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History of Bulletin 218 

Extension Bulletm 218 IS a handbook which, m one 
form or another, the Umversity of Mmnesota's Depart
ment of Agnculture has been furmshmg to dairymen 
ever smce 1894 Twenty-seven separate editions have 
been prmted, and close to 500,000 copies have been dlS
tnbuted to Mmnesota farmers durmg this trme 

The first editiOn of the bulletm was published m 1894 
when Professor T L Haecker gave results and sugges
tions from his feedmg experrments with the Umversity 
Farm darry herd m both Bulletm 35 and the Station 
Report for the year Several other station bulletins by 
Professor Haecker on this subJect appeared between 
1900 and 1910 

In 1910 Feedmg Da~ry Cows appeared m popular 
form as Mmnesota Farmers' Library No 12 This bulletm 
formed the basis for Professor Haecker's now-famous 
darry feedmg standards published m a handbook known 
as Station Bulletm 130, Feed~ng Da~ry Cows As a 
handbook Bulletm 130 was reprmted eight trmes 

In 1924, the handbook was revised extensively by 
C H Eckles and 0 G Schaefer and was Issued as 
Mmnesota Agncultural Expenment Station Bulletm 
218, Feed~ng the Da~ry Herd In 1932, the bulletm was 
revised and reprmted, this time under a smgle author, 
C H Eckles Agam m 1938, It was extensively revised 
w1th much new matenal added by the new authors, 
T W Gullickson and J B Fitch And agam m 1943 
the bulletm was revised, this time under the authorship 
of J B Fitch, H R Searles, E A Hanson, and R D 
Leighton 
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feeding. the Dairy Herd 
DAIRYING has been one of the main sources of farm 
income in Minnesota for several decades. 

e In 1951 dairy products accounted for one out of 
every four dollars of farm income. 

e About 40 per cent of the beef marketed from Minne
sota farms is from dairy calves and cows. 

e For many years Minnesota has led all states in 
butter production. 

• Minnesota ranks third in dairy cattle and total milk 
production. 

Dairy production has been undergoing a change for 
several years, a shift in both emphasis and in size of 
herds. The shift in emphasis has been most pronounced 
during the past 10 years. And it is very likely this will 
continue in the future and so must be considered in the 
future plans of the dairyman. 

In 1935, 74 per cent of the milk produced was skimmed 
on the farm, the cream was sold, and the skim milk 
was retained for livestock feeding. Only 12 per cent of 
the milk produced was sold as fluid milk. 

In 1951 only 45 per cent was skimmed on the farm, 
and 48 per cent left the farm as fluid milk. With the 
growing population and an increase in consumer recog
nition of the food value of milk, this trend will continue. 

More specialization is also being introduced. An in
creasing percentage of total milk production is being 
produced by large herds. And as herds increase in size, 
many of the side-line small dairy herds pass out of the 
picture. Great numbers of low-producing herds are be
ing broken up. A large unit is more efficient and profit
able because it requires little more investment than a 
small herd and also because modern labor-saving equip
ment has made it possible to care for larger units easily. 
Dairying in Minnesota is fast becoming a highly special
ized industry. 
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One Cow Can l:qual l:ight 
Number of cows Pounds of Feed cost Return over 

butterfat ( totall feed cost 
(per cowl (total) , 500 $147 $307 

"""' 300 $234 $308 

l'fflffl'ffl'r 200 $416 $304 

f'ffl'rfll(fllfl'ffllffl'(ff'f 150 $776 $296 

From Minnesota DHIA Summary, 1951 

Fig. 1. Profitable dairying requires high production from each cow. 



Effi~ient Production the Key to Success 

Efficiency in milk production and the resulting profit 
depends largely on the average production per cow, as 
shown in figure 1. In 1910 the average production per 
cow in Minnesota was 120 pounds of butterfat. By 1930 
this was 180 and in 1951, between 210 and 220 pounds. 

During the same period the cows tested in Dairy Herd 
Improvement Associations in the state averaged 189, 
295, and 358, respectively. The average production of 
210 is still far from the most efficient level. In fact, it 
is very doubtful if a dairyman whose herd averages less 
than 300 pounds can make a real profit in the dairy 
business. 

A total of 569 herds in DHIA last year averaged over 
400 pounds of fat, with 34 herds over 500. In fact, 400-
pound herds are as common today as 300-pound herds 
were 25 years ago. Higher levels of production mean 
more profit to the dairyman and a saving to the con
sumer. 

Successful dairying is dependent on the following 
factors: 

I. The personal interest of the dairyman. 

2. The ability of :the cow :to produce-good 
bree~ing and inheritance. 

3. Proper feeding-feeding enough of the re
quired nutrients. 

4. Keeping and using production and breeding 
records. 

5. Good care and management-kind handling, 
regularity, good milking habits. 

6. Maintaining herd health. 

7, Regular calving. 

8. Growing good herd replacements. 

9. Producing high-quality milk. 
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KEYS TO PROFITABLE· DAIRYING 

1. Personal Interest of the Dairyman 

No one can be successful unless he has an enthusi
astic interest in his work. To be successful as a dairy
man one must like cows and enjoy working with them. 
It must be a hobby as well as a means of livelihood. 
Unless a farmer is definitely interested in developing 
an efficient herd, he had better do something else he 
likes better than milking cows. 

2. The Ability of the Cow to Produce 

Breeding is the first limiting factor affecting the level 
of production in cattle. A cow can produce no more than 
the level she has inherited-the capacity of the tools 
she has for producing milk. 

Dairy cattle vary tremendously in their ability to 
produce, as countless records show. For example, Uni
versity Farm experiments which brought together 
identical twins without thought of breeding have pointed 
out the variations found on Minnesota farms. Three sets 

SEE HOW MUCH 
MORE MILK 

Fig. 2. Only feed left over after other needs are met can be 
used for milk production. 
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Fig. 3. Nutrients to make milk can come only from the cow's feed. 

of twins were milked during their first lactation at the 
same time under the same conditions of feeding, care, 
disease control, and management. This gave each ani
mal a chance to show her inherited ability to produce. 

One set produced 408 and 416 pounds of butterfat, 
another set 47 and 48 pounds, and the third set of twins 
5.3 and 9. 7 pounds in their first lactation. The great 
differences in production among these sets of twins 
were due to differences in inheritance, since all other 
factors affecting production were the same. 

There is great need for increasing the inherited level 
for production in low-producing herds. This can be done 
most quickly and surely by using sires who have proven 
themselves through the production of their daughters. 

Artificial breeding associations now make available 
in most areas the services of outstanding proved sires. 
But it is well to remember that artificial breeding is 
only as good as the sire used. Each sire, whether owned 
by an individual or a breeding association, must be 
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analyzed as to the performance of his daughters. And 
production is not the only thing to consider. Type, size, 
breeding efficiency, longevity, and ease of milking-all 
of which are also inherited-must be investigated. The 
influence of environment in which records are made 
must also be considered in passing final judgment on 
the performance records. 

3. Proper Feeding 

Feeding is highly important to profitable dairying. It 
will be treated in detail later in this publication. 

4. Complete Records on the Herd 

Good records are necessary in a successful business. 
In Minnesota over 2,800 of the top dairymen are mem
bers of Dairy Herd Improvement Associations and 
through these associations they employ a qualified per
son to keep complete records on their herds. Thousands 
of other dairymen would find it highly profitable to have 
similar records. 

These DHIA records form the basis for all other ac
tivities within the herd. The test supervisor keeps a 
complete record of production for each cow, feed con
sumed, feed costs, returns over feed costs, calving 
records, breeding and identification, and records of 
progeny. Dairymen use these records as a guide for 
feeding each cow, for locating and · weeding out the 
least profitable cows, and for maintaining a permanent, 
detailed record of each cow. 

DHIA lactation records are used in all proved sire 
analysis work. In fact, the entire proved sire program 
is built on DHIA records. Therefore every dairyman 
using artificial breeding is benefiting directly from one 
of the uses of DHIA records, even though he is not him
self a member. The fact that for many years the 2,800 
members of DHIA in Minnesota have been paying over 
% million dollars annually for this service shows that 
they appreciate the value of these records. 
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5. Good Care and Management 

The high cost of labor makes it necessary that a dairy
man plan his work as efficiently as possible. This is one 
of the reasons why dairying is becoming a business of 
large and specialized units. Certain fixed costs are spread 
over more units. 

Many dairymen are finding it a good investment to 
rearrange their barn to save time and labor in dairy 
chores. More and more dairymen are changing to loose 
housing and milking parlors. Many farmers are finding 
that new equipment like feed carts, barn cleaners, com
bine milkers, and silage unloaders will pay for them
selves in labor costs saved, even though they involve 
a large investment at first. Such practices as feeding 
once daily and feeding roughages outdoors in mild 
weather are being adopted. Following a regular schedule 
saves labor and accustoms the cows to routine habits. 

6. Maintaining Herd Health 

Good herd health results in more regular calvings 
and greater annual production from the herd. Good 
management is essential in maintaining herd health. 

The importance of maintaining herd health cannot 
be overemphasized, for it covers many problems. For
tunately some diseases like tuberculosis have been vir
tually eliminated. Brucellosis, too, is being gradually 
reduced and in a few years it may become as rare as TB. 

Mastitis is the disease that is causing the greatest loss 
to dairymen. While some drugs are effective in clearing 
up infections the greatest control weapon is prevention. 
The first step in this preventive campaign would be to 
stop udder injury-the greatest cause of mastitis. Im
proper adjustment and careless maintenance and use 
of the milking machine-especially leaving the machine 
on too long-is the greatest single cause of udder in
jury. Cows also injure their udders on high door sills, 
on slippery floors, or on stalls too short or narrow. Also, 
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undue exposure to damp, cold floors or ground may 
lower resistance and allow mastitis to set in. 

7. Regular Calving 

The annual production of the herd is greatly affected 
by the interval between calvings. For best production 
this interval should be as near 12 months as possible. 
Regularity of calving is affected by the general health 
of the herd, by the closeness with which the dairyman 
watches his cattle for evidence of heat, and the time 
of service. The ration fed apparently has little effect 
on breeding efficiency, but inheritance may be a factor. 

8. Growing Good Herd Replacements 

To maintain a herd, replacements must be made. 
Even with good management a certain number of cows 
leave the herd each year for various reasons. The sum
mary of DHIA records in Minnesota shows that in addi
tion to cows sold for dairy purposes 20.3 per cent of 
the cows tested left the herd annually for these reasons: 
death 1.2 per cent, low production 9.2 per cent, disease 
3.8 per cent, sterility 2.9 per cent, and other causes 3.1 
per cent. 

The successful dairyman gives close attention to pro
ducing desirable heifers for replacement. Where selec
tion is possible those which give promise of developing 
into the most profitable cows should be kept. Such fac
tors as size, thriftiness, and general dairy type should 
be considered. Heifers should be selected from cow 
families which have shown consistently good produc
tion, size, type, and udders, and are fast, easy milkers. 

They should be fed to continue thrifty growth with
out becoming unduly fat. They should be managed so 
they are big enough to freshen when 24-26 months old. 

9. Producing Quality Milk 

Full returns from a dairy herd are realized only when 
that herd is producing high-quality milk. Markets are 
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becoming more and more insistent on quality milk, and 
the dairyman who meets this demand will be successful. 

