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Amino Acid Composition of Swine Rations
and
Amino Acid Requirements of Weanling Pigs

W. H. PFANDER AND L. F. TRIBBLE

Until the early part of the 19th century, food and feedstuffs were
considered as units. Few attempts were made to evaluate their efiiciency
in promorting life functions. Magendie (1816) recognized that the nitrogen-
containing fractions of foods were important and showed (1841) that meat
proteins were superior to gelatin. However, the idea that proteins were of
equal nutritional value persisted until about 1900.

Kossel and Kutscher (1900) and Fischer (1901) showed that proteins
could be broken down, quantitatively, into their constituent amino acids
by chemical action. This gave biochemists reasonably adequate tools for
their studies of protein composition. Cohnheim (1906) showed that an
enzyme, erepsin, freed amino acids from proteins in animals at body tem-
peratures. By 1904, 17 amino acids were known.

Osborn and Mendel isolated and tested the nutritional value of many
plant proteins. In 1914, they showed that rats could maintain body weight
on a zein ration supplemented with tryptophan but needed extra lysine
before they could grow. Subsequent research (1924) showed that many plant
proteins were improved by the addition of amino acids, usually lysine or
tryptophan. The cereal proteins were especially deficient in lysine.

However, it was not possible to raise rats with amino acids as the
only source of nitrogen until Rose’s laboratory isolated threonine (McCoy
et al. 1935). Rose and co-workers then determined the essential amino
acids (1938) and the quantitative requirements (1948) for the growing rat.
Other investigators used other species for similar studies. The results have
been reviewed by Almquist (1952, 1954) and Rose (1952). Racs (Rose
and Rice, 1939), chicks (Almquist 1952), pigs (Shelton ef /., 1950) and
dogs (Silber et al., 1949) made adequate growth when amino acid mix-
tures were used to supply the nitrogen in their diets.

Thus, research has established that protein nutrition in the monogas-
tric animal is essentially amino acid nutrition. Many investigators now
report the amino acids present in ration ingredients and are interested in
determining the amino acid requirements of different classes of animals.
When sufficient evidence has accumulated, it should be possible to evalu-
ate the adequacy of a ration by calculating its amino acid content and
comparing it to the requirement of the animal for which it was balanced.
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The amino acid requirements for swine have been summarized by
the National Research Council (1953) and Almquist (1954). They are
based primarily on results of tests made by supplementing rations that
were low in some amino acid with various amounts of the amino acid
under test. Since the summaries were compiled, requirement figures for
valine (Jackson ef @/, 1953) and leucine (Eggert et al., 1954) have been
published.

Most common feedstuffs have been analyzed for the essential amino
acids. Extensive studies are now under way to determine the variations
caused by variety and environment.

The National Research Council lists requirements for lysine, methion-
ine and tryprophan thart are greater than the amounts present in common
swine ration ingredients.

This bulletin reports on tests conducted to determine if amino acid
fortification would improve practical swine rations, and if proteins known
to be adequate for rats are also adequate for swine. On the basis of these
experiments, it appears that: (1) small advantages may be obtained by
supplementing some practical rations with lysine, methionine or trypto-
phan; (2) the amino acid requirements of swine should be expressed as a
percent of protein of the ration; (3) the requirements of the National
Research Council for lysine, methionine and tryptophan are adequate to
meet the growth needs of young swine; and (4) pigs weighing more than
75 pounds have much lower requirements than younger pigs.

REVIEW OF LITERATURE
Estimated Requirements of Swine

The National Research Council (1953) has summarized the literature
on amino acid requirements based on nitrogen retention, the gain of pigs,
and feed efficiency. Since this publication appeared, additional estimates of
amino acid requirements have been obtained (Jackson ez al., 1953; Eggert
et al., 1954). Almquist (1954) has re-evaluated the requirements on the
basis of log plots. '

Curtin et al., (1952a) and Williams e# a/. (1954) have analyzed the
carcasses of swine for the essential amino acids and calculated the ratios
between the content of lysine and each of the other essential amino acids.
By multiplying the ratio between lysine content and the content of each
of the other essential amino acids in the tissues by the previously deter-
mined lysine requirement, they estimated the requirement for the other
essential amino acids. The validity of this method is limited by the ac-
curacy of determination of the lysine requirement and by the fact that the
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amino acids are not equally well digested, absorbed and retained. It is
known that tryptophan can serve as a precursor of niacin (Luecke, 1947;
1948; Powick, 1948) and that methionine serves a number of metabolic
functions (du Vigneaud ef 4/, 1941). Denton and Elvehjem (1954 a and
b) found amino acids were not absorbed at the same rate and Schweigert
(1947a) and Suberlich e al., (1948) found they were not excreted at the
same rate.

