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SUMMARY

Milk protein genetic variants have been shown to be associated with milk production traits 
and manufacturing properties of milk. Selection for milk protein genotypes, therefore, might 
contribute to improvement of dairy cattle. Selection for x-casein and yff-lactoglobulin genotypes 
might be of potential interest because of their effect on milk production traits and cheese 
production, respectively. The aim of the present study was to quantify the effects of selection 
for x-casein and jS-lactoglobulin genotypes by using stochastic simulation of a closed adult 
M OET nucleus breeding scheme. After 11 generations of selection for x-casein genotypes in 
addition to selection for phenotypic milk production information, selection response was 
increased by 0.114 crp over the selection response by selection for phenotypic milk production 
information only. The annual genetic progress was increased by 4 .8 %  in the first seven 
generations. The additional response obtained by including y?-lactoglobulin genotypes was
0.081 ap and the annual genetic progress was increased by 3 .9 %  in the first seven 
generations. These results were obtained assuming the effects of milk protein genotypes to 
be known without error. If estimated effects are inaccurate the additional response of 
selecting for x-casein or yS-lactoglobulin genotypes is lower. Additional gain for both milk 
protein genes was due to increased selection intensity on the male side.

INTRODUCTION

Several studies have shown that milk protein genetic variants are associated with milk 
production traits. Results indicate that x-casein genotypes are associated with protein content 
and /Mactoglobulin genotypes are associated with fat content (reviewed by Bovenhuis et al., 
1992). x-Casein and y?-lactoglobulin genotypes, therefore, can be used as a source of 
information to estimate breeding values for protein and fat content and use of this information 
can increase genetic progress in selection for milk production traits (e.g.. Smith and Simpson, 
1986).

There are also reports of associations between milk protein genetic variants and 
manufacturing properties of milk, especially for cheese production: x-casein genetic variants 
are associated with renneting time of milk and /Mactoglobulin genetic variants are associated 
with casein number (reviewed by Grosclaude, 1988). For countries where a large fraction of 
the milk is manufactured into cheese, milk protein genotypes might be of value as additional 
selection criteria to improve the quality of milk for cheese production.

Developments in DNA technologies have made it possible to type animals for x-casein and 
£-lactoglobulin genotypes at the DNA-level (e.g., Medrano, 1990), which allows genotyping 
of both males and females at a young age. In dairy cattle breeding, accuracy of breeding value 
estimation is low for young animals because phenotypic records on the animal or its progeny 
are not available. Knowledge of milk protein genotypes, therefore, will be of special use in 
M OET (Multiple Ovulation and Embryo Transfer) nucleus breeding schemes where selection 
is at a young age.

The aim of the present study was to quantify the potential effects of selection for x-casein
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and £-lactoglobulin genotypes by using stochastic simulation of a closed adult M OET nucleus 

breeding scheme.

M ATERIALS AND METHODS

For this study two effects of milk protein genotypes were distinguished: the effect of milk 
protein genotypes on milk production traits and on manufacturing properties of milk.

Effects of milk protein genotypes on milk production traits
Association? between milk protein genotypes and milk production traits were reviewed by 

Bovenhuis et al (1992). It was concluded that x-casein affects milk protein content and /? 
K t o b u l i n . « e « s  f t  content o. milk. These effects ere due to « :h e ,  £ . « « £ « '  ° '  “  
la) verv closely linked gene(s). In this study, therefore, these effects will be treated as tney 
were effects of the milk protein gene itself. Effects of genes linked to milk protein genes as 
described by Bovenhuis and Weller (1994) will not be considered in the present st^ V -  
d At present, selection of dairy cattle is generally not for single traits but for anm de 
combining breeding values for different milk production traits It is
nl,antifv the effects of milk protein loci on the selection index. In the Netherlands, selection
is for a net-profit-index (INET), combining breeding values for milk j ^ h H N E T  are -0 14 
(Dommerholt and Wilmink, 1986). The current economic weights used in t h e ' N E T w ^ J  
for milk yield, 1.39 for fat yield and 11 . 6 8  for protein yield On D u t c h ' ^ r f a n d
ii<5ina the aenetic and phenotypic variances and covariances as estimated y
dT bcJ  ( ? “ an be cateulated that the additive genetic standard dev,at,oh to,I ofMNET 
“  1 l “ b and the phenotypic standard deviation to.) of INET is 198.2. resulting in a hentab.lity

