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SWINE FEEDS AND FEEDING

E. C. MiLLER, Ext. Specialist, Animal Husbandry
E. R. MiLLER, Professor, Animal Husbandry
D. E. ULLiey, Professor, Animal Husbandry

FEEp costs sEPRESENT 63 to 80 percent of the total
cost of producing hogs on Michigan farms, There-
a producer must have a thorough worki
knowledge of swine nutrition if the enterprise
'(l t‘W(l& ntly. T]n.- nlz\:m'nl.ll:- uf

swine are di
This publ
ples of nu
tion.
Com is the basic feed for hogs in Mi s
though it is deficient in many of the essential nu-
trients h they require, Correcting the deficien-
cies of com and other cere is the major con-

ion will show how the basic princi
on can be applied to ration formula-

al gra

cemn in ration formu .
Fortunately, prod s have a wide variety of in-
gredients to choose from in formulating rations
when price and availability justify. Each ingredient
varies in quality and quantity of nutrients con-
tained. But it should be emphasized that the pig has
rement for nutrients, not particular ingre-
s, It makes no difference to a pig what the
source of a nutrient As Enns: as it is present in the
ration in adequate 1 usable, pals
ble form. Therefore, judgement must be exerc
in sele 3

et
will result in optimum gain for the leas
Another consideration is that a particular feed

may vary in composition. Corn produced this ye
probably different from com grown last ye
though both crops were harvested from the s
field. The nutrient content of grains is affected by
soil and climatic conditions during the growing
period, stage of maturity at harvest, time in storage,
ete. Animals, too, vary in their nutrient require-
ment. A ration that is nutritionally adequate for one
hog may be inadequate for another, Thus, in ration
formulation we are constantly dealing with vari-
ables and must base d ions on averages. Rations
are us ¢ over-fortified as an i e factor to
provide for the v ion that exists in both feeds
and animals.

1

Energy Feeds
Corn

Cormn is an ideal hog feed because it is high in
digestible carbohydrate (starch), low in fiber, and is
a very palatable, safe feed that can be fed in a vari-
ety of ways, It may be fed shelled, ground, mixed, or
free-choice, or even as ear comn, It may be dry or
high moisture. It makes little difference to the pi
he likes com any way it is offere

In spite of its virtues, corn has many deficiencies
that must be corrected (see Table 1). Com contains
7 to 9 percent protein, but the protein is deficient in
six of the essential amino acids required by the
weanling pig, especially lysine and tryptopl Itis
also so deficient in calcium and nine other minerl

Figure 1. — Good nutrition pays.
These three littermate pigs were fed
on different rations. Note how the
% pedormance has been affected,




that
ning
. So com must be supplemented with a
at ma ﬂu »5 up its amino acid deficiencies or
nino acids, E qlhl”\ important are
the needed minerls and vitamins. Properly sup-
plemented com is an excellent energy feed for all
classes of swine.

te in eight vitamir
f they are limited to a ration cont

Pigs v

m is now being bred that is much higher in
ne and tryptopha 1 hence has a better bal-
e of amino acids for growing swine, The high-
ne com (called opaque-2) is also higher in total
protein than normal comn, Varieties of cormn contain-
ing the opague-2 gene are now commer y
able but vields of these es are fre qul'nl].\ I
than that of regular varieties. They also vary
antly in their lysine concentration and

value.

(4 percent vs. less than 2 percent).
This fat not only contributes to the high energy con-
tent of comn, but also improves its palatability and
feeding properties in general,

Yellow comn is usually the cheapest source of
energy, but price fluctuations frequently justify

Table 1. Nutrient deficiencies of corn for a 22 l'o a4 ib pig ralnd in fi

consideration of other feeds. The relative values of
various feeds that may be used as complete or par-
tial replacements for vellow com in the swine ration
are discussed below.

s an excellent energy feed when com is
able. Because of its higher fiber content (6

t}, barley has more bulk and lightly lower
in digestible energy. It cor protein (11.5
percent) than corn, but the d balance is
not good. It does, however, contain about twice as
much lysine as com.

Barley should be ground to a medium degree of
fineness or rolled for swine. When fed in this man-
ner it can replace all or part of the com in a swine
ration. It is somewhat less palatable than com.
Thus, it is best to mix the ground barley with pro-
tein supplement rather than feed it free-ch Pigs
are less likely to overeat on protein supplement
when fed by this method.

Moderate infestation of barley with scab renders
it very unpalatable and may even be poisonous to
pigs. Scabby barley should not be fed to lactating
sows and small pigs.

t when

requi

Nsm}nar Research Council (NRC) re

Pmleln II|6 usanllnl
amino acids, %

NRC Corn

Crude protain 18 88 Calcium
Arginine 23 .38 Phosphorus
Histidine 20 22 Sodium
Isoleucine .56 a5 Chlorine
Leucine .68 1.06 Potassium
Lysine .79 240 Magnesium
Methionine + Sulfur

Cystine 56 3z Iron
Phenylalanine + Zinc

Yz tyrosine 56 64 Copper
Threonine 51 a1 Manganese
Tryptaphan 15 0g* lodine
Valine 56 A4 Cobalt

Selenium

Energy, kcallb

NRC Corn
DE 1600 1630
ME 1530 1550

Minerals, ppm

Vitamin s [a mo ullt pe

NRC_ Corn NRC_ Corﬂ
6500 2000 A, U 1750 6002
5000 2600* D 2000 o
1000 100" D-a-tocopherol, mg 11 o
1300  500* K. mcg ? ?
3000 3000 Thiamin, mg 1.1 4
400 1000 Riboflavin, mg 3.0 13"
1000 1200 Niacin, mg 18.0 21.4%f
B0 20" Pantothenic
50 10" acid, mg 1.0 53
6 40 Pyridoxine, mg 15 7
20 [ Biotin, meg ? ?
0.2 e Choline, mg 900 5000
—t kL] Biz, meg 150 O
0.1 D.04*® Folic acid, mcg ? 7
Ascorbic acid, mg o 7

with the .

¢ Vitamin A sgquivalent from com carotenes.
® Less if pigs receive some direct suniight daily.
t AN piacin in corn is thought to be bound and unavailable .

® Corn is deficiant in thesa nutriants for the growing pig
B Will vary with soll levels. Very low in mast Michigan comn
© Cobalt requirement met as a constifuent of vitamin By

energy; ME

energy; Keal = Ppm = paris per million; 7 - requirement not determined or analysis

DE -
not available.




Qats

As an energy feed, oats are handicapped by their
high fiber content (10 to 15 percent). This bulk
makes oats a better feed for breeding animals than
for young pigs or finishing animals where high
energy rations are needed for fast gains. Protein
content averages about 12 percent.

Ouats vary greatly in test weight, and hence the
feeding value also varies, 1z or removal
of the hull improves the nev, When
ground oats compris
the ration, the growth rate of growing pigs will be
reduced very little, if at all. Oats have a low
ing value on pasture because the pasture forage is
also bulky and fibrous.

If the hulls are removed and the groats rolled, the
product is an excellent feed, particularly in starter
rations for baby pigs.

feed-

Wheat

al purposes, wheat is equivalent to
rin

For all pr
com as a source of energy and is slightly supe
protein (quality and quantity). It can be used

1

pound-for-pound substitute for corn, but because of

cost, it is not widely used in swine feeding. Low

quality wheat not suitable for milling (feed grade
wheat), as well as damaged wheat, can be profitably
> by swine.

at should be ground coarse
hogs. When ground too finely, it
form a pasty mass in the mouth and becomes less
palatable.

¢ or rolled for

a tendency to

Sorghum Grain (Milo)

Sorghum grain is the corn equivalent of the
Southwest and other areas, where it has production
advantages over com. Because it has many of the
me virtues (except it contains no carotene) and
s corn, it ean repl om in all swine
rations, The kernel is hard and small and should be
ground and mixed with other ingredients,

i

deficiencie

Rye

Rye is a rather unpalatable cereal grain that
should not make up more than 20 percent of the
swine ration, Since its kernels are smaller and har-
der than those of com, the best results will be ob-
tained by feeding it ground rather than whole.

Rye is often infested with the fungus, ergot. Since

ergol may cause abortion, ve infested with it

e no more than 30 percent of

should never be fed to pregnant sows. The fungus
reduces feed consumption and growth rate when
fed to growing-finishing swine.

Triticale

iticale is a hybrid obtained by crossing wheat
and rye. It is lower in digestible energy than corn
but higher than barley, It contains from 12 to 15
percent erude protein and is about equal to barle
in lysine concentration (0.5 percent). Some studies
with growing-finishing pigs have suggested that
because of somewhat lesser palatability, triticale
should not constitute more than 50% of the ration.
When used in this way its feed value is similar to
that of wheat (Table 2).

Certain varieties of triticale may be prone to in-
festation with ergot. When ergot infestation is pres-
ent, this grain should not be fed to pregnant sows.

Cull Beans

vailable in quantity
and can serve as another feed for hogs. They should
be hoiled or cooked by steam to improve the palata-
bility and feeding value.

Beans should not comprise more than one-third of
the ration (dry weight before cooking) for pigs
weighing up to 100 pounds. They may be increased
later to one-half the ration, and when very cheap,
Irowing-

Frequently cull beans

may constitute the main part of the
finishing ration, The labor and cost of cooking n
be included when determining how much to pe
them.

Although bear  f rich in protein (20 to 23
percent), the protein is of very poor quality. At least
one-half pound of a good protein supplement
should be fed per head daily to growing-finishing
pigs to correct the deficiencies of beans.

Cull Potatoes

Potatoes contain only about 23 percent as much
dry matter as shelled com, and the dry matter con-
tains little except carbohydrates (starch). Thus, a
good protein supplement should be fed along with
vitamins and minerals, Hogs over 100 pounds in
weight make the most satisfactory use of potatoes,
For best results, potatoes should be cooked. Add
salt to the water in which the potatoes are cooked to
increase their palatability. The potatoes should be
cooked thoroughly and the water drained off before
feeding.




Bakery Waste

Stale bread, bakery erumbs, cookies and crackers
are high carbohydrate products that may or may not
tain a considerable t of added fat. The
protein content averages about 10 percent, but no
reliable amino acid analysis figures are available.
These products should be considered energy sub-
stitutes for com up to about 50 percent of the ration.
In this case, the value is a
When cheap enough, th 3
Protein, mineral, and vitamin supplementation re-
commendations are the same as for the cereal
grains.
One of the difficulties often associated with feed-
ing bakery by-products is the labor of removal, sep-
aration and disposal of wrappers and cartons.

to that of corn.

Fat, Tallow, Greases

These products are now available as very high
energy sources (2.25 x the gross e » of carbohy-
drates). The amount used in swine rations is usually
less than 5 percent. Adding a higher percentage of
fat to the ration may result in fatter car and a

depression of feed intake, Feed efficiency is im-
proved when fat is added because of its v
digestible energy (DE), but since energy
contribution, the need for proper supplemer
is increased, There are no proteins (amino acids),
minerals, or vitamins in fats. Rancidity in fats
should be prevented by including an antioxidant
such as ethoxyquin at 0,0125 percent,

Molasses

Molasses, either cz

e or beet, is a carbohydrate
source that ean be substituted for a part of the grain,
It should be limited to about 5 percent of the ration
and when used in this manner is worth approxi-
mately 60 percent as much as corn. Too much
molasses causes scours,

Calculating the Value of Corn Substitutes

The value of a com substitute is related to its
lysine and digestible energy content and the value
of the pounds of corn and soybean meal it replaces.
As the price relationship between com and sovbean

Table 2. Formt.!fa for calculating the dollar value of corn su_bcmufes in a MSU 16 grower ration.