Estimates of amino acid requirements can be obtained by determining
or calculating the amino acid content of rations which have given satis-
factory growth and have not responded to supplementation of the essen-
tial amino acids. Responses have not been as great as expected from sup-
plementation of practical rations which appeared low in one or more es-
sential amino acid on the basis of NRC requirements. Using growth rate
and feed efficiency as criteria, responses to lysine have been obtained by
adding 0.1 percent to rations containing 12 percent of crude protein from
corn and soybean meal (Catron, 1953; Pond, 1953) and to others con-
taining 14 percent crude protein from milo and soybean meal (Pond, 1953).
Responses also have been obrained by adding 0.15 percent to a mixed
ration (Pfander and Tribble, 1953); 0.4 percent DL-lysine to a corn-cotton-
seed meal ration (Dyer, 1952); and 0.1 - 0.3 percent DL-lysine to a corn-cot-
tonseed-alfalfa meal-fish solubles ration (Miner ef al., 1955). No response
was obtained when a 14 to 16 percent corn and soybean meal ration was
supplemented with lysine (Catron, 1953; Meade, 1956).

Dyer et al. (1949) obtained a growth response when 0.2 percent of
DL methionine was added to a 20 percent corn-soybean meal ration. No
response was obtained by Ferrin (1946) with a 17 percent ration; by
Catron (1953) with a 12, 14 or 16 percent ration; or by Pfander and
Tribble (1953) with 16 and 18 percent rations. Curtin et @/, (1952¢) con-
cluded that a purified ration containing 20 percent of soybean protein sup-
plied adequate methionine.

Tryptophan supplementation improved a corn-meat and bone scraps
ration (Bloss, 1953; Terrill et al., 1954) and a corn-cottonseed meal-alfalfa
meal ration (Miner et al, 1955).

Becker et al. (1954) fed rations of corn, supplemented with fish meal
or soybean meal, and determined the level of protein needed for optimum
performance. They analyzed their rations for lysine, tryptophan and
methionine and calculated the level of each present in the optimum ra-
tion. Their work indicated a lower requirement than had been indicated
by tests using rations that were low in some particular amino acid or by
using specially prepared feedstuffs. Later work (Becker et al.,, 1955) in-
dicated that these estimates were valid.
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Figure 1—The essential amino acid spectrums of the proteins of corn, soybean
meal and fish meal and the amino acid requirements of weanling pigs.
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Table 1 *summarizes available estimates of the requirements for the
essential amino acids.

The Amino Acid Composition of Feedstuffs

Numerous papers reporting the composition of one or more feed-
stuffs have been used in preparing our summary of feedstuff composition.
The main sources of summarized information were Block and Mitchell
(1947), Tirus (1952), Almquist (1953), National Research Council (1953),
and Fairbanks (1954). Values listed by all authors were tabulated and ap-
parent duplications were excluded. To these values were added others
which appeared to have been obrained with reliable methods. All values

*Tables 1 and 2 in Appendix, p. 36.
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Figure 2—The essential amino acid spectrums of the proteins of oats, tankage
and shorts and the amino acid requirements of weanling pigs.
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were converted to a standard N x 6.25 basis and, where possible, stand-
ard deviations of the means were computed. These values are summarized
in Table 2.

Amino acid spectrums of several swine feeds and the requirements
of pigs were prepared after the method of Oser (1953). These are shown
in Figures 1 through 4 and indicate that amino acid deficiencies occur in
popular ingredients of swine rations as follows: lysine-alfalfa, barley, cormn,
oats, wheat and wheat shorts; sulfur amino acids-soybean meal (border-
line), tankage and wheat shorts; tryptophan-corn, tankage, and wheat
shorts (borderline); histidine-alfalfa and barley.



Figure 3—The essential amino acid spectrums of the proteins of barley, skim
milk and alfalfa and the amino acid requirements of weanling pigs.
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Figure 4—The essential amino acid spectrums of the proteins of blood meal,
whole egg and casein and the amino acid requirements of weanling pigs.
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METHODS

All but three experiments were conducted with Chester White pigs.
In one experiment 20 Hampshire pigs were used, in another, 60 crossbred
Landrace-Poland Chinas and in the third experiment, Hampshires and
Durocs. After weaning at 56 days of age, the pigs were allocated to ex-
perimental lots and fed on concrete floored pens until they weighed ap-
proximately 100 pounds. In two experiments pigs were carried to about
200 pounds final weight. Pigs were weighed weekly and records of feed
consumption were kept.