THE DAIRY COW AS A MARKET FOR 

HOME-GROWN FEEDS 

Milk cows are the largest outlet for home-grown 
feeds in Minnesota. A farmer cannot control prices but 
he can help himself to larger profits through good feed
ing and management of his cattle. Many maintenance 
costs such as feed, shelter, taxes, insurance, interest on 
investment, and labor are practically the same for low 
producers as for high producers. The extra feed above 
that required for maintenance is used only to produce 
milk. Therefore the net return from a 400-pound cow 
is far more than twice that of a 200-pound producer. 

The average milk cow in Minnesota produced over 
210 pounds of butterfat in 1951. DHIA data show she 
returned $80 above feed cost, while a 400-pound cow 
returned $232 above feed cost. The latter cow also fur
nished a market for $133 of feed, as compared to $105 
worth for the lower producer. 

Dairy cattle are maintained for two purposes: to fur
nish a market for hay and pasture and to provide an 
opportunity for the farmer to sell his time for a good 
return. Costs in the dairy business such as feed, taxes, 
interest on investment, insurance, depreciation, shelter, 
equipment, breeding, and veterinary service must all 
be paid before the farmer can figure his labor returns. 

DHIA feed costs and other cost figures from farm 
management studies show that in 1951 a cow that 
produced 150 pounds of butterfat failed to return enough 
to cover the expenses mentioned above, to say nothing 
of leaving anything for labor. A 200-pound average cow 
returned 30 cents per hour for time spent taking care 
of her. A 356-pound cow (average in DHIA) returned 
$1.10 per hour, and a 500-pound cow $1.65. This empha
sizes again that if a dairyman is to be well paid for his 
time he must get good production from his herd. 
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PRINCIPLES OF FEEDING 

It is impossible to suggest rations that will fit every 
farm and every season. The farmer himself is the only 
person who is well enough acquainted with his own 
conditions to work out a satisfactory feeding program. 
To do this, however, he must know what nutrients a 
cow needs, what these nutrients are used for, and what 
the value is of various feeds in terms of these nutrients. 

How a Cow Uses Feed 

Maintain the body. A cow must continually rebuild 
worn tissues, keep vital organs functioning, maintain 
body temperature, and provide energy for muscular 
activity. 

Develop the fetus. A cow carries a calf during a large 
portion of her lactation period and must have feed to 
support the calf. 

Provide for growth. A heifer comes into production 
shortly after two years of age and she should continue 
to grow for another two years or more. Some feed is 
required for this additional growth. Even though she is 
dry she is expected to gain weight. 

Stimulate mille production. Only feed left over after 
all other needs have been met can be used for milk 
production. Of course, a cow can rob her body of food 
materials for a while for milk production, and she does 
so if she is a heavy-milking cow and is underfed. But, 
in general, these other things have to be provided for 
before milk production can take place in quantity. It 
pays then to feed the dairy cow well because she will 
produce most economically when she is worked near 
capacity. One-half or more of her feed should be used 
for milk production. 

Figure 2 illustrates that one-third more feed doubles 
milk production at certain levels of production. 
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Digestible Nutrients in Common Feeds 
ROUGHAGE 

Alfalfa hoy teorlyl 

Alfalfa hoy tlote I 

Soybean hoy 

Clover hoy 

Corn fodder 

Brame hoy 

Alfalfa silage 

Corn silage 

CONCENTRATE 

Corn 

Barley 

Oats 

Bran 

linseed meal 

Ground soybeans 

Corn gluten meal 

Soybean meal 

- digestible protein, % 

41.8 

54.2 

53.2 

58.3 

46.8 

~ total digestible nutrients, % 

Fig. 4. The protein value of feeds varies much more than the 
total nutrient value. 
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Table 1. Feeds Classified as to Digestible Protein Content 

Roughages Concentrates 

High protein Low protein High protein Low protein 

Alfalfa Timothy Linseed meal Corn 
Soybeans Wild hay Soybean meal Barley 
Clover Fodder Corn gluten meal Oats 
Sweet clover Stover Cottonseed meal Wheat 

Corn silage Ground soybeans Rye 
Reed canary Middlings 
Millet Bran 
Sudan 

Cows Need Nutrients 

Feeds are made up of nutrients which include pro
teins, carbohydrates, fats, water, minerals, and vitamins. 
Each of these nutrients performs specific functions in 
the body. Cows vary in their requirements for each 
nutrient according to their production, and feeds differ 
greatly in the amounts of the various nutrients that they 
contain. Even the same feeds, especially roughages, may 
vary tremendously in the amount of nutrients they hold, 
depending upon how they have been handled. For in
stance, good-quality early-cut hay often contains 50 per 
cent more protein and vitamins than late-cut, poorly 
cured hay. 

Proteins. Proteins are the nutrients that contain nitro
gen, and therefore no other class of nutrients can take 
their place. They are absolutely necessary in the diet 
of all cows, for they are used in the formation of skin, 
hair, horns, hooves, blood, and muscular tissues, as well 
as in the curd in milk. The body of a mature cow con
tains about 17 per cent protein and that of a young calf 
nearly 20 per cent. 

Proteins are made up of various combinations of dif
ferent amino acids, some of which are essential for 
growth and maintenance of life. Only a few feeds con
tain all of them. However, in cattle all the essential 
amino acids can be built up in the paunch from any 
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nitrogen-containing compounds. Single-stomached ani
mals like the pig are not able to build up these acids. 

Carbohydrates. Carbohydrates make up the largest 
part of the nutrient material in most feeds. They include 
both nitrogen-free extract, composed largely of starches 
and sugars, and crude fiber-the woody, fibrous, and 
less digestible portion of feeds. Hay, straw, corn fodder, 
and other roughages contain large amounts of crude 
fiber and therefore are less completely digested than 
the grains which have less fiber and more of their carbo
hydrate content in the form of starch and sugar. 

Carbohydrates are used to maintain body tempera
ture, to provide energy for muscular activity, and to 
support milk production. When a surplus is supplied, it 
is converted and stored in the body as fat. 

Fats. As nutrients, fats are largely interchangeable 
with carbohydrates but are more concentrated, being 
worth 2% times as much per pound in heat and energy. 

Total digestible nutrients. Not all the nutrients in 
any feed eaten are digested and made available to the 
animal. Total digestible nutrients is the term used to 
indicate the value of the digested nutrients in a feed 
as a source of heat and energy. The total digestible nu
trients in a feed are the sum of all the digestible parts: 
the digestible protein, the digestible fat times 2lf4, the 
digestible fiber, and the digestible nitrogen-free extract. 

Water. Water is the cheapest food there is. It forms 
over half the weight of a cow and about 87 per cent 
of her milk. In the blood and lymph it carries food nu
trients to different parts of the body and takes waste 
products away, and it helps control body temperature. 
Cows need 100 to 200 pounds of water per day. 

Minerals. Approximately five per cent of the weight 
of a dairy cow consists of minerals-mostly calcium and 
phosphorus, which are found chiefly in the skeleton. 
Milk contains about 0.7 per cent mineral matter-largely 
calcium and phosphorus, too. 

Minerals are needed not only for bone building and 
milk production, but also for aiding cell activity in 
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body tissues, for aiding in digestion and use of m.itri
ents, and for the development of the unborn calf. Cattle 
need a dozen or more minerals (some of them in ex
·tremely small amounts). But fortunately most rations 
commonly fed provide ample amounts of all except 
chlorine, which may be supplied in common salt. 

Roughage crops grown on poor soils may often be 
so poor in one or more essential minerals that when fed, 
the use of a supplement may be necessary. Most of the 
soil in Minnesota is low in iodine; phosphorus-poor soil 
regions are found chiefly in the western and northwest
ern part of the state; and a few scattered cobalt-low 
spots have been found. It is possible that other deficien
cies may develop if any element is used up. 

Cattle need all of the essential minerals except cal
cium and phosphorus in extremely small (or trace) 
amounts-as low as four or five parts per million parts 
of feed consumed. When a supplement is needed the 
trace minerals can most conveniently be provided in 
trace mineralized salt. 

Vitamins. The vitamins are essential to the life and 
well-being of all animals. Of the half dozen or more 
vitamins known, only A and D appear likely to ever 
be lacking in dairy rations commonly fed. Vitamins .C 
and the B-complex group need not be supplied in the 
ration as they are produced within the animal's body. 

It has been proven that cattle need vitamin E but not 
for successful reproduction. Also it has been found that 
all commonly fed feeds, both roughages and concen
trates, are rich in this vitamin. 

Vitamin D, the antirachitic vitamin, regulates the 
metabolism of phosphorus and calcium. Dairy cattle 
get most of their vitamin D from direct sunlight in 
summer and from roughages in winter. Vitamin D de
ficiency is common in growing calves kept indoors and 
fed very limited amounts of low-quality hay. It may 
be prevented l!>y making them eat more hay or by add
ing small quantities of irradiated yeast to the grain 
ration. 
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Table 2. Feed Yielded Per Acre by Feed Crops on Southeastern 
MinnesoiCI FCirms, 1951* 

Crop 
Yield per 

acre 

Aifalfa hay ......................................... 2.9 tons 
Red clover hay............................... 2.1 tons 
Corn silage ......................................... 8.6 tons 
Corn fodder ........................................ 2.8 tons 
Corn .............................................................. 51 bushels 
Barley .................................. o..................... 28 bushels 
Oats , .. o .... o ....... o .... o .... o .... o .......... o ...... o .... o....... 49 bushels 

Digestible Total· digestible 
protein nutrients 

603 
407 
258 
207 
200 
134 
152 

2,865 
2,234 
3,406. 
3,265 
2,293 
1.034 
1,090 

• Based on reports of the Southeastern Minnesota Farm Management 
Service. 

Vitamin A is needed by animals of all ages. Lack of 
vitamin A results in a breakdown of the nervous sys
tem, lack of muscular control, and damage to kidneys. 
Growth is slowed, cows may not conceive when bred, 
and pregnant animals may lose their calves or produce 
weak, blind, or dead calves. 

Feeds rich in carotene (vitamin A is formed from 
carotene in the body) are pasture grass, silage, and 
green cured hay. Except for yellow corn, concentrates 
have little or no vitamin A value. Both vitamin A and 
carotene are stored in the bo.dy when the animal gets 
plenty of them but are used again when the ration 
fails to provide needed amounts. 

Other Requirements of a Good Ration. A satisfactory 
ration must do more than merely provide the required 
nutrients. Some of the other things to consider are these: 

Palatability. A good ration must be palatable; the cow 
must like it. Like man, cows differ in the feeds they 
like and those they dislike. In general, cows like the 
feeds they are used to; therefore, changes in the ration 
should be made gradually so the cow has a chance to 
adjust to the change. Some of the more palatable feeds 
are pasture, high-quality hay, corn silage, corn, oats, 
wheat bran, molasses, and linseed meal. It is difficult to 
get cows to eat unpalatable feeds like rye, distiller's 
grain, tankage, corn gluten 

0 
meal, moldy grain, or ripe 

and weathered hay. · · 
0 

• • 
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Palatability of roughages is of tremendous impor
tance, as the more palatable the roughage the more a 
cow will eat. And when she eats roughage she needs 
less high-cost grain to meet nutrient requirements. 

Variety. Because a cow can do many things with the 
feed in her rumen that simple-stomached animals can
not. do, variety in cows' rations is not as important. 
However, other things such as cost being equal, a va
riety of feeds is desirable. It improves palatability and 
so the cow eats more. It also provides more variety of 
nutrients-especially vitamins and minerals. 