^ T y ’ u T n g T m l l g S 'S .  to estimate effects of milk protein genes o ^ N 6T  m «  protein

,s  irnates 5  a multigene mode,, therefore, this stud, I that sellecdon „ a s  for both «•
casein and ^-casein genotypes, where x-casein B in combination with ^-casein A , A  ana 
is favourable and x-casein B in combination with 0 -casein B is unfavourable.

of milk Drotein qenotypes on manufacturing properties
Several studies have shown that milk protein genotypes are associated wrth manufactur g 

properties of milk (reviewed by Grosclaude, 1988). Most studies invest,gatecI effects of x 
racein or fi-lactoqlobulin genotypes. Although there are some indications that a5,-casein and

manufacturing properties, they were not included ,n the present

StU<Van den Berq et al (1992) studied the effect of x-casein and 0 -lactoglobulin genotypes on 
the c^ve rsio?  ?f total nitrogen content of milk into cheese nitrogen, which is a measure for 
efficiency of cheese production. Results indicated that the x-case.n B allele is associated with 
S ? l y  hVgSer efficiency then the x-casein A allele: 7 2 .4%  for x-case,n A A  versus 72.9 /o
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Ta b le  1. Estim ates of effects of x-casein and /Mactoglobulin genotypes on IN E T ' w hen using 

the m ultigene model (as deviations from  the A A  genotype, in ctp).

Milk protein 

genotype

x - Casein /? -  Lactoglobulin

A A 0 .0 0 .0

A B 0 .1 0 3 -0 .0 2 7

BB 0 .1 8 4 -0 .0 8 8

Significance p =  0 .0 3 4 p =  0 .1 2 3

IN E T  =  net-profit-index com bining breeding values for m ilk, fat and protein yield.

for x-casein BB. A ltho u gh  x-casein B is associated w ith  a higher casein num ber, this is not 
clearly reflected in an association w ith efficiency for cheese production, because the x-casein 
B allele is also associated w ith  higher losses of glycom acropeptide in the w h e y  (V a n den Berg 
et a l., 1 9 9 2 ). /M actoglobulin genotypes have an effect on the conversion of milk nitrogen into 
cheese nitrogen: 7 1 .0 %  for /?-lactoglobulin A A  versus 7 3 .9 %  for /Mactoglobulin BB. Th is  
indicates that ^-lactoglob ulin  BB is m ore efficientfor cheese production than is/M actoglobulin
A A .  V a n  den Berg et al. (1 9 9 2 ) explained this effect by the association betw ee n the /?- 
lactoglobulin alleles and casein number. Th e  B allele of /Mactoglobulin is related to a higher 
casein con tent and a lo w e r w h e y  protein content (review ed by G rosclaude, 1 9 8 8 ). Overall, 
h o w e ve r, this resulted in no significant effect of ^-lactoglobulin  genotypes on protein content 
(review ed by G rosclaude, 1 9 8 8 ; Bovenhuis et a l.,1 9 9 2 ). In this stu d y  it will be assum ed that 
the effect of jS-lactoglobulin on the conversion of total nitrogen into cheese nitrogen is an 
effect of the ^-lactoglob ulin  gene itself. Th e  consistency betw ee n effects of ^-lactoglobulin 
on casein num ber found in different studies justifies this assum ption (re vie w e d  b y Grosclaude,
1 9 8 8 ).

T h e  eco nom ic value of the effect of milk protein genotypes on conversion of total nitrogen 
into cheese nitrogen w a s  com puted based on: an eco nom ic value of protein yield of 1 1 .6 8 , 
as used in IN E T ; a cheese to w h e y  price ratio of 172  to 1; an average 3 0 5 -d a y  production per 
c o w  of 2 1 0  kg protein; and assum ing that 5 0 %  of the milk is m anufactured into cheese (for 
a detailed description see Bovenhuis, 1 9 9 2 ). Th e  difference betw ee n the x-casein A A  and BB 
genotypes is 0 .0 4 2  crp, w hereas the difference betw een /M actoglobulin A A  and BB genotypes 
is 0 .2 4 4  o p (Ta b le  2).

