1956;
Camp, 1952; Nagy, 1963; Vogel, 1931). Furthermore, a sampling
time of 96 hours reduces the error by less than 1% for milk
yields and for fat content by less than 2% (Erb et al. 1952).
On this basis it does not appear necessary to make the

testing day greater than 24 hours. A frequently discussed
problem now remains, that is the timing of the beginning amnd
end of the tests in relation to the complete lactation period.
This problem and these questions are to be further investigated

in a later study.



TABLE 1
Ritk yletd/tactation Mtk ytold/day Fat & Pretein % Suger § Ash % S.M.F.$
Sampling erver Sampling errer Sawling erver Saspling errer Sespling errer Sespling error Sampling error
] x aba, | relat. i sha, | relat. X sbe, | relat, X oba, | relat, H sbe, | relat. i abs, | relat. X abe, relat,
(kg (k) | (9 (hg) | (k@ | (9 (k9 | (9 .9 | (9 (s.) | (9 (L9 | (9 (s %) | (%)
7-Day-iwterval 3 | 89,7 15.3 .03 3.51 (%)) 0.7 9.00
14-Day-taterval 3 w0 |03 |2 15.3 2 |5 38| % 9 3.52 | #0.01 |+0.28 AN | 9 % . | 0 |2 9.01 | +0.01 | 0.1
21<0ay-) aterval 3 |50 | 37 | J008 | 153 2 2 | 9 2 352 | «0.00 |40.8 |4 0.01 | 0.2 o | 0 |% 9.01 | «0.00 | +0.1¢
2-Day-Interval 3 | ¥n6 | 0.9 |02 | 5.2 2.1 | 0.5 .8 | 2 b)) 5,55 | 0,02 [+0.57 | A% | 2 |% o7 | 0 |% 9.02 | +0,02 | +0.22
42-Day-laterval D | 6%0,0 |+103 |02 | 159 0.2 | =130 | 385 | 0.02 | 40.52 | 553 | 0.02 4057 | A% | -0.00 |-0.8% | 0.7 | -0.22|-260 | 9.00 | %0 %
S6-0ay Interval O | 46865 [o16.0 | 036 | 15.2 41 |08 | .8]| % by 357 | 4006 o171 | &5 | 4000 [eB 20 | 0% | <0.00 | <130 | 9.06 | +0.06 | +0.67
Loebothosth |2 (%) B |0 | 292 | 0,05 | «0.00 |3.50 | -0.00 [-0.28 |a477 | 0.02 {000 | 0. | & % 9.02 | «0.03 | -0.%
S.ebe Sheeth | D w6 0.7 [AS0 | 5P | 008 | <100 | 547 | <008 |04 | AT | 4005 [e0.65 | O | 0,01 | -1.30 | 9.00 | «0.01 | 0,11
LeSoo Gonth | DY 1%.7 oled |91 | 355 | 0.2 | <731 | 334 | 0,07 [AGh | AT | o000 o021 | 0% | <005 3.9 | 0.86 | 8.6 | -1.56
LeS5.0 et | D %7 old o015 | 375 | 000 | <200 |30 | 0.10 [-285 | AT | o004 |.0.88 | 0% | 000 | -1.30 | 895 | 005 | -0.5
$0.4150.+ 250, 0ay » 5.0 0.5 [o3.20 | 300 | 0,02 | <052 |3.47 | 000 |-1.06 |4 | 001 |02 | oM | % )] 897 | 0.0 | 0.3
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TABLE 2

Relative sampling errors using individual Lactation data

Kilk yteld Mtk yleld Fat Pretein Suger Agh S.N.F,
kg/Lactetion ko/day 5 5 3 i 4
B SR G S s i . . c - il i s | i (-
14-Day-laterval + 0,08 1.% - 0,34 1.63 + 0,12 1.18 ¢ 0.17 0.85 + 0.09 0.92 e 0,42 1.45 - 0.02 0.74
21-0ay-lnterval « 0,08 1.60 - 023 1.7 + 3,03 1.72 + 0,33 0.5 - 0.14 1,57 + 0,62 1.7 s 0,12 0.80
a'o""“m‘ ¢ mn 2.” - 0‘“ ’l” L) 0‘0’ '.“ L] o." '.“ L) n.z‘ 'o" * 0.97 '-‘o L] 00" '.m
42-Day-Interval - + 0.05 5.8 -0 " s 0.62 L9 'S ) 1.4 - 0,69 '3 ) ¢ 0,72 2.35 ¢ 0,02 1,15
56-Day-Interval + 0.52 3.54 + 0,31 5.62 o 0.2 .n ¢ 1.6 1.40 ¢ 0.62 N + 0,03 214 + 0,83 21
206 o . Meath -5 ne |+ .80 &3 | -1.5% 3,58 | +0.00 \.53 0 555 | + 0.0 219
Joe 6 o 9, Moath - 3.1 1228 - 1,10 1.15 - 1,17 3.8 + 0.9 3.65 - 1.0 3.8 + 0,28 1.86
‘o * ,o * ‘. Mﬁ L ’o,‘ ,.n - ‘o“ 7.” - ’o“ ‘“ * 0.’0 Sow - 'oa k‘z - ‘.6’ 2.25
L L 4 ,' L J .c m 010.“ ,.“ L d ‘00, k” L4 ,'m 30“ [ ] 'Q“ &'1 * o.a ’0,, - 00“ ’ou
50. QMQ [ ] 80- oa [ ] ’on '2.“ L4 Q.W L” - 0.’7 ’.” [ ] 0." ,0‘7 L4 0.2‘ ’oa - 0." z.“




Appendix : lntreduetion (3)
Published observed data on the effect of mon-daily shert tnterval sampling

on the sccuracy of atlk yteld and butterfat yield estinates.

Naxfeus percentage difference between actual milk yteld production and estimated preduction
using periedic saspling (Dased ia part on Carrd ot al.).

Author

Harcq § Lehaye*
Nartisy*
Sefdel!
Gaertner*®
Laplaud ot al.*
Wiederhoein
Laprecht®
Perzco*

Aechten

Jordan®

Davey

Ashten

lom*

Jehansesn
Caapbell
NcDowell®
NcCarthy

Dfek

Jehansson Sumsary

Clanct

Flsteag ot al.
Thompson et al.
Kean

s.0.