Since cows crave some dry roughage in their ration, 
some good hay in the ration will result in greater rough
age eaten. Thousands of Minnesota dairymen are get
ting excellent production from a simple winter ration 
of legume hay, silage, home-grown grains, oil meal, and 
a simple mineral mixture with plenty of water to drink. 

Bulk. The digestive system of a cow is patterned to 
handle large quantities of bulky feeds. Therefore a cow 
should be given all the roughage she will eat. 

Cost of the ration. Cost is of vital concern in making 
up a ration. On the average, the cost of feed is about 
one-half the total cost of milk production. The choice 
and the combination of feeds are big factors in holding 
this cost down. Feeding each cow carefully according 
to productiop. is a big factor also. 

Price per ton here is not the important thing, but 
rather price per unit of digestible nutrients. It is well 
to remember that low cost of production does not result 
from stingy feeding. For economical feeding, enough 
feed must be provided to maintain a fairly high level 
of production. Refer back to figure 1. The higher pro
ducers ate more feed but paid a higher return for it. 

How a Cow Digests Feed 

A cow can do many things with several feeds that 
simple-stomached animals cannot do. Therefore it is 
necessary to understand her digestive processes in order 
to know how best to feed her. 
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The cow, like other ruminants, has a four-compart
ment stomach. These are known as the rumen (or 
paunch), the reticulum (honeycomb), omasum (many
plies), and abomasum (true stomach). At birth, these 
are all of about equal size. 

In early life the calf lives mostly on milk which passes 
directly into the reticulum and then to the other two 
compartments. As the calf starts to eat solid food, es
pecially hay, the rumen starts to grow and function. 

When swallowed, solid food is guided into the rumen 
by a fold of tissue known as the esophageal groove. 
The cow is endowed with the rumen, paunch, or diges
tion-vat that enables her to take coarse feeds and prepare 
them for final digestion in the true stomach and in
testines. It is also in the rumen that certain vitamins 
and amino acids are produced. 

When filled so that the cow's appetite for feed and 
water is satisfied, the rumen and its contents account 

·for about one-fourth of the cow's total weight. The 
rumen contents contain many bacteria and other micro
scopic organism-one teaspoon of the juices present in 
the rumen has been found to contain billions of these 
organisms. During the few hours that feed lies in the 
rumen, these microscopic organisms carry out specific 
functions: 

First, they predigest fibrous materials like cellulose 
and convert them mainly into acids which can be ab
sorbed in the true stomach and intestines. The ability 
to digest and utilize large quantities of coarse feeds is 
the big advantage ruminants have over single-stomached 
animals. 

Second, these microorganisms can make essential 
amino acids from nitrogen-bearing material such as 
simple proteins or urea (a commercial source of nitro
gen; one pound equals 2.62 pounds of protein). If the 
cow's ration doesn't contain them the bacteria will split 
up about 25 per cent of the protein in the ration and 
make the essential amino acids needed. All they need 
is enough raw materials, in this case nitrogen, from 
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protein or urea. (Caution: urea is dangerous in large 
amounts. Not over one-third of the protein in the ration 
should· be derived from urea. When urea is included it 
should ,be. thoroughly mixed with the other ingredients 
so that it is evenly distributed throughout the concen
trate mixture.) 

Third, in the rumen the cow also produces the vita
mins of the B group. 

Thus it can be seen that these microscopic organisms 
help prepare the meal for the cow when she coughs up 
her cud. Then after this cud is chewed and reswallowed, 
it passes into the other three compartments of the 
stomach where digestion and absorption of nutrients 
into the blood is continued. 

Because of the facts just outlined, certain things that 
must be included in the ration of swine or poultry are 
not needed in a cow's diet. And also fewer dietary fac
tors may be included in the ration. 

Since a cow's digestive process is geared for roughage, 
she should be given plenty of it to have her digestion 
function best. Where roughage is entirely removed and 
cows fed only concentrates, digestion is greatly disturbed 
and cows do very poorly. 

So practical feeding of dairy cattle boils down to 
feeding enough total nutrients, feeding enough protein 
(the source is not important, except for its cost), pro
viding necessary salt, minerals, and plenty of water at 
all times. 

Roughages 

Roughages are hay, fodder, silage, and grass. Most 
of the feed for dairy cattle is roughage, for cows are 
designed to consume tremendous quantities of it. Rough
ages have a great range in feed value-from a poor, 
ripe grass hay (that will not maintain a cow) to high
quality legumes (that will not only maintain the cow 
but will allow her to produce plenty of milk). 

Roughage is the foundation of all dairy rations. Rough
ages produce more nutrients per acre and at lower cost 
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than do grain crops. Hay and pasture are required to 
maintain the soil and fertility of our farms. 

Figure 4 shows the range of different kinds of hay
a certain hay may be much poorer or much better than 
these figures show. 

Kinds of Roughage 

Fodder, or bundle corn, is fed very little to dairy cows 
because of the difficulty of handling it and the waste 
involved. 

Corn silage is simply fodder preserved in the form of 
silage, and few feeds are as well liked by cows. Its nutri
ent yield per acre is large but it is low in protein. It 
varies in feed value with the amount of corn; SO-bushel 
corn silage would be about one-fourth corn by weight. 

Legume silage has the same relation to the hay crop 
as corn silage has to fodder. The chief advantage of 
silage is that it preserves more of the nutrients present 
in the crop than when made into hay. However, the 
feed value varies with the crop, time of cutting, and the 
quality of the preservation. 

The total nutrient value is about like the average for 
corn silage, but the protein in legume silage may be 
three to four times that of corn silage. Legume silage 
makes an excellent pasture supplement because it has 
much of the character of grass as a feed. It is better 
than corn silage for this purpose because of its high 
protein content, because it does not spoil as readily, and 
because much less has to be removed daily to keep ahead 
of spoilage. 

Roughage in the Ration 

A high percentage of good-quality roughage in the 
ration is necessary to help promote the development 
of the proper type of microorganism in the rumen for 
efficient digestion of feeds. The higher the quality of 
the roughage the more will be eaten and therefore the 
less grain required for high production. The higher the 
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protein in the roughage, the less is the need for high
protein feeds in the grain ration. 

Factors Affecting Feed Value 

Legumes have much more protein than other rough
ages; therefore, alfalfa or clover are the crops around 
which a Minnesota dairy ration is built. They are high 
yielding, they are soil builders, and they have two to 
four times as much protein as other roughages. 

1. Stage of growth affects feed value. All hay crops 
go down in nutrient value as they approach maturity, 
but grasses go down earlier and more than legumes. 
For example, brome grass at six inches may have up 
to 20 per cent protein on a dry basis, yet at headed-out 
stage for hay it may be down to four per cent protein. 
Alfalfa may be over 20 per cent protein before blossom
ing and go down to 12 or 14 per cent in full bloom. 
Total nutrient value goes down almost at the same rate. 

In addition, as plants mature the fiber and lignin con
tent increases and the digestibility goes down even 
faster than the total protein. Palatability also decreases 
rapidly. Thus all hay crops should be cut when they are 

Table 3. Influence of Time of Cutting. Rain, and Amount of 

Leaves and Stems on Percentage of Protein in Alfalfa• 

·Time of cutting 
Alfalfa before bloom 
Alfalfa in bloom 
Alfalfa in seed ...................................................... . 

Influence of rain 
No rain .......................... . 
Damaged by rain ...................................................... . 

Leaves and stems 
Alfalfa hay ...................................................................... . 
Alfalfa leaves ................................................................................ . 
Alfalfa stems .................................................................................. .. 

Crude 
protein 

22.0 
15.0 
12.2 

18.7 
11.0 

14.9 
22.5 

6.3 

Digestible 
protein 

per cent 

16.5 
10.5 
9.1 

13.3 
7.5 

10.7 
17.3 
3.2 

• From Michigan State College of Agriculture Quarterly Bulletin, 
November, 1929. 

22 



as immature as possible and still give a reasonable 
tonnage. 

Alfalfa should be cut as near 1/10 bloom as possible, 
clover around % bloom, all the grasses before they are 
fully headed. 

2. Methods of making and storing also affect the feed 
value of the roughage crops. Research studies show up 
to a 50 per cent loss in hay making due to leaf loss, 
weathering, and improper storing. Use the method that 
not only fits your labor and equipment but also prevents 
weather damage and leaf loss. In bad weather years, 
especially on the first-cutting alfalfa, make the crop 
into silage to reduce this curing and storing loss. Cost 
of making the crop into silage is about the same as for 
hay, but making silage from the hay crop can be done 
in a few days' time. 

Barn curing is another method used to protect hay 
against weather damage. Under this method partly dried 
hay is put in the mow and the final curing is done there 
by forcing air through until it is fully dried. 

3. Soil is also a factor in the feed value of hay and 
grass. Well-fertilized fields yield a hay higher in protein 
and minerals than a poor soil. Grasses like timothy and 
brome grown with alfalfa are somewhat higher in feed 
value than when grown alone. 

Concentrates 

Concentrates are grain, mill feeds, and other by
product feeds or mixtures. They are used in the dairy 
feeding program to supply nutrients needed by the cow 
above those supplied by roughage. They differ from 
roughages because they have less bulk and fiber and 
therefore more nutrients per pound. 

Figure 4 shows the difference graphically. Note, too, 
that there is a tremendous difference in the relation 
of protein to total nutrient value. The farm grains, corn, 
oats, and barley, are relatively low in protein but con
tain almost as much total nutrients as the oil meals 
that are three to four times higher in protein. It is this 
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difference that makes it possible to mix the concentrates 
so they will help balance the nutrients that are supplied 
in the roughage ration. 

When high-protein roughage such as high-quality 
legume hay or silage is fed to milking cows, the need 
is for more total digestible nutrients. Farm grains supply 
these at the lowest cost on most farms. 

When low-protein roughage such as nonlegume hay 
or corn silage is fed, the need is not only for more total 
digestible nutrients but also for more protein. So a con
centrate mixture containing the proper proportions of 
high- and low-protein feeds should be provided. 

Two pounds of soybean meal supplies as much pro
tein as ten pounds of corn. Usually oil meals cost only 
about twice as much as corn; therefore it is important 
to use the feed that supplies the nutrients needed at 
the lowest cost. The nutrients are worth the same to 
the cow whether they come from farm grains or by
product feeds. Cost largely determines the ones to use. 

On the farm where sufficient grain is raised, most of 
the feeds that are purchased are high-protein by
product feeds to supply extra protein. Here again there 
is little or ne difference in the kind or quality of proteins 
needed. The one to buy is the one that supplies the 
protein at the lowest cost per unit. Soybean and linseed 
oil meal and 36 per cent protein formula or commercial 
feed are about equal in feed value. 
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SUMMER FEEDING OF DAIRY CATTlE 

Pasture has from time immemorial been used as cattle 
feed in the summer. How well the cow is fed on pasture 
depends on the kind of pasture and how well it is 
managed. Weather is also a determining factor. Because 
of the fluctuating rate of growth of pasture crops, re
gardless of the daily needs of the cow, a pasture pro
gram becomes a necessity. 

A pasture program is one that supplies the needs of 
the cow for high-quality roughage every day of the 
pasture season. Good pasture is young fresh grass that 
is high in feed value. Ripe grass is unpalatable and is 
equal in feed value only to poor hay. Permanent pas
tures furnish good feed for a few weeks in spring and 
early summer but very little in midsummer. Permanent 
pastures can be much improved in yield by fertilizing 
and by seeding legumes. 

