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Today's dairy cows have the capability to produce milk beyond their ability to 
consume feed in early lactation. The most limiting ration component during 
this time is energy. Increasing the grain (carbohydrate) level in rations can 
help ease the energy deficit, but causes an acid rumen, off-feed and low fat 
tests when levels become excessive. The use of fat which is 2.25 times higher 
in energy than starch has helped increase energy content of rations without 
the problems of high grain feeding. The challenge is to find the right level 
of carbohydrates and fats in rations which results in the most milk, least 
feeding problems, and is the most economical. 

Carbohydrates 

Carbohydrates are the primary source of energy in rations for lactating dairy 
cows. They can be divided into two classes: structural and non-fiber. 
Structural carbohydrates are cellulose, hemicellulose and minor amounts of 
other carbohydrates included in the cell wall matrix (neutral detergent 
fiber). Structural carbohydrates can be broken down in the rumen and used as 
an energy source but their rate of fermentation is rather slow. Forages, 
particularly grasses and legumes, are the major source of structural 
carbohydrates (ADF and NDF) in rations. 

The non-fiber, carbohydrates (NFC) include sugars, starches, fructosans, 
pectins, and other "soluble fiber components." The NFC values for some feeds 
are listed in Table 1. The NFC content of a feed also can be calculated by 
the following equation: 

NFC= 100 - (NDF + CP +Ash+ EE). 
NDF - Neutral Detergent Fiber 

CP - Crude protein 
EE - Ether extract or fat 

However, calculated values are not nearly as accurate as analytical values, 
but not many feeds have been analyzed for NFC. 
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Table 1. The net energy (NE) and carbohydrate content of some common forages 
and grains (100% DM basis). 

NE NDF* NFC* 
Feedstuff (Mcal:Jlb) (%) (%) 

Forages 
Alfalfa, early veg. .68 40 23 
Alfalfa, early bloom .6S 4S 24 
Alfalfa, mid-bloom .60 so 21 
Bromegrass, avg. .SS 63 9 
Corn silage, well eared • 70 so 3S 
Oat silage, avg. .S9 S8 14 
Orchardgrass, early .S8 61 10 
Timothy, mature .48 68 16 

Grains and protein supplements 
Barley .87 19 61 
Beet pulp .81 44 39 
Brewers grain • 70 42 22 
Corn, ear .83 23 62 
Corn, shelled .92 9 7S 
Corn gluten feed .82 4S 19 
Cottonseed, whole 1.03 39 13 
Distillers grain, corn .88 44 16 
Fat 2.38 0 0 
Linseed meal • 79 2S 29 
Molasses, beet • 78 0 80 
Oats .79 32 46 
Soybeans, raw .96 16 16 
Soybean meal .87 lS 26 
Soy hulls .80 67 14 
Sunflower meal, 28% .S7 40 22 
Wheat bran • 77 Sl 21 
Wheat midds .87 2S 47 

*NDF - Neutral Detergent Fiber 
*NFC - Non-fiber Carbohydrate (calculated) 

The differentiation of NFC forms is important from a feeding standpoint (Table 
2 shows feed sources and their NFC fractions). Feeds high in starch and 
sucrose produce lactic acid during fermentation in the rumen; whereas, pectins 
and beta glucan feeds produce volatile fatty acids (VFA). Too much of the 
lactic acid producing feed in the ration causes acidosis, off-feeds and/or low 
fat tests. Efficiency of rumen fermentation also is less with lactic acid 
producing feeds. High soluble fiber feeds are generally slower to be 
digested, promote higher rumen pH, increased VFA production and increase 
overall efficiency of rumen fermentation. 
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Table 2. Kinds of non-fiber carbohydrates. 

Carbohydrate 

Lactic acid sources 
Sucrose 
Starch 

Volatile fatty acid source (soluble fiber) 
Galactans 
Be ta glucans 
Pectins 
Soluble hemicellulose 

Common source 

All forages 
Cereal grains 

Beans 
Oats, barley 
Legumes, beet pulp 
Treated straws, grasses 

The relative fermentation rate of some carbohydrates and common grains is 
shown in Figure 1. High pectin feeds, like beet pulp and alfalfa (5 to 10% 
pectin), not only ferment faster but also contain minerals and other 
components which help buffer rumen pH and produce a more desirable 
fermentation (VFA rather than lactic acid). This may account for some of the 
"magic" associated with these feeds. 

Raw or unprocessed starches rank in order of wheat, barley, oats > corn, 
sorghum > legume starches in ease of degradation. Heating, processing or 
cooking of starches, especially corn, may substantially increase their rate of 
fermentation or degradability. Ensiling of corn, although not well 
documented, probably increases the fermentation rate of starch dramatically. 

Recommendations on the amount of NFC in rations are essentially unknown. Form 
of the NFC as discussed above can change recommendations substantially. 
Currently, the best ration guidelines for high producing dairy cows are (DM 
basis): 

ADF - 18% minimum with 19% preferred. 
NDF - 28% minimum (21% from forage above) 
NFC - 35 to 40% 

Signs NFC may be to high in rations are: 

1. Low or fluctuating feed intakes 
2. Low fat tests with high protein tests 
3. Excessive corn in the manure 
4. Acidosis and displaced abomasum 
5. Increased incidence of foot problems, excessive trimming 

Signs NFC may be to low in rations are: 

1. No peak milk 
2. Excessive body condition loss 
3. Ketosis problems 
4. Stiff manure 
5. High fat tests with low milk production 
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Fats 

The main benefits of adding fat to dairy rations are: 

1. Increase milk production 5 to 8%. 
2. Increase energy density of the ration without decreasing fiber or 

forage content. 
3. More efficient conversion of dietary energy into milk fat than if the 

cow synthesizes fat. 
4. Reduced weight loss of the cow during early lactation which in turn may 

help reproduction. 

