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Nutrition Changes Milk Composition

Charles C. Sallings*

There are many things that can affect milk compodihis reduction in milk was observed even when standard-
tion. Environment, breed, and nutrition are three thiaed to 4% fat. Milk fat concentration increased from
come readily to mind. Every summer we see a reducti®/36% to 3.69% by increasing fiber from 17% to 25%
in milk, fat and protein concentration as a result of h&DF. Milk protein concentration did not change; howev-
weather. Usually the average fat percent of cows on Dét| there was a trend of less percent protein with the high-
in Virginia drops from approximately 3.7% in March ter fiber ration. This trend is consistent with observations
3.4% in August. Protein drops from 3.2% to 3.1%vhere milk protein increases as energy consumed increas-
Generally, milk protein will not fluctuate as much as milks and vice versa. The 17% fiber ration was higher in ener-
fat. Breed will also affect milk composition (Table 1)gy than the 25% fiber ration.

Total solids of milk produced by Holstein cows in a recent ] ] )
experiment averaged 12.4% versus 14.6% for Jersey_s.TabIe 2. _ Effect of _ratlon fiber and starch on intake,
Holsteins produced less milk fat (3.7% vs. 5.1%), solig@ilk production, and milk components.
not-fat (8.7% vs. 9.5%), and protein (3.1% vs. 3.7%).

Lactose and other components (mainly minerals) did not ADF
tend to be drastically different. 17% 25%  Sign.
Tab_Ig 1. Milk composition of Holstein and Jersey CO\/\ﬁry matter intake, Ibs./day 414 367 .
at Virginia Tech.
Holstein Jersey Milk production, Ibs./day 54.6 47.5 *
Total solids, % 154 124.6 4% fat corrected milk, Ibs./day 49.1 45.3 *
Fat, % 3.7 51 Fat, % 3.36 3.69 *
Solids-not-fat, % 8.7 9.5 Protein, % 322 311 NS
Protein, % 3.1 3.7 * = gignificant difference, NS= not significant
Lactose, % 4.9 5.0 .
Rumen resistant fat and rumen unde-
Other, % v .8

graded protein (RUP)

Nonstructural carbohydrates (NSC) ”Fat a_md protein ha_ve been found to. be.more efficiently
. utilized if they are resistant to degradation in the rumen. In

and fiber Tables 3, 4, and 5 are results from a study conducted at
When we increase nonstructural carbohydrates (NS@)ginia Tech (Rodriguez et al, 1997) comparing two lev-
concentration of a ration we increase starch by feedielg of RUP (29% and 41% of total protein) and addition of

more grains, thus reducing the amount of fiber. Table 2risnen resistant fat (2.7% as Ca soaps of fatty acids). Diets
from a study by Ireland-Perry and Stallings (1993) wittonsisted (% of dry matter) of 30% corn silage, 29% alfal-
diets containing 17% acid detergent fiber (65% starch) afladsilage, and varying levels of shelled corn. Blood meal
25% fiber (53% starch). Dry matter intake and milk praeplaced some soybean meal in diets high in RUP. Dry

duction were reduced with higher fiber, lower starch dietsatter intake was reduced in both Holsteins and Jerseys
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when additional fat was fed, but milk production was in- Table 4. Effect of feeding rumen resistant fat and unde-
creased. Efficiency of milk production (fat corrected milgraded protein (RUP) on milk components.

per Mcal of energy consumed) tended to be increased with
added fat in Holsteins and was significantly higher in
Jerseys indicating improved conversion of dietary energy
with added fat. The Jerseys used in this study did have a
greater efficiency of energy conversion than Holsteirf@at, %
There were no differences in intake, production, or effi- )
ciency with differing RUP levels for either breed. Holstein ~ 3.80 3.58 * 3.64 3.74 NS

Jersey 5.10 5.09 NS 5.09 510 NS
Table 3. Effect of feeding rumen resistant fat and unde-

graded protein (RUP) on intake and production.

Fat RUP

0% 2.7% Sign. 29% 41% Sign.

Solids—not-fat, %

Fat RUP Holstein 877 855 * 870 862 NS
0% 2.7% Sign.  29% 41% Sign.  Jersey 9.60 9.37 * 9.53 9.45 NS
Dry matter intake, Ib/day Protein, %
Holstein 50.9 48.0 * 49.7 49.2 NS Holstein 3.17 297 =* 3.14 3.00 *
Jersey 395 371 * 38.6 38.0 NS Jersey 3.88 358 * 3.80 3.66 *
Milk production, Ib/day Casein N, % of total N

Holstein 721 770 * 73.8 752 NS Holstein 753 746 * 75.1 748 NS
Jersey 49.7 53.4 * 512 519 NS = Jersey 777 774 NS 780 771 *