A pasture program requires that plans be made to 
round out the feed supply when the pastures are not 
yielding enough daily growth to supply the needs of the 
herd. Supplemental pasture, such as sudan grass or 

Table 4. Amount of Feed or Alfalfa Needed to Supplement 
Pastures D11rinq the Summer 

Feed daily 

Pounds milk daily Grain or Alfalfa hay 

Guernsey or Jersey 
25 .......................................................................................... 2 

30 .......................................................................................... 4 

35 .......................................................................................... 6 

40 .......................................................................................... 8 

Holstein, Brown Swiss, 
Ayrshire, or Shorthorn 

30 .......................................................................................... 2 

35 .......................................................................................... 4 

40 .......................................................................................... 6 

50 ............... -·-·-·-""""""""""""""""""""""""""' 10 

25 

pounds 

3 

6 

9 

12 

3 

6 

9 
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second-crop hay may be used to increase the feed supply 
in midsummer. Grass-legume silage or hay can be used 
to level out the feed supply. 

Rotation pasture of brome or fescue and alfalfa 
will yield much more feed in midsummer than will per
manent pastures. And rotation pastures can be made to 
yield still more by rotational grazing. The surplus in 
early season can be put in the silo for midsummer 
feeding. 

Each dairyman needs to develop a program to fit his 
farm. Permanent, rotation, and supplementary pasture, 
as well as hay and legume silage, may all fit into the 
program. 

Most good dairymen find that they get good returns 
from feeding some hay and/or silage with all kinds of 
pasture. The feeding of dry hay on good pasture in
creases the total intake of feed and helps to prevent 
bloat. 

Feeding Grain. in Summer 

Grain or concentrates are needed by high-producing 
cows under even the best pasture conditions in Minne
sota. The good dairyman feeds some grain to the milk
ing herd throughout the pasture season. How much of 
it and what mixture depends on the quality and the 
quantity of grass available at any given time. 

On good pasture the grain ration can be low-protein 
farm grains. As the pasture grasses mature, the protein 
in the mixture needs to be increased. Pastures are so 
variable that specific recommendations are almost im
possible. The common rule is to feed one-half the amount 
of the same grain mixture fed during the winter. 
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WINTER FEEDING OF DAIRY CATTLE 

Roughage 

Cows should be fed all the roughage they will eat. 
The amount consumed varies among cows and is influ
enced by the palatability of the feed. Cows have been 
known to eat up to 75 pounds of alfalfa hay daily, 
though most cows will average between 30 and 40 
pounds of dry matter daily. If the roughage is palatable, 
a 1,200-pound cow should eat 12-15 pounds of hay and 
35-40 pounds of silage daily. However, many cows will 
eat more than these amounts. 

The kind of roughage fed depends on what the farmer 
has available. It is wise to inventory feed supplies in 
the fall and start feeding in proportion to supplies on 
hand. An abundance of legumes in the ration-either 
silage or hay-is always desirable. Where an abundance 
of ,legume hay is available it is usually advantageous 
to limit the corn silage to get cows to eat more hay. 

On full winter feed, a Holstein, Brown Swiss, or Milk
ing Shorthorn cow should eat enough good-quality 
roughage to provide the nutrient requirements for main
tenance and 18 to 20 pounds of milk daily (Guernsey 15, 
Jersey 12). If the quality of roughage is poor, it is not 
only low in feed value but also the cow will eat less 
and may be getting enough nutrients for only 8-10 
pounds or less of milk. Exceptionally high-quality 
roughage may be consumed in such amounts as to 
provide nutrients for up to 30-40 pounds of milk in 
addition to maintenance. Quality of the roughage in a 
dairy ration is of first importance. 

Concentrates 

Concentrates including home-grown grains, oil meals, 
and dairy concentrates should be fed to a cow in weighed 
amounts according to the production of the cow. The 
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PRACTICAL FEEDING SCHEDULE 

Supplement 
when all 

Roughage Supplement concentrates 
are purchased 

Very high-protein Good-quality Home-grown grain 12 per cent crude 
roughage .............. legume hay, only protein mixture 

with or without 
hay crop silage 

High-protein Good-quality Home-grown 12 per cent crude 
roughage .............. legume hay, with grain; also one protein mlxture 

corn silage or pound high-pro,tein 
corn fodder concentrate for 

high:producing 
cows 

Medium-protein Legume and grass Five parts of 16 per cent crude 
roughage .............. mixed, hay or low- home-grown grain protein mixture 

quality legume hay to one part high-
with corn silage protein concen-
or corn fodder Irate 

Low-protein Grass hay, Three parts of 18 per cent crude 
roughage ............. corn silage, home-grown grain protein mixture 

or corn fodder to one part high-
protein 
concentrate 

kind of concentrates fed and the proportion of each will 
depend on the available supplies and the kind of rough
age fed. 

For practical purposes all home-grown grains have 
about the same feeding value per pound. While corn 
is higher in total nutrients and lower in protein than 
oats, the two are interchangeable as' they are both rela
tively low in protein. 

On many dairy farms in southern Minnesota, ground 
corn-and-cob meal make up most of the grain mixture in 
the dairy ration, while farther north oats and barley are 
fed in abundance. The farmer will feed first what he 
raises on his farm unless price differences make it profit
able to exchange for other feeds. The high-protein feed 
may be either oilseed meal from soybeans or flaxseed 
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or a 32 per cent or, higher commercial dairy concentrate. 
In some areas in northeastern Minnesota where most 
concentrates are purchased, dairymen prefer to buy a 
complete formula dairy feed rather than buy the in
gredients and mix them. This becomes largely a matter 
of cost. 

The amount of concentrates fed should be governed 
by the amount and test of milk produced, the condition 
of flesh of the cow, and her ability to handle concen
trated feeds. A daily ration of 12-15 pounds of concen
trate seems to be a rather practical limit for most dairy
men. Feeding larger amounts involves special skill be
cause troubles with digestion and udders increase as 
concentrates replace roughage in the ration. The observ
ing dairyman knows his cows and how much each of 
the high producers can handle. 

While the condition of the cow should also be con
sidered, the main basis for grain feeding is the level 
of milk production. Using tables as presented on page 
44, a balanced ration could be worked out for each cow. 
However, this is not practical or necessary, since some 
·general guides are accurate enough to meet the needs 
of the dairy herdsman. The three systems shown below 
are used: 

A. One pound of grain for each four pounds of 
milk produced by Holsteins or each 3V2 by 
Guernseys and Jerseys. 

B. One pound of grain for each two pounds 
of milk a Holstein, Swiss, or Shorthorn pro
duces over 20 pounds daily, a Guernsey over 
15 pounds daily, or a Jersey over 12 pounds 
daily when legume hay is fed. 

C. The pounds of butterfat produced monthly 
divided by 4 equals the pounds of grain mix· 
ture to feed daily. 
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Under A and B, a Guernsey milking 35 pounds of 
milk daily and a Holstein milking 40 pounds would re
.ceive 10 pounds of grain mixture daily. The same would 
be fed to a cow producing 40 pounds of butterfat monthly 
as calculated in C. 

Cows vary a great deal in how efficiently they utilize 
feed. The amount of roughage eaten and its digestibility 
also varies greatly. Therefore cows may either lose or 
gain in weight when fed according to one of the above 
schedules. These are merely guides. The good dairyman 
will vary the amount of grain fed to make up for these 
changes. 

PRACTICAL POINTERS 

1. Feed enough to satisfy :the cows' require-
ments for maintenance and production. 

2. Feed enough protein in the ration. 

3. Provide plenty of wafer. 

4. Feed all :the roughage the cows will eat. 

5. Make up the balance of :the requirements 
with the cheapest grain ration thai fulfills 
the needs. 

6. Feed iodized salt or :trace mineralized salt 
free choice. 

7. Feed steamed bone meal or a simple mineral 
mixture high in phosphorus free choice or 
at the rate of Y2 of one per cent of the grain 
mixture. 
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MANAGEMENT FACTORS IN DAIRY 

CATTLE FEEDING 

Making the Best Roughage 

Because roughage plays such an important part in 
the ration of dairy cattle, the production of high-quality 
roughage is very important. As shown in table 2, the 
high yield and low cost of both protein and total di
gestible nutrients from legumes emphasize their im
portance as the basis for a profitable dairy cow ration. 

Early cutting of hay crops means a high protein con
tent and palatability. Cutting alfalfa when 1/10 in bloom 
or before is advisable. At this stage the maximum yield 
of nutrients is secured without injuring the stand. As 
the plant approaches maturity it drops in protein con
tent. It also increases in fiber and lignin, which interfere 
with digestion and thus greatly reduce the feeding value 
of the hay. 

The big problem in harvesting hay crops is to save 
as much as possible of the nutrients that the plant con
tains as it grows in the field. Since weather hazards 
cannot be controlled, some method of speeding up the 
harvest process-especially for the first crop of hay
is a big help. Crushers following the mower to crush 
the stems so they will dry out faster are used by some 
farmers. Partial field drying followed by barn drying 
of hay also produces excellent hay. 

In 1951 over 10,000 Minnesota farmers made silage 
of the first crop of hay-a very practical means of sav
ing feed value in the hay crop. In terms of milk pro
duction, studies have shown that in poor haying weather 
40 per cent more of the field value of an alfalfa field 
is saved by making silage of it than by field curing it 
as hay. 

Making silage of the first crop also enables a dairy
man to plan his work better, for he can fill silo even 
though it may be poor haying weather. He gets his first 
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crop off in a few days when the feed value is highest, 
and the second and third crop hav·e a chance to come 
on normally. 

Legume silage has about the same total feeding value 
as corn silage of equal moisture content. However, 
legumes have two or three times as much digestible 
protein. Three pounds of hay crop silage is approxi
mately equal in feeding value to one pound of good

. quality hay made from the same field at the same time. 
Cows can be fed all the hay crop silage they will eat. 
Where good-quality legume hay and hay crop silage 
m;:t~e up the roughage in the ration, there is an abun
dam;e of low-cost protein so only home-grown grains 
need to be fed in the concentrates. 

Grinding Grains and Roughage 

There is little advantage in grinding grain for young 
calves, since you lose as little as two per cent when you 
feed them whole grain. However, with mature cows the 
digestibility may be improved 12 to 20 per cent by grind
ing. Thus for young calves it does not pay to grind 
grains but it definitely does with heifers and cows. 
Coarse grinding is best, since the cost of grinding is 
less, the waste is less, and the cows like it better. 

Grinding or chopping roughage does not improve its 
feeding value. The main advantage of chopping hay is 
saving labor and making it possible to store more in 
the same space. Grinding roughages is not practical be
catise of the increase in cost with no increase in feed 
value. 

Order of Feeding 

Cattle are creatures of habit, so feeding and milking 
operations should be on a definite schedule. Delay in 
feeding makes the cow uneasy and she produces less 
milk. The time of day the cows are fed is not nearly 
as important as regularity in feeding once a schedule 
is adopted. (Some farmers are penalizing their cows 
and themselves by having no schedule at all.) 
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Many farmers are adopting once-daily feeding to save 
labor. In this procedure hay, silage, and grain are each 
fed once daily. On one Minnesota farm the silage and 
grain were fed after the morning milking and the hay 
just before noon, and no other feeding was done during 
the balance of the day. The herd averaged 508 pounds 
of butterfat. 

Silage and hay should be fed after milking in order 
to keep down dust in the barn at milking time and also 
reduce the flavor effects that might be carried over from 
the silage to the milk. Cows that have been eating rye 
or weeds that taint milk should be removed from pas
ture at least two hours before milking to avoid tainted 
milk. 

