Utah State University

Digital Commons@USU

All Graduate Theses and Dissertations Graduate Studies

5-1962

Influence of Age on Milk Production of Holstein Cows in Utah

Marvin R. Green
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd

b Part of the Dairy Science Commons

Recommended Citation

Green, Marvin R., "Influence of Age on Milk Production of Holstein Cows in Utah" (1962). All Graduate
Theses and Dissertations. 2888.

https://digitalcommons.usu.edu/etd/2888

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has

been accepted for inclusion in All Graduate Theses and /[x\

Dissertations by an authorized administrator of /\

DigitalCommons@USU. For more information, please (l .()Al UtahStateUniversity
contact digitalcommons@usu.edu. /rg;m MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F2888&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/79?utm_source=digitalcommons.usu.edu%2Fetd%2F2888&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/2888?utm_source=digitalcommons.usu.edu%2Fetd%2F2888&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/







1

;

Q

o)

[}

3 ol

oo
2

Gy ©

oo

(R /]

~

;

8







S




influence in co

actation records.

for correcting

influence of age

tion in management

+

the

T'ne objective of

influence of aze




the factors influencing milk production has

been the ol f rymen for many years. ome of the early
dies were m in e ffort to determine the effect of agze as a

v m3 3

1 be 11 luction.
5 o At

1 d sdale T fat
nce ioT tne percentaze 0 1 age.

5y tal decli e r
0 r, tie votal decll L UNpor-—

+

Tudwick and

tion is approximately nine er cent per month.




average milk production between the various herds. Mshadevan decided
these factors could not be merely lumped together in studying interre-
lationships. Because of this condition, it was decided to express
yields as deviations from respective herd aversges.

liahadevan (1951) further indicated that the resression equation
included not only the effect of age, but also the effect of environ-
mental changes which would occur during the lifetime of the cow. He
suggested the most important environmental effects upon milk produc—
tion were those due to age and different manaszement practices. His
results showed greater progress can be made in dairy cattle improve-
ment by concentrating more on environment rather than heredity. This
was especially true with the low producing heris.

Ace conversion factors
=2

It is often desirable to compare the approximate mature produc-
tion of one cow with that of another. lMature production is that peak
of production obtained when all or most all of the body processes
reach maturity. Ordinarily, a dairy cow will produce more milk at
this stage of her life than at any other period. Kay and McCandlish
(1929) found this period to be approximately eizht years of age. In
order to compare the mature production of one animal with that of an-
other, factors have been developed which, when applied to the indivd-
ual animal, will give the estimated mature production.

Turner and Rsgsdale (1924) developed some of the earliest factors
for comparing the production of one animal with another.

Ward and Campbell (1938) sugzested there was a lack of information

demonstrating the practical application of standardized methods under




normal herd conditions. However, we know age conversion factors are of

considerable importance at the present time, as they have become impor-

tant in sire proving. In sumarizing their work, Ward and Campbell said,
Care mst be taken to assure that factors will be appli-

cable to ordinary herd conditions. The addition of a percent-

aze factor as an age conversion factor assumes that two-year

0ld production is in perfect relationship with normal produc-

ing ability. This is highly improbable in actual practice.

Increase in age strongly suggests that the increase in
production can not be sumarized by a percentage addition or

a constant addition, but most nearly correct by a regression

formila.

Hickman and Henderson (1954) in their work at Cornell, said that
the present use of progeny testing, as a basis for the selection of good
sires, had resulted in selection based almost entirely on first lacta-
tion records. Their studies seemed to indicate that genetic variation
of increase in production from first to second lactation was only about
one third as great as genetic variation for the first lactation level of
production. A positive correlation between first lactation production
and the increase from first and second lactation was also noted. How—
ever, they could not substantiate the oft stated hypothesis that first
lactation records automatically selected bulls whose daughters will do
poorly in subsequent lactations.

Sanders (1928) calculated age conversion factors on a ratio basis.
He concluded they are not too accurate at high and low levels of pro-
duction.

Kay and McCandlish (1929) calculated age conversion factors on the

basis of population averages with animals of at least five consecutive

lactations.

Hdwards (1950) pointed out that generalization was worth little




where differences in management and practice cause great exception

to the rule. One must be careful in assessing the quality of dairy bulls

using age correction factors.