K « nusber of observaiiens en which data were based

10

52

105

89
154
119

18

350
52

No.of Lactations

1 daye

3
1.55
14.68

13.59
1.47 te 3.9
5 0 +6
0
<

3.6
3.3

229

3.0
(N e 09

6.3
(N=12)

A3

Sampling frequency

15 days

5.93

12,93

13,75
2.5 to 9.5
M |
10

5.4
5.1

3.6

.9
(N « 321)

4.0
.7

8.0
(Ne 12)

A3

21 duys

1 8]

a1

14,12

<11 to 7

0
%6

a2

(N = 139)
2.9
10,5

(Ne 9)
3.6

X days

17.1
+8.2 to -84
8.5
8,69 te 9.95
-1 to+12

12 to +12.5
0.
m.?
8.}
c9.3
L2

s
(Ne188)

12,0

<122

1242
(Na 15)

6.2



Haximee percentage difference betseon sctual butterfat yield and sstimated preduction
usirg periodic saspliag.

huther Ro.of Lastations Sapling fremamay

7 days 15 daye Ndge 30 daype

Mareq & Lahaye* 5.18 5.3
Martiny® 9.9

Loplowd ot al.* "7 9.9
Reosten § Hale® O 3.1 6! 9.9
Farringten® 10,4
MeDwont | * (B
Levprocht® . 1 o101 to 19,5
Ashten 29t5.2 &6 tobs 9.9 o 10.4
lorn* 100 W12t oM
Caapbetl " 2.0 oM 1.4
Thempson 9.6
Jehansoon 5.1 t6.6 L4 9.9

Nesa 5.4 8.3 8.9 120

(Ned) (Nek) (Ne2) (Wea))

S.0. %0 9 &0 AS

¢ Cited by Carré ot al,

o



Acpendix : Hetheds (o)

Reassns for changes in cows used in different sets within breed.

The fellowing cous used 1a Set 101 mre not used 1n Set 102 for the reasens (ndicated: -

Coo Mo, Age
1 0 yre, Oried off oarly (3 moatha) less thaa 16 consecutive teste
availadle,
3 2yrs, Oriod off early (6 moaths) less thes 16 cesssswtive tests
available,
o] 9 yrs. Orled off early (3 sonths) less thaa 16 comexvtive tests
asailable.
1] 6 yrs, Dried of f early (4 sonths) Less than 16 comsesutive tests.
available.
5 10 yrs, Oried off early (7 months) Less thaa 16 cossecstive teste
aval lable,
$0 2 yrs, Dried off carly (7 monthe) less them 16 cssescvtive tests
ssailable,
1% 1 yes. Culled to wrks - persisteat udder trouble,
. ] 3 yra, Trensferved te No.2 Herd ) Predactien recerds indicate
3 ? ) that thess vere met the lowest
¥ ) preducers {a the herd Therefers,
68 8 yra. ) culling on preduction uwsa mot the
2 8 yre. ; prine ressss for the traasfer,

The folloving comm used 1n Set 102 vere not available ta Set 101 for the ressuss
indicated:o

C" “.o A”
17 3 yra, et ia the herd,
) & yra. Not in the herd.
63 3 yrs Not fa the herd
12 2 yre. Kot 1 the herd

1”4 2yrs. ot in the berd,



The following cows used in Set 103 wore not used in Set 104 for the resssss tadicated:-

Cow No, Ape

13 5 yre. Orfed off early (6 asaths) Loss tham 16 coasecutive tests
available.

1Y S yre. Orfed off sarly (5 sonthe) less thaa 16 camssautive tests
svailable.

155 5 yrs. Orfed off sarly (4 seathe) tess than 16 cosmecutive tests
available,

136 5 yrs. Died,

162 b yrs. Dled.

169 7 yrs. Oted.

159 & yrs. Avtamn calver - lese than 16 cosseantive tests avaflable.

m 3 yra. Autusa calver - Less tham 16 consecutive tests availeble.

187 6 yrs. tapty.

The fellewing coss used in Set 104 were net available in Set 103 fer the ressens
{ndlcated:-

Cow Ne. Age
132 4 yrs. hutusn calver - loss than 16 censecvtive tests availsble.
134 6 yrs, Avtusn calver - less than 16 censsoutive tests svailable,
163 5 yrs, Avtuan calver - Loss than 16 consseutive tests avaflable,
1% 7 yre, Autumn calver - Less than 16 ewmsecutive testa availadle.
165 9 yre. late calver - less thas 16 consecutive tests available,
9 3 yre, late calver - less than 16 cassomwtive tests availeble
133 2yre. Not ia the herd,
138 2yrs, Not fa the herd,
1 2yrs, Not in the herd
16 2yre, Kot fn the berd,
152 2 yrs, Not in the herd
154 2 yrs, ot fn the herd,
157 2 yra, Kot fn the herd
1m 2 yrs, ot in the herd.
m 2yre Hot Sn the herd,

185 7yrs Carry over Lactation (abmoral and tee shert).



Culling practices thus did met introduce the shnorsal bias fate the data weed
Reforence to the age distritution table shess a relatively wnifors distribution of ages
betoven Sets 101 and 102, and Sets 103 and 104, eo that the age dlstridution ¢1d et
unduly bas the data,

Age distritution of cows used in the study.

Set 101
Lyrs, Syrs, A yrs, 59 yrs. 10 yre. and over Total
s(1 ) s(IX 3 (108) 15 (5%) 1(4) o
Set 102
2yre. 3 yre, 4 yrs. 5.9 yrs. 10 yre, and over Total
3()  3(139) s (220) 10 (03%) 2(%) 4]
Set 103
2 yrs. 3 yrs, \yra 5-9 yrs. 10 yrs. aad over Total
9(28) 6(1%) () 1(3%) il 38
Sot 104
2 yre, 3 yre, b yrs, 5«9 yrs, 10 yrs. and over Tetal
9(29) 10 (%) & (108) 18 (A3) 1(2) 42

The data derived from these various sets mere not adjusted to a mature cow equivalent.
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Appendix D ()

Regressisn cosfficients and standard errers of estisate asseabled 1n renk erder using sesa ¢ (TOT) as Dasis of rasking.
Data used sere the conbined data for Jorsey coms. (Sets 101 aad 102 comdined).