Formula per cwt. grower (MSU 16) ration®

Vit
Maximum Rel. Max. SBM  min. Relative value of
in ration DEt Lysine Corn  subs.  (44) premix substitute
Feedstuff % b, b, Ib. Ib. (cents per Ib.)*
Corn No limit 1.00 25 7 ] 20 3 c
Hi lysine com Mo limit 1.00 A o B2 15 3 (T7C+55)+82
Barley Mo limit .88 35 o B0 17 3 BB(T7C+35)+ 80
Oats 30 81 a5 48 30 19 3 .81(28C+15)+30
Wheat No limit 1.00 30 o 78.5 18.5 3 (77C+1.58)+78.5
Milo No limit a7 20 o 755 218 3 BF(TTC-1.558)+755
Rye 20 80 45 58.5 20 18.5 3 .90{18.5C+155)+20
Dehulled oats No limit 1.02 45 ] 835 13.5 3  1.02(77C+6.55)+83.5
Bakery waste 50 1.00 25 27 50 20 3 Cc
Cull beans (cooked) 50 B3 45 3 50 16 3 .B3(46C+45)+50
Cull potatoes (cooked) 25 25 10 50.5 25 215 3  .25(26.5C-1.55)+25
Tallow 5 240 0 T2 5 20 3 24C
Lard 5 230 0 T2 5 20 3 2.3C
Molasses
Beet 5 B85 20 72 5 20 3 B5C
Cane L] 85 15 72 5 20 a B5C
Wheat middlings 20 85 80 60 20 17 3 .B5(17C+3S)+20
Wheat bran 20 T2 60 60 20 17 3  .72(17C+38)+20
Triticale 50 85 45 k1 50 16 3 95(46C +45)+50
* Calculated to provide .75% lysine in ration, Lysine vaiue of 2.8% used for soyboan meal (44%).

b Relative digesiible energy

© ©; Current price of corn (cents per pound); 5: current price of soybean meal (44%) (cents per pound).

9 Lysine concenfration is variable and should be determined by assay
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il changes so does the relative value of the com

nd 3 are designed to assist producers
with ing the relative value of com sul
tutes by applyving the existing market price of in-
gredients. For example, suppose a producer must
buy feed and he has a choice of buying com at 4
cents per pound or barley at 3.5 o enn
meal is selling for 10 cents per poun ain
is the better buy? The formula for MSU 16 grow
ration is 77 pounds of com, 20 pounds of soyb,
meal and 3 pounds of minerals and vitamins (Table
2), Line 3 shows 80 pounds of barley will replace all
the com and require 3 pounds less of soybean meal
(20-17=3). A pound of barley would be worth:

Tix4+3x10* =
308* + 30* = 338°
338* + 80 Ib. = 4.2¢
However, barley has only 88% the digestible
energy of com so the price per pound must be mul-
tiplied by .88 to correct the difference. Thus, the
true value of a pound of barley would be 3.7 cents.
4.2*x B8 = 3.7
The prices used in this example show barley at 3.5¢
per pound is a better buy than com at 4° per pound.
By solving the equations in the last column of the
tables, the relative value of various ingredients can
be computed.

Protein Feeds

Protein is made up of 22 or more nitrogenous
compounds called amino acids. Protein feeds vary
in the kind and amount of amino acids they contain.

Table 3. Formula for i

During the digestion process, the protein in feed is
broken down into the vario
pig recombines them into the kind of protein
needed for muscle development, repair of wormn-out
L ete. s, the real need of the pig is for
ino acids, not protein weh.
The pig can synthesize some of the amino acids
are not required in the diet. However, ten of
ed “essential” because the
body Aure them in sufficient quan-
tity to permit maximum growth, It is important that
ingredients rich in the essential amino acids be
used in formulating the
Although it

annot manuk

ice to refer to “per-
1 has little mean-
ing unless there is knowledge concerning the
amino acids present. A protein feed is considered to
be of good quality when it contains all the essential
amino acids in the proportion and amount needed
by the pig.

Soybean Meal

Soybean meal is usually the most economical
source of good quality protei ble to Michigas
swine produc nd is the ic ingredient i
al protein supplements. It is marginal i
ne but otherwise very well-balanced i
amino acids, Soybean meal must be supplemented
with minerals and vitamins, and usus
fed free-choice because of its high p
are inclined to ¢ ore than is needed to mee
protein needs.

Producers have a choice of buying either a 44 or
49 percent sovbean meal. The 49 percent meal is
the most desirable to use in pre-starter and starter
rations because much of the hull has been removed.

ly cannot be
tability. Pigs
t their

the dollar value of corn substitutes In a M5U 13 finisher ration.

in ration DE* Lysine
Feedstuff o %
Corn No limit 1.00 25
Hi lysine corn No limit 1.00 A0e
Barley Mo limit B8 35
Wheat Mo limit 1.00 30
Milo No limit a7 20

Formula per cwt, finisher (MSU 13) ration®

Vit
Max. SBM  min. Relative value of
Corn subs. (44) premix substitute
Ib. Ib. Ib. Ib. (cents per Ib.
as o 12 3 c
1] 50 7 3 (B5C+55)+90
0 B85 85 3 .B8(B5C+3.55)+88.5
0 865 105 3 (B5C+1.58)+86.5
1] B3.5 13.5 3 .97(85C-1.55)+83.5

* Caleulated to provide 55% lysine in ration, Lysine valie of 2.8% used for soybean meal (#4%).

b Relative digestible ensrgy.

& C: current price of com (cents per pound); S: current price of soybean meal (44%) (cents per pound).
Nota: Figures for other ingredients listed in Table 2 would remain proctically the same.

o Lysing concentration is variable and should be determined by assay.




Thus, it has less fiber (3 percent),
energy, and more palatable. Growing:
can utilize both meals about equ The price per
unit of protein will determine w s the better
buy. The following example explains how to caleu-
late the comparative advantage. Assuming that 44
percent meal can be purchased for $160 per ton,
what would a ton of 49 percent meal be worth?

is higher in
ishing pigs

4% : $160.00 49% : X
T840

44
X = T840 + 44 = $178.18

Thus, on a protein equivalent basis, a 44 percent
soybean meal costing $160 per ton would be equal
in value to a ton of 49 percent meal costing $178.18

o1, there are other factors to take into con-
sideration. It requires fewer pounds of 49 percent
meal to balance a ton of complete feed than it does
of 44 percent meal. In most cases the difference will
figure about 50 pounds. This means that a ton of
total ration supplemented with 49 percent meal will
contain 50 pounds more com. The cost of the extra
com must be charged against the 49 percent meal
when caleulating which meal is the most economi-
cal, Thus, if corm is worth 4 cents per pound (50 x
4 = $2.00), a ton of 49 percent soybean meal
would be worth only $176.18 ($178.18-2.00) in the
preceding example.

Another economic factor to take into considera-
1z between a 44 and 49 percent
meal is that 44 percent meal will often actually
45 or 46 percent erude protein, T overage’’ is
usually higher for 44 than 49 percent meal. Thus, a
person may get a little more for his money when he
buys 44 percent meal.

tion when dec

st

Heat Treated Soybeans

Raw soybeans contain approximately 37 percent
protei wl 18 percent

. The fat provides availa-
ble energy but the protein is poorly utilized by pigs
because the soybe contain antitrypsin which in-
hibits protein digestion. Heat will destroy this en-
zyme inhibitor.

Three types of cooking equipment using different
methods of processing are available. These are
infra-red cookers, expander-extruder cookers, and
high-p re steam cookers, All are fairly expen-
sive. An investment in this type of equipment
commits the operator to long-term use even though
relative prices of raw beansand soybean meal may not
v the practice. Hogs fed cooked soybeans tend to
ofter carcass fat, particularly those that are
inclined to be overly fat.

8

Research indicates that feed efficiency is im-
proved between 5 and 10 percent when meal is re-
placed by cooked beans, However, due to the lower
protein content of cooked beans as compared to
meal, it requires about 2,350 pounds of beans to
equal the protein in 2,000 pounds of 44 percent
] nd finisher ration formulas
are given in Table 4.

bean meal. Grower

using heated soybean

Table 4. Formulation of MSU 16 grower and MSU
13 finishing rations with heated soybeans.

Pounds per ton

MSU 16 MSU 13

Ingredient Grower Finisher
Corn 1370 1580
Heated soybeans (37%) 530 320

MSU mineral-vitamin

supplemants 100 100
2000 2000

& See Table 19.

Meat and Bone Meal, Tankage, Fish Meal

These animal proteins are standard sources of
protein widely used in swine rations. They are defi-
cient in the amino acid tryptophan, so they should
not be used as a single source of protein. When
priced low enough, these proteins can fumish up to
50 percent of the protein in a supplement. They are
good sources of caleium and phosphorus, bu
not as palatable as soybean meal.

Linseed Meal

cient in lysine to be used
1 supplem with cereal
grains. It is fairly well-liked and, bec
slightly laxative properties, it is use

amounts in brood sow rations. It contains almost
twice as much calcium as cottonseed and soybean
id is about the same in B vitamin content.
Linseed meal should not make up more than 20
percent of the total protein supplement.

Linseed meal is too de
extensively as a prote

Cottonseed Meal

This protein is not widely used in swine feedin,
because of gossypol, a toxic substance present in
variable amounts in some cottonseed meals. If the
amount of free gossypol is known to be low, cotton-
seed meal can be used to supply 20 percent of the




meal is deficientin lysine and marginal inisoleucine,
threonine and tryptophan. Cottonseed meal is low in
I\. hls:h in phﬂ'\ph!\lll\ [irlll uI qln stion-

Milk Products

The milk products which are used in swine feed-
ing are liquid and dried whey, dried skimmed milk
and dried buttermilk, Whey is the serum or liquid
by-product of cheese manufacture, ein and but-
terfat are removed from milk in the process. Thu
whey consists of water, non-c n milk protes
lactose and minerals. Whey may be taken from [}!1
cheese factory to the farm and fed as liquid whey or
it may be commercially dried by a spray or roller
drying process and marketed as dried whey to the
feed or livestock industry.

Dried skimmed milk and dried buttermilk consist
essentially of non-fat milk solids. Dried buttermilk
has more fat but somewhat less protein than dried
skimmed milk., Whey, dried skimmed milk and
dried buttermilk are all good sources of caleium and
phosphorus. The approximate nutrient composition
of these milk by-products is presented in Table 5.

Whey

Liquid whey contains only about 6% dry matter,
which is largely lactose. The low concentration of

Table 5. Nutrient composition of some milk by-products.

dry matter limits the use of whey as an energy
ad the high lactose content reduces it use-
feed for older pigs. Baby pigs can utilize
v; however, the ¢ ey of utili-
.f.dtli\n decreases with age due to a reduced level of
intestinal lactase ¢ ¢ in the older pig. Growing-
finishing pigs will consume a high level of the li-
quid whey if dry feed intake is limited. For exam-
ple, if a 100 lb. pig is limited to 2% pounds of a
balanced ration daily he may consume up to 3 or 4
gallons of liquid whey daily.