Fat corrected milk per Mcal NE, Ibs. Urea N, % of total N
Holstein 1.94 199 NS 194 199 NS Holstein 501 5.15 NS 4.82 534 *
Jersey 207 227 * 216 2.18 NS Jersey 359 387 * 363 383 *

* = gignificant difference, NS = not significant * = ggnificant difference, NS= not significant

Table 4 contains milk components. Feeding rumen re- All the short chain fatty acids were reduced by added fat
sistant fat did reduce fat percent in Holsteins but ngtpoth breeds but only G-g is shown (Table 5). There
Jerseys. When feeding fat, protein percent was reducegiéfte no changes in the o for either breed. The long
both breeds, and casein was reduced in Holsteins but ¢ifin fatty acids, ¢g.0and Gg.1, were increased with
Jerseys. Casein is the largest component of the proteiadded fat. Short chain fatty acids come from synthesis in
milk. Milk urea nitrogen was increased with added fat tpe mammary gland while long chain comes from either the
Jerseys but not Holsteins. Level of RUP did not have @t or adipose tissue breakdown. Therefore, the increase
effect on fat percent. The highest level of RUP (41%) difl long chain fatty acids is likely a result of the diet supply-
result in a reduction in protein percent in both breeds, pgig fatty acids for milk fat synthesis at the expense of pro-
haps indicating a reduced supply of amino acids for miction of the short chain fatty acids. This observation is

protein synthesis. This was an unexpected observati@msistent with what was expected. Level of RUP had no
because other studies have indicated either no changedsistent impact on milk fatty acid content.

increased milk protein when rumen resistant protein is fed.

Casein was reduced in Jerseys but not Holsteins with high- . . .

er RUP and milk urea nitrogen was increased in b umen resistant amino acids

breeds. Results of this study might indicate that RUP Table 6 (Pisulewski et al, 1996) demonstrates the

above 40% is undesirable from a milk protein standpoifpact of supplying methionine (potentially the first limit-

and a more moderate level would be best. ing amino acid) to lactating dairy cows. No impact on
milk production or milk fat percent was observed. Milk
protein and casein did increase with increasing amounts of
amino acid, indicating increased protein synthesis in the
mammary gland due to more methionine being available.
Milk non-protein nitrogen was not affected. This study



Table 5. Concentration (% of total) of fatty acids inindicates that supplying limiting amino acids will increase

milk fat.
Fat RUP

0% 2.7% Sign. 29% 41% Sign.

C14:0
Holstein 12.1 94 ~* 10.8 10.7 NS
Jersey 129 10.7 * 11.7 119 NS

C16:0
Holstein 43.3 42.6 NS 42.6 43.3 NS
Jersey 454 446 NS 450 45.0 NS

C18:0
Holstein 84 91 * 8.8 8.7 NS
Jersey 9.0 101 * 9.8 94 NS

C18:1
Holstein 19.0 24.7 * 219 21.8 NS
Jersey 15.1 19.7 * 17.4 17.4 NS

* = gignificant difference, NS= not significant

milk protein synthesis under certain conditions; however,
the response is variable. There are commercial sources of
rumen protected amino acids, but cost:benefit ratios
should be analyzed.

Observed versus expected responses

In Table 7, | have combined our observed responses to
give an overview of the effect of diet change on milk com-
ponents. Also parentheses () were used when no obser-
vations were reported or the response differed from what
we observed. For instance, the table shows that milk fat
decreased when NSC or starch was greatest and increased
when fiber was highest. There were no observations on
chain length of fatty acids, but | would expect the short
chain fatty acids to decrease with increasing NSC and
increase with increasing fiber. Long chain fatty acids
would not be expected to be changed. Milk protein was
not changed in our reported study, but we would expect
NSC to increase and fiber to decrease protein content.
Also, casein would be expected to be increased by NSC
and reduced by higher fiber. Milk urea would not be
expected to be changed by NSC or fiber. Many of these
alterations are a result of changes in rumen fermentation.
Higher NSC would result in greater acid production and a
reduced acetate:propionate ratio. Fiber, however, would
cause a natural buffering resulting in an increased
acetate:propionate ratio. Higher acetate:propionate ratio
is related to greater milk fat production. Milk protein per-
cent responds to greater energy intake, probably indicat-
ing increased energy for protein synthesis.

Resistant fat resulted in reduced milk fat only in Hol-
steins. Many reports have indicated no change in fat per-
cent when fats are fed and some have indicated an
increase. We observed a decrease in short chain fatty
acids and an increase in long chain, as expected. Also as
expected, we observed reduced milk protein and casein
when feeding resistant fat.Milk urea was increased.

Table 6. Effect of infused methionine on milk production and composition.