Ranking of Sampling S.E.of
sampling times times Cstimate Pertial regression coefficients
based o0 :
7 (101) Linc RN FOM 8 5 blisn  bymste  bymls  bypstem Ry:lee
1:2:3 11:12:10 0.60 0.80 A6 nd 1. 408 7.763 5.903 0.6
) :15 .88 . A2 492 1,594 4,52 4,003 N
S : 7 .07 .0 A6 nd 1.393 5.351 2480 .0
) 013 .07 .n nd - - - - -
1 116 .07 05 (9 ad 1,957 IR 11} 3. 9N
1:3:4 11:10:15 .86 .13 AT nd FA YL .75 5. 976 .89
5 27 .85 .18 nd . . - - -
6 13 .85 . nd - - - - -
1 16 .84 0N A\ ad %7 6.1 L %4 N
1:4:5 11:15: 7 .85 .69 3.4 3.0 0.987 5,993 2300 K )
6 B} o8 N nd . . - - -
7 16 .84 .n (W) nd 10. 451 3.0 (A .0
8 : 6 03 «66 S5 ad 9.109 (W 1% 5% N
1:5:6 11: 7:13 N T .72 nd - - - - -
7 :16 .83 .67 A3 480 3.32 0. 785 A28 N
1:6:7 11:13:16 .»83 o3 nd - - - - -
1:7:8 11:96: 6 .81 .63 & ad 9.166 5% 3.010 R
2:3:4 12:10:15 <85 .68 (W ) ad \S578 $.800 5.917 .9
5 HE | 84 74 ad - - - - -
6 H}] .86 0N ad - - - - -
1 :16 .84 +65 5.1 ad 5.524 5.597 4181 07
TH ) 12:15: 7 .84 .10 A9 5.10 3.693 6. 4663 6.122 .08
6 :13 N N ad - - ° - -
7 16 8 .69 S.1 o 0.000 s. 0 1.193 .08
8 ¢ 6 .81 65 5.1 ad .4017 6.039 1958 N
2:5:1 12: 7:16 .83 .66 5.3 5.57 6.0 L18 \m 06
2:5:13 3] I N1} 5.5 od L12 1.7 4100 R
2:1:8 12:16: 6 N ) .61 5.1 nd INY; ] 5.8 3.608 N )
3:4:8 10:18: 7 .02 .64 A9 (¥ ] 3.3 L% 1.918 N
3:5:7 10: 7:16 .80 .60 5.6 nd 3.001 692 3.0 N 13
(M A 15: 7:% .80 .59 5.9 nd 6.803 6. 407 3.413 .83
1:2:4:8 11:12:15: 7 .86 3 3.6 2 1.7 6.8%9 (9 3.4% 9
1:2:5:7 11:12: 7:16 .8 ) (N nd 4502 6.878 3.64 3,340 92
1:5:7:13 11: 7:16: 4 .80 5 A2 3.8 6.0 3,500 &L210 2,500 N

azy:t-np o Coefficient of determination of estimated value about actual value.

F(TOT) « Meaa correlation of preduction at fadividusl sampling tises with tetal.
*(IKN) o Mean Intercerrelation of production at individual sampling tises.



Appendix 0 (b)

2

Regressisa coefficients and standard errers of cstinste assesbled 1a reak erder using meen ¢ (T0T) as basts of reak!
Data used sere the ceabined data for Frieefea cows, (Sets 103 aad 104 codined).

Ranking of Sampling
canpling times tines
besgd 09
¢ (Tn L:im:n
1:2:3 14:12:6
[} 7
5 :10
6 M
2:3:4 12 6: 7
2:3:7 123 6:15
2:3:8 12: 6:16
2:h:7 12: 7:15
2:4:8 12: 7:16
2:6:7 12:11:15
3:6:7 6:11:15
3:6:9 6:11:16
8:6:7 T:11:15
4:6:9 7:11:16
1:2:3:5 14:12:6:10
1:2:4:5 14:12:7:10
2:3:4:5 12: 6:7:10
2:4:627 12: 7:11:15
1 12
2 %
3 6
[}
s 10
6 1"
17 15
8 16

r (1D

.81
.01
81
.80
.80
80
oM
N
.M
.78
.18
.|
N
N )
.80
.80
.0
.82

33

.n

¢ (1)

0.59

.61
N
N Y
.68
.67
.63
<66
.65
.81
.67
62
69
.66
o4
.66

3

.1
6.3
&b
[ B
1.4
5.5
%2
4
2.3
8.8
8.0
2.4
d.h
19
b3
3.9
1.3
1.4

0.1
16,5
1.1
1.3
1.2
"
10.8
"1

S.E. of
Estimate

a 2 -

3y 2 2 2 2 2 2 &

2 £ 2 2 §

ad
.1
~

a2 2 2

Partisl regressieon coeffisieats

byl :mn

5,942
1,033
«11.98
-2 AN
10,008
9.2
7.192
9.041
8.89
9.505
6. 156
6109
5.
5.2
12,772
«10.72
9.600
&%
18,19
.82
1n.652
11,902
15.042
16.18

1558
15.3%

bya:le

18,953
19,568
1990
8.513
3.5%
5.0
5.901
5.585
5.00
3.554
“m
5,197
5.486
6.0%
.91
10359
L
5.7

byn:tle

5.059
5.7
1.0
30.0%
430
<4, 205
618
Am
L3
5,905
6. M2
1.376
6.059
6.804
-1.0%
534
3.9
1.08

byp:len

12,40
9.306
L.556
L

lln len

0.85
«89
o5
84
84
.90
.85
.8k
.84

.18



Aoosadix 0 (¢)

Regression ceeffictients and stendard ervers of estisite for selected grevpe of
smpling tises. Data used were these of each set.