There are a number of ways in which liquid whey
can be utilized by growing-finishing pigs. One way
is to limit pigs to about one-half of their normal
intake of a balanced ration to encourage maximum
consumption of whey, Another method is to full
feed a ration with reduced protein, caleium and
phosphorus levels and removal of salt from the ra-
tion to take ad wge of these nutrients in the
Thus, rations shown in Table 6 could be
place (| in a self feeder for growing-finishing pigs
with whey also continuously available. Gestating
sows and gilts would be fed a limited amount of the
ration shown and lactating sows and gilts could be
hand-fed or full-fed. Another method for feeding
whey to growing-finishing pigs would be to self-
feed ground grain and liquid whey and hand feed J2
pound of a complete supplement per head per day.

In terms of nutrient value, it takes about 2 gallons
of 6% dry matter liquid whey to be worth a pound of
a complete dry feed.

Condensed whey containing 35 to 60% dry 1
is sometimes available and can either be diluted

wh

ter

Nutrient Liquid whey
Water, % o4
Protein, % 1
Fat, % 01
Lactose, % 4
Minerals, % 0.6
Calclum, % 0.06
Phosphorus, % 0.05
Sodium, % 0.07
DE, keal/lb. 90
Riboflavin, mg/lb 1
Niacin, mg/lb. 0.3
Pantothenic acid, mg/lb. 1.5
Vitamin Biz, meg/lb. 0.1
Choline, mg/lb. B0
Lysine, % 0.06
Methionine + cystine, % 0.05
Tryptophan, % 0.01

Dried whey owp" DSM= DBM*®
6 ] B 7
12 16 34 32
1 1 1 -]
68 52 51 44
10 15 B 10
0.8 1.5 13 1.3
07 1.0 1.0 1.0
1.0 1.5 0.5 1.0

1400 1300 1700 1550
14 24 ] 14
5 10 5 4
22 a2 15 14
12 15 27 -]

1100 1800 800 700
1.0 1.5 26 24
0.8 1.1 13 1.1
0.2 03 0.4 0.4

* Drigd whey product.
& Dvipd skimmiik.
€ Dried buttermitk.




Table 6. Rations which may be fed with liquid whey continuously available.

(30-75 Ib) (75-125 1b)  (125-220 Ib)
Ingredient Grower Developer Finisher Gestation Lactation
Ground grain 1750 1800 1850 1850 1750
(corn, oats, wheat,
milo or combination)
40% Commercial suppl. 250 200 150 150 250
-0r-
Soybean meal 49 210 160 110 105 205
Dicalcium phosphate 15 15 15 20 20
Ground limestone 14 14 14 14 14
Vitamin-trace mineral
premix 10 10 10 10 10
Selenium premix 1 1 1 1 1
Total 2000 2000 2000 2000 2000
Method of feeding Self-fed Selt-fed Selt-fed Hand-fed Self- or
hand-fed
Average daily feed, |b. 2-3 4 56 3 10
Expected daily liquid
whey consumption, lb. 10 15 20 15 20

and handled as liquid whey or made available in
condensed form free-choice with fresh drinking
water constantly available, Grain and supplement
feeding would be similar to that for liquid whey
feeding programs.

Dried whey or dried whey product, which is a
partially delactosed whey, may at times be econom-
ically included in starter, grower and her ra-
tions, It can be fed at higher levels but it is gener-
ally a safe rule to limit the dried whey or dried
whey product to 20% of the starter ration and 109% of
grower and finisher rations to avoid causing
diarrhea or reducing rate of gain. Dried whey makes
an excellent binder in pelleted rations although
care has to be exercized in the pelleting process that
excessive heat is not applied or else some of the
lysine in the ration may become unavailable due to
a browning reaction of the lactose in the whey. An
example of the use of dried whey product in a star-
ter ration is shown in Table 25.

Alfalfa Meal (Dehydrated)

Although it ¢ 17 to 20 p protein al-
falfa meal is not fed as a source of protein, It is a
substitute for pasture and is a good source of
carotene (vitamin A) and the B vitamins (riboflavin,
pantothenic acid, niacin). Because of its high fiber
(25 to 30 percent) and low pa ility, it is used in
limited amounts in growing-finishing rations (2to 5
percent),

The relative values of the various sources of pro-
tein for swine rations are presented in Table 7. Re-
commended levels of protein in swine rations and
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expected daily ration consumption are presented in

Table 8.

Vitamins

Many of the vitamins required by swine are pres-
ent in adequate amounts in natural feedstuffs, so
they are not of practical concern. Those that are
likely to be deficient can be divided into two
groups.

Fat Soluble Vitamins

Vitamin A
Vitamin D
Vitamin E
Vitamin K

Pantothenic Acid
Choline
Vitamin Baz

Recommended levels of these vitamins in swine
rations are presented in Table 9.
There are three of the above vitamins which
should receive special attention. Yellow com con-
&

an be con-
verted to biologically active vitamin A in the inte
al wall of the pig. However, swine are not ef
cient converters (’f{.‘i\ﬂ“ﬂ"l(' to vitamin A, and much




Table 7. Relative value of various sources of

Relative
value
Source of protein (psrnanl}
Soybean meal :44% prole-n} 100
Cottonseed meal B5
Linseed meal B0
Distillers solubles, dried mn
Fish meal (menhaden) 130
Meat and bone meal (50% protein) 100
Tankage (60% protein) 10
Blood meal 123
Skim milk, dried 100

* The relative values listed above are based upon the amaunt of supple-
ment required it & 16 parcent protein rafion containing 50 parcent of the
recommendied level of 44 percent soybean meal. In general, the valies
rafioct the ability of the supplement fo provide the essential amino acid,
Iystne,

of the carotene may be destroyed in storage. There-
fore, in formulating swine rations, the carotene con-
tent of vellow com is disregarded.

Similarly, niacin in yvellow com and other cereal
grains exists in a bound form that is largely unav-
ailable to swine. For this reason, yellow com is not
credited with containing any niacin. If the ration is
rich in the amino acid, tryptophan, it can be con-
verted by the pig to niacin.

Until recent years, vitamin E was thought to be
associated only with reproductive efficiency. How-
ever, since 1968, numerous pigs (20 to 100 pounds)
examined in the MSU necropsy laboratory exhi-
bited typical lesions of vitamin E deficiency.

Frequently the first sign of trouble was sudden

Table 8. Recommended protein levels and approx-
imate daily feed intake.

Percent Average
protein in  dally feed
ration intake (Ibs.}
Growing:
Creep rations (suckling)

10 to 30 Ibs. 18 0.4
Starter - 20 to 40 |bs. 18 23
Grower - 30 to 125 Ibs 16 4.5
Finishar - 125 Ibs. to

215 lbs. 13 7.0

Breeding season:

Gilts 13 7.0

Sows 13 6.0
Gestation:

Gilts 13 5.0°

Sows 13 4.0
Lactation:

Gilts and sows 16 12.0
Breeding hoarl 16

+ Tnese amounts can be reduced to 4.0 and 3.0 pounds if on pasiure.

death in weaned pigs, particularly following a stress
period such as co-mingling of litters. Occasionally
the animals would be anemic and show signs of
jaundice. Edema, white muscle and liver damage
(Fig. 2) were common. In general, the pigs and their
dams had been raised in confinement on com-sov
diets.

There is growing evidence that a det.]mr- in the
use of pasture and the artificia
significantly reduced vitamin E intake. Feed grains
grown on soils low in selenium are usually found to

ing the mottled

Figure 2. — Pig liver st




antothenic acid-deficient pig showing the
goosestepping”. The condition is due to

of the sciatic nerves when the supply of the
henic acid, is not ad

Figur min D-defi pig exhibiting
rickets. Limbs are shortened, pasterns weak, legs are
crooked and t]w pig can hlll’l‘ valk. Pu( n'u'uul ade-

be low in that element. The exact relationship bet-

een vitamin E and selenium has only been par-
tially defined, but the requirement for vitamin E
increases as the selenium content of natural feeds

decreases.

The FDA has approved the addition of 0.1 ppm of
selenium to all swine rations. With the addition of
selenium to the ration the requirement for vitamin

E can probably be assured by including 5,000 1U
per ton in all swine rations,

While vitamin K may be provided in natural feed-
stuffs or by microbial synthesis in the intestinal
tract, moldy feeds may occasionally contain anti-
vitamin K compounds. Hemorrhage may be noted
from the umbilical cords of baby pigs or after castra-
tion. Supplementation with 2 to 4 grams of a vitamin
K compound per ton of complete feed may be help-
ful in preventing this problem.
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of Vitami

A (or carotene) — Alfalfa meal, good pasture, fish
liver oils.
D — Irradiated yeast, sun-cured meal
'.\“‘I exposure to suns

E — Legume pasture and alfalfa meal.

K — Legume pasture and alfalfa meal.

Water soluble vitamins (other than Biz) — Alfalfa
meal, distiller solubles, condensed fish solubles,
milk by-products, good pasture,

Biz — Animal proteins, condensed fish solubles,
and distiller solubles.

and hays

Synthetic Vitamins

sources of vitamins

e ~II|3;!J)II!L syn-

In addition to the natu
listed above, m.m) mmpnmm
thetic vit
expensive. The vitamins m y ht- pure h.
vidually or in combi

Minerals

Minerals constitute a small percentage of the
importance to the health and
cannot be overemphasized.
The ones that are most likely to be lacking in swine
rations and practical sources are:

Mineral Source

Feeding limestone, bone meal, di-
calcium phosphate, defluorinated
rock phosphate.

Calcium

Dicaleium phosphate, bone meal,
defluorinated rock phosphate

Phosphorus

Sodium and  Salt.

Chlorine
Trace
Minerals
Iron May be provided in a special swine
Copper trace-mineral salt or in a trace min-
Todine eral premix. Seleni is generally
Manganese available in a separate premix (
Zine 18).
Selenium

Suggested levels of these minerals in swine ra-

tions are given in Table 10,




Table 9. Recommended vitamin levels for dry-lot, corn-soy rations.