Kendrick (19 iemonstrated that age correction factors ap

individual lactations of an animal exhibited greater error than when ap-
plied to the average of cumlated lactation periods. Factors determined
for cumlative lactation periods showed little difference between the
first and any one of the following lactation periods. A similar condi-
tion existed when applied to the individual months of a lactation period.
Greater error was noted when factors were applied to the center months
of the lactation period.

Gaines et ll_ (1247) in studyine the within-cow regression of milk

[=B,

energy yleld on age and live weight, concluded that it was biologically

unsound to correct yield for age, because age had no effect on yield in-
dependent of live weight. However, correction on either basis would ac-
complish part of that done by the other.

ith all the debate as to the value of age correction factors in
predicting the average mature equivalent production of dairy cows, they
still remain our most casily applied and reliable factors for estimat-

ing the mature yield of an individual or group of animals., Harrison

1

(1952) pointed out how misleading the factors can be.




METHOD OF PROCEDURE

Data in this study were taken from the Dairy Herd Improvement
Association records of the state of Utah. D.H.I.A. is a state wide
organization of milk producers who cooperate in a program of monthly
testing for milk and butterfat production of each dairy cow in their
herd. About 15 per cent of the total dairy cow population of Utah
are included in D.H.I.A.

In 1952 the D.H.I.A. changed from a hand computing system to the
I1.B.lM. system of record keepinz. At the time of this study only those
records from January, 1954 to June, 1956, had been transferred to
I1.B.M. cards and were available for study.

Organization of experimental data

Animals were grouped by age for analysis by arbitrarily select-
ing two month intervals, beginning at 19 months of age and continuing
through 142 months., The animals calving under 18 months of age were
so few in numbers, they were combined with the 18-19 month old group.
Cows calving over 142 months in age were all grouped in age group 63.
Due to small numbers this oldest age group was not considered in the
analysis. Elimination of this group left a total of 12,696 completed
Holstein lactation records for analysis (Table 1).

The average milk and butterfat production of each of the 62 age
groups was treated as an individual statistic for the regression
analysis (Tables 4 and 5) .

Statistical methods

Polynomial regression, involving the method of least squares is




Table 1. Distribution of animals by number and age
Ase Aze No. of 7 of Aze No. of 7 of
group  (month) animals total (years) animals total
1 18-19 210 1.60 less
2 20-21 438 3.45 than 1648 13.00
3 22-23 1000 7.88 2
4 2425 870 6.85
5 26-27 592 4.66
6 28-29 412 3.24 2 3246 25.57
7 30-31 332 2.61
8 32-33 452 3.56
g 34-35 88 4.63
10 3637 560 4.41
11 38-39 432 3.40
12 40-41 385 3.03 3 2437 19:19
13 4243 295 2.32
14 4445 357 2.81
15 46-47 408 3.21
16 48-49 384 3.02
g 50-51 307 2.41
18 52-53 249 1.96 &4 1768 13.92
19 54-55 246 1.93
56-57 268 2.11
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Table 1. Continued

Ace Ace No. of % of Age 0
group (month) animals total (years) animal

40 96-97 69 54
41 98-99 89 .70
42 100-101 56 A4 8 379 2.98
43 102-103 62 «49
44 104-105 50 .39
45 106-107 53 A2

No. of of
s total

46 108-109 33 «26

47 110-111 35 .27

48 112-113 40 31 9 226 1.78
9 114-115 37 .29

50 116-117 40 «31

5 118-119 4 32
52 120-121 22 °17
53 122-123 33 26
54 24-125 27 21

55 126-127 14 .11 10 130 1.02
56 128-129 22 .17
s 130-131

132-133 15
59  134-135 1 09

6C 136-137 9 07 1 63 .50
61  138-139 5




a procedure commonly used for expressing the relationship existing
between two variables X(age) and Y(milk or butterfat production). As
the values of X are equally spaced, this problem lends itself to solu-
tion by the method of orthogonal polynomials. Orthogonality enables
one to compute each regression coefficient independently of all others.
Orthogonal polynomial regression is valuable in readily evaluating each
step of the fitting process and testing the significance of each of the
regression coefficients to determine which is applicable to the partic-
ular situation.

The regression coefficients were calculated through the fifth de-
gree for 62 points using constant values for orthogonal polynomials as
determined by Fisher and Yates, 1949, This procedure zave the follow-
ing regression equation:

1 1 o ) 7 1 2

Ve Ao # Al H ALt Ak b Ay AAL

/

Direct substitution was made of the regression function in terms of X
instead of fs.