These results sere determined primsrily te Rave regressien cesfficieats
availadle for establishing average values for regression ceefficients besed on vedieus
ccnbinations of saapling tises. These results fllustrate the variability betosss
regression coefficieats from yesr to yesr and with differaat conbinstions of cempling
tises and 1adicate clearty the prodlems favelved in selecting & regression equation
that 1s of univereal spplfcetion. In any eme year 1t is pessible fer dsta frem @
single smpling tine te be so highly correlated with the tetal predsstion thet the
standard erver of the ostimate Decenes mxtremely small, a.g. tise 11 1a set 101, bwt
thia szme time 1n set 102, slthough just as highly correlated, seve o much bigger
standerd errer of the estimate, Similarly no cenbinstion of the sampling times
oxsnined gave an cbviows and consfstest pattern of high prediction,



Ssspling
tines

(:m:n

6:10:15
6:11:15
6:12:15
6:10:16
6:11:16
6:12:16
7:10:15
T:91:18
7312:18
1:10:16
T:11:16
1:12:16
1311212
112

"

12

6:10:15
6:11:15
6:12:15
6:10:16
6:11:46
6:12:16
7:10:15
1118
1:12:15
1:10:16
7:11:16
1:12:16
7:11:12
1:12

"

12

#(T01) * (INT)

o.m”

.8
482
.06
0

.87

0.80

.83
o
N
.
84
.86
.86
.80
.82
.82
.88
.86

92

0,59
61
.65
.59
N
69
59
N

0.62
N
64
59
.36
52
.68

N
62
.87
.65

Jerewy 1957/58 (Set 101)

S.L of
Estinate

$

5.0
&2
5.2
A8
\J
5.3
A9
3.5
A9
&4
&
o8
&0
5.8
28
6.4

A%
88
6.32
486
A%
6. 34
&85
3.6
5.60
&3
A6
5.%

Partial regressfon ceefficients

byl:on

L
3.408
3.048

A0SO

3.51
3.30
S, 133
3.9
&373
5.127
A3
5.039
2694
s.032
14.051
11.54

Jersey 1958/59 (Set 103

&2
3
Aé
5.5
5.0
A2
&2
L3
A8
5.5
5.0
L9
19 )
5.7
6.0
60

3.98
')
.
\n
3.10
2.6
01
5.5
3.0
5. 31
3.80
3.9%
ad
nd
nd
»d

0.013
1.905
2640
L
.99
3.47
0.694
L2
2610
1,888
21
2459
1.100
72
15,593
16.1%

byn:ln

5.118
3.2
6. %2
5.133
9,355
6572
A 309
3.88
5. 135
(N
.70
o704
8. 185
8. 08

-

1,647
9.09%
9.1
.m
9.060
10.137
.08
8.638
8.5%
.50
nwm
10. 708
1.818
13.152

bya: ln

5.004
L%
5.0
1.089
L0
5.9
6589
10.57
5.1
1.9
Lm
6.072
3.0

9.054
6.921
5.652
6,055
L
(W 1)
9.6%
6.606
5.9%1
6. 50
3.3n
3.7%1
8.1%

223

2

R7y:lan

0.1
R
M
%
.0
H
%
.93
N
»
%
87
N
0
K

0.92
R
N
N}
N
N
92
N
90
.8
N
0
N
R
N )
)
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Friestan 1957/38 (Set 103)

Ssapling S.E. of

tines Eotinate Partial regressies coefficients

e {70 7 (1) ] : byl:an  bym:ln  byn:ls lzyzl-
6:10:15 0.70 0.53 1.1 1.0 6.62 1,184 L (9] )
6:11:15 ) 56 IR 1.2 6.99 .02 5.901 o 76
6:12:1% 76 .58 6.5 5.00 5.82 7,334 3.658 .n
6:10:% N 58 1.0 .69 1.302 -0.588 8.732 .8
6:11:16 .0 N 6.6 6.00 6.9 3.400 6.387 N
6:12:16 .15 54 &0 (W 5.545 6758 5.60 M
7:10:18 N 55 1.2 5.2 9.1 4 1.964 JI3
7:11:15 .M .60 1.4 5.54 9.588 -1.651 .M .12
7:12:18 ) S8 6.5 3.15 1157 1.508 &0% N
7:10:16 ) .66 8.1 1.9% 8.116 0.378 6.537 66
1:11:16 .10 .5 9.1 10.47 12100 1,033 o.118 S
7:12:16 oT5 .60 6.6 3.0 6. 100 9.349 5.08 /]
Ta11:12 ] .63 6.7 nd .10 -1.12 12960 N/
12 .18 .- 8.7 ad 16,309 - - 61
16 .69 - 10,4 ad 12,565 - - N

Frieston 1958/59 (Set 104)

6:10:15 0.66 0.78 134 .5 3.530 10,900 5.7 0.89
6:11:15 87 . 13 0.3 30 1.2 $.049 .
6:12:15 .85 .16 1.5 1.2 S5.035  6.33% 6.036 8
6:10:16 86 b &2 0.7 7 W A S
6:11:16 .06 N L2 0.05 A.358 10,79 5.6% .08
6:12116 84 A2 1.7 .62 6 6,635 6, V94 817
1:0:8 .3 o4 6.7 .8 392 1212 3.887 N0
1:11:18 .86 N 8.1 0.42  3.5%0 1.400 159 N
1:12:15 84 74 1.6 29 632 .0Mm 5.5N 8
2:10:6 .8 69 6.2 1,02 4535 10,782 5. 2% N
1:11:06 85 N4 6.7 0.46 4353 1.7 93 %
16 8 .69 1.5 280 s.812 1.0 5.957 N
n12 06 5 6.3 nd 33 L5% 13.062 N
12 .86 - 8.4 nd 21,968 - - N

16 84 - "4 ad 16,22 - - N
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Appendix 0 ()

Regreasion ceefficients and atandard ervers of estimate for selected proupe of smpling
tines using dats aggregated by years rather tha by breeds.

Jorsey and Friesian 1957/58 (Sets 101 and 103)combined.

s::ﬂ" :;Em‘:. Pertisl regressica coeffisients

—:-:;- r (TN (1 ) [ tyl:on  bymsiln  bymile ltmn
7:11:12 0,80 0,69 6.8 nd 6,313 LM .42 0.%
T:11:05 1 «64 20 nd 8. 164 1.0 6.98 o9
T:12:15 .78 .61 6.5 nd 6.701 5.072 A897 N
0:11:12 .78 .69 8.2 nd 3,820 .m 8.5%6 ]

Jersey and Fricsian 1958/59 (Sets 102 and 10A) combined,

a2 0,07 0.7% 5.2 ad 1.960 22,000 «1.0% 0.%
RS .96 T 6.8 o B2 1. A 904 o
1:12:05 .95 74 22 nd A 20 9.060 5. 738 N
10:11:12 .90 .85 7.4 nd 6,307 9, 448 5. 19 87
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Jppegdix 0 (@)

Cetination of relaticnship betwess changes in correlation with tetal predustise and
changes 1 Intercormelations and the offect on the stendard ervor of the estimate,