Better curd properties associated w ith  x-casein B, result in a higher resistance to 
m echanical forces during curd preparation and, therefore, in a low er am ount of curd fines in 
the w h e y  (V a n  den Berg et a l., 1 9 9 2 ). T h is  effect of x-casein genotypes is n o t included in the 
conversion of m ilk nitrogen into cheese nitrogen. T h e  eco nom ic im portance of this effect, 
h o w e ve r, is negligible (V a n  den Berg, 1 9 9 2 , personal co m m unication). Further, several studies 
reported effects of x-casein genetic variants on renneting tim e of milk (review ed by 
Grosclaude, 1 9 8 8 ). Th e s e  effects to a great extent, h o w e ve r, could be com pensated for by 
the addition of calcium  chloride. The  econom ic im portance of the effect of x-casein genotypes 
on renneting tim e , therefore, is negligible.

Besides effects of milk protein genetic variants on param eters related to  cheese
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Ta b le  2 . T h e  relative value of *-casein and /Mactoglobulin genotypes due to their effect on the 

conversion of total nitrogen co n tent of milk into cheese nitrogen (in ctp).

M ilk protein 

genotype

k  - Casein /? - Lactoglobulin

A A 0 .0 0 .0

A B 0 .0 1 5 0 .1 5 4

BB 0 .0 4 2 0 .2 4 4

pro duction, som e studies investigated effects of milk protein genetic: variants on heat stability 

stability is strongly  influenced by factors sucb as p H . m in e ra lc o n s o tu e m s  u t e .c o  .

stability in the present study.

5 S  sections, the effects of .-casein and J-lactoglobu.in genetic variants on milk

e s s e  t j z f z z z »
interesting for dairy cattle breeding. „ m Cx \

1) A n  effect of *-casein g eno types on milk production traits (IN  ).

S o c h a T i .  The founder population (generation 0, c . r ^ t e d  tf  M d  n „  c o ^

eiMimat^d^reedm^^ues^base^on^nly^henotypic milk pr0^dstian ^nforr^tmn.^rthout

, ? «  simulated using the beritability ol WET. In a Situation ” . . .  " n  

^^e ff^tTf^ -ta c to g ^o b d in ^n ^h e e ^p ro ^c tio ^w a s a s s ^m e d Tifb e  umelated'tothe index'
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The frequency of the /Mactoglobulin B allele in the founder population was 0.54 (Bovenhuis 
and Van Arendonk, 1991). The frequency of the favourable /c-casein allele, i.e. /c-casein B in 
combination with /S-casein A ', A 2 and A 3was assumed to be 0.11 (Bovenhuis et al., 1992). 
For a full description of the simulation model see De Boer and Van Arendonk (1994) and 
Bovenhuis (1992).

RESULTS

Table 3 shows the difference in genetic level for a situation where selection is for a 
combination of phenotypic milk production and /c-casein or /Mactoglobulin genotype 
information and for the base situation where selection is based only on phenotypic milk 
production information. Results were obtained by averaging 350 replicates. With additional 
selection for /c-casein genotypes, the /c-casein B frequency was 0.97 in generation 11. Due 
to selection for only phenotypic milk production information, the /r-casein B frequency 
increased to 0.23 from 0.11 in the base situation. Additional selection for /c-casein B resulted 
in a 0.114 op higher genetic level in generation 11. For /Mactoglobulin, selection almost 
resulted in fixation of /Mactoglobulin B in generation 11. The genetic level in generation 11 
was 0.081 Op higher when selection was also for Mactoglobulin B.

When selection was also for /c-casein genotypes, accuracy of selection was 0.6161 for 
females and 0.4457 for males. This is slightly higher than accuracies in the base situation: 
0.6143 for females and 0.4425 for males. These differences are small and cannot explain 
observed differences in genetic progress. Additive genetic variance and inbreeding were also 
similar for the base situation and for the situation with additional selection for /c-casein 
genotypes. However, the realised selection intensities in males was increased when selection 
was also for /c-casein genotypes, whereas the realised selection intensity of females was not 
changed. Similar to results for /c-casein, the gain for Mactoglobulin resulted from increased 
selection intensity of males. For both milk protein genes, the increase in male selection 
intensity depended on the gene frequency.