At each point to evaluate the upper, middle and lower producers,
the mean as well as the mean plus and minus one standard deviation was
determined.

Aze conversion factors were calculated for converting the produc—
tion of an animal of one age to its mature equivalent. If one so de-
sires, he may convert production of any age to that of another age.
The relationship of factors developed by Kendrick (1953) for the
U.S.D.A., and Patterson (1955) for the U.S,U. Dairy herd, and those
obtained from this study are shown in Tsble 2.

A maturity of six to eight and a half years of age, was used as

the base period for factors by Kendrick and also for this study. A




wever, the

How

ly different base period was used by Pat

relationship is adequately shown between these three sets of conver-

sion factors.
For convenience of working, the actual values in the analysis of
were coded in the following manner.

variance

Milk—Actual value = by 1,

But terfat—Actual value = by
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2. Mlk and butterfat age conversion factors for Utah State

Table




Table 2.

Milk Butterfat

Age by M. s
months J.S.D,AB .8.U0.b Utah
114-115 1.08 1.00 .99 1.00
116-117 1.03 1.00 .99 1.01
118-119 1.04 .99

120-121 1.04 1.00 .99 1.0
122-.123 1.04 1.01 .99 1.01
124-125 1.06 .99

126-127 1.06 1.01 .98 1.02
128-129 1.06 1.0 .98 1.02
130-131 1.06 .98

132-133 1.06 1.01 .98 1.03
134135 .07 1.02 .98 1.04
136-137 1.07 .98

138-139 1.08 1.02 .98 1.04
140-141 1.08 1.03 .98 1.06

agendrick (1953)
bratterson (1956)
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Table 3. Analysis of variance for milk and butterfat including the
mean and mean plus

nd minus one standard deviation

Mean square far milk ¥ean square for butterfat
Source D.F lean -5 Mean -3 S
Total €1
Linear 1 10.1802 5.9830 15.4122 8.4472 4.8126  13.0977
* * L] L * *
¥From 60 .0498 .0590 0749 0712 .0628 0121
Qadratic 1 1.6250 1.1256 2,2158 2.1796 .9980 3.8170
¥* #* L: * * *
From 59 L0231 .0409 .0386 .0355 .0470 .0584
Cubic 2 g 1387  .0014 3934 .2156 .0485 .5019
- 4t L3 Lo *
From 58 0211 .0413 0325 .0324 .0470 .0508
wartic 1 052 0959 .0024 #1097 .0118 .0989
4t

From &7 0200 .0404 0330 .0310 .0457 .0500
Quintic it 0083 L0025 L0475 .0002 .0020 .0099

0212

.0410

LB27

.0316

-
4t

005

!

P .19)




ion were

standard

ficant for

as the followingz: (1) small numbers

poor producers

fr the herd. The nuw r of produciny teadily decreases
til at the e of rs there ning in

o
¢ 3 ) mon 4+
roups there is slight ill rom 12, 728 to

(Table 5), This trend downward is also noted

It is evident from this the curves do not follow
course and decrease following maturity. is due to

on low produc—

as three lactati




lcan milk

production in

ounds for each age grows

58-89
90-91
92-93

9405

Tl

QA0
GO=I

QR_99
SE6=99

100-101
102-103
104-106
106-107
108-109
116-111

\ctual 1 Due to cubie resression
can ean n lean Nean Mean
=S S =S S
5 10,616 8816.9 6890.5 10743.2
10,923 8993.3 7008. 10978.3
13,12 9163.0 7122.6 11203.3
11,432 9326.2 7233 .5 11418.7
11,535 9482.8 7341.1 11624.5
12,027 9633.3 7445 .4 11821.1
12,338 97777 7546.5 12008.7
12,295 9916.0 7644 .4 12187.5
12,068 10048.5 T?239.2 12357.8
2,454 10175.3 7830.8 12519.8
12,916 1029645 7919.4 12673.7
12,846 10412.2 8004.2 12819.7
12,669 10522.8

13,302
13,569
14,117
13,466
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13,816
14,007
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13,750
13,532
14,575
14,549
14,055
13,886
14,330
14,080
14,300
14,815
14,503
14,744
14,143
14,724
15,125
14,223