Using sanoally caleylated data

in any oot or coabination of sets, wherever virious cesdisations of campling tiees
fave the same stancard errer of the estinate, the difference betwsen the values fer # (TOT)
and 7 (INT) for oach combinstion of sampling timss wes deternined and the fellesing
relatiosship ses established using thirty-eme comparisens:-

T(IN) o 1,66 7 (T07) o 260 (Standard error of estimate 0.39 wnite)

The value of this relatisnship Lies 1n the feproveneat 1t sheuld Intredues ta the
abitity to selest data mest Likely to give the best prediction equaticns, lHomwer its
valuo then 2pplted to an entirely fresh set of data has net besa eusained md ferthewre
the corvelstion seefficiont relating the changas ta ¥ (TOT) with these fn T (1MT) mes emly
0.65 and 3o the changes are ealy aederately cervelated fevertheless, the relative
iapertance of the effect of chaages In these values i3 useful, o.g. an fscresse or F (T0T)
by 0,01 will ganerelly sean an faproved predictien previded ¢ (1NT) hes net alee facremsed
by abeut 0,04
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Regressien coefficients and thelr standard errers of estimate for sampling tises retained
a8 contributing significantly te the prediction of predustion dhen presesibed dats were

procassed by TRAP precedure.

Sop 1 :

Soep 2 :

Selected froa saopling tines ceasidered Likely te be stgnificaat ea besis of
nanual csleulation - sanpling times 4,6,7,10,11,12,14,15,16 sere ueed

ALl odd periede.
All even periods,

Sampting times remaining fa Groups 2 and 3 fer each set. Enamined set by set.

Swpling times selected 1n Greup & for set 101 sere tested for set 102 and vieo

veres aad sinflarly for osts 103 and 104,

Set No, Sampling times

101 7:11:16

102 A86:7:12:14

103 $:6212:18

104 £:7:10:14:16
100/102  &:6:7:11:14:%6
103/106  A26:7112504:16

1 $:17:11:15

102 3:7:11:13:18

10 3:7:18

104 1:5:11:18

10 b18:10:12:16

102 2:4:12:%

103 4:6:12:16

104 4:5:90:14:16

0 5:8:01:12

0 3:7:12:13:15

w 324

104 5:10:16

0 2 7:11:12

102 8:10:12: 15

103 1:4:11:16

104 4:7:12:15

tyl:wnp bya:lnp Gymilep byp:lmm

Grewp 1
S.E. of
Satimate
5
3.8 2.9
29 F A1
5.6 9
5.4 3.1
A3 13
5.9 %05
Grewp 2
N7 5.4
3.3 2.9%
5.3 5.19¢
6.2 L
Group 3
A 264
3.4 3.50
5.6 .57
5.6 3.00
Group 4
3.8 (%)
29 3.0
& \9
5.8 5,35
Greup 5
(W | 3.95
4.0 3.4
6.0 9
6.4 'Y ;)

L.98

AA2
2%
%6
2

’.”
L1
6.1
5.9

6N
Ay

.93

264
9.53
6.95
5.4

5.96
1.06
5.81
5.54

1,03
5.10
5.61
.05

622
5.87
.57
3.0
,.u
55

3.N
5.9

6.37

3.50
(3,
1.5
&%

3.3
3.67
9.30

3.5

8.5
5.59

va

(N

3.87
L9 LY
.8 3.8

5.92

(% 4

30

3,64
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Apetix £ (B (1)
Examination of *t° test rejoction of variables using the TRAP precedsre

The baste o thich the "t* test rajects varisdles 1a this pregramse mas examined,
dut 1t sss met pessible to detereine wnequivecsily just why the rejected varfable gave a
Low *2° value. |f §t had boen pessible to establish this basts then it was prepesed to
pre-selrct variables for the pregrame and 80 reduce the nusber of computations necessary.
it wan constdered that the aajer facter contributing te a rejection weuld be the iater-
correlation betepem the varfables sad this wes exaained using the Group 1 data from sets
101 and 102 cosbined,

There ws ne cansistent pattern 1a the rejection, &.9. variable 16 ms dlacarded
in favewr of varfable 15, despite the fact that this resulted 1n a higher fatercervelotion
betwen the resaining varfables than would have been the case 1f varfeble 15 ha¢ bemn
discarded in faveur of vartable 16, Uith vartables 16 and 14 decerd ses In foveur of 2
towsr intercorralation fa four out of five casss, but in the Fifth cese this wme revwresd
The table below svmmarizes the observed changes.

Yariables Intercorrolation botwoon retained varisbles
Higher Lewer
16 dlacarded in faveur of 13 10 it
16 L 1% it [
Y . 16 1] 8
1] . 1) 3
14 . 15 (]}

1
)

10 ! "

N W b e e

| 14 ’ "

In aleest overy case discard of the verfable reselted in a constdorable inerense
in the cseffictent of the feveured variable. Correlstion betswen oach of the twe vartables
ond the tetal preduction did not appear to be di rectly invelved stnce discarding ses net
consistontly in faveur of either variable,
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Aopendix £ (B (2
Relationship botessn *t® values of variables and the standard erver of the estiaste.

Using the cembined data for eets 101 and 102 and sampling ttmee 3,4,7,11,15, &
camperisen of the standard errer of estisste and the *t* test of the sampling times
retained shem that substitution of sanpling times with lew *t* values fer those with
higher "t* values generally resulted in fecreasing standsrd ervors of estinmate,

Sampling times  °t* value Sampling timee
3 t 31
L ) [ 7 7 7
7 A1 1 7 " " 1"
" 68 " 1" 11} "% 15
14 L9 11} 15 )]
15 3%
Mean °t® value based ea *t* values Listed 5.47 3.42 3.0 3,080 D3
S.E. of Estinate A &S &7 A9 53 S0 8

The trend of increasing etaadard orrer of estimate with lower thaa °t* values fo
aparert tut net consictent,

An examinstion en sinilar Lines of the cesbined data fer set 101/102, Grewp 1 shews

the sase trend
Swmpling times °t' value Saspling tiees
9%
3.12 6 & ¢ 4 4 4 6 4 4 s
7 \a 7 1 1 1 ¢ 6 M 6 6 N N
" (9 ) n . 1 o 7 1N w7 N W n
" L3 W W % 1 % w % N %
¥% L

Mean °t* value Dased om "t* 3,46 5.42 3.42 3,37 3.12 5. 15 2.9 3.60 3.1 3.21 380
valus Listed

S.E.of Eotinate 4. 38 &6 A7 A8 A9 5.1 5.1 5.3 5.3 5.3 5,352 5.4

¥ith this sertes discard sas not strictly ia erder of Incressing *t* values, mer nes
the least standard errer asseciated with ssspling tiees 4,6,7,11 as would have been expected.
Interaction botwesn individsal sampling times 1s ebvisusly affecting the selection.

