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		 Many factors influence the composition of milk, the ma-
jor components of which are water, fat, protein, lactose and 
minerals.
	 Nutrition or dietary influences readily alter fat concentra-
tion and milk protein concentration. Fat concentration is the 
most sensitive to dietary changes and can vary over a range 
of nearly 3.0 percentage units. Dietary manipulation results 
in milk protein concentration changing approximately 0.60 
percentage units. The concentrations of lactose and minerals, 
the other solids constituents of milk, do not respond predict-
ably to adjustments in diet.
	 Milk composition and component yields also can be 
affected by genetics and environment, level of milk produc-
tion, stage of lactation, disease (mastitis), season, and age 
of cow. 

Normal Sources of Variation in Composi-
tion
	 Genetics and Environment: Table 1 contains the breed 
averages for percentage of milk fat, total protein, true protein 
and total solids. A change in milk composition using traditional 
breeding techniques occurs slowly, although new techniques 
of genetic manipulation may allow faster progress in the future. 
Yields of milk, fat, protein and total solids are not easily im-
pacted by genetics; heritability estimates for yield are relatively 
low at about 0.25. Meanwhile, heritability estimates for milk 
composition are fairly high at 0.50. Conversely, environmental 
factors such as nutrition and feeding management will impact 
yield more than the actual percent composition of the major 
milk constituents.  
	 The priority placed on each genetic trait depends upon 
its economic or profit impact. Milk yield per cow tends to re-
ceive the most attention by producers. However, component 
yields should not to be overlooked. Genetic selection should 
be directed toward increasing fat, protein, and nonfat solids 
yields. Because component percentages tend to have nega-

tive genetic associations with yield traits, a change in these 
percentages is not likely to be achieved through genetic 
selection alone.
	 Level of Production: Yields of fat, protein, nonfat solids, 
and total solids are highly and positively correlated with milk 
yield. Under selection programs that emphasize milk yield, fat 
and protein yields also increase. However, the percentages 
of fat and protein in the total composition decrease.
	 The concept of milk component yield versus milk com-
position can be illustrated by comparing different bulk tank 
production averages with similar protein composition. If the 
tank average increases from 65 pounds to 70 pounds while 
protein composition remains constant at 3.1 percent, an ad-
ditional 0.16 pound of protein is produced per cow per day. 
However, if the percentage of protein increases from 3.1 to 
3.2 percent while the bulk tank average production remains 
at 65 pounds, protein production (yield) increases by only 
0.07 pound per cow per day.
	 Stage of Lactation: The concentration of milk fat and 
protein is highest in early and late lactation and lowest during 
peak milk production through mid-lactation (Fig. 1). Normally, 
an increase in milk yield is followed by a decrease in the 
percentages of milk fat and protein while the yields of these 
constituents remain unchanged or increase.
	 Disease: Although other diseases can affect milk com-
ponent content and distribution, mastitis has been the pre-
dominate disease studied. Table 2 shows the compositional 
changes in milk constituents associated with elevated somatic 
cell counts (a measure of severity of the disease). Mastitis 
results in a reduction in fat and casein content and an increase 
in whey content of milk. These changes in the milk  proteins, in 

Table 1. Breed averages for percentages of milk fat, total 
protein, true protein, and total solids.

	 	 	             Percent

	 	 Total 	 True	 Total
Breed	 Fat	 Protein	 Protein	 Solids

Ayrshire	 3.88	 3.31	 3.12	 12.69
Brown Swiss	 3.98	 3.52	 3.33	 12.64
Guernsey	 4.46	 3.47	 3.28	 13.76
Holstein	 3.64	 3.16	 2.97	 12.24
Jersey	 4.64	 3.73	 3.54	 14.04
Milking Shorthorn	 3.59	 3.26	 3.07	 12.46
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Figure 1. Milk, fat and protein by stage of lactation for New 
Mexico, Oklahoma and Texas Holstein herds on DHIA.  
(Source: DRMS, Raleigh, NC)

Heat stress is a seasonal factor that decreases dry         mat-
ter intake and can affect milk production and           com-
position.

Table 2. Change in milk constituents associated with 
elevated somatic cell counts.

	 	 High	
	 Normal 	  SCC	 Percent of
Constituent	 Milk	  Milk	  Normal 

	 	                   %

Milk nonfat solids	 8.9	 8.8	 99
Fat	 3.5	 3.2	 91
Lactose	 4.9	 4.4	 90
Total protein	 3.61	 3.56	 99
Total casein	 2.8	 2.3	 82
Whey protein	 0.8	 1.3	 162
Sodium	 0.057	 0.105	 184
Chloride	 0.091	 0.147	 161
Potassium	 0.173	 0.157	 91
Calcium	 0.12	 0.04	 33

Adapted from Harmon, 1994. J. Dairy Science 77:2103

Figure 2. Monthly change in milk production and com-
position for New Mexico, Oklahoma and Texas Holstein 
herds on DHIA.
(Source: DRMS, Raleigh, NC)

conjunction with alterations in lactose, mineral content and milk 
pH, result in lower cheese yields and altered manufacturing 
properties. Milk from cows with elevated somatic cell counts 
(greater than 500,000 somatic cells/ml) has longer coagula-
tion time and forms weaker curds than milk from cows with 
lower somatic cell counts. 
	 Season: Milk fat and protein percentages are highest 
during the fall and winter and lowest during the spring and 
summer (Fig. 2). This variation is related to changes in both 
the types of feed available and climatic conditions. Lush spring 
pastures low in fiber depress milk fat. Hot weather and high 
humidity decrease dry matter intake and increase feed sort-
ing, resulting in lower forage and fiber intake.
	 Age (Parity): While milk fat content remains relatively 
constant, milk protein content gradually decreases with ad-

vancing age. A survey of Holstein DHIA (Dairy Herd Improve-
ment Association) lactation records indicates that milk protein 
content typically decreases 0.10 to 0.15 units over a period 
of five or more lactations or approximately 0.02 to 0.05 units 
per lactation.

Summary
	 Many factors besides nutrition management can influence 
milk composition. This is an important point to remember when 
evaluating the potential to improve a herd’s milk composition 
and component yields. Certainly, genetics plays an important 
role, but changes here are slow. Producers who pay attention 
to detail, keep disease to a minimum and adjust their man-
agement program as the seasons dictate will be in the best 
position to take advantage of nutrition management changes 
to alter milk composition and improve their bottom line.
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