PRACTICAL RATIONS

Three experiments were conducted with two basal rations. Ration A
was composed of corn and a supplement of 2 parts soybean meal, 2 of
tankage, and 1 of wheat shorts. The ratio of corn and supplement was
varied to obrain desired protein levels. Ration B was formulated from corn
and soybean oil meal. The initial protein level was 18 percent in Experi-
ment 1 and 16 percent in Experiments 2 and 3. When the pigs weighed
approximately 75 pounds the level of protein was reduced to 16 percent
in Experiment 1 and 14 percent in Experiment 2 and 3. Both rations were
fortified with vitamins and minerals to reach the levels recommended by
the National Research Council (1950). The compositions of the basal ra-
tions are shown in Table 3. Rations were self fed in Experiments 1 and 2
and were hand fed in Experiment 3.

TABLE 3 -- COMPOSITION OF THE BASAL RATIONS

Ration A Ration B
Percent Crude Protein Percent Crude Protein

Components 18 16 14 18 16 14
Ground yellow corn 1 T42.5 T87.5 839.5 727.5 761.5 817.5
Soybedn oil meal, 4 solvent E’f 100 80 58 250 211 155
Tankage, 60% 2/ 100 80 58 - —mm -
Wheat gray shorts 50 40 29 -—- - -
Vitaming 3 1 1 1 1 1 1
Choline chloride, 25% dry mix 0.5 0.5 0.5 0.5 0.5 0.5
Limestone -— 5.0 8.0 12.5 12.0 9.0
Salt 5 5.0 5.0 5.0 5.0 5.0
Bonemeal -— -— -—- 2.5 8.0 11.0
Antibiotic 4/ + + + + + +
1/ Amount of corn varied slightly, depending on the antibiotic used.

Sufficient corn was added to make 1000 1b. of ration.
%/ Blended from at least two sources.
3/ Each lb. contained 7 gm. nicotinic acid, 7 gm. pantothenic acid, 1 gm.

L&

riboflavin, 4 mg. vitamin Byg, 976,500 LU. vitamin A and 173,600 L.7.
vitamin D.

One 1b. TM 10 in experiment 1, 6 1b. Aureofac in experiment 2 and 3
1b. of Aureofac 2A in experiment 3.
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Litters of pigs were allocated to the experimental treatments accord-
ing to the 6 x 6 or 7 x 7 Latin square design.

Experiment 1 (1953 Spring Farrow)

Six litters of six pigs were allocated to the following six lots: Lot 1,
basal A; Lot 2, basal A + 0.15 percent L-lysine; Lot 3, same at Lot 2 +
0.04 percent DL-methionine; Lot 4, basal B; Lot 5, basal B + 0.15 per-
cent L-lysine; Lot 6, same as 5 + 0.04 percent DL-methionine.

Experiment 2 (1953 Fall Farrow)

Seven litters of seven pigs were allocated to seven lots: Lot 1, basal
A; Lot 2, basal A + 0.1 percent L-lysine; Lot 3, basal A + 0.04 percent
DL-methionine; Lot 4, same as 2 + 0.04 percent DL-methionine; Lot 5,
basal B; Lot 6, basal B + 0.1 percent L-lysine; Lot 7, basal B + 0.04 per-
cent methionine.

Experiment 3 (1954 Spring Farrow)
The treatments were:

Lot 1 Basal A-antibiotic
F I + 0.1 percent L-lysine + 0.4 percent DL-methionine
+ 0.04 percent DL-tryptophan

3 »

4 7 + L-lysine + DL-tryptophan
5 = + L-lysine

6 7 + DL-lysine + DL-methionine
F A + L-lysine-antibiotic

g 7 + DL-tryptophan

9 ” + DL-methionine

0

=i

¢ + DL-tryptophan + DL-methionine
A 6 x 6 Latin square design was used to allot pigs to lots 2-7. Lots
1 and 8-10 contained six pigs similar to those in lots 2-7.