"
L)
1)

5.4



Anpeedix £ (6 (1)

Derivation of values for corrected sums of predicts and corvested sume of ogmme
used to compute the regression coefficients for sampling tines grouped as fellove:-

6 snd 7; 10,11 and 12; 15 and 16; 17 (tetal)

Corrected suns of squares and sums of products derived from correlation matrix

6:10
6:11
6:12
19
LHL
1:12

Heoan value

615
6:16
1:15
7:16
Nean value

15:15
16316
Heoen value

6:17
7:17

Noan value

15:17
16:17

Meoan value

< Set 101/102 5 Set 103/104

5 Set 01/102 5 Set 103/104

1.53% 55609 10:15 1,05%
1. 2865 4537 10:16 10060
1,320 A D2 118 L1374
1120 5,096 ":16 1,090
L63 A 12:15 11006
1,515 3,900 12:16 LUn
s M633  Mesnvalee 1,092
09593 LM 616 21572
0.8142 L1023 7 2,247
1,0336 ANZ Nean value 218
09829 3318
0.947% w5613 10:10 2315
11" 1, 7506
1352 64202 12:12 10719
lﬂ’_ 55528 Hesn value 20406
14261 5,98
10:17 2,740
21,9693 112.60% R
bl ey TR IS 1)
B,19% 0SS L T om
19,4001 93, 2600 07 A2.596
19,282 85,4930
19,572 89,3765

4,000
53.99%0
5799
3.70%
A 0661
.nn
A 0516

9.6548
9, 1084
9. M

s.m
5.0671
497
5.0800

0. 090
81.6950
120289
82,8050

270,568



Appendin £ () (2)

Conpariecen of staadard erver of the estinate, the difference 1n Lbs. of pretein and the
percentage difference in protedin production predicted from the actual pretein preductien
when the partial regression cesfficients based on mean-data for ¢ and 7; 10,11 and 12;19
and 16, oither for all data or for set 101/102 combined or for set 103/104 conbined were
spplied to Individual groupings of data in the Individwal sets as 1ndicated

231

Set 101 Set 102

TOTAL PRODUCTION 3 8638 (bs. TOTAL PRODUCTION : 6558 Lbe,
Saapling tines w w
ond sesa-data

regressien S.Eof Lba diff, S.E.of tbe, Af0,
coofficionts used. Estimate fros Actual om Estimate froa Actuel Mﬂ.

i 4

6:1

18133% , 3.9 151 1.7 &7 b 73 &1
Al-data 3.1 563 6.1 b2 58 6.5
it

01 (W} Y ) 0.6 5.2 e ] 3.5
Al-data 3.8 (V4] 5.9 A9 512 1.8
101’%; A3 22 ) 6.4 9 .5
All-date 3.1 95 &6 5.1 M2 63
% &2 15 6.2 (93 144 2
AMl-data 3.5 [%.1] (W &0 Y} 6.3
AMi-data &2 39 3.0 & 8 5.8

.‘ .

‘ ‘ ‘c’ "',“ ,o’ ‘., .7 o.'
All=date 3.4 %1 29 A9 . 1} (%
m’ﬁ% 3.9 4] 0.5 &7 o 3.1
All-data 'R by, 4.6 1.0 (Y99 6.8
ﬁ'%% &4 59 0.7 5.4 165 L5
All-data 3.2 308 3.6 3.4 812 (%
% &3 <508 3.6 .7 % 0.8
All-date 3.0 20 47 3.1 3N (¥ |
{% ‘.‘ .’0 1.0 ‘o’ .‘ 1.?
All-dats 3.0 .y 2.8 1.2 314 (W ]

:11:1

thﬁt A6 =193 22 3.4 (V) 0.7
All-data 3,6 150 1.7 5.3 21 19

A l-dats 3.4 L4 0.8 5.2 18 X
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Appeadix F (b) (2 centinued......

Set 103 St 104
TOTAL PRODUCTION ;  13,0A7 (be. TOTAL PROCUCTION : 16,690 the.
Swpling those "‘"W’ %"
ond sean-data
regrezsien S.E. of (ba diff, S.E. of Lbe, diff,
coofficionts used, Cstisste frem Actual !Mf. Estinete frea Actual Mﬂ.
4 5
W 5.2 1["3 .1 81 518 3.1
Al-Dats 5.6 =32 a2 0.5 153 0.9
11
!&7'& S.b m %0 8.9 (A1) %6
All=date 5.7 92 0.7 8.8 n 0é
%}’QM 5.8 -192 1.4 8.4 352 L0
Al-dats 6.1 N L7 0.0 =38 0.2
% $.3 -] 0.1 9.9 . [} 1.8
All-data 8.6 186 1.4 9.3 3 0.4
%’hﬁ _ LN ) 11 ] [ X ] 9.6 4} t.3
Mledate 5.9 42 0.5 9.6 -154 0.9
1
Mi-dats 6.2 1. 3.8 9.6 -9 1.6
% ‘C’ -n ﬂ., 7o7 .‘“ °0’
All-data 6.7 «23h 1.7 81 =072 HA
‘03; ia ‘o‘ ,’ 0.‘ ‘.‘ -80 ‘O‘
Atl-data 6.9 109 0.8 8.7 =533 3.3
] 69 409 3.0 [ X 335 %0
Mi-date 7.1 S8 &2 8.5 45 3.9
W 65 «28 1.6 8.5 37 % 4
Atl=data 6.7 3588 A | 9.1 497 (%
‘0!"%% 6.6 -9 0.7 (8 ) k54 7
All-dats 6.9 «263 1.9 9.3 -m &7