DISCUSSION

Using information on /c-casein or Mactoglobulin genotypes for selection has the potential 
to increase selection response in a M OET nucleus breeding scheme. For /c-casein, the gain was 
0.114 ctp. In the simulated breeding scheme, this corresponded with the genetic progress that 
could be achieved in 1 year (assuming selection after 90 days in lactation and hence a 
generation interval of 3 years). Most gain was in the first seven generations, during which an 
increased annual genetic progress of 4 .8 %  was achieved when selection was additionally for 
/c-casein genotypes. The additional response for /Mactoglobulin was 0.081 ap, which 
corresponded to the genetic progress attainable in 0.7 year. In the first seven generations the 
annual genetic progress was increased by 3 .9 % .

For both /c-casein and Mactoglobulin, it was assumed that genotype effects were known 
without error. In a real situation, however, effects of milk protein genotypes must be 
estimated from data or estimates are known from literature. In both situations genotype 
effects are estimates that may be inaccurate. To study the consequences of inaccurate 
estimates of genotype effects, a situation was simulated in which /c-casein genotype effects 
and breeding values were estimated simultaneously. Because in the early generations the 
amount of data are small, estimates of /c-casein genotype effects will be inaccurate in those 
generations. For this alternative, the additional gain that was obtained after 11 generations 
of selection for /c-casein genotypes was 0.043 ctp. Part of the reduction, compared to 0.114
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Table 3. The difference in genetic level (in crp) between a situation with additional selection 

for x-casein or ^-lactoglobulin genotypes and the base situation.

Generation x-casein____________________ ff-lactoglobulin

1 0

2 0 . 0 1 1

3 0.026
4 0.046
5 0.067
6 0.080
7 0.099
8 0 . 1 0 1

9 0.109
1 0 0.113
11 0.114

0
0.031
0.045
0.060
0.068
0.070
0.083
0.088
0.083
0.087
0.081

a , could be ascribed to the fixation of the x-casein gene at the unfavourable A allele in 60 of 
the 350 replicates. These results, however, indicate that gains obtained from selection or 
milk protein genes can be greatly reduced if estimates of the genotype effects are inaccurate.

The effects of selection for x-casein or /Hactoglobulin genotypes were studied here for an 
adult M OET nucleus breeding scheme. Additional gain was due to increased selection intensity 
on the male side. To  restrict inbreeding, in the base situation selection of males was restricted 
to one per full sib group. This male was chosen randomly because at the time of selection all 
male full sibs had the same estimated breeding value. When selection was also for x-casein 
or 5 -lactoglobulin genotypes, estimated breeding values of full sibs differed if genotypes of 
full sibs differed. Therefore, the results of the present study depend upon restrictions set to 
inbreeding in the base situation and the availability of full sibs.

Gibson et al. (1990) and Pedersen (1991) examined selection for x-casein genetic variants 
through deterministic simulation of a progeny testing scheme. Gibson et al. (1990) considered 
the situations where x-casein genotypes affected only protein yield and where x-casein 
genotypes had an additional effect on cheese yield, independent of their effect on protein 
yield. Pedersen (1991) assumed that x-casein genotypes had an effect on the value of milk 
and not on milk yield. In the present study, it is assumed that x-casein genotypes affect on y 
milk production traits and that effects of x-casein genotypes on manufacturing properties are 
of negligible economic importance. Gibson et al. (1990) examined a progeny testing scheme 
in which selection for milk protein genotypes did not increase selection intensity. Accuracy 
of selection was not substantially improved because information on 50 half sib daughters was 
available at the time of selection. Therefore, when x-casein only had an effect on protein yield, 
their study indicated no advantage in genotyping sires. Where an additional effect of x-casein 
genotypes on cheese yield was considered, typing of animals was beneficial in a progeny 
testing scheme, particularly when a large fraction of the milk was manufactured into cheese. 
As in the present study, Gibson et al. (1990) showed that inaccurate estimates of gene
effects substantially reduced genetic response.