Creep and
. starter Grower Finisher Breeder
ration ration ration ration
Fat-soluble vitamins
Vitamin A, IU per Ib. 1,500 1,500 750 2,500
Vitamin D, 1U per Ib 500 300 300 300
Vitamin E, IU per Ib. 5 5 5 5
Vitamin K, mg per Ib. 1 1 1 1
Water-soluble vitamins
Riboflavin, mg. per Ib. 1.5 1.4 1.0 1.8
Nicotinic acid,
mg. per lb. 10.0 8.0 50 10.0
Pantothenic acid,
mg. per lb. 6.0 5.0 5.0 6.0
Choline, mg. per Ib. 500.0 400.0 350.0 350.0
Vitamin Bz,
meg. per Ib 10.0 7.0 5.0 7.0
Calci and Phosphorus Fortification Table 10. A ts of calcil phosph: and
trace-mineral salt that should be present in the
The ingredients of swine mtions vary widely in total ration of hogs of various ages.

mineral content. Corn and soybean meal are par- :
Breeder and

ticularly |m\'. .[_I leium. FPt‘(.I grains contain ph.ns- Mineral Croep, grower, Finisher,
phorus, but it is largely phytin phosphorus, which N
may be poorly utilized by swine, Cormn-soybean i . ki sl
. meal rations must therefore be supplemented with Calcium 0.80 0.75 0.50
both caleium and inorganic phosphorus. Phosphorus .60 50 40
Feeds of animal origin such as me Trace-mineral
meal, tankage, and fishmeal are quite salt .50 50 50
cium and phosphorus. The level of calcium, and
especially phosphorus supplementation, should he
reduced as feeds of animal origin replace soybean mental caleium and phosphorus in the swine ration
meal in the swine ration. are limestone and dicalcium phosphate. Dic
The standard ingredients for supplying supple- phosphate is often in short supply and substitutions

Table 11. Feed anmdienrs which supply caleium or calcium and phosp

% Ca %P Lbs. needed to Lbs. change in
equal P in limestone for each
1 Ib. of dical- Ib. change of
Ground limestone 38 0 cium phosphate dical.
(calcium carbonate)
Dicalcium phosphate 26 18
Menocalcium phosphata 18 18 1 +.2
Mono-dicalcium phosphate 22 18 1 +.1
Defluorinated rock phosphate 32 18 1 2
Steamed bone meal 26 13 1.4 -3
Tricalcium phosphate el 18 1 -3
Meat and bone meal 10 5 a7 -3
. Tankage 6 3 6 3
Fish meal [ 3 L] 3




must be made. Table 11 lists a number of phos-
phorus sources which may be used to replace dical-
cium phosphate. It should be noted that all of the
ingredients, like dicalcium phosphate, supply both
caleium and phosphorus. Thus, the quantity of
limestone in the ration must also be adjusted when
phosphorus substitutions are made.

The last two columns in Table 11 list the correc-
tion factors that must be applied to the pounds of
limestone and dicaleium phosphate in the ration
when substitutions are made. For example, if
steamed bone meal were substituted into a ton of
grower ration where 20 pounds of dicalcium phos-
phate and 20 pounds of limestone have been used,
the factor of 1.4 would be applied to the 20 pounds
of dicalcium phosphate giving 28 pounds of
steamed bone meal needed (20 times 1.4=28), Both
dicalcium phosphate and steamed bone meal con-
tain 26 percent calcium. When 8 pounds more of
steamed bone meal are used than the 20 pounds of
dicalcium phosphate, the limestone must be
duced by the factor -.3 or -2.4 pounds (8 times -3 =
—2.4). Thus, 28 pounds of steamed bone meal and
17.6 pounds of limestone would be mixed in the
ration.

The following mineral r
a ton of a corn-soybean meal

1 needs of growi

ixture, when provided in
tion, will meet the
ishing pigs.

Mineral Mixture

20 Ib. — Limestone
20 Ib. — Dicaleium phosphate
10 Ib, — Trace-mineral salt (high zine — .8%)

It will contain 26 to 27 percent calcium, 5.5 to 7.0
percent phosphorus, and 20 percent salt.

Zinc Supplementation

The natural feedstuffs in a ton of conventional
growing-finishing ration will supply approximately
30 to 35 parts per million of zine. Adding 10 pounds
of trace-mineral salt containing .8 percent zinc will
furnish an additional 40 parts per million of zi
the diet. Normally, this quantity of zinc is adequa
to prevent a mange-like skin condition known as
parakeratosis. Signs of this condition are slow
growth, unthriftiness, harsh dry hair coat, develop-
ment of reddened areas, and a thickening and en-
crusting of the skin on the legs, ears, hams
belly (Fig. 5).
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High levels of calcium (over .75 percent) in the
ration increase the requirement of zinc., Early
weaned pigs (3 weeks) also appear to have a greater
requirement for zine than older pigs. Under these
conditions, an additional supplement of 40 parts
per million of zine may be needed, in addition
to that supplied by the natural feeds and trace-min-
el salt, to pre tosis. The compounds
listed in Table 12 may be used for any needed zinc
fortification,

Table 12. R ded zinc P ds and the
amount needed to furnish 40 parts per million of
zine.

Zinc Grams to add

Compound content per ton of
{percent) complete ration
Zinc oxide
{Zn0) 80 46
Zinc carbonate
{ZnC0a) 56 65
Zinc sulfate
(ZnS0s.H20) 36 102

Precautions on Mineral Feeding

Many nutrien wch as certain vitamins can be
fed in excessive amounts without affecting the per-
formance of the pig. Only the farmer’s pocketbook
is hurt. This is not true in the case of minerals. Ex-
cessive feeding or an improper balance of minerals
will depress rate of gain and general performance of
pigs as much as feeding inadequate amounts,

Never mix additional minerals with a commercial
protein supplement unless the need is specified on
the tag. A good mineral mixture can be fed free-
choice without danger, if there is any question
about adequate mineral fortification.

Water

Water is so common we seldom think of it as a
nutrient. But water is the largest single part of
nearly all living things. Hogs need to have plenty of
clean, fresh water at all times. It is particular]
portant to supply suckling pigs with water if a high
intake of creep ration is to be obtained. Rate of gain

given in Table 13.




Figure 5. — The 10-weeks old pig (top) exhibits the typi-
cal sy of * 1 is” Iting from a zinc-

ient diet. The same pig (bottom) at six months after
ving a ration containing 100 parts per million of zine,

Feed Additives

Additives used in swine rations include (1) an-
tibiotics, (2) arsenicals, and (3) copper compounds.
These are not true nutrients, since they are not re-
quired for normal growth, They apparently have an
influence on intestinal microorganisms and i
prove the health of the animal. Prolonged and ex-
cessive use of feed additives may interfere with the
intestinal synthesis of certain vitamins.

All farms ha 1 “environmental disease level”.
The greater the disease build-up, the greater the
response to feed adc s. Pigs up to 100 pounds in
weight usually give a greater response than older
hogs. Although feed addi an help control dis-
ease problems, they should never be considered a
substitute for good management.

Continuous feeding of the same additive may de-
crease its effectiveness. Periodic changing of drugs

Table 13. Approxi daily water ption as
affected by season.
Weight of pig Spring Fall
pounds pounds pounds
25 3.3 25
50 55 45
75 8.5 7.0
100 8.0 75
150 10.0 9.0
200 9.0 96
250 75 75

{Source of data - Swine Production by Krider and Carroll,}

seems to be the best approach. The best time to
ives is when major changes are made in
going from a grower to a finishing

rotate addi
the ration
ration.

Certain feed additives may be absorbed and re-
tained in the meat in quantities harmful to man. The
Food and Drug Administration is responsible for
approving the use of drugs in meat animal rations
and establishing the tolerances, or the maximum
quantity of a chemical that can be presen food.
To avoid contamination of the meat, some drugs
must be withdrawn from the ration prior to slaugh-
ter. Therefore, it is important that producers follow
the directions stated on the package of all drugs
used. Tables 14 and 15 the recommended levels
for feed additives in swine rations.

Copper compounds have growth-stimulating
value equal to antibiotics. They are also effective as
a therapeutic treatment for intestinal disorders that
do not respond satisfactorily to antibiotics or arseni-
cals. Copper is toxic when fed in excessive amounts
(250 parts per million or more) for prolonged
periods. Copper compounds should not be added to
hog rations if a lagoon manure disposal system is
being used. The copper will seriously interfere
with the bacterial action in the lagoon.

Table 14. Recommended antibiotic and arsenical
levels.

Grams per ton of complete feed

Ration Antibiotic  Arsanilic acid® 3-Nitro®
Creep 40 90 22
Grower 10 to 20 80 22
Finisher 10 a0 a2
Therapeutic 100 to 200 20 2
Supplement 50 to 100 450 100

® Never use both arsenicals in a single ration at the levels indicated.
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Figure 6, — C. m-deficient pig with advanced rickets.
Pig was scarcely able to walk. Back becomes arched and
eves protrude because soft tissue growth has outdis-
tanced skeletal growth.

There are numerous drugs on the market which
can be used alone or in combination for the promo-
tion of growth and the control of swine diseases.
The use of feed additives for the prevention and
it of swine diseases is covered in MSU Ag
0. 51, “Swine Disease Guide.”

rnb.'a 15. Recommended levels of copper com-
fo

F g-fini: swine®.,
Percent ol Grams per

Copper compound copper ton
Cupric carbonate

(CuCOs) 51 222
Cupric oxide (Cu0) 80 142
Cupric sulfate

(CuS04.5H:0) 25 454

* Amount fo add per ton of complete ration to furnish 125 parts per
milifon of copper

Ration Formulation

A swine producer has four alternatives when it
comes to developing his hog feeding program. He
can (1) purc supplement
to mix with his home grown grains, (2) purc
soybean meal, minerals, and a vitamin-trace mi
eral premix to add to home grown grains, (3) pur-
e a complete feed, or (4) buy individual nut-
its and build a complete ration, All methods can
ually successful. The system chosen will de-
]:t,ud on his knowledge of nutrition, volume of feed

a commercial prote:
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required and the availability of capital to establish a
teed processing and storage center,

Most producers rely on loeal ele
mercial feed companies to supply their feed needs
in one form or anothe ators usually extend
credit and offer pers Large opera-
tions have the advantage of buying in sufficient
quantities to demand discount prices while small
producers pay the high feed dollar.

Many producers who have made the investment
in a feed processing center and elected to formulate
their own rations have found that they have been
able to reduce feed costs materially. They like the
idea of knowing exactly what th ing and
the freedom to schedule and mak
sired. Th particularly advantageous in the case
of medications.

Home formulation is not without problems
disadvantages. The items listed below may help in
making the right decision.

ors and com-

nel

Factors To Consider Before Starting A
Home-Mixing Program

1. Som knowledge is essential if any
formulation decisions are to be made. There must
also be time to study, interpret and plan.

The operation must be large enough to jus
the investment of capital to save labor and improve
efficiency. Recent estimates place the minimum
feed volume between 150 and 200 tons annually.
This amount is needed for the output of 20 to 25
sows on g 2-litter program.

3. Equipment needs include a grinder-mixer,
storage bins, small mixer, scales, augers, ete.

4. Fixed investments mean some loss of fl
ity. Investment in feed proce
commitment to stay in the livestock business, for
only by steady use over a period of time can the
investment be recovered,

nutrition

westment as well

taxes, insurance, and interest on
as ingredient costs.
6. The

must be a readily available supply of
its (soybean meal, premixes, vitami
, drugs, ete.) at a fair price. Bulk buying in
ne at discount prices is essential to the success
of a home-mixing program.

7. Inventory, quality control, and nutrient stor-
age losses may cause problems and increase costs.
Storage time should not exceed 3 to 6 months.

8. When all factors are considered, unless the in-
gredients which go to make up a protein supple-
nt can be purchased for about $20.00 cheaper
wan a good commercially prepared supplement,

. dan-




there will be little advantage in a home-mixing
program. This should leave enough to cover interest
on investment, taxes, labor, and other overhead
costs.

To formulate a ration accurately, a producer
should become familiar with the metric system of
measurement. Many nutrients suc
trace-minerals are required in the ration in :|||.|n—
tities of less than a pound per ton. The metr :
tem provides units which permit small quantities to
be broken down into fractions of a pound, Weight
conversions are shown in Table 16,

s vitamins and

having common usage is “Ir
). This term refers to the
quantity of a biological compound (such as a v
min) that produces a particular biological effect
agreed upon as an international standard. Interna-
tional units are used to designate the activity of vi-
tamins A, D and E.