Care and Feeding of the Dry Cow 

The dairy cow needs a dry or rest period of six to 
eight weeks before calving. During this period she pre
pares her body and udder for the tremendous drain on 
her system following calving. It is important that she 
is built up in the best possible condition so that she pro
duces well in her next lactation. 

Few high producers can consume enough feed during 
the first months of lactation to supply the nutrients 
needed for top production. The cow must have some 
reserve stored in her body that can be used to supply 
nutrients for milk. If she is thin at the time of calving, 
she has no reserve and never reaches maximum pro-
duction. · 

It has been definitely shown that cows with healthy 
udders can be dried off without injury simply by dis
continuing milking. The pressure built up in the udder 
stops milk secretion, and the milk is reabsorbed into 
the blood system as the cow dries off. 

During this period you can hasten the drying off 
process by taking the grain away from the cow to re
duce the stimulus for milk secretion. But as soon as the 
cow is dry she should again be fed grain. The amount 
fed should be determined by her condition but should 
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be enough to have her in good condition at calving 
time. Usually four to six pounds a day is sufficient. Feed 
the same grain mixture given to the milking herd. 

Feeding the Fresh Cow 

As the cow approaches freshening it is advisable to 
reduce the grain in order to hold down swelling or 
caking in the udder. Many dairymen also start milking 
cows with large udders-especially first-calf heifers
a few days before calving to reduce udder strain. 

There is some evidence that acetonemia or ketosis are 
more common when the grain feed has been reduced 
at the time of calving. If this is true the dairyman must 
decide which is the most serious in his herd-this dis
ease or the swelling of the udder that results when 
regular grain feeding is continued. 

Following calving the amount of grain fed should be 
gradually increased from day to day until the cow will 
no longer respond with enough increase in production 
to pay for the added grain. The amount of grain a cow 
can handle without going off feed must be observed by 
the feeder himself. Seldom is it wise or profitable to 
feed much over 15 pounds of concentrates daily. 

Provide for Ample Feed Supply in Time 

It is important to have ample feed supplies available. 
Many dairymen have too much livestock for their feed 
supply and so do not utilize this feed efficiently. It is 
well to study and plan ahead for the feed needed in the 
coming feeding period. Feed prices change during the 
year, so the successful dairyman purchases his needs 
when prices are lowest. Buying in ton lots rather than 
a few sacks at a time also means savings. Feed supplies 
should be stored where they are protected against 
weather or rodent damage. 

Utilizing Feed Efficiently 

Feed is the major expense in dairy production, so 
use it efficiently. It is good practice to feed cows accord-
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ing to their ability to produce. Feed can be wasted by 
overfeeding as well as by underfeeding. Keeping man
gers swept clean regularly will also help reduce feed 
waste to a minimum. 

Selection of Purchased Feeds 

Before buying feed the dairyman must analyze the 
feed supplies on hand. If he is short of roughage and 
there is good hay available locally, it is usually advisable 
to buy roughage first. Roughage is the natural feed of a 
cow and nutrients can often be purchased in legume 
hay for less money. 

If the ration is short on protein, a high-protein con
centrate should be the first consideration. In buying 
protein supplements the oil meals and the high-protein 
concentrates are usually the cheapest source. 

Many dairymen, especially in the northeastern part_ 
of the state, buy ready-mixed or formula feeds for the 
complete ration. This is practical where the herd is 
small and little home-grown grain is available. But the 
costs of these ready-mixed dairy feeds should be checked 
against mixtures made at a local feed mill. 

Buying by Guaranteed Analysis 

The Minnesota Feedstuffs Control Law offers the 
buyer of mixed feeds protection against inferior feeds 
of unknown composition. The law does not guarantee 
quality, but it does require that each sack carry a tag 
or label showing the manufacturer's guaranteed analysis 
and ingredients of the mixture. 

The figures given for each kind of feed material, pro
tein, fat, fiber, and nitrogen-free extract, are stated in 
terms of total crude material as found by chemical 
analysis. Somewhat less than these amounts are ac
tually digestible. How much digestible protein or total 
digestible nutrients a mixed feed contains can only be 
given approximately because the proportions of differ
ent feeds in the mixture are not given and the nutrients 
from different ingredients vary in digestibility. 

35 



Table 5. Chemical Analysis of Common Feeds 

Crude Crude Crude Nitrogen-
protein fat fiber free extract 

Corn .......... 9.1 4.0 2.2 68.8 

Barley ........................... 12.6 2.0 6.8 64.7 

Oats ............................. 12.4 4.0 10.9 58.6 

Linseed meal ................................. 35.7 5.3 9.0 35.8 

Wheat bran .................................... 16.3 4.7 9.9 52.8 

Wheat middlings ····················· 17.8 4.2 4.4· 59.6 

A low·protein mixed feed 16.0 3.5 12.0 50.5 

It would not be far wrong to figure that 78 per cent 
of the protein in any ready-mixed feed is digestible. For 
example, a feed tag shows 16 per cent crude protein. 
This feed would contain 78 per cent of 16, or 12.48 per 
cent, digestible protein. Such feed would be comparable 
to wheat bran in percentage of digestible protein. 

Crude fiber is the woody part of the plant. Cornstalks, 
oat hulls, straw, and coarse low-grade hay are high in 
fiber. As the percentage of crude fiber increases, the 
percentage of digestibility goes down. It is best to pur
chase feed having not over 8 to 12 per cent crude fiber. 

To furnish a basis for judging the feeding value of 
mixed feeds, the chemical analyses of a few common 
feeds are given in table 5, in terms used on feed sack 
labels. By comparing these figures with those on the 
feed sack label, it will be possible to learn which of 
the common feeds compares to the mixed feed. 

A mixed dairy feed may contain a large variety of 
feeds. This is an advantage if the proportion of feed 
with high feeding· value is relatively large. Wheat 
screenings and alfalfa meal often make up a large 
amount of the bulk of low-protein feed mixtures. As 
shown on the tag, the fiber of the mixed feed is higher 
than that of the grains or mill feeds; thus the percentage 
of digestibility of the mixed feeds is probably somewhat 
lower. 

Complete and detailed information may be had on 
any commercial feed offered for sale in Minnesota by 
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0 

100 POUNDS NET 

______ FEED 

GUARANTEED ANALYSIS 
CRUDE PROTEIN, 

NOT LESS THAN 16.0 PER CENT 

CRUDE FAT, 
NOT LESS THAN 3.5 PER CENT 

CRUDE FIBER, 
NOT OVER 12.0 PER CENT 

NITROGEN-FREE EXTRACT, 
NOT LESS THAN 48.0 PER CENT 

INGREDIENTS 
LINSEED MEAL, COTTON-

SEED MEAL, SOYBEAN MEAL, 
PURE WHEAT BRAN, GROUND 
SCREENINGS FROM FLAX, 
WHEAT, OATS, BARLEY. MO
LASSES, CALCIUM CARBON
ATE, BONEMEAL, SALT. 

0 

100 POUNDS NET 

LINSEED MEAL OLD PROCESS 

GUARANTEED ANALYSIS 

CRUDE PROTEIN, 
NOT LESS THAN 37 PER CENT 

CRUDE FAT, 
NOT LESS THAN 4.5 PER CENT 

CRUDE FIBER, 
NOT OVER 9 PER CENT 

NITROGEN-FREE EXTRACT, 
NOT LESS THAN 34 PER CENT 

Fig. 5. Typical tags from purchased feeds. Left, commercial mixed 
feed; right, linseed meal. 

writing to the State Department of Agriculture, Division 
of Feed and Fertilizer, State Office Building, St. Paul. 

Comparative Value of Feeds 

When buying feeds, the cost per unit of feed value is 
of primary importance. That is, how much can one pay 
for one feed as compared to another and yef pay the 
same per unit of digestible nutrients? With a given cost 
for a bushel of shelled corn and a given price per ton 
of soybean meal one could pay the prices listed for the 
other feeds in each column in the following table and 
yet pay equally for each unit of feed value. These costs 
were figured from the formula developed by W. E. 
Petersen. 
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Corn, per bushel .............................. $ .so $ .75 $ 1.00 $ 1.25 $ 1.50 
Soybean meal, 41 per cent, 

per ton ...................................................... $45.00 $55.00 $75.00 $90.00 $110.00 

Oats, per bushel ................................. .29 .42 .57 .70 .84 
Barley, per bushel ........................... .45 .66 .89 1.10 1.32 
Bran, per ton .......................................... 19.72 28.44 38.30 47.03 56.88 
Linseed meal, per ton ............... 34.91 48.14 65.59 78.82 96.28 
Molasses, per ton .............................. 8.24 13.14 17.27 22.16 26.28 
Beet pulp, per ton ..................... ....... 14.73 22.35 28.74 37.36 44.70 
Alfalfa hay (medium early 

cut), per ton .................................... 15.42 22.18 29.89 36.65 44.36 
Timothy hay, per ton .................. 9.00 13.78 18.28 23.08 27.56 
Corn silage, per ton ........................ 3.38 5.12 6.82 8.56 10.25 

Mineral Requirements and Mineral Feeds 

Cattle need several mineral elements in their ration. 
These are required for growth, milk production, develop
ment of the unborn calf, and the very existence of the 
animal itself. Fortunately crops grown on Minnesota 
farms contain most of these in sufficient amounts in the 
ration to satisfy the cows' needs. Only those that may 
be lacking will be discussed here. 

Common Salt 

Common salt is the only mineral compound needed 
by cattle that is certain to be lacking in ordinary dairy 
rations. Livestock crave salt because their bodies have 
a need for the sodium and chlorine that salt contains. 
A dairy cow without access to salt will gradually lose 
vitality, her hair will become harsh and rough, she will 
lose weight, and finally she will suffer a complete break
down. 

The amount of salt needed varies with the individual 
cow, her milk flow, and the kind of ration fed. A 1,000-
pound cow requires about % ounce of salt daily for 
maintenance, plus lf4 ounce more for each 10 pounds 
of milk produced. 

Supplying salt in the grain ration is an excellent plan, 
mixing from 1 to 2 pounds of salt with every 100 pounds 
of grain. In addition, keep a supply of clean salt before 
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the cows at all times. Granulated salt is better than 
block salt for this purpose because it is easier for the 
cows to eat. Cows do not get enough salt from blocks. 
Giving salt once or twice a week is not often enough. 

Iodine 
Deficiency of iodine often occurs in livestock on Min

nesota farms. Goiters in calves and lambs result from 
a shortage of iodine in the ration. The problem can be 
prevented by feeding iodized salt. 

Phosphorus 
Phosphorus deficiency occurs in many herds-espe

cially ,in western and northwestern Minnesota where 
the soil is low in phosphate salts. Crops, especially rough
ages, grown on such soil are low in phosphorus and the 
ration often lacks this element. This is more pronounced 
in a season of low rainfall. When cattle are suffering 
from phosphorus shortage they show a lack of appetite 
for hay, they become unthrifty and thin, and they give 
less milk. They also develop depraved appetites and 
chew on bones, sticks, and boards. 

Phosphorus deficiency can be prevented or quickly 
cured by using a mineral feed high in phosphorus. 
Steamed bonemeal is one of the richest sources of this 
element. It can be fed free choice or at the rate of Ifz 
to 2 per cent of the grain mixture. Many dairymen offer 
bonemeal to their herd free choice to be sure that their 
cows are not running short. If the cows fail to eat it, 
the ration is probably providing enough. 