Methionine, g/d

0 6 12 18 24 Sign.
Milk production Ibs./day 82.5 83.4 79.9 80.5 81.6 NS
Milk fat, % 3.44 3.45 3.38 3.43 3.48 NS
Milk true protein, % 2.72 2.76 2.86 2.94 2.97 *
Milk casein, % 2.27 2.31 2.38 2.49 2.52 *
Milk NPN, % .028 .030 .028 .027 .030 NS

* = ggnificant difference, NS= not significant



Table 7. Observed and expected responses () of milk components to dietary nonstructural carbohydrates (NSC),
fiber, rumen resistant fat, rumen undegraded protein (RUP), and protected amino acids.

NSC Fiber Resistant Fat RUP Protected AA
Milk fat, % (0) 0 0
Short Chain () () 0
Long chain 0) 0) 0 0
Milk protein, % o( ) o( ) ()
Casein () () ()
Urea (0) (0) () 0

Observations with feeding RUP differ from other 3. Avoid extremes in amount of RUP in rations. Indi-
reports and from what we expected. There were oations are that levels in excess of 40% should be avoided.
changes in milk fat, short chain fatty acids, or long charobably 35% to 38% of the total protein as RUP is desir-
fatty acids when greater RUP was fed. However, milk prable for higher producers. Observe the established maxi-
tein and casein were reduced contrary to expectatiomsims for blood meal (1 Ib./cow/day), fish meal (1 Ib.),
Also, an unexpected increase was observed in milk urezsted soybeans (7 Ibs.), and distillers grains (7 Ibs.).
Perhaps with high levels of RUP we are limiting microbiadlso, remember that excess protein degradability can be
protein production in the rumen and consequently limitifigad. Urea for instance should not be fed at greater than .4
amino acids needed for protein synthesis. We were fela$./cow/day and limits should be placed on using wet
ing approximately 1.6 Ibs./cow/day of blood meal, momdfalfa silage and ammoniated corn silage. In other words,
than is typically recommended (1 Ib./day maximum). Balance the rumen degradable and undegradable protein.
more typical amount would likely have had a different

result with respect to milk protein, 4. Feeding blends of proteins with different amino acid

profiles might be of benefit. Avoid situations where corn
Rumen protected amino acids are relatively new aniflage is fed along with corn grain and corn by-product

there are questions about their effectiveness and cost. feesls such as corn gluten feed and distillers grains.

quoted study demonstrated that infused methionine did @@mmercial protected amino acids may give an increase in

change fat percent, but did increase short chain fatty aamdigk protein production, but it must be an economical one

but not long chain. Milk protein and casein were elevatdd, justify use.

indicating the need for this amino acid for milk protein syn-

thesis. Response may not always be predictable, however.s' Feed addltlvgs such as S.O(.j'um b|_carbon§1te an_d yeast
may have a benefit by maintaining or increasing milk fat

. . . percent. Sodium bicarbonate at .3 to .5 Ibs/cow/day is rec-
Practical feeding suggestions ommended when feeding high amounts of NSC. Yeast
1. Feed a combination of NSC and coarse fiber to mamay work better on higher forage diets to increase ruminal
imize dry matter intake and provide rumen available endéiper digestion. These additives are most economical if
gy for microbial cell production plus adequate amount féargeted to fresh and high producing cow groups.
rumination, chewing, and saliva production (sodium bicar-
bonate). Another rule is to feed between .9% and 1%Qg|ected references

bod ight as f tral det t fiber. While level .
ocy weight as forage hedtral detergent fber re leve's Ireland-Perry, R. L. and C. C. Stallings. 1993. Fecal

of NSC are not well defined, nonfiber carbohydrates [1006nsistency as related to dietary composition in lactating
NDF + Protein + Fat + Ash)] would normally be betwee ) . .
( ) y ﬁplstem cows.J. Dairy ci. 76:1074-1082.

34% to 40% of ration dry matter and acid detergent fibe
would be 18% to 21%. High moisture grains and fine pisulewski, P. M., H. Rulquin, J. L. Peyraud, and R.

grinding may increase the rapidity of starch availability Nerite. 1996. Lactational and systemic responses of dairy
the rumen (may or may not be a benefit). cows to postruminal infusions of increasing amounts of

2. Fats can change feeding patterns and should be inlﬂ)g_thlonme.l Dairy &i. 79:1781-1791.
duced slowly at reduced rates. Some change in milk com-Rodriguez, L. A., C. C. Stallings, J. H. Herbein, and M.
position is to be expected, especially protein. However, McGilliard. 1997. Effect of degradability of dietary
yield of protein should be the same because of increagggtein and fat on ruminal, blood, and milk components of

milk production. Whole seeds (soybean and cottonsegg}sey and Holstein cows. Dairy Sci. 80:353-363.
many times are good, economical sources of at least part of

the supplemental fat. Do not exceed 7% of the ration dry
matter as fat.