Digestion and utilization of fats. In the rumen, fat can undergo two 
processes. The first is lipolysis or the splitting of fat into free fatty 
acids and glycerol. The second process is the free fatty acids are 
hydrogenated or hydrogen molecules are added to unsaturated fats making them 
saturated. Fatty acids may also combine with calcium or other minerals and 
form soaps. The fatty acids are then passed to the small intestine for 
absorption. 

All fats are bypass fats. No absorption of fat occurs from the rumen in 
contrast to proteins where they may be degraded to ammonia and the ammonia 
absorbed from the rumen. However, certain types of fat do have activity in 
the rumen. Unsaturated fatty acids are toxic to some types of rumen bacteria 
and therefore reduce bacterial fermentation in the rumen. In addition, fats 
in general tend to depress fiber digestion in the rumen. Exceptions to these 
rumen activities are the protected fats which "bypass" the rumen without 
altering fermentation of fiber or inhibiting certain kinds of bacteria. 

Fat sources. A list of some common fat sources and their recommended feeding 
amounts are in Table 3. Comments on specific sources and their use follows: 

Soybeans. The fat in soybeans is relatively unsaturated. Feeding the fat 
with the seed rather than the oil by itself reduces some of the negative 
impact the unsaturated fat has on rumen fermentation and the rumen 
environment. Soybeans may be fed raw and whole to lactating dairy cows. 
Grinding, cracking, or rolling is preferred to whole, however. Do not mix 
raw soybeans with urea in a grain mix or TMR. A safe feeding rate is 4 to 
5 lb of raw soybeans per day in a balanced ration. 

Extruding, roasting, jet-sploding, and other heat process have been applied 
to soybeans. Little information is available on how heat effects the fat 
content or composition but heating does lower the degradability of soybean 
protein in the rumen. Heating also destroys some antiquality factors 
(urease and trypsin inhibitor) found in raw beans but these have never been 
proven to cause problems in ruminants. Feeding rates of heated soybeans 
can probably be increased 1 to 2 lb over raw soybeans (maximum of 5 lb/day) 
without causing low fat tests or other problems. 

Cottonseeds. Whole, fuzzy cottonseed is the most popular form. Cottonseed 
is unique in that it combines protein, fat and fiber into one feed. The 
fat in cottonseed is mostly unsaturated but appears to be released slowly 
from the seed and therefore doesn't exhibit the negative attributes free 
unsaturated fatty acids do in the rumen. The most consistent effect of 
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adding whole cottonseed to rations has been an increase (.2 to .3%) in milk 
fat test. 

Delinted cottonseed also is available. The benefits are it handles better 
in grain bins than the fuzzy cottonseed. Two processes are used in 
delinting; mechanical and acid. The mechanically delinted seed is 
preferred over the acid seed as the sulfuric acid used to remove the lint 
can impart a strong odor and lower palatability. 

Only limited research is available but it appears delinted and whole 
cottonseed are equal in feeding performance. It only requires 85% as much 
delinted seed to equal whole seed in fat content. Feeding rates can be 
reduced from a maximum of 7 lb of whole seed to 6 lb of delinted 
cottonseed. 

Tallow. Animal fats are saturated fats which tend to be better in the 
rumen but cause more handling problems as they are solid at room 
temperatures. Be sure good palatable fats are used and they contain a 
preservative. Up to 1.25 lb of animal fat can be fed daily provided rates 
are increased gradually and the fat is fed over several feedings per day. 

Vegetable fats. Corn, soybean oil, sunflower and canola oils are all 
unsaturated fats. Feeding these oils directly can depress milk fat tests. 
Limit amounts to .5 lb per day spread over several feedings. 

Rumen protected fats. Several commercial rumen protected fats are 
available. There inertness in the rumen is certainly a positive feeding 
aspect. Their feeding drawbacks are cost and palatability. Protects fats 
should be added to rations after other fat sources have been used and their 
feeding limits reached. 

Feeding management considerations. Some general feeding management guidelines 
when fats are included in the ration are: 

1. High producing cows in early lactation w.ill benefit most from feeding 
fat. Responses include milk production, less body weight loss, better 
conception and possibly higher fat test. 

2. One pound of supplemental fat will replace 2 to 3 pounds of grain. 

3. Make sure adequate amounts of forage and fiber are included in the ration 
to maintain rumen digestion and function. ADF level in the ration dry 
matter should be at least 21%. 

4. Calcium levels in rations should be increased to .9% of the dry matter. 
Magnesium should be between .25 and .3% of the dry matter. 

5. In general, about 1.25 lb per day per cow of added fat from rumen 
unprotected fat sources is maximum. An additional 1 lb may be fed from a 
protected source. Total maximum fat in the ration should be about 6%, 
maybe 7% if some of the fat is from a protected source. 
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6. Make sure adequate protein is being fed to help utilize the extra energy 
from fat. A low rumen degradable or bypass protein source should be 
considered when fat is being fed. 

Table 3. Fat sources for lactating cows. 

Source Fat (%) Maximum amount (lb/day) 

Oil seeds 
Cottonseed 22 7 
Soybeans 18. 5 
Sunflowers 20-40 3-4 

Supplements 
Animal fat 99 1.25 
Animal-vegetable blends 99 1 
Rumen protected fats So+ 1-1.25 

Protein supplements 
Brewers grains, dried 7-8 
Distillers grains 9-10 
Linseed meal 1.5 
Soybean meal .5 
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Figure 1. Relative fermentation of some carbohydrates (Van Soest, 1986). 
Keep in mind that variation in sources and treatments may 
substantially alter rates. 
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