Simple mineral mixtures on the market also supply 
phosphorus, but their cost should be compared with 
bonemeal as a source of phosphorus. Bonemeal has 13-
15 per cent phosphorus or about 32 per cent P.O •. The 
phosphorus content of mineral mixtures must be given 
on the tag on the bag. 

Phosphorus fertilizers on hay and pasture not only 
increase the yield but also insure plenty of phosphorus 
in the rations for cattle. 
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Calcium 

Calcium or lime is supplied in great abundance by 
legumes. Cows . receiving normal amounts of legume 
hay, silage, or pasture receive plenty of calcium. Further
more, bone meal contains about twice as much calcium 
as phosphorus. 

Trace Minerals 

In recent years certain trace minerals-mainly iodine, 
copper, iron, cobalt, and manganese-have been found 
lacking in dairy rations in some parts of the United 
States. Shortages of iodine and cobalt are the only ones 
that have been observed in Minnesota, and then only 
on a few isolated farms. 

Trace mineralized salt-that is, common salt with 
small amounts of these minerals added-is available at 
most feed dealers. Farmers suspecting deficiencies of 
any of these mineral elements would do well to use 
trace mineralized salt, for there is little extra cost. Ex
tremely small amounts of each of these elements are 
needed-as low as two pounds for each million pounds 
of feed eaten. However, if these elements are lacking 
in the ration, the animal will not develop and produce 
normally. 

Therefore when a normal ration is fed the mine:r;al 
needs can be taken care of by feeding free choice the 
following: 

1. Trace mineralized salt. 
2. Bone meal or a simple mineral mixture relatively 

high in phosphorus. 
Before suspecting a mineral shortage, be sure the 

other nutrient needs are being met. 

Vitamins 

There are five main vitamins: A, B, C, D, and E. 
A in the form of carotene, from which this vitamin is 

made, is found in plentiful supply in green plants, silage, 
and hay cured retaining the green color. Cows may be a 
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little short on vitamin A in late winter and spring before 
getting on pasture if fed on hay which lost its color in 
curing or is a year or more old. 

B is produced by microorganisms in the rumen of 
the animal. 

C is produced somewhere in the animal's body;·but 
not in the rumen. 

D is supplied from direct sunlight and roughage. 
E is abundant in most feeds produced in Minnesota. 
Therefore, vitamin A is the only one in the cow's 

ration that may sometimes fall below requirements. 
A shortage over a period of time may result in weak 
calves at birth and slower breeding. Good pasture, hay 
with green color, and silage (especially hay crop silage) 
supply abundant amounts of this vitamin. Vitamins are 
not a problem if ordinary good roughage is fed. 

Computing Rations for Dairy Cows 

Most dairymen using this bulletin as a guide to feed
ing will, for convenience, follow the plan of feeding 
suggested in pages 27-30. Progressive dairymen, Dairy 
Herd Improvement Association supervisors, and other 
students of dairy feeding who need more accurate meth
ods for calculating rations will find in the following 
pages complete directions for balancing rations. · 

Feeding standards. A most important and far-reaching 
contribution to the knowledge of feed requirements of 
the dairy cow was a feeding standard based on extensive 
research work by Professor Theophilus Levi Haecker. 
This standard was first published in 1903 in Minnesota 
Agricultural Experiment Station Bulletin 79. It was the 
first to take into account the percentage of butterfat in 
milk as well as the amount of milk produced. 

The feeding standard given in this bulletin is a modi
fication of the original Haecker standard. All nutrient 
values are expressed in two terms-digestible crude 
protein and total digestible nutrients. The calcium and 
phosphorus requirements in tables I and II of the ap-
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pendix were introduced by Gullickson and Fitch in the 
1938 revision of this bulletin. The mineral requirements 
are based on information obtained from various sources. 

Calculating rations by using :the feeding standard. A 
balanced ration supplies the amount of each nutrient 
required by an animal during 24 hours. To calculate a 
ration for a dairy cow, it is first necessary to know the 
amounts of digestible crude protein and total digestible 
nutrients required. These requirements vary with the 
weight of the cow and the amount and richness of the 
milk produced. The first step is to refer to table I of the 
appendix to determine the maintenance requirements 
of the animal. To this total add the amount needed for 
daily milk production, as shown in table III. 

As an illustration, assume that a cow weighs 1,200 
pounds and is producing a daily total of 40 pounds of 
milk testing 3.5 per cent fat. Table I shows that this 
cow's maintenance needs are 0.76 pound digestible crude 
protein and 8.40 pounds total digestible nutrients. Table 
III shows the additional amounts of digestible crude pro
tein and total digestible nutrients that she will need for 
milk production. The requirement listed for 40 pounds 
of 3.5 per cent milk is 1.69 pounds of digestible crude 
protein (40 x .0422) and 12.24 pounds total digestible 
nutrients (40 x .3059). 

For convenience, write the figures for maintenance 
and for milk production in the following table form and 
add them to find the total daily requirements for the 
cow. 

Digestible 
crude 

protein~ 
pounds 

Total 
digestible 
nutrients, 

pounds 

For maintenance of 1,200-pound cow .............................. 0.76 8.40 

For 40 pounds of 3.5 per cent milk...................................... 1.69 12.24 

Total required ....................................................................................... 2.45 20.64 

The totals show that the daily ration of a cow weigh
ing 1,200 pounds and yielding 40 pounds of 3.5 per cent 
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milk should contain approximately 2.45 pounds of di
gestible crude protein and 20.64 pounds of total digestible 
nutrients. 

Selecting the ration. The nutrient requirements of the 
cow having been found, the next step is to select a ration 
which will meet the requirements practically and eco
nomically. Table IV in the appendix is used as a guide 
to find the value of feed on hand or purchased. 

Assume that the feeds on hand are low-protein non
legume hay, corn silage, ear corn, and oats. Under aver
age feeding conditions, a cow should be fed all the rough
age she will clean up and only enough grain to make 
up the remainder of her requirements. When both hay 
and silage are fed, a cow will usually take from 1.0 to 
1.5 pounds of hay and 3 pounds of silage for each 100 
pounds of live weight. 

Fifteen pounds of hay and 36 pounds of silage are fed 
in the first trial ration. According to the rules for feed
ing on page 44, with a low-protein roughage a Holstein 
cow should be fed one pound of grain for each 3 to 5 
pounds of milk produced. On this basis 10 pounds of a 
mixture of equal parts of corn-and-cob meal and ground 
oats will be used. 

The first ration is short in protein, but it does contain 
enough total digestible nutrients. There is enough pro
tein for only about 22 pounds of milk per day. The 
protein shortage can be corrected either by adding a 
high-protein concentrate such as soybean meal or lin
seed meal or by substituting alfalfa hay for timothy. 

The second ration is satisfactory in required nutrients 
and should now support the 40 pounds of 3% per cent 
milk the cow is producing. It would be more economical 
on most farms if alfalfa hay could be used instead of 
soybean meal, but on farms where legume hay is not 
available the high-protein feeds must be added to supply 
the protein if production is to be maintained. 

In the third ration alfalfa hay is used, and the corn 
silage is reduced to permit increased hay consumption. 
Corn-and-cob meal alone will supply the necessary feed 
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FIRST RATION 

Amount and kind of feed 

Digestible 
crude 

protein, 
pounds 

36 pounds corn silage ........................................................................ .54 
19 pounds timothy hay ..................................................................... .43 
4V2 pounds corn-and-cob meal ................................................ .26 
4V2 pounds ground oats ...... .......................................................... .44 

,Nutrients supplied 
Nutrients required 

SECOND RATION 

1.67 
2.45 

Total 
digestible 
nutrients, 
pounds 

7.13 
7.20 
3.32 
3.13 

20.78 
20.64 

(A high-protein concentrate is added to the first ration.) 

Amount and kind of feed 

Digestible 
crude 

protein, 
pounds 

36 pounds corn silage ....................................... ............................... .54 
15 ·pounds timothy hay ..................................................................... .43 
4'pounds· ground oats ............................................... :..................... .39 
3 pounds corn-and-cob meal ................................................... .17 

2,V2 .pounds soybean meal ............................................................... .95 

Nutrients supplied 
Nutrients required 

Al!lount and kind of feed 
.,I! 

THIRD RATION 

2.48 
2.45 

Digestible 
crude 

protein, 
pounds 

25 pounds corn silage ........................................................................ .37 
20 pounds alfalfa hay ........................................................................ 2.08 

8 pounds corn-and-cob meal .................................................... .46 

Nutrients supplied 
Nutrients required 

2.91 
2.45 

Total 
digestible 
nutrients, 
pounds 

7.13 
7.20 
2.78 
2.21 
1.93 

21.25 
20.64 

Total 
digestible 
nutrients, 
pounds 

4.95 
9.88 
5.90 

20.73 
20.64 

nutrients, but a mixture of home grains in place of 
corn-and-cob meal is better if the grains are available. 

The liberal amount of alfalfa supplies some excess 
protein which is not objectionable. In many cases pro-
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duction is stimulated by extra protein. Avoid feedmg 
any more protein than is necessary, however, whenever 
this excess does not come from home-grown feeds, since 
the cost is much greater. 

Unfortunately the mineral content of feeds varies so 
widely that there is no simple method of figuring it 
such as is possible for digestible protein and total di
gestible nutrients. For this reason, amounts of calcium 
and phosphorus in the calculated rations are not given 
specifically. 

A ration that contains liberal amounts of legume hay 
will always supply all the calcium (lime) required. But 
farm-grown roughages are not especially rich in phos
phorus, and if they are grown on phosphorus-deficient 
soil they may be very low in this element. Phosphorus 
also may run short in high-producing cows. Additional 
phosphorus can easily be supplied in bone meal, cotton
seed meal, linseed meal, or wheat bran. 

All three of the rations given may be slightly short 
in phosphorus on most farms and quite short in western 
and northwestern Minnesota. To insure a sufficient 
amount of phosphorus in the grain mixture fed to cows 
producing more than one pound of butterfat a day, add 
about 2 per cent bone meal to the ration. 
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APPENDIX 

The following :tables are included :l:o help you find the 
best ration :l:o feed your dairy cows. 