14,475

10628.3
10728.6
10824.1
10914.9
11001.2
11082.9
11160.5
11233.9
11303.2
11368.8
11430.4
11488.7
11543.3
11594.8
11643
11688.2
11730.7
11770.2
11807.2
11841.7
11874.0
11904.0
11932.0
11958.3
11982,

12005.4
12026.6
12046.6
12065.3
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8243.8
8317.8
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8522.9
8585.8
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8704.1
8759.4

8812.2 °

8862.5
8910,5
8956.1
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9040.¢
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9150.5
9182.9
9213.3
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926843
9292.9
9315.5
9336.4
9355.6
9372.9

13643.1
13735.2
13821.5
13902.4
13278.0
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14424.4
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14534.5
14566.2
14595.8
14623.4
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5. MNean butterf=t production in pounds for each age group

Age Actual productior Due to cubic regression
lean ean Mean lean

=l —- ]
254,07 387.08

258.88 395.58
262.66 403.70

266 .30 411 .47

269.80 418.87
273.17 425,93
276.41 432.65
9 279.52 439.03
63 € 282. 445.10

368.10 285.37 450.85
372.21 288.12 456 .30

76.00 290.74 461.45

S 3.25 466 .31

470.90

475.20

479.25

483.06

486 .60

489.9

492,99

495 .85

498,50

2 500.95

503.21

410.38 315.49 506.27

411.97 316.77 507.16

413.42 317 .96 508.88

414,76 319.08 510.43

415.98 320.13 511.85

417.10 321.10 513.12

418,13 322.08 514.24

419.06 322.86 615.24

419.88 323.64 516,12

420,64 324,37 516.89

421,30 325.04 B17.57

421.90 325,66 518.14

9 422.43 326.75 519.06
)2 422.90 326,75 519.056
3 423,31 327 o 22 519.41
) G 423,68 327 .66 519.71
98-.9¢ 44 424,00 328.06 519.94
O 425,4 424.26 28 . 520.16
102-103 431.8 424,51 520.31
104-105 434.0 520.45
06=-107 423.9 520,58
108-10S 415.3 520.69
11G-111 427.3 520.81




Table 5. Continued
Age Actual production Due to cubic regression
by ean Mean Mean Mean Mean
month S -5 5
1122113 434.6 545.7 425.41 329.86 520.94
114-115 448.9 548.9 425 .56 330.03 521.08
116-117 423.8 540.7 425,71 330.19 521.25
118-119 430.2 515.3 425.89 330.32 521.46
126-121 405.6 509.0 426,07 330.44 521.70
122.123 406.5 487.1 426.2 330,55 52 .01
124-125  433.7 516.4 426,52 330.66 522 .36
126-127 457.7 567 .4 426,78 330.76
128-129  438.1 427.08 330.37 2.
130-131 433.7 427 .43 330.97 23
132-133 386.3 427.83 331.08 24 .5
134-135 456.0 423.28 331.20 25 .35
136-137 428.2 428.80 331.32 526.26
1368-139 421.0 429.37 331.48 527 .28
140-141 420.4 430.01 331.63 528.42




&

Table 6. Standard error of mean Sx
il Butterfat
Standard Standard
Ace error of error of
by mean mean
month S S% 8 5%
18-19 2079.24 14.3 87.73
20-21 1917.90 9.2 67 .50
2223 1967.54 2. 68.72
225 2029.31 Tl 73.10
26-27 2117.45 9, 2.90 2.9
28-29 2244,22 11.0 78.21 3.9
30-31 2564 .87 4,0 82.46 4.5
32-33 >211.88 10.4 76.79 3.6
34-35 8.9 77.93 3.6
36-37 9.1 79.09 33
3839 11.9 87.79 4.2
4041 < 12.3 82.07 4.5
42-43 2204.32 13.3 86.11 5.0
S 2429.70 12.8 89.34 4.7
4647 2329.67 11.5 82.75 4.1
48-49 2531.01 12.9 93 .45 4.8
50-51 2469.95 14.1 87.99 5.0
52-53 2813.7 17.8 96.87 6.1
5455 2358.28 15.0 90.08 6.7
56~57 2613.26 15.9 93.25 5.7
58-59 2314.73 13.1 85.02 4.8
60~51 2721.51 17.6 97 .33 6.3
62-53 2797 .96 18.2 102.00 6.9
6465 2456.78 16.6 87.70 5.9
6667 2634.50 18.6 88.51 6.5
68-69 2856 .92 20.1 99.24 6.9
70-71 2813.37 18,1 100.41 6.8
72-73 765,35 19.7 98.74 7.0
74-75 2736415 21.6 101,02 7.9
7677 2615.41 224 97 .36 8.4
7879 2584.88 21.0 90.59 7.3
80-8 2390.94 19.4 85,82 7.0
82-83 2726.44 23.5 97.61 8.4
84-85 2661.59 23.7 91.63 8.2
86-87 2753.53 26.6 100,05 P
86-89 2651.22 28.2 95,11 10.5
90-01 2616.09 28.9 88,55 9.8
92-93 2700.58 26.0 98.62 9.5
94-95 744,44 29.4 101.94 13.9
96-97 3024.97 30.6 108.34 13.9
98-99 2648.08 28.1 94.72 10.0
100-101 2337.36 31.2 80.69 10.8
102-103 2519.52 30.2 92.32 11,7
104-105 2460.69 30.5 95.00 13.4
106-107 3166.,00 40.3 106.32 14.6