‘03’% 7.0 -560 (N 8.9 559 3.4



Appendin £ (

¢

Conparisen of standard orror of the estinite, the difference both as percestage and 1n peunds of protein free actual preduction using ceefficlents
for 6 and 7; 10,11 and 12; 15 end 16 based en nean regreasion coefficients for sets 101/102 and 103/104, sad fer all-data snd applied te greups of

saapling

tines as fndicated

(IOTE : Standard orrer of estisate eppesite group combination 18 *rctual®,

Sempling tine
combinations end
808R regrecsien
ceefficionts ueed,

6:10:18
101/102 or 103/104
Ml-ata

6:11:18
101/102 o 103/104
Al=data

6:12:15
101/102 or 103/104
All-data

6:10:16
101/102 or 103/104
All-dets

6:11:16
101/102 or 103/164
All-data

6:12:16
101/102 or 103/104
All-dsts

7:10:15
101/102 or 103/104
All-dsta

T:11:15
101/102 or 103/104
Alledets

P:12:15
1017102 or 103/104
Miedsta

1:10:%6
101/102 or 103/104
Atledata

T:1:%6
101/192 or 103/100
AMi-date

14111
101/102 or 303/104
Al-data

for this data),

Production - Set 101: 8639 Iba.  Set 102: 6552 lbe.  Sef 103: 13,874 lba,  Set 104: 16,698 tbe,

S.E.of

Estisate froe Actual Oiff.

Set 101

(be. diff.

4

S.6
3.4
6.6

A2
&1
9.5

5.2
3.9
8.8

5.4
3.7
19

&3
L3
1.5

5.3
a2
%9

5.4
3.3
64

,.’
.0
9.3

L)
3.9
.7

&9
27
&7

A
&)
0.0

&S
&
%7

30
49

-64
22

-1
188

=74

-33

146
L)

-8
<93

<163
155

-6

4

0.8
&9

0.6
3.6

1.9
1.8

0.5

6)
LS

Set 102
S.E.of Lbe. diff,
Estiaste from Actual
)

L2
5.2 04
&2 186
A3
5.9 163
5.0 Mm
&6
6.2 58
5.3 96
5.3
5.1 06
A0 344
5.0
5.9 (7
& 305
A2
6.0 80
5.2 184
&2
L3 1YY
24 %9
(% ]
5.2 103
3.7 30
&0
5.9 o
() o
S5
Y ] -3
20 b}
5.0
5.1 15
3.5 218
(8 )
5.4 140
3.9 ”

Standard errer of estimate based on the specific regression equatisa

3
Diff.

3.

1.0

%S
6.4

0.6
S

1.3
5.3

a7
(9

1.2
28

L
5.6

1.6
5.0

0.3
52

0.4
5.9

0.2
3.3

L
1.4

Set 103 Set 104
S.E.of (Lba diff. 3 S.E.of lbe diff. £
Estinste from Actual DIff. CEetimate fres Actual Diff.
5 5

10' 70 2

5.0 350 'R 8.3 14 R )
‘0 2 .m Lo ,.‘ '1” 'o 1
1.1 1.3

5.2 [ 1) 3.5 8.8 3% X
6.4 -1% 0.9 9.9 216 1.7
6.9 1.5

s.' .” 0.‘ .. 7 m 'o 7
6.8 -84 & 9.0 -403 N
1.0 6.2

&2 113 0.8 9.0 500 1.9
5.5 407 %9 10.1 3N &2
6.6 1.2

(9} %7 1.9 9.5 Fq]) 1.3
5.7 258 1.9 10.$ <469 A |
A0 .17

5.0 -280 0 9.4 19 67
5.9 =916 5.9 10.5 5% 3.6
22 67 '

63 4] ) 1.6 1.9 208 1.3
%1 A 3.2 %1 T (8
1.4 7.0

6.3 b %6 (¥ ) -2 .0
1.2 <300 &2 9.6 312 (8
(%] 1.6

1.0 -1 1.3 &} 45 5
1.6 -858 62 9.5 <939 5.6
(8] 6.2

5.7 =14 0.1 &6 N &4
6.4 581 (9 4 %8 507 5.4
91 67

5.9 152 1.0 9.1 406 t 8 )
6 b =A32 3. 10.3 -0 &0
66 18 )

63 ed L9 0 580 3.5
A 9% [A) 0.2 -1152 | X

230



Appsadix £ ()

KeloAoy O,H.T., and G0, R, results contrasted with each ether and with actual yields -
50 lagtations - After Caspbell.

Mtk Yield Fat § Fat Yield
Average percentage H 1A 253 &57 &L6d
orror disregarding
sign 0.H.7. R, A,04 62
C.O.R. - L4 ,."
Aversge percemtage HoloAs ST LML 0,728 6810
erver allewing for . R
sign 0. KT, W52 180858 ,0.02°5608°
C.0.R, - - -1.2 5,100
Percentage cases M. 1.A, 8A% 60% 64%
within <51 of
I‘tlll'l 00".‘. w “‘ m
c.o.“. - [ ] “
Range percentage Rt A 06,65 10 » 6,86 17,17 to ~16,84 17,03 to 20,37
error

O-Ko'. 050“ t. - 7.“ ¢ ’o” “ "L“ 0".“ '. .‘,o“
ccunao - - * "“ '. .“,1

* Standard doviation

Hi.A, : Herd Improvesent Association testing precedure.
C.0.R. : Certificate of Rocerd - nilk ylold determined dafly and fat § meathly,

0.1, : Offictal hord test - nilk ylold and fat % detersined at sesthly
{atervals,
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Sopendix § (o)

Renking of Individual com 1dentified by hord test maber usting campling times 4,7,11,%6
ond appropricte camputer der{ved regreasion ceefficlents.

Set 101

Preduction Predicted Actual Predicted on comson

T . ki P Samling date basis

Lbe, protein < 14

in 5% {nsremante

based on mean values,

< 16 Y X 8,9
16-17 30,58 [\) 30
17-18 9%,28,50 38,%6,%0 16,2,%
18-1% 16,74,32 3 52,69,
19-2 n3 32,16 3,0,.9%
2.2 69,22 Q,3,7%,0,8 22,100,9
-2 12,100,48,1 69,33,18,1 1.5,8
2.8 18,42,33 12,”.@.9,8.8 a,n
3.2 9,851 Y] 5,0
u-5 .} [} 1,0
8-% 68,01,2,4 75,60,01,2 39,68
%= - - 33
z"u L - !
Set 108

2.7 « 22,1 128,160,142 160,129,142

22,1 - 8.5 15 19,157

3.5 - Y 19 138,161,140

%9 - 2.3 145,138,156,158,127 169 122,158,18

%3 -0 148,107 169,130,156

2.7 « BN 147,161,159,130,131,180,171 147,187,141, 131,162,167

8.1 - 30,5 162,166,141,145,155,168 169,145,155, 139,171

Mo’ - ".’ 1”.161.1” 1’0.'”.‘“

31.9 - 33,3 178,156 178

33.3 = 341 153,150 159,136,170, 183

Absetute raak order fa given by reading the con ambers frem loft te right in esch 5%

focramntal greup,
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Appendiz § (<)

Coaparison of rasking of cese mhich were comnen te beth sets 101 aad 102, ranking fo
torms of actual preduction.