Table I. Daily Maintenance Requirements of Dairy Cows 

Digestible Total 
Weight crude digestible Calcium Phosphorus 
of cow protein nutrients 

pounds pounds pounds grams* grams'* 
BOO ................................. -................ 0.504 5.60 16.0 8.00 
850 ................................................... 0.536 5.95 17.0 8.50 
900 ............................... ,_,,,_,,_ .... 0.567 6.30 18.0 9.00 
950 ................................................... 0.599 6.65 19.0 9.50 

1,000 ·····-········-····· .. ····-·-········""''''' 0.630 7.00 20.0 10.00 
1,050 ............................. ,,,_,,, ............ 0.662 7.35 21.0 10.50 
1.100 ................................ ,,_ .............. 0.693 7.70 22.0 11.00 
1.150 ................................................... 0.725 e.o5 23.0 11.50 
1,200 ............................... ,_ ............... 0.756 8.40 24.0 12.00 
1.250 ................................................... 0.788 8.75 25.0 12.50 
1.300 ................................ -....•........... 0.819 9.10 26.0 13.00 
1,350 ................. _.,, ............................. 0.851 9.45 27.0 13.50 
1,400 ·····-·················-··· ...................... 0.882 9.80 28.0 14.00 
1.450 ............................................... ~ .. 0.914 10.15 29.0 14.50 
1,500 ............................................ _ ..... 0.945 10.50 30.0 15.00 . 28.35 grams equal one ounce. 
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Table II. Approximate Amounts of Calcium and Phosphorus 
Needed for Milk ProducUon 

Milk 
Amount of 

calcium 

pounds 
1 
5 .................................... ·································································-·· 

10 ············································································································ 
15 

zo ····················-·················-··································································· 
25 
30 
35 

40 ············································································································ 
45 

50 ········································································································-·· 
so 
• Z8.35 grams equal one ounce. 

grams* 
0.85 
4.25 
8.50 

12.75 
17.00 
21.25 
25.50 
29.75 
34.00 
38.25 
42.50 
51.00 

Phosphorus 

grams* 
0.70 
3.50 
7.00 

10.50 
14.00 
17.50 
21.00 
24.50 
28.00 
31.50 
35.00 
42.00 

Table III. Diqestible Nutrients Required for Produclnq 
One Pound of Milk 

Per cent 
!at in milk 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

Digestible 
protein 

6.0 ····················································································-· 

.0402 

.0422 

.0462 

.0491 

.0518 

.0548 

.0573 

.0618 6.5 
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Total digestible 
nutrients 

.2773 

.3059 

.3353 

.3638 

.3904 

.4159 
:4415 
.4697 



Table IV. Average Digestible Nutrients and Calcium and 
Phosphorus Content oJ Feeds Per 100 Pounds 

Total 
Feed Digestible digestible Calcium Phos-

protein nutrients phorus 

pounds pounds grams 

Dry roughage medium to high in protein 
Alfalfa hay 

Early cut, excellent quality...... 14.4 
Early cut, good quality ............... 12.3 
Medium early cut, good quality 11.2 
Medium early cut, fair quality 10.4 
Late cut, fair to good quality 9.4 
Mature, mostly stems .................. 6.1 

Alfalfa, brome grass hay ............... 7.6 
Alfalfa, brome grass hay, early 

cut ........................................................................ 9.5 
Alfalfa meal ................................................... 11.1 
Alfalfa leaf meal .................................... 16.3 
Bluegrass hay, Kentucky, early 

cut ........................................... 8.8 
Clover hay 

Alsike .................................................................. 9.6 
Common red ............................................. 9.7 
Mammoth red .......................................... 7.7 

Field pea hay .................. 11.4 
Soybean hay 

Good grade ................. 11.1 
Poor grade ........ 7.0 

Sweet clover hay 11.7 

55.0 
51.8 
50.7 
49.4 
46.1 
41.8 
48.1 

50.9 
52.1 
55.5 

55.5 

53.4 
53.2 
51.6 
54.4 

54.2 
50.6 
50.8 

Dry roughage low In protein 

Bluegrass hay, Kentucky, In 
bloom ............................................................ .. 4.0 51.5 

Brome grass hay .................................... . 4.7 46.8 
Corn fodder .................................................... . 3.7 58.3 
Corn stover .................................................... .. 2.0 50.9 
Oat hay .............................................................. . 3.7 47.7 
Oat straw .8 45.2 
Prairie hay .................................................. .. 2.8 48.3 
Reed canary grass hay .. 4.5 52.3 
Rye hay ........................................................... .. 3.0 56.5 
Rye straw .3 42.9 
Sudan grass hay ................................... . 4.8 51.6 
Timothy hay ............................ .. 2.9 48.0 
Wheat straw ..................................... . .4 43.1 
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730 
727 
617 
518 
515 
395 

708 
644 

204 

354 
458 

544 

572 

336 

136 

113 
159 
122 
104 
200 
186 
122 
113 
213 
140 
107 

grams 

110 
100 
90 
90 
90 
65 

100 
113 

159 

91 
64 

127 

100 

36 

95 

82 
36 

100 
91 
35 
82 

100 
4S 

109 
75 
40 



Table fV--Continued 

Total 
Feed Digestible digestible Calcium 

protein nutrients 

pounds pounds grams 

Silage 

Alfalfa, wilted 4.5 19.7 
Alfalfa, high moisture ...... 3.4 16.0 231 
Alfalfa, molasses added 3.2 15.7 191 
Beet top .................... 2.0 11.1 
Clover 

Red 2.9 16.6 
Sweet ............................. '''''""''"'"""'''"""'N 4.4 19.5 

Com ........................................................................... 1.5 19.8 52 
Com, cannery by-product ............ 1.3 17.8 
Pea vine, cannery by-product... ... 1.8 14.6 
Reed canary grass ................................. 1.9 15.9 
Sorghum ...... '""""':''""'"'''""'' 1.3 15.9 41 
Soybean .... 1.7 13.6 132 
Sunflower ... . .......................... 1.4 13.8 

Green feeds 

Alfalfa, immature ................................ 4.1 12.6 127 
Alfalfa, in bloom ...................................... 2.5 13.4 177 
Bluegrass, immature ........................... 3.6 18.7 68 
Brome grass, immature .................. 3.1 13.5 64 
Com fodder, Immature ..................... 1.0 13.9 
Com fodder, mature 1.2 18.9 
Red clover 

Immature .............. . ............................ 3.7 12.7 122 
In bloom .................................... 3.2 20.4 200 

Oats pasture ................................................... 2.1 11.2 32 
Reed canary grass NOooo"""'''"'"""'""'"' 1.8 10.3 59 
Mangels ...................................... .9 7.1 9 
Potatoes ....................... 1.2 17.8 5 
Rutdbagas .................................... .9 9.6 33 
Sugar beets ...................................................... 1.1 18.1 23 
Rye pasture, immature ..... 3.5 13.9 45 
Rye pasture, mature ........................... 2.1 17.2 36 
Rape ......................................................... 2.0 11.2 
Turnips .............................................................. ~ .. .9 7.9 23 
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Phos
phorus 

grams 

43 
45 

34 

18 
45 

41 
32 
59 
45 

45 
32 
30 
45 

8 
27 
18 
27 
40 
27 

23 



Table lV-Continued 

Total 
Feed Digestible digestible Calcium Phos-

protein nutrients phorus 

pounds pounds grams grams 

Concentrates low in protein 

Barley, grain 10.0 76.9 25 153 
Beet pulp, dried-plain 4.5 68.0 296 43 
Beet pulp, dried-molasses 7.5 71.4 256 29 
Buckwheat 7.2 66.7 
Corn, dent-shelled ........ 7.0 80.3 5 108 
Corn-and-cob meal ........... 5.7 73.8 105 
Corn cobs ......... ................................................. .1 45.3 
Hominy feed 8.0 86.2 14 200 
Molasses, beet ............................................. 2.9 58.7 32 10 
Molasses, cane """'""''""""'"'"''"'"""'"' 54.6 360 30 
Oats, grain 9.7 69.5 39 139 
Oat hulls ...................................................... 2.8 37.9 41 55 
Rye, grain .................................. 8.8 78.3 18 168 
Screenings, grain 10.2 63.0 
Wheat, grain ........ 10.1 80.3 23 172 

Concentrates medium to high in protein 

Blood meal 57.6 63.5 159 109 
Brewers' dried grains 16.6 60.7 123 220 
Buttermilk, dried .. ................................... 30.9 85.0 600 422 
Corn gluten feed .. ................................... 22.5 76.0 227 268 
Corn gluten meal .................................... 36.6 81.9 50 132 
Cottonseed meal ........................... 34.0 73.9 86 503 
Fishmeal 55.8 76.9 1,955 1.216 
Flaxseed 21.0 102.8 115 297 
Linseed meal 

33-38 per cent protein ....... 32.5 76.7 163 381 
Over 38 per cent protein 34.0 77.1 150 336 

Malt sprouts, dry .......... 21.6 74.4 118 308 
Oat meal ................................. 14.8 90.7 36 195 
Skim milk, dried ...... 31.0 79.5 553 445 
Soybeans 32.5 93.1 100 304 
Soybean oil meal, expeller 

process ............................... ............................. 37.8 77.2 132 304 
Soybean oil meal, solvent 

process ...................................... 42.4 77.5 154 322 
Wheat bran ........ .............................. 13.3 67.0 45 517 
Wheat standard middlings 15.6 77.5 41 408 
Whey, dried 12.2 79.8 331 300 
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Table IV-Continued 

Total 
Feed Digestible digestible Calcium 

protein nutrients 
Phos

phorus 

pounds pounds grams grams 

Miscellaneous feeds 
Acorns, red oak ..... ...................................... 0 31.5 
Bone meal, steamed .......................... . 14,400 6,800 
Buttermilk ........................................................ . 2.8 8.7 59 41 
Buttermilk, condensed ..................... .. 9.5 26.1 167 123 
Skim milk ........................................................... . 3.5 8.7 59 45 
Whey ....................................................................... . .6 5.6 22 18 
Whole milk .................................................... .. 3.4 16.4 54 41 
Yeast, brewers', dried ................. . 42.2 7!.0 60 710 
Yeast, irradiated, dried ................... .. 42.0 70.0 670 590 

Table V. Average Weight of One Quart of Feed 

Feed 
Weight 
in lbs. 

Alfalfa meal .6 
Barley, whole ........................... 1.5 
Barley, ground ........................... 1.1 
Beet pulp, dry ................. -... .7 
Corn, shelled .............................. 1.7 
Corn, ground .............................. 1.5 
Corn-and-cob meal ............ 1.4 
Cottonseed meal ..................... 1.5 
Flax, ground ........................... _ 1.1 
Gluten feed ................................. 1.3 
Gluten meal ........................... -.. 1.7 
Linseed meal ....................... ,__ 1.3 
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Feed 
Weight 
in lbs. 

Molasses, cane 3.0 
Oats, whole ................................. 1.0 
Oats, ground .............................. .7 
Rye, whole .................................... 1.7 
Rye, ground ................................. 1.5 
Soybeans, whole ..................... 1.8 
Soybeans, ground ............... 1.4 
Soybean meal ........................... 1.3 
Wheat, ground ........................ 1.7 
Wheat bran .................................... .5 
Wheat middlings ................. 1.0 