Table 6. Continued
Mlk Butterfat
Standard
Age error of
by mean
month 5 R 4 S 5
108-109 2728.41 40.8 92.61 16.1
110-111 2487 .57 30.2 85.26 14.3
112-113 3092.89 40.9 111.06 17.56
114-115 2807.91 40.0 100,00 16.4
116-117 3219.12 40,1 116.24 18.5
118-119 2384.08 30,7 85.09 13.5
120-121 2999,73 60.4 103.37 2.2
122-123 2714.83 40,7 80.64 14.0
124-125 2644.83 40,0 82.67 15.9
126-127 2734.55 70.3 109.68 2.0
128-129 1963.98 30.1 76.83 16.7
130-131 2971.31 80.6 99.48 28.7
132-133 2864.61 60.6 99.90 22.9
134-135 2694,09 80.1 108.79 31.8
136-137 3186.068 100.6 94.28 31.4
136-139 2149.54 50.6 69.63 18.0
140-141 4038.00 103.4 122,10 40.7
142,143 2465.74 27 .6 92.94 10.6




. rather serious limitation to studies made on commercial dairy
herds is the lack of large numbers of life time production records.
A few records are available for top producinc cows. Because of econom-

1 better bred

ic necessity and popular custom, heifers are selected

the first lactation and almost always by the enmd of

a large percentage of the total po;
been eliminated because the animal's production has not reached the
desired level. As this culling effect continues, the slope of the age
curve is strongly influenced by the remaining few high producers.

It would seem that much of the bias appearing in this and similar
studies might be eliminated if we were to categorize all animals by the
number of completed lactations, the various production levels, and the
relation shown between individual lactations and the relation between
various production levels.

It is highly probable that many first calf heifers with high pro-
ductive capacity are eliminated from herds because the management and
environmental factors are not conducive to maximum production. There
is good indication that the inherent productive range of an animal is
quite broad, but because of inferior management practices the animal
never reaches its potential.

Fitting orthogonal polynomials

In fitting orthogonal polynomials the type of equation obtained
‘ s
is expressed in terms of g, as they are orthogonal functions of ¥(aze).
The regression equations obtained were as follows:
+ 25,28, -2.53f. + .w0o6§

+§ ¥=13,97104 % Ea85,  Esf. + JI88F.
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-s t- 8,796.55 + 19.41f, -2.10f, + .02 §,
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in this trend, is the varied culling procedures pra

ent individuals.

for the U.5.U., Dairy Herd. A relationship is shovm in Table 2.

erl

The standard error of the mean was uted and is showm in

Table 6. Though this is of no particular significance statistica

it does show an interesting trend. In view of the large numbers involvad

and the extreme variation in the number of als in each age group

+

these small ¢

suggests the large error involved when using

predictions for the total population. The range of the standard error
of the mean is 2.10 for the 22-23 month old group and 100 for those in
the 136-137 month old group. The error increases as the number in each

wlation.

1 e
the total

"

The standard deviation is a form of the average deviation from the

1 deviation means t

the population has small varia-

bility, and is homogeneous in nature, while a large standard deviation

means considerable variability exists in the population and they are

heterogeneous in nature. This is well illustrated by the dairy cow

and milk production. At an early age and in large num the stand-
ard deviation is closely clustered about the mean milk production. As
population numbers decrease the effect of the individual production

characteristics has more effect upon the mean of the sroup and we have

a wider dispersion of the standard deviation about the mean.
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