A nutritional te
ternational Uni

(L

MSU System of Formulation

The Michigan State University wine
formulation involves the use of (1) a trace
mineral and selenium premix, (2) a fortified swine

supplement, and (3) farm-grown grains. These three
are combined to make two rations — MSU 16 (16
percent protein) and MSU 13 (13 percent protein)
— that will meet the needs of all swine after they
weigh 30 pounds,

The Michigan State University Vitamin-Trace
Mineral Premix (Table 17) has purposely been over-
fortified so that one premix can suffice for all ages of

swine. The quantity of vitamins that are commonly

Figure 7.— This kind of grinding, metering, and mixing
equipment requires a sizable volume to be economical.

Table 16. Commonly used weight conversions.

1 pound (lb.) = 4536 grams (gm.)

1 ounce (oz.) - 28,35 grams

1 kilogram (kg.) = 1,000 grams

1 gram 1,000 milligrams (mg.)

1 milligram = 1,000 micrograms (mcg.)

1 mg. per |b. - 2 gm. per ton
1 meg. per lb, = 2 mg. per ton
1 mg. per Ib. - 2.2 parts per million (p.p.m.)
.01 percant = 90.8 gm. per ton
Table 17. Mi State Uni ity in-trace
mineral premix.

Amount in 10 Ib.
Nutrient of premix
Vitamin A 3.0 million IV
Vitamin D 0.6 million IU
Vitamin E 5 thousand IU
Vitamin K compound 2049
Riboflavin 30g
Nicotinic acid 1609
D-pantothenic acid 12049
Choline 100.0 g
Vitamin Biz 18.0 mg
Zinc 68.0g
Manganese 340qg
lodine 25g
Copper 90g
Iron 54049
Antioxidant 45049

Carrier (ground

yellow corn) To bring total to 10 Ib

Suggested ingrodients: Viatmin A paimitate in gelatin; stabilized Vitamin
D3 or Dy stabilized Vitamin E (D- or O, L-sipha-focophery! acelate);
menadione sedium bisuifite; riboflavin; nicotinic acld or nicatinamide;
calcium pantothenale; choline chioride; witamin Bz supplemant; zing
carbonate, sulfate or oxide; manganous carbonate, sulfate or oxide; pen-
facaicium erthoperiodate or calcium lodate; copper sulfate, carbanate,
hydroxide or oxide; ferrous sulfate or fumarate; butylated hydroxyanisole
andior butylated hydroxytoluene.

Table 18. Selenium premix.

Nutrient Amount in 1 Ib. of premix
Salenium 90.8 mg

Supgested ingrodionts; sodium selenite, carrier (calcium carbonale, soy-
bean mill feed).

in the basal feeds has been disregarded be-
amounts that may be present.
The swine producer should plan to purchase the
trace mineral premix (Table 17) and the
m premix (Table 18) already mixed from a
commercial supplier. A number of brokers or com-
panies are prepared to market such pren , man-
ufactured to the customer’s specifications, for less
cost than they can be prepared by the farmer. No

nt
of the uncert
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more than 3 to 6 months’ supply should be purch-
ased at one time, and the premixes should be stored
in a cool, dry place,

The Michigan State University Swine Supple-
ment (Table 19) is designed for those farmers who
have an automatically controlled grinder-mixer
with a proportioning device. If a batch mill is used,
these ingredients may be added individually to the
ground corn and soybean meal required to make
MSU 13 and MSU 16 percent complete feeds
(Table 20).

Michigan State University 16 percent ration —
can be used for the following classes of swine:

Lactating sows and gilts

Boars

Pigs nursing the sow

Growing pigs 30 to 125 pounds

Michigan State University 13 percent ration —
can be used for:

Replacement gilts — 200 pounds to breeding

Bred sows and gilts

Finishing pigs — 125 pounds to market.

Table 19. Michigan State University swine supple-
ment.

Ingredient Amount
Salt 10 Ib,
Limestone (38% calcium) 20 Ib.
Dicalcium phosphate 20 1b.*
MSU vitamin-trace mineral premix 10 Ib.
Selenium premix 1lb
Carrier - ground yellow corn 39 Ib.

100 Ib.
* When rarmmu.’nq- MSU 13 fo be limit-fed to sows and guru aurme
purmw- ta 30 16, and

NOTE The addition of two pounds of fat in place ol & itke amount of corn
will reduce dustiness and may prevent some separation. Antibiotics
andjor other feed additives should be included in the above supplement
a3 warranted by individual farm conditions.

Determining The Proportion of Corn-To-
Protein S t To Use In Rati

Below is a simple method of detr:nnmlng how
much grain and how much pro pplement to
use to make a mixture with a certain protein con-
tent. In this ¢ le, a mixture containing 16 per-
cent protein is to be made from com containing ap-
proximately 9 percent protein and supplement con-
taining 40 percent protein,

Draw a square. In the center of the square, put
the protein content desired in the final mixture,

At the upper left-hand comer of the square, write
“com” and its protein content (9); at the lower
lefthand comer, write “supplement” and its protein
content (40},

Subtract diagonally across the square (the smaller
from the larger), and enter the results at the comers
on right-hand side (16 — 9 = 7; 40 = 16 = 24),

The number at the upper right-hand comer gives
the parts of corn, and the number at the lower
right-hand corner, the parts of supplement needed
to make a mixture with 16 percent protein,

Com 9 24 pats com o 77
\ / 77 %100 = 7T
/ 16 \\

Supp. 40 7 parts vupp. or 23

H=- %1‘l” %)

a1 parts

Figure 8, Determining the proportion of com to protein
supplement.

Therefore, a mixture of 77 pounds of corn and 23
pounds of protein supplement would make a ration
containing 16 percent protein,

Table 21. Calculating the protei tent of a ra-

Table 20. Michigan State Uni ity “16 p 1" ton. =
and Michigan State Uni ity “13 p t" com- ing Protein In feed
plete feeds.
——== = 1,624 |b. ground corn times 0.09 = 137.16
Ingredient MSU 16 MsU 13 150 Ib. soybean meal times 0.44 = 66,00 Ib.
- 100 Ib. meat and bone meal times 0.50 = 50.00 Ib.
Corn 1470 Ib. 1640 Ib. 200 Ib. alfalfa meal times 017 = 34.00 Ib.
Soybean meal (44%) 430 Ib.* 260 Ib.* 6 lb. dicalcium phosphate
MSU Supplement 100 Ib 100 Ib, 10 Ib. salt

———— —_— 10 Ib. vitamin-trace mineral premix

2,000 Ib. 2,000 Ib. —— -
# 48 parcent sayboan moal can ba substituted for the 44 parcent meal by 2,000 b, 287.16 Ib,
reducing the amounts to 380 and 230, respectively, and repiacing the 28716 <+ 2,000 = 0.143 x 100 = 14.3% protain

ditference with carn.
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Feeding The Sow Herd
Pre-Breeding and Breeding Season

Gilts retained for breeding purposes should be
removed from the feedlot at 175 to 200 pounds (5
months of age) and hand-fed a 13 percent ration
(MSU 13) until they are 7.5 months of age. U
to 5 pounds of feed per day will keep therr
growing condition. If on good pasture, th
can be cut to 3 to 4 pounds.

At 7.5 months of age, increase the daily quantity
of feed to 6 or 7 pounds
days later. Remove the gilts from the breeding pen
when it is evident that they have been serviced and
limit the daily feed intake to levels listed below,

Hand-Feeding Sow and Gilts During Gestation

The feeding of brood sows and gilts during gesta-
tion offers a great potential for feed saving. Sows
and gilts kept in a thin to medium condition farrow

Table 22. Sow gestation rations.

just as many or more pigs than sows penrlined to
become fat. They also have fewer problems at far-
rowing time, The amount of feed listed below
should be used as a guide, but the actual day-by-day
feeding will depend on the condition of the sows.
The caretaker must make the necessary adjust-
ments. Once-per-day feeding is just as good as
twice-per day feeding.

Amount To Feed During Gestation

On Pasture

4 pounds
3 pounds

In Dry Lot

5 pounds
4 pounds

Gilts

Sows

MSU 13 listed in Table 20 or any of the rations
listed in Table 22 can be hand fed. Some farmers
prefer to hand-feed com and protein supplement,
rather than feed a mixed ration. When this method
of feeding is used, it is preferable to feed one ingre-
dient at night and the other in the moming. If both

Ratlon number

Ingredient 1 2 3 4 5 [ 7 ] 9 10 1 12

Corn 1735 1362 1566 1394 1574 1755 1802 1678 1887

Opague-2 corn 1843

Sorghum grain 1705

Oats 400

Wheat 1781

Wheat bran 200

Wheat middlings 400

Alfalfa meal 200

Meat and bone meal 100

Tankage 100

Soybeans, heated 260

Lysine, 78%L- 5

Soybean meal (44) 202 93 235 186 157 177 147 170 110 55 43

Limestone 23 22 22 23 25 27 30 16 14 16 23 22

Dicalcium phosphate 24 26 22 23 21 14 13 24 5 11 23 27

Salt 5 5 5 5 5 5 5 5 5 5 5 5

Selenium premix 1 1 1 1 1 1 1 1 1 1 1 1

MSU VTM premix 10 10 10 10 10 10 10 10 10 10 10 10
2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000

Analyses

DE kcal/lb 1565 1570 1560 1495 1570 1520 1515 1470 1550 1560 1625 1575

Protein, % 122 122 138 125 133 124 125 124 127 121 123 93

Lysine, % .50 .50 50 50 50 50 .50 50 .50 50 .50 50

Methionine +cystine, % 43 .38 ar 42 42 44 42 42 42 A0 A1 36

Tryptophan, % J2 14 15 13 18 13 43 15 11 11 a2 08

Ca, % 75 75 J5 75 5 75 75 75 75 75 .75 .75

P, % 50 .50 .50 50 .50 .50 50 .50 .50 .50 50 50




ingredients are fied at the same time, the timid sows
are often fought away from the supplement and
consume mostly com. Feeding stalls help to solve
this problem.

» the quantity of corn fed to keep the ani-
s in medium condition. Gilts should receive one
pound of a 40-percent protein supplement daily,
and sows two-thirds of a pound, to meet their pro-
tein requirement. A satisfactory protein supplement
is listed in Table 33.

Sows and gilts can be used to glean com felds in
the fall, but it is difficult to prevent them from be-
coming over-fat. It is usually wise to let finishing
hogs clean up most of the corn before turning in the
sow herd. When this is not possible, com intake can
be enrtailed by allowing the sows aceess to the corn
field every third day.

Self-Feeding During Gestation

There are two ways of self-feeding during gesta-
tion. The most common method is to self-feed the
sows a bulky ration. This method give
sow performance, but grinding costs and
feed intake make it expensive, Whe
cause of a labor situation, the following mlmn can
b fed:

Table 23. Bulky ration for self-feeding during
gestation.

Amount

Ingredient
Ground shelled corn 599 b
Ground oats 600 Ib.
Ground alfalfa hay or alfalfa meal 600 Ib.
Soybean meal (44%) 120 Ib.
Meat and bone meal 60 Ib,
Salt 10 Ib.
MSU vitamin-trace mineral premix 10 Ib,
Selenium premix 11b.
2,000 Ib.