In the present simulation study, effects of milk protein loci on INET were used to quantify
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potential effects of selection for /c-casein or /?-lactoglobulin genotypes. In other countries, 
other selection indices include different traits and/or different economic weights. As indicated 
previously, two effects of milk protein loci on milk production traits are evident; an effect of 
/c-casein genotypes on protein content and an effect of /?-lactoglobulin genotypes on fat 
content. When selection is for an index, other effects which are less clear, are also of 
importance. The effects of /c-casein genotypes can be best summarised as: no effect on milk 
yield, no effect on fat content, a positive effect of the B-variant on protein content, no effect 
on fat yield and, although not significant in many studies, a tendency for the B variant to have 
a positive effect on protein yield; the latter agrees with the lack of an effect on milk yield and 
a positive effect on protein content. For //-lactoglobulin, most studies do not find a significant 
effect on milk yield, but the B variant tends to be associated with lower milk yields. Further, 
there is a positive effect of the B variant on fat content, a tendency of the B variant to have 
a negative effect on protein content and, although not significant in many studies, a tendency 
for the B-variant to have a positive effect on fat yield and a negative effect on protein yield 
(reviewed by Bovenhuis et al., 1992). Because in most countries selection favours protein, 
the effect of /c-casein B on most selection indices will be positive. /S-Lactoglobulin B, however, 
tends to be associated with higher fat yields and lower protein yields. In general, this results 
in a negative effect of /?-lactoglobulin B on indices favouring protein. In the present study, this 
effect was also observed (Table 1) but the effect was not significant and therefore ignored. 
If these apparent effects of /5-lactoglobulin on milk production traits are true effects, then the 
/Mactoglobulin B variant will have a negative effect on selection indices used at present in 
most countries. The size of this effect will depend on the relative weights in the index.

In the present study, effects of milk protein genotypes on the conversion of milk nitrogen 
into cheese nitrogen were considered. This conversion factor represents differences in protein 
composition, i.e., for cheese production caseins are more important than whey proteins. For 
fluid milk, the casein/whey protein ratio is of little importance. Therefore, the fraction of milk 
that is manufactured into cheese is a main factor determining the economic value of /?- 
lactoglobulin genotypes. In the present study, this fraction was Vi. For countries where this 
fraction is % or % differences between ^-lactoglobulin A A  and BB genotypes were 0.122 ap 
and 0.365 ffp. A t present, regulations in most countries do not allow for dairy factories to alter 
milk protein content or composition. A change in these regulations can greatly reduce the 
economic value of /S-lactoglobulin genotypes because it would be possible to replace part of 
the caseins in fluid milk for whey proteins and to replace part of the whey proteins in "cheese 
milk" by caseins. Another example in which regulations affect the value of milk protein 
genotypes is where some countries do not allow the addition of calcium chloride to the milk. 
For these countries it might not be justified to neglect the effect of /c-casein genotypes on 
renneting time as was done in the present study.

Several studies indicated that manufacturing properties of milk are influenced by many 
environmental and genetic factors (reviewed by Graml et al., 1988). Heritability estimates for 
traits related to manufacturing properties vary between 0.20 and 0.60 (Oloffs et al., 1992, 
Hortien et al., 1992). To  change manufacturing properties, these traits could be included in 
the breeding goal and in the selection index. Milk protein genes should be looked upon as 
genes affecting these traits. The advantage of selecting for milk protein genes directly is that 
they can be determined independent of milk production, i.e. at a young age and in both sexes.

To  summarize the discussion we conclude that /c-casein genotype information can make 
a contribution to selection which is in favour of milk protein. yff-Lactoglobulin genotype 
information can contribute to selection for protein composition that is favourable for cheese 
production. However, this selection is expected to have a slightly negative effect on indices 
favouring selection for protein. The economic value of the effects of milk protein genotypes
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on manufacturing properties depend upon the technological possibilities of compensating for 
these effects in combination with local or international regulations that might not allow for the 
alteration of milk protein or mineral content or composition. To  make fully use of milk protein 
genotype information in selection, information should be used to preselect animals in early life, 
within families.
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