Absslute renking 5% incrémental grewp ramking
Rask Mo, Set 10 Set 102 Set 101 St 102

1 [\ S 3 ]

] % " % n

3 32 ped 32 2,0

3 22 Q 22,7,2,8 %

s " % 33,18 48,18,33,78
6 2 V] 100,5,3 a,32
7 T} 1 W7 100

8 b1} 33 ) (WY

9 1 » 75,68,81,2 68,2,3
10 100 2 ]

1 s 32

12 ] 100

13 Y] 3

1" ) (Y]
15 » 68

16 6 2
1 (1] .
1" 2 81

Comparisen of renking of coss shich wers common to both sets 103 and 104, reshing fo
terss of sctuval preducties,

Absolute reaking 5% {acresestal grevp resking
Rank Ne. Set 103 Set 104 Set 103 set 104
1 160 137 160 137
2 142 13 142 19
3 12 2 129,137 12,158
. 157 138 138, 161,148,126 1%
5 138 1% 122,188,110 169,10
6 161 169 169,130,156 148,142,185, 161
7 " 1 141,131,167 151,128,150
8 1% 149 145,139 160,156,139, 150,100
] 12 %2 150,180,166 167
10 158 W 178 166,130
)] 10 161 19,153 m
12 169 1) 10 145,153
13 130 17 19
1% 156 150
15 1Y) 160
16 131 156
17 167 139
18 145 158
19 139 180
i) 150 167
A 180 166

24 166 130
Fi] 178 17m
Zh m 15
3 153 153
-] 10 0



Appendin § (@) (1)

Cous differing fn rank by threo or more wsinmg different sampling time sombinatisns and nean-data regrestion
coofficieats for 6 or 7; 10,11 or 12; 15 or 16 on set 101 data for predictien,

Cow Mo,

1

3

3

69

M. of rasks displaced ia various cosbinatiens of saspling times

Set 101/102 Repression Coefficlents

7:12: 18
3a

7:10:18  7:11:18  7:10:16
3 3 LN

6:10:16 7:10:15 7:10:16
- 3- 3-

6:12:15 6:11:16 6:12:16
- 3. [

7:12:15 7:12:16

('S

b=

All-data coofficients

6:11:16
3

6:10:15
3

6:10:15 7:10:15
3 3o

7:10:18  7:11:15 7310396
3 3 3

6:10:15 6:11:15 6:12:15
3 30 3

6:10:15 6:11:15 6:12:15
3 e

6:10:15 6:11:15 6:10:16 6:11:16 6:123%
3 3 3 b

6:12:15 6:12:16 7:12:16
3. [ 3-
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Cows differing

6

and 7; 10,9

!

Appendix § (o) (2

23¢

in renk by three or nere using differeat sampling time combinations sad mean-dats regression coefficients for
and 12; 15 and 16, on set 103 data for predictien,

Cou He,

136

139

140

L))

150

159

161

168

169

n

m

100

No.of ranks displaced n varfous cosbinations of sampling tines

3-

3o

Set 103/104 regression coefficients All-data regression ceefficlents
6:12:15 7:12:15 7:12:16 6:11:15 6:12:15 6:12:16 7:11:15 7:12:18 7:11:16 7:12:%6
Ja 3. 3e 3. 3e 3. 3. 3.
1:12: 16 T:11:16 7:12:16
3- 3.
6:11:15 6:12:15 7311318 7:12:15
3. 3- 3.
7:10:16 7:12:16 7:10:96 7:11:16 7:12:18
3e 3= 3 3- 3-
6:10:15 6:11315 6:12:05 6:10:16 6:11:16 6:12:16 6:10:15 6:01:15 6312:15 6:10:%
be b [ 3% 3 5, [ h S %
7:10:18 2:11:15 7:12:15 2510316 7:11:16 7:12:16 7:10:15  7:11:15 7:12:08  7:10:16
b be [ 3 3 Se & % 3 3
6:10:15 6:11:15 6:12:15 6:10:16 6:11:16 6:10:15 6:11:15 6:10:16 6:11:16
& Se 3 (W b [ (W » "
7:10:18  7:11:15 7:92:15  7:10:16 7:11:16 7:0:15 7:11:18 7:90:16 7:11:16
[ Se 3 & & & be 3 3

AUl cosbinations 3- or &=

7:10:16 7:11:16

3. 3

6:12:1%

)=

6:11:15 6:10:16 7:11:18 7:10:16
5 3o % [V
T:10:16 7:12:%6

3e 3-

:11:18 7;12:18 711296 7:12: 16

2

3- 3= 3-

ALl cosbinations 3, &= or $-

6:12:13 6:12:16 7:12:13

’- ’. ’o
6:11:15 6:10:16 7:11:15 7:10:%
30 be 3 (™
7:10:16

3w

T35 T:10:16 Ta11:16 T:12:16

-

119515 7:12;15

4

3= b &

7:10316 7:11:16 7:12:16

3- 3- - 0
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Anpendix G (f)
Covs differing in rank by three or sere using mean regression ceefficients for Set 101/102 fer prediction

Coy lo. Set 101 Set 102

IR} 6:10315 6110216 7:10:15 7:10:16
| = 3= b

(%) 6:12°15 6:11:16 6:12:16 7:12:15 7:11:16 7:12:16
[ 3e S b 3- Se

32 :10: 15
3

S 7:10:18
S

4 6:10:16
3

Cows differing fn rank by three or wore using mean rvgreasion ceefficients for Set 103/10A4 fer predicties

Geu lo. Set 103 Set 104
136 7:12:15 7:12:16
3. Je
139 7:12:16
Je
140 T:11:18
3.
14 6:11:16
3e
147 :11:15
3

14 alt tises 3 or &
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