If sows have a tendency to become over-fat, sub-
ite ground ear com for the ground shelled comn.

A second method of self-feeding sows is to feed a
high-energy ration (MSU 13}, but limit the access
the self-feeder. Sows are simply shut away froi
feeder for 2 days out of 3. This method has proven to
be quite satisfactory in regulating feed intake, and
the performance has been as good as hand feeding 4
pounds of feed every day.
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Silage Feeding During Gestation

Corn silage is available on many dairy and beef
farms and makes an excellent feed for brood sows.
However, unless the sow herd is extremely large, it
would not pay to construct a silo il there are no
other silage-consuming livestock on tho farm.

Silage serves as a substitute for
meal. It should be fed fresh dai mounts the
sows will elean up in 2 to 3 hours. Sows will usually
eat 10 to 15 pounds, and gilts, 8 to 12 pounds. Some
wastage can be expected. It is important that the
silage be supplemented with 1.0 to L5 pounds of a
good protein supplement per head daily. Feed ad-
ditional com, if neces . to keep sows in proper
condition. The following precantions should be
noted,

1. Never feed silage alone or a poor pig crop will
result.

2, Silage causes digestive upsets (diarthea) in
baby pigs. Do not feed it to | ting sows.

3. Avoid feeding moldy silage. It can cause sows
to abort.

Antibiotics in Brood Sow Rations

Experimental results have been somewhs
clusive regarding the value of antibiotics in
sow rations, Breeding herds having a high disease
level may show a favorable response.

Before investing a considerable sum in antibiot-
ics, it is wise to lmw a sensitivity run to deter-
inst the or-
s are equipped to take
smears which can 'Iw cultured in the state
Lh.n-."u-tu laboratory.

Pasture For Brood Sows

an excellent feed for
le. The decision
of whether to feed on pasture or in dry lot will de-
pend on whether the land can be put to a more
profitable alternative use.

Research data support the conclusion that three
pounds of feed per head daily on pasture provides a
gain of sows and gilts during pregnancy equal tu
four pounds per head daily in dry lot. On thi
it has been calculated that one acre of alfalfa
has a feed-replacement value of approximately
1,000 pounds (about $50) when stocked at the rate
of 10 animal

Land not hle for a continuous eropping pro-
gram is often available on farms. Under these cir-

Good legume pasture
brood sows but it is not indisper




cumstances, a forage crop can be utilized to advan-
tage by brood sows. The farrowing and weaning
records are about the same for sows and gilts fed in
drylot as compared to those fed during gestation on
legume pasture.

Alfalfa Meal For Brood Sows

The favorable results obtained from feeding a
com-sovhean meal ration, properly fortified with
vitamins and minerals, has caused researchers to
question the importance of alfalfa m the gesta-
tion ration, All meal will supply nutrients such
as vitamins, protein, and caleium, but these can
usually be purchased more cheaply from other

Feeding Sows At Farrowing Time

Move the sow to the farrowing house four or five
davs prior to farrowing. Hand-feed three to four
pounds of the regular gestation ration mixed with
one to two pounds of wheat bran. This makes the
ration more bulky and has a laxative effect.

Feeding Lactating Sows
Do not feed the sow the day she farrows. Starting
the second . feed three or four pounds per day

of MSU 16 and gradually inen
she is on full feed when the litter

se the amount until

sources. Until it has been definitely proven ths
falfa meal contains some unknown nutrient es
tial for improved reproductive performance,

feed. For o

it is
questionable whether it should be included in the

ration,
Ground «

selb-fed g

\IbU 16 1
d in Tal
tating sows,

wlfa hay is a good source of bulk in a
on ration,

al- A sow will e

bulky, high-
the lactation ration.

7 to 10 days old.
about 12 pounds per day when on full
mum milk production, do not add
fibrous feeds, such as alfalfa meal, to

isted in Table 20 or any of the rations
Jle 24 make a satisfactory ration for lac-

Table 24, Sow rations
Ration number

Ingredient 1 2 3 4 5 6 7 8 9 10 1 12
Corn 1579 1200 1408 1244 1424 1605 1661 1478 1711
Opague-2 corn 1678
Sorghum grain 1650
Oats 400
Wheat 1612
Wheat bran 200
Wheat middlings 400
Alfalfa meal 200
Meat and bone meal 120
Tankage 120
Soybeans, heated 462
Lysine, 78%L- 5
Soybean meal (44) 360 260 390 340 327 334 300 322 248 182 222
Limestone 24 24 23 24 24 29 a0 16 12 15 25 23
Dicalcium phosphate 21 22 21 20 21 12 10 22 0 B 19 23
Salt b 5 5 5 5 5 5 5 5 5 5 5
Selenium premix 1 1 1 1 1 1 1 1 1 1 1 1
MSU VTM premix 10 10 10 10 10 10 10 10 10 10 10 10

2000 2000 2000 2000 2000 2000 2000 Zl!l]l:l 2000 2000 2000 2000
Analyses
DE keal/lb 1560 1565 1505 1500 1560 1505 1505 1465 1540 1550 1660 1560
Prolein, % 150 150 165 153 162 152 153 152 156 151 151 125
Lysine, % 70 .70 70 .70 70 J0 70 70 .70 i} .0 q2
Math, + cystine, % 51 46 A4 .50 49 .52 49 50 49 47 46 A4
Tryptophan, % A7 18 19 18 .20 18 18 19 15 A5 A7 13
Ca, % 75 75 75 78 75 .75 75 75 75 75 75 .75
P, % .50 .50 .50 .50 50 50 .50 .50 52 50 .50 50
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Creep Feeding Baby Pigs

The trend is towards early weaning of pigs at
three to five weeks of age so sows can be rebred to
maximize production. For satisfactory performance
of pigs weaned at this young age environmental fac-
tors are as important as proper nutr 1. Optimum
temperature for slotted floor facilities is 85°F and
id floors with bedding. Provide suffi-

. tion to control the humidity and keep
the building dry and free of drafts.

Rarely will pigs eat any quantity of creep ration
before they are three we of age. This is espe-
cially true if the sow is a heavy-milker. Pigs can be
encouraged to eat by placing a small handful of
creep feed in a shallow pan or on the floor in the
sleeping area. Replace with fresh feed each day
until the pigs learn ta eat. It should be remembered
that pigs will consume more creep ration and gain
faster if they have free access to fresh water.

Creep or starter rations, which should give satis-
factory performance, are listed in Table 25,

Figure 9. — Profits start with the brood sow at farrowing
time. Each pig lost is like throwing away a $10.00 bill.

Feeding from Weaning to Market

Free-Choice vs. Mixed Rations

In designing the feeding program, each producer
must decide whether free-choice feeding or mixed
rations best fit the size and intensity of his particu-
lar operation. From a nutritional standpoint, neither

Table 25. R ded starter rati (15 to 30 pounds)

Msu Corn-soy Hi-lysine 20% Dried
Ingredient starter + syn.A.A.¢ corn whey prod.
Ground shelled corn 989 1480 - 1204
High lysine corn - - 1484 -
Soybean meal (44%)* 440 440 440 350
Rolled dehulled oats 200 - - -
Dried skimmilk 200 -_— -_ -
Sucrose 100 - - =
Ground limestone 20 20 20 10
Dicalcium phosphate 16 30 a0 20
Salt 10 10 10 -
MSU VTM premixt 20 10 10 10
Selenium premixe 1 1 1 1
Antibiotic premixe 5 5 5 5
Lysine (T8%) - 4 - -
Dried whey product (17%) — — = _400

2000 2000 2000 2000
Analyses
DE kcal/lb 1500 1550 1550 1550
Crude protein, % 19.5 16.6 17.4 16.4
Ca, % 0.76 0.81 0.81 0.79
P, % 0.55 0.59 0.59 0.60
Lysine, % 1.02 0.96 0.94 0.94
Methionine + cystine, % 0.67 0.59 0.55 0.63
Tryptophan, % 0.24 0.18 0.22 0.21

o When using soybean moal 49, use 10% less and replace the differance with an equal amaunt of cormn.
B Viramin-trace mineral premix as in Table 17. Selenium premix as in Table 18,
& May be Aurea-SP250, tyfosin (50 g), arsanilic acid (90 g) or copper (250 ppm), efc.

@ Corm-soybean meal ration plus synthelic aming acids
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tent advantage over the
of feed cost when all
, and mixing are in-
-l rations do have the

program has shown cons
other. The 1e can be s
factors such as labor, grind
cluded. However, ground m
following advantages:

1. Maore uniform perf ce can be expected.
There are fi wer 't il-enders” at market time. Thus,
i be kept on schedule.
\II'[)D]!'[]'II nt L‘l]ll\\ll!]ptllrll is easier to

2. Prot

bean meal when it is
fed as a single protein ingredient. Rule of Thumb: If
pigs eat more than % to 1 pound of supplement per
head per day from 40 pounds to market weight, they
are eating more than is required to meet their pro-
tein needs.

3. When on pasture, hogs of all weights usually
gain faster on a mixed ration. The advantage does
not seem to be so great in drylot.

Restricted Feeding

Construction of swine housing having partial slot-
ted floors and long, narrow pens has created an in-
terest in restricted feeding. Feed is dropped di-
rectly on the floor at frequent time intervals, Unless
the quantity of feed dropped is restricted to what
the pigs will clean up in 15 to 20 minutes, consider-
able feed wastage is encountered. Restricted feed-
ing should not be practiced until pigs weigh at least
100 pounds.

When hogs are fed by this method, as compared
to self-feeding, the following results can be ex-
pected:

1. Restricting feed intake reduces daily gain on
the average .15 to .20 pounds with each 10 percent
restriction. This decreased growth rate results in an
ed feeding time of 7 to 10 days to

2. The optimum level of feed restriction appears
to be 75 to 80 percent of full feed. Restriction
beyond this level increases the feed required per
pound of gain.

3. Restricted feed intake improves carcass qual-
ity. The carcasses have less backfat and a higher
vield of preferred lean cuts.

Preparation Of Feeds

Fineness of Grind

Fine to medium grinding of com improves feed
efficiency, as compared to coarsely ground or
shelled comn. This is particularly true in the case of

hogs over 100 pounds in weight, Fine grinding will
cause some bridging in self feeders.

Feed grains with a considerable amount of hull,
as oats and barley, should be finely ground.

Pelleting Feeds

Pelleting of com-soybean meal rations improves
the efficiency of gain under either full or restricted
feeding. Part of the improvement in efficiency of
probably due to less feed wastage. Pigs will
ume pelleted feed more rapidly than meal ra-
tions. Rations containing a considerable amount of
fiber are improved by pelleting because of in-
creased consumption, improved carbohydrate di-
gestibility, and reduced sorting and wastage com-
pared to meal rations,

Pelleting has resulted in an average of 7 or 8 per-
cent greater gain per ton of feed consumed. From a
feed cost standpoint, pelleting is justified when the
cost of pelleting and handling a ton of feed is less
than the value of 150 pounds of the feed.

Liquid Or Paste Feeding

Liguid or paste feeding will definitely cut down
on feed wastage. In some cases it will increase feed
consumption and improve rate of gain, Labor costs
may be higher than self-feeding. When hogs are
limit fed, there is a consistent advantage in wetting
a complete ground mixed ration with 1.5 parts of
water for each part of dry feed.