Table VI. Cost of One Pound of Feed at a Given Price and Weight 

Per Bushel 

Cost 
Cost of one pound when a bushel weighs 

per 32 48 56 60 70 
bushel pounds pounds pounds pounds pounds 

(corn-
(oats) (barley) (shelled (wheat) and-

corn) cob 
meal) 

cents cents· cents cents cents cents 
20 ...................................................... 0.625 0.417 0.357 0.333 0.286 
21 ...................................................... 0.656 0.437 0.375 0.350 0.300 
22 .................................................. _ 0.687 0.458 0.393 0.367 0.314 
23 ..................... ,,_,,,,,., ...................... 0.719 0.479 0.411 0.383 0.329 
24 ..................................... ,,,_,,, ........ 0.750 0.500 0.429 0.400 0.343 
25 ...................................................... 0.781 0.521 0.446 0.417 0.357 
26 ................................... -................. 0.812 0.542 0.464 0.433 0.371 
27 ..................................... ,Q,., ........... 0.844 0.562 0.482 0.450 0.386 
28 ...................................................... 0.875 0.583 0.500 0.467 0.400 
29 ...................................................... 0.906 0.604 0.518 0.483 0.414 
30 ...................................................... 0.937 0.625 0.536 0.500 0.429 
31 ........... ~ ......................................... ·0.969 0.646 0.554 0.517 0.443 
32 ...................................................... 1.000 0.667 0.571 0.533 0.457 
33 ...................................................... 1.031 0.687 0.589 0.550 0.471 
34 ...................................................... 1.062 0.708 0.607 0.567 0.486 
35 ..... ~ ... -.......................................... 1.094 0.729 0.625 0.583 0.500 
36 ...................................................... 1.125 0.750 0.643 0.600 0.514 
37 ...................................................... 1.156 0.771 0.661 0.617 0.529 
38 """"'"''"""'"""""'""'""""""'""' 1.187 0.792 0.679 0.633 0.543 
39 ...................................................... 1.219 0.812 0.696 0.650 0.557 
40 ...................................................... 1.250 0.833 0.714 0.667 0.571 
41 ...................................................... 1.281 0.854 0.732 0.683 0.586 
42 ...................................................... 1.312 0.875 0.750 0.700 0.600 
43 ...................................................... 1.344 0.896 0.768 0.717 0.614 
44 ...................................................... 1.375 0.917 0.786 0.733 0.629 
45 ...................................................... 1.406 0.937 0.804 0.750 0.643 
46 ...................................................... 1.437 0.958 0.821 0.767 0.657 
47 ...................................................... 1.469 0.979 0.839 0.783 0.671 
48 ...................................................... 1.500 1.000 0.857 0.800 0.686 
49 ...................................................... 1.531 1.021 0.875 0.817 0.700 
50 ........................................... ,,,_,,,., 1.562 1.042 0.893 0.833 0.714 
51 ...................................................... 1.594 1.062 0.911 0.850 0.729 
52 ...................................................... 1.625 1.083 0.929 0.867 0.743 
53 ...................................................... 1.656 1.104 0.946 0.883 0.757 
54 ...................................................... 1.687 1.125 0.964 0.900 0.771 
55 ...................................................... 1.719 l.l46 0.982 0.917 0.786 
56 ...................................................... 1.750 l.l67 1.000 0.933 0.800 
57 ...................................................... 1.781 1.187 1.018 0,950 0.814 
58 ...................................................... 1.812 1.208 1.036 0.967 0.829 
59 ...................................................... 1.844 1.229 1.054 0.983 0.843 
60 ................... ""'''''"'''''"'''"""'''''"' 1.875 1.250 1.071 1.000 0.857 



Table VI-Continued 

Cost 
Cost of one pound when a bushel weighs 

per 32 48 56 60 70 
bushel pounds pounds pounds pounds pounds 

(com-
(oats) (barley) (shelled (wheat) and-

corn) cob 
meal) 

cents cents cents cents cents cents 
61 ...................................................... L906 L271 LOBS L017 0.871 
62 ...................................................... L937 L292 L107 L033 0.886 
63 ...................................................... L969 L312 1.125 LOSO 0.900 
64 ......................................... , __ ,,.,, 2.000 L333 L143 L067 0.914 
65 ...................................................... 2.031 L354 1.161 1.083 0.929 
66 .............. ., ..... '"''"'''"'"'""'"''"'"''' 2.062 1.375 1.179 1.100 0.943 
67 ...................................................... 2.094 1.396 1.196 1.117 0.957 
68 ...................................................... 2.125 1.417 1.214 1.133 0.971 
69 .................................................. 2.156 1.437 1.232 1.150 0.986 
70 ...................................................... 2.187 1.458 1.250 1.167 1.000 
71 ...................................................... 2.219 1.479 1.268 1.183 1.014 
72 ............................................. 2.250 1.500 1.286 1.200 1.029 
73 ............................................... ~ ..... 2.281 1.521 1.304 1.217 1.043 
74 ...................................................... 2.312 1.542 1.321 1.233 1.057 
75 ...................................................... 2.344 1.562 1.339 1.250 1.071 
76 ...................................................... 2.375 1.583 1.357 1.267 1.086 
71 ...................................................... 2.406 1.604 1.375 1.233 1.100 
78 ...................................................... 2.437 1.625 1.393 1.300 1.114 
79 ...................................................... 2.469 1.646 1.411 1.317 1.129 
80 ............................ ""'"~"'""'""""' 2.500 1.667 1.429 1.333 1.143 
81 ...................................................... 2.531 1.687 1.446 1.350 1.157 
82 ...................................................... 2.562 1.708 1.464 1.367 1.171 
83 ...................................................... 2.594 1.729 1.482 1.383 1.186 
84 ............... ~ ........... h ••• - .................. 2.625 1.750 1.500 1.400 1.200 
85 ....................... ~ ............................. 2.656 1.771 1.518 1.417 1.214 
86 .............................................. 2.687 1.792 1.536 1.433 1.229 
87 ...................................................... 2.719 1.812 1.554 1.450 1.243 
88 ..................................... -............... 2.750 1.833 1.571 1.467 1.257 
89 ...................................................... 2.781 1.854 1.589 1.483 1.271 
90 '""'""'""""""N"'"'""'"'"""""""' 2.812 1.875 1.607 1.500 1.286 
91 ...................................................... 2.844 1.896 1.625 1.517 1.300 
92 ...................................................... 2.875 1.917 1.643 1.533 1.314 
93 ............................................... ~ ..... 2.906 1.937 1.661 1.550 1.329 
94 ...................................................... 2.937 1.958 1.679 1.567 1.343 
95 OOOoooOO'''"'''"''''"'"'""'''N"'""''"'"'" 2.969 1.979 1.696 1.583 1.357 
96 ...................................................... 3.000 2.000 1.714 1.600 1.371 
97 ............................................. _,,,,, 3.031 2.021 1.732 1.617 1.386 
98 ....................................... ""'""""" 3.062 2.042 1.750 1.633 1.400 
99 ...................................................... 3.094 2.062 1.768 1.650 1.414 

100 ......................................... _ ... , ....... 3.125 2.083 1.786 1.667 1.429 
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Table VII. Cost of One Pound of Feed at a Given Price Per Ton 

Price Cost Price Cost Price Cost 
per of per of per of 
ton 1 pound ton 1 pound ton 1 pound 

dollars cents dollars cents dollars cents 
3.00 0.150 17.50 0.875 39.00 1.950 
3.25 0.162 18.00 0.900 39.50 1.975 
3.50 0.175 18.50 0.925 40.00 2.000 
3.75 0.187 19.00 0.950 40.50 2.025 
4.00 0.200 19.50 0.975 41.00 2.050 
4.25 0.212 20.00 1.000 41.50 2.075 
4.50 0.225 20.50 1.025 42.00 2.100 
4.75 0.237 21.00 1.050 42.50 2.125 
5.00 0.250 21.50 1.075 43.00 2.150 
5.25 0.262 22.00 1.100 43.50 2.175 
5.50 0.275 22.50 1.125 44.00 2.200 
5.75 0.287 23.00 1.150 44.50 2.225 
6.00 0.300 23.50 1.175 45.00 2.250 
6.25 0.312 24.00 1.200 45.50 2.275 
6.50 0.325 24.50 1.225 46.00 2.300 
6.75 0,337 25.00 1.250 46.50 2.325 
7.00 0.350 25.50 . 1.275 47.00 2.350 
7.25 0.362 26.00 1.300 47.50 2.375 
7.50 0.375 26.50 1.325 48.00 2.400 
7.75 0.387 27.00 1.350 48.50 2.425 
8.00 0.400 27.50 1.375 49.00. 2.450 
8.25 0.412 28.00 1.400 49.50 2.475 
8.50 0.425 28.50 1.425 50.00 2.500 
8.75 0.437 29.00 1.450 50.50 2.525 
9.00 0.450 29.50 1.475 51.00 2.550 
9.25 0.462 30.00 1.500 51.50 2.575 
9.50 0.475 30.50 1.525 52.00 2.600 
9.75 0,487 31.00 1.550 52.50 2.625 

10.00 0.500 31.50 1.575 53.00 2.650 
10.50 0.525 32.00 1.600 53.50 2.675 
11.00 0.550 32.50 1.625 54.00 2.700 
11.50 0.575 33.00 1.650 54.50 2.725 
12.00 0.600 33.50 1.675 55.00 2.750 
12.50 0.625 34.00 1.700 55.50 2.775 
13.00 0.650 34.50 1.725 56.00 2.800 
13.50 0.675 35.00 1.750 56.50 2.825 
14.00 0.700 35.50 1.775 57.00 2·.850 
14.50 0.725 36.00 1.800 57.50 2.875 
15.00 0.750 36.50 1.825 58.00 2.900 
15.50 0.775 37.00 1.850 58.50 2.925 
16.00 0.800 37.50 1.875 59.00 2.950 
16.50 0.825 38.00 1.900 59.50 2.975 
17.00 0,650 36.50 1.925 60.00 3.000 
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Table VIII. Gestation Table• 

Date of- Date of- Date of-

Service Birth Service Birth Service Birth 

Jan. Oct. 8 May 6 Feb. 11 Sept. 8 June 16 

6 13 11 16 13 21 

11 18 16 21 18 26 

16 23 21 26 23 July 1 

21 28 26 Mar. 3 28 6 

26 Nov. 2 31 8 Oct. 3 11 

31 7 June li 13 8 16 
Feb. 5 12 10 18 13 21 

10 17 15 23 18 26 

15 22 20 28 23 31 

20 27 25 Apr. 2 28 Aug. 6 

25 Dec. 2 30 7 Nov. 2 10 
Mar. 2 7 July 5 12 7 15 

7 13 10 17 12 20 

12 18 15 22 17 25 

17 23 20 27 22 30 

22 28 25 May 2 27 Sept. 4 
27 Jan. 2 30 7 Dec. 2 9 

Apr. 7 Aug. 4 12 7 14 

6 12 9 17 12 19 

11 17 14 22 17 24 

16 22 19 27 22 29 
21 27 24 June 1 27 Oct. 4 

26 Feb. 29 6 
May 6 Sept. 3 11 

• The gestation period of cattle is from 270 to 290 days. The table 
is basad on 282 days. Individual cows will vary several days from 
these figures. Research at several experiment stations the past few 
&ears has Indicated that there are more breed differences than had 

een supposed. They average about as follows: Guernseys, 282 days, 
as given in the table; Holsteins, Jerseys, and Ayrshires, 279 days or 
three days less; Drown Swiss, 290 days or eight days more. First·calf 
heifers will average about a day earlier than cows. 
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THE DAIRYMAN'S CREED 

H. R. Searles 

I will keep individual cow record8 as lonq as I milk cowa 
for a living. 

I will use only a good bull, that my herd may Improve. 

I will weed out the poor daughter& without favor, aelling 
the poor ones to the butcher and not to friends and 
neighbors. 

I will grow a legume hay and plenty of it, for by so doinq 
I can reduce my costa. 

I will grow all of my feeds if possible, but I will not stint 
the cows or my family when I am short; rather I will 
buy what I need to keep up profitable production. 

I will try to induce my friends and neighbors to do like· 
wise because by so doing I will add to the happiness 
of my community. 

I will work with my neighbora on mutual problems. 

I will not put the product of an unprofitable cow on the 
market to reduce the income from my good cows or 
my neighbor's cows. 

UNIVERSITY FARM, ST. PAUL 1, MINNESOTA 

Cooperative Extension Work In Aq:riculture and Home EconomJaa, 
University of Minnesota, Agricultural Extension Service and United 
States Department of Agriculture Cooperating, Paul E. Miller, Director. 
Published in furtherance of Agricultural Extension Act• of May 8 and 
June 30, 1914. 40M~·I2 