Effect of Heating on Feeding Value of Corn

Some chemical changes do occur when grains
heat in storage or are subjected to artificial heat in
drying. However, the changes due to heat are usu-
ally relatively small and the energy value remains
surprisingly good. Considerable loss in carotene
content can be expected. In most instances, other
factors such as molds and fungi cause more damage
to the grain than heating.

Various experiments have been run to determine
the effect of artifically drying at low and high temp-
eratures, The nutritive value of corn was not af-

fected.

High-Moisture Corn

Ensiling high-moisture shelled corn does not im-
prove the nutritional value of the corn. Therefore,
the decision to feed high-moisture com must be
based on whether this tvpe of harvesting and stor-
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age is the most efficient handling method on a par-
ticular farm, A farmer is not justified in constructing
a silo just in order to feed high-moisture corn.
Experimental results indicate that pigs fed
high-moisture corn gained 2 percent faster, but re-
quired 7 percent more com to produce 100 pounds
of gain, Results were determined on a moisture
sis. No difference was note
tored in a regular silo or in air-tight storage.
free-choice basis, pigs fed high-moisture corn

quired 5.5 percent more total feed per unit of gain.

Feeding high-moisture corn is somewhat of a
problem. It is usually very palatable and when fed
free-choice, pigs will often over-eat on com and
under-eat on protein supplement. When the two are
metered together, separation is likely to occur.
Some producers grind the quantity of com needed
each day in order to mix it with protein supplement.
This adds labor and extra cost.

High-moisture com should be fed fresh daily to
prevent spoilage and caking in feeders. In winter
months it will often freeze in outside feeders. One
inch or more must be taken off the top of a silo to
prevent spoilage in warm weather.

Spoilage may be prevented by treating the high
moisture comn at the time of harvest with up to 1% of
propionic acid or a mixture of propionic and acetic
acids. Acid treatment also eliminates the need for
frequent grinding and mixing because mixed feeds
made from acid-treated high moisture com will
store well for several days. A schedule of the
amount of acid to use in relation to corn moisture is
as follows:

Com Moisture Propionic Acid Required
G T Ib/ton oz/bu
18 A4 8 35
22 Kii 12 5
26 8 16 T
30 1.0 20 ]

High Lysine Corn

Since lysine is the first limiting amino acid in a
corn-sovbean meal ration, the amount of soybean
meal which must be used in the ration is dependent
upon the lysine analysis of the corn. Regular com
averages about .23 percent lysine with a range of .20
percent to .30 percent. High lysine com ranges in
anal from .30 percent to .50 percent lysine with
an average of about .40 percent. Because of the vari-
ation in lysine analysis of high lysine corn, it is best
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to have it analvzed before caleulating and com-
pounding rations.

A formula for calculating the percentages of high
lysine com and soybean meal (44 percent) in a

grower ration is —
(1) C + (2.8) § = (L} 100

ysine in soybean meal (44 percent)
lysine required in grower ration

of corn in the ration

of soybean meal (44 percent) in the ration

of the corn for
¢ corn analyzes

Determine [ by chemical an:
that the high lys
ne. The percent lysine required in
the grower re s found in Table 26. Thus, L = .7
Com and soybean meal together make up 97 per-
cent of the ration with 3 percent of the ration con-
sisting of mineral, nt.lmm and antibiotic supple-
ments, Thus, C + § 7and C = 97-§

Now the formula can be written \Allh only one
unknown, that is —

(.40) (97-8) + 2.8(8) =(.75)100

38.8 — 45 + 2.85
285 — 48 =
245 = 36.2
S=15

C=97-§=97-15=82

Thus, the grower ration would consist of —

%o Ib. per ton

High lysine com 82 1640

Soybean meal (44%) 15 300
Minerals, vitamins

& antibiotics 3 60

100 2000

Table 26 shows the percentages of com and soy-
bean meal (44 percent) or corn and soybean meal
(49 percent) in grower and finisher rations with
varying levels of lysine in corn.

The value of high lysine corn for feeding swine is
related to its lysine value and the corresponding
reduction in soybean meal needed to meet the
lysine requirement. The price which a producer can
pay for high lysine com is thus dependent upon (1)
the lysine analysis of the high lysine corn and the
current prices of (2) regular corn and (3) sovbean
meal. The influence of these three factors upon the
value of high lysine corn is shown in Table 27.




Table 26. Parcentages of corn and soybean meal (SBM 44) or corn and soybean meal (SBM 49) in grower

and finisher rations with varying levels of lysine in corn.»

Grower rations (.75% lysine) Finisher rations (.55% lysine)

% Lysine i s

in corn Corn SBMa4 Corn SBM4g Corn SBM44 Corn SBM4g
20 75.6 21.4 778 19.2 833 13.7 B48 12.2
25 m 19.9 79.2 17.8 849 121 BB.2 10.8
a0 78.7 18.3 80.6 16.4 BE6 10.4 B7.8 9.2
35 80.3 16.7 821 14.9 B8.4 86 B9.4 76
AD 82.0 15.0 836 13.4 90.2 68 91.0 6.0
A5 837 13.3 85.2 1.8 922 48 92.7 43
.50 854 116 86.8 102 942 28 94.5 25

® Assuming that corn and soybean meal consfifule 7% of the ration and mineral, vitamin and antibiatic supplamants the othor 3%

Table 27. Value of high lysine corn of varying lysine analysis as influenced by the price of regular corn

(.25% lysine) and soybean meal (SBEM 44).

Price Value of high lysine corn, $/bu.
Regilar SBM 44 % lysine in high lysine corn
sarm, $bu, $iton 30 35 40 a5 50
250 120 2.52 253 2.54 2.56 2.57
3.00 120 am 3.02 3.02 3.03 3.04
350 120 3.50 350 3.50 3.50 3.50
250 150 253 2,56 2,60 263 2.66
3.00 150 | 3.03 3.05 3.07 3.10 312
3.50 150 352 353 3.54 3.56 3.58
250 180 254 2.60 2,65 2.69 274
3,00 180 3.04 3.08 aa2 3.16 3.20
3.50 180 3.53 3.56 360 362 3.66
250 210 2.55 263 270 2.76 2.82
3.00 210 3.06 312 347 3.23 3.28
3.50 210 355 3.60 3.65 3.69 3.74

Computer Programming

When only grain and commercial supplement are
considered as ration ingredients, it is a simple mat-
ter to calculate the proportions of these in any ration
as illustrated in Fig. 8. Likewise, even when for-
tified grain-soybean meal rations are used the
number of ration ingredients is small enough that
these caleulations can also readily be made by hand
(Table 21). However, if many ingredients are to be
considered in an effort to put together the required
nutrients in a ration at the least cost, it becomes
extremely difficult if not impossible without the use
of a modem electronic computer,

The computer must have programmed informa-
tion before it can give useful answers. The type of
input data which need to be provided to the compu-

ter by linear programing as well as the output in-
formation which the computer will give back are
shown in Fig. 10,

A computer model called Telplan 12 has been
developed at Michigan State University for use in
determining least cost rations. Table 28 gives the
nutrient requirements and limitations for the vari-
ous weights and classes of swine for which rations
may be computed, Table 29 gives the nutrient com-
position of the ingredients considered by the com-
puter as possible components of the ration as well
as any lim n on the use of ingredients in
specifie rations. The other data which must be pro-
vided to the computer by the producer are the cost
of each of the ingredients to be considered as possi-
ble components of the ration,

Accurate ingredient prices are mandatory.
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Nutrient composition of ingredients

Nutdent requirements >

Linear

Ingredient prices

and limitati

Computer Output

I, Least cost formula
2 atrient compositi
3. Break-even pri

4. Price

Fig. 10. Dis

This means prices of ingredients at the time of pro-
gramming, including delivery or storage costs to the
point of actual ration manuf; . The output ob-
mined from the program includes the least cost ra-
tion formula and its cost, the nutrient compositon of
the ration, the break-even price at which an ingre-
dient not in the ration would enter the ration and
the price range where least cost ration ingredients

of ingred

> <+
s Program

ration,

ange of least ecost matlon ingredients.

ram of computer program showing input data snd output information.

would remain least cost. Output data are no more
valid than the input data provided.

Least cost models are designed to
cost per pound assuming any combination o
dients meeting the nutrient requirement specifica-
tions will result in the same rate and efficiency of
gain. Least cost models do not consider the
economic advantages if alternative specifications

f ingre-

Table 28. Nutrient requirements of swine (per pound of feed). _
Growling-finishing rations for pigs weighing—

Nutrient® Unit Gestations  Lactation 10-25 25-50 50-75  75-125 125-220
Energye
Digestible, min, kealllb, 1530 1530 1570 1550 1530 1510 1480
Amino Acids
Lysine, min., Pet. 0.50 0.70 1.20 0.95 0.75 0,654 0.55¢
Methionine +
cystine, min. Pot. 0.30 0.30 0.70 0.60 0.50 0.40 0.30
Tryptophan, min, Pet. 0.08 0.13 0.18 0.15 0.13 0.1 0.09
Minerals
Calcium, min. Pet. 0.75 0.75 08 0.6 05 0.5 0.5
max. Pet 0.95 0.95 11 08 0.7 0.7 0.7
Phosphorus, min, Pct 0.50 0.50 08 0.6 0.5 0.5 0.5
Salt, min. Pct. 0.25 0.25 0.25 0.25 0.25 0.25 0.25

 \itaming and trace minerals should be supplisd fo meet Nationa! Research Council Requirements.

& Gostation ration requirements based on 4 to 5 pounds feed por sow per day.

€ The anergy levels are sef. for the growing and finishing pig, af levels which assure maximum daily gains. If energy per pound of feed drops baiow the .
fovels spacifiod, daily enargy intake will be depressed and, consequently, daily gains will fall, If enargy per pound of feed excesds tha minimum, daily
gains typically will not improve; however, gain per pound of feed typically improves.

o Highet lysine levels may be warranted for maaty pigs {ioin ayas exceeding 5 sq, in, @ 220 bs.} andlor for high grain prices refative to protein prices
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| § = | were allowed in the program model. For example, if
2 EE & | diddgddsd @ = the cost of corn were high relative to the cost of
e | ' protein, as in 1974, it might be economical to use a .
| o | B ] | higher level of lysine since improved feed effi-
| = | 8l& &# | 327227 2 3 ciency and economy of gain should result.On the
'E:; | other hand, when the cost of protein is extremely
" 3‘1;3 £ | Qg0 gg n 4 high relative to the cost of comn, as inllE}’IS it may be
ElE | sEE LS EEN z profitable to use a lower level of lysine in the
El= specifications. Thus, the computer model can be ex-
ERN @ b gggd3433 3 tended to formulate rations designed to r nize
= }IUI![ ser day rather than mi e cost per pound
[l profit | per |
£ ¢ K A . s
= 2 EERERE £ Probably the most important factor limiting the
o ! 3 use of the computer model by the individual swine
E g producer is the limited number of ingredients that
¥ B he is able to buy and store economically. Thus, the
| £ 8 2 greatest use of computer models is by feed man-
| £ £ & e s el @
o | E" [ RN = ufacturers and h.\"]lmslm'vrs with very large herds.
| & ‘;' g Growing and finishing rations which
| = E nutrient specifications and ingredient lin
e E the computer program are shown in Table 30 (30 to
~ L. EEREEEE 2% 75 pound pigs), Table 31 (75 to 125 pound pigs) and
iy i Table 32 (125 to 220 pound pigs).
- 5
= -1
| @ w | s 82
! b rririe 52  Free-Choice Protein Supplement
<8
g . ; ;
E -gﬁ Far ners desiring to prepare a protein supplement
w a | &® € to be fed free-choice with home-grown grains for
@ m | o - §3 5 s # 2 po
e - Fron % growing - fini g hogs can refer to Table 33, The
o 2% supplement ¢ s be mixed with grain to prepare
i I | g I
g 2% complete mixed feeds, The quantity of supplement
| 58 : : i :
- T |&# =a A tous formulating a ton of various swine m-
= O T e D aps .
8 NN N 35 tions is listed below.
58
L £3 2 .
2" g 2| EEEEEE 52 - ) . Supplement A Corn
~ GF g5 Type of Ration (pounds)  (pounds)
-] 8 ~ 1 TRl - A 2
o @£ EE Gestation 280
o Te e | i
Qe |33 |# BEREEER 2k Lactation 480
E LE ‘5% Weaning to 125 |bs. 480
£ & 8t 125 1bs. to market 280
b o> 4 EE
3l- 383 gri1111 if
g 5E |8 @ s Sex Differences
2 2
8 55 ]
2 | 3 2 When full-fed, boars consume less daily feed than
£ -
£ d " - = barrows or gilts, but are 10 to 15 percent more effi-
e L i} t |23 hindecen ¥ !
o o a_E .5 g |=g cientin feed conversion, Boars also gain faster than
E - E:n s B¥ & |E€  barows and gilts, Barrows gain approximately .10
o & gES5=292 S |82 pounds faster per day than gilts, which reduces
E I3 N EE-B] = -3 ;
sl e EZG8SEE - ;? thei t slaughter by 10 days. Feed per pound of
2 E 5 s gssag E.E o mainis milar for barrows and gilts. Gilts vield car-
[ % a 1 E 5 EEEE Es E? casses having .11 inch less backfat, square in-
5 = ] 2 i
g & |5 | = E 28 EE% E._ = E £%  ches larger loin eye area, and 1.8 percent more lean
of © | (86cEE222% E£5 |E: cuts than barrows. Dressing percentage usually
2= 3|8 |gom@tmaaan BO (g2 . h 3 :
5% 2 | g |8 . = £¢  favors barrows, which is consistent with their great-
=l Lz IEERBR3885 &2 |28  erdepth of backfat.
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Table 30. Grower rations for swine 30 to 75 pounds.

Ration number

. Ingredient 1 2 3 4 5 [ 7 8 9 10 1 12 13

Corn 1507 1185 1142 1167 1620 1537 1633 1351 1440 1639
Opaque-2 corn 1600

Sorghum grain 1458

Oats 340

Rye 400

‘Wheat 1540

Wheat middlings 400

Fish meal 120

Meat and bone meal 138

Tankage 188

Dried whey 200

Soybeans, heated 400
Lysine, 78%L- 5
Soybean meal (44) 437 342 488 420 403 406 382 222 306 160 400 125 300
Limestone 20 20 20 20 20 20 25 16 3 3 17 20 18
Dicalcium phos., 20 22 18 19 19 18 10 6 o 0 16 18 22
Sait 5 5 5 5 5 5 5 5 5 5 5 5 5
Selenium premix 1 1 1 1 1 1 1 1 1 1 1 1 1
MSU VTM premix 10 10 10 10 10 10 10 10 10 10 10 10 10

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Analyses
DE kealllb 1562 1567 1500 1500 1551 1566 1510 1578 1577 1570 1562 1665 1557
Protein, % 165 164 183 168 164 176 168 157 171 165 163 166 140
Lysine, % B0 B0 83 80 B0 B0 B0 80 B0 .BO B0 .80 81
. Meth. + cystine, % 55 54 50 & 53 54 53 856 53 51 54 51 50
Tryptophan, % 19 20 22 20 19 22 20 A7 AT A7 18 19 .15
Ca, % 87 .68 66 B7 B7 BT 65 65 B5 65 85 B7 85
P. % 50 50 50 50 50 50 50 50 56 54 50 50 50




Table 31. Grower rations for swine 75 to 125 pounds.

Ration number

Ingredient 1 2 3 4 5 6 7 8 8 10 1 12 13 .

Corn 1626 1126 1260 1285 1742 1654 1710 1472 1537 1789

Opaque-2 corn 1730

Sorghum grain 1600

Qats 522

Rye 400

Wheat 1655

Wheat middlings 400

Fish meal 120

Meat and bone meal 120

Tankage 120

Dried whey 200

Soybeans, heated 410

Lysine, 78%L- 6

Soybean meal (44) 320 216 350 300 288 285 265 104 206 140 280 150

Limestone 16 14 14 16 16 18 22 10 4 7 14 17 14

Dicalcium phos. 22 24 20 20 20 18 12 8 o 7 18 20 25

Salt 5 & 5 5 5 5 5 5 5 5 5 5 5

Selenium premix 1 1 1 1 1 1 1 1 1 1 1 1 1

MSU VTM premix 10 10 10 10 10 10 10 10 10 10 10 10 10
2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000

Analyses

DE kcal/lb 1568 1574 1502 1466 1557 1572 1519 1585 1583 1575 1568 1847 1570

Protein, % 143 143 158 148 142 155 146 136 148 143 140 144 112

Lysine, % 65 65 65 65 65 65 85 85 685 65 .65 .65 67

Meth. + cystine, % 49 49 43 48 47 4B 4B 51 48 47 4B 46 .41 .

Tryptophan, % A6 17 18 A7 16 19 A6 13 14 14 A5 16 1

Ca, % .60 60 B0 60 .60 60 .60 60 60 60 .60 60 .60

P, % .50 50 50 50 .50 50 .50 .50 51 50 .50 50 .50
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Table 32. Finisher rations for sw.ir.-e 125 to 220 pounds.

Ration number

Ingredient 1 2 3 4 5 L] 7 8 9 10 1" 12 13
Com 1666 1044 1204 1325 1782 1677 1706 1512 1586 1821
Opague-2 corn 7N
Sorghum grain 1638
Oats 648
Rye 500
Wheat 1703
Wheat middlings 400
Fish meal 120
Meat and bone meal 60
Tankage 60
Dried whey 200
Soybeans, heated 360
Lysine, 78%L- 5
Soybean meal (44) 280 175 310 254 242 245 225 B4 225 192 240 120
Limestone 16 14 14 16 16 16 22 10 12 10 14 16 14
Dicalcium phos. 22 24 22 22 22 20 12 8 10 16 18 22 25
Salts 5 5 5 5 5 5 5 5 5 5 5 5 5
Selenium premix 1 1 1 1 1 1 1 1 1 1 1 1 1
MSU VTM premix 10 10 10 10 10 10 10 10 10 10 10 10 [i]
2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Analyses
DE kcal/ b 1570 1576 1503 1444 1556 1575 1520 1587 1578 1574 1571 1640 1573
Protein, % 136 137 152 139 136 149 139 129 139 136 132 137 107
Lysine, % 60 B0 60 60 B0 B0 60 .60 60 .60 .60 60 B0
Meth. + cystine, % 47 AT M1 46 45 46 46 49 4T 46 46 42 40
Tryptophan, % 15 16 17 16 15 18 15 12 14 14 14 14 10
Ca, % 60 B0 .60 60 60 B0 60 .60 60 B0 60 B0 B0
P, % 50 50 .50 50 50 50 50 50 50 .50 50 50 .50
Table 33. Free-choice protein supplement.
Ingredienls PP LA .E ded Vitamin Addition/T. Suppl. A
Soybean meal (442 ‘u) 1295 l Vitamin A (LU.) millions 20
Meat and bone meal 350 IJ Vitamin D (LU.) millions 27
Alfalta meal 200 Vitamin E (l.U.) thousands 30.0
Limestone 60 Riboflavin (gm) 15.0
Dicalcium phosphate 40 Pantothenic acid {gm) 50.0
Trace mineral salt (Hi Zinc) 50 Nicotinic acid (gm) BO.O
Selenium premix (Table 18) 5 Choline (gm) 500.0
Vitamin Bz (mg) 70.0
2,000 Antibiotic (gm) 100.0
Crude protein, % 39.0
Calcium, % 3.77
Phosphorus, % 1.59 !

This infarmation is for educational purposes only, Reference to commercial produets or trade names does not imply discrimination or

endorsement by the Cooperative Extension Service, ©
color, ereed, or national origin, Issued in fur therane
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Table 34. Estimated corn and suppl t requir ts for swine.*
Life stage Per sow per litter Per pig raised
Days Daily
feed Corns Suppl. Cornv  Suppl. Creep
Ib. Ib. Ib. Ib. Ib. Ib.

Gilts to breeding ages

Actual amount 75 5.0 (329) (46)

Amount required

per sow replaced 82 12 10 2
Breeding season 7 7.0 42 7 5 1
Gestation 114 45 428 85 54 1
Lactation a5 12.0 33 107 39 13 10
Starter (20 to 40 Ib) 18 23 a2z 14
Grower (40 to 125 Ib) 56 45 189 63
Finisher (125 to 220 Ib) 56 7.0 327 65
Boar (48 litters) 6.0 40 ;] 5 1
Total 905 219 BE1 170 10

* These amounts are based on B pigs reised per litter and 410 pounds of feed used in ths entire swine oparation per 100 pounds of marke! hogs produced.

& See Tables 2 and 3 fo substitule other graing for corn.

€ Amount of feed required for gilts to breeding age per sow replaced is Ya the aciual amount neaded per gilt bacause it is assumed that sows farrow an
replaced.

average of 4 litters bafore baing repla

Partial List of Manuf s and Suppliers of Feed Additives®

Vitamins A, D, E and K
Abbott Laboratories, N. Chicage, 111
Dawes Luboratories, Inc.,, Chicago, L1
Eastman Chemical Products, In
General Mills, Ine i

Heterochemical

New York,

Co.
Plizer Inc,,

Indl

Commercial Solvents Corp., Terre Haute,
Duwes Laborats
D

Newark, N. J.

Hoffman-Taff, Inc.
Halt Products C
Plizer Inc., New

Syntex Agri Business, Inc.,
Thompson-Hayward Chemica

wnsas City, Kan

*The above list is not complete; it is intended to indicate possible sources of eertuin j’m o additives

Amino Acids
Afinomoto, USA, Tne.,
Dawes Laborator:
E. L. Dupont de
Merck & Co., Ra

w York, N. Y
lenzu 111
. Inc.,

Wilmington, Del

Su]eninm Pnlml'xun

Antibiotics and Arsenicals
Abbott Laboratories, North Chicago, 111
American L. anamid Co., l'rlmclun N.J.

Smith Kline 2 clelphia,

Sow Milk Replacers
remost Foods Co., San Francisco, Calif.

Triple “F" Feeds, Des Moines, lowa

Some suppliers sell only to Heensed

feed manufacturers. Endorsement of any company or commercial products is neither intended nor implicd