Experiment 4 (1954 Spring Farrow)

This experiment was designed to test the value of supplementing a
corn and shorts ration with small amounts of amino acids. Chester White
pigs were allotted to the test at weaning. Lot 1 received an excellent mix-
ed ration (formulated from corn, shorts, tankage, soybean meal, fish meal,
alfalfa meal, minerals and vitamins). Lot 2 received the corn and shorts
ration supplemented with 0.25 percent L-lysine hydrochloride, 0.06 per-
cent DL-methionine and 0.04 percent DL-tryptophan. Table 4 lists the
rations.
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TABLE 4 -- THE COMPOSITION OF RATIONS TO TEST THE PERFORMANCE
OF PIGS FED A COEN SHORTS RATION SUPPLEMENTED WITH

AMINO ACIDS
Ration Ingredients Weaning to 75 Ibs, 75 Ibs. to 200 Ibs.
1 ] 1 2

Ground yellow corn 7786 423 829 G658
Wheat Gray shorts 30 550 19 315
Tankage, 60% C. P. % 80 e 38 RE
Soybean oil meal, Solvent 1/ 60 e 18 e
Fish meal, 62.5% C. P, 30 _——- 30 e
Alfalfa meal 30 == 30 -—
Vitamin premix 2/ 1 1 1 1
Choline Chloride, 25% 0.5 0.5 —_— -
Aureofac 2A 3 3 1.5 1.5
Limestone 5 18 8 16
Salt 5 5 5 5
Bonemeal - N N 9
L lysine hydrochloride === 2.5 -— 2.5
DL methionine -— 0.6 -—— A
DL tryptophan - 0.4 ——n 4

%/ Blended from two sources

_," Premix prepared from 35 gms. niacin, 35 gms. calcium pantothenate,
5 gms. riboflavin, 40 mgm. B12 and vitamin A and D (2250-400
drymix to 10 lbs.

TABLE 5 -- RATIONS USED TO TEST THE VALUE OF AMINO ACID
SUPPLEMENTATION TO A CORN WHEAT SHORTS RATION FOR

_ GROWING FATTENING SWINE

Ration 1
___ Protein level
Ground Y. corn 433 658 423 659 345 660
Wheat G. shorts 548 314 550 315 550 315
Aureofac ZA 1.5 1.5 1.5 1.5 1.5 1.5
Vitamin premix 0.5 0.5 0.5 0.5 0.5 0.5
Choline chloride (25%) 0.5 —— 0.5 - 0.5 -
Salt (trace mineralized) 5 5 5 5 5 5
Limestone 18 18 18 18 18 18
L-lysine HC1 92% 2.5 2.5 1.25 1.25 -— ——-
DL methionine 0.6 —— 0.3 -—- -— ——
DL tryptophan 0.3 0.3 0.15 .15 -— —

14% crude protein rations until 75 1bs.

12% crude protein rations from 75-100 lbs.

All pigs received ration 3 containing 12 percent protein after
they weighed 100 pounds.

Experiment 5 (1954 Fall Farrow)

Twenty-one unthrifcy pigs, Durocs and Hampshires, were divided
into three uniform lots and hand fed the rations shown in Table 5 until
they weighed 200 pounds.
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Experiment 6 (1954 Fall Farrow)

Sixty crossbred Landrace-Poland pigs were allotted to the following
siX treatments:
Lot 1 Basal + 0.04 percent DL-tryptophan
2 Basal + 0.05 percent L-lysine
3 Basal + 0.04 percent DL-tryptophan + 0.04 percent
DL-methionine
7 Basal + 0.04 percent DL-methionine
5 Basal
6 Basal + lysine + methionine + tryptophan
Each lort conrained five pigs and was replicated. Table 6 gives the
compositions of the rations.

TABLE 6 -- COMFPOSITION OF CORN AND TANKAGE RATIONS

1 2 3 g 5 8
Ground yellow corn, 1b B876.5 916 576 876.5 817 878
Tankage, 60%, 1b 115 115 115 115 115 115
Salt, 1b 5 5 5 5 5 5
Aureofac, 24, 1b 1.5 1.5 1.5 1.5 1.5 1.5
Choline chloride, 25%, 1b 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin mix *, 1b 0.5 0.5 0.5 0.5 0.5 0.5
DL tryptophan, gm 182 -—- 182 — --- 182
L lysine, HC1, gm - 300 -—- --- --- 300
DL methionine, gm === - 182 182 ——= 182
* Vitamin mix contained: Vitamin A and D (2250,400) 10 Ibs., Riboflavin 10 gm.,

Niacin 10 gm., Vitamin B12 (0.1%) 25 gm., Calcium pantothenate 50 gm.

When the pigs reached an average weight of 75 lbs, the ration was changed to 912
Ibs. corn, 76 lbs. tankage, 5 lbs. lime, 5 lbs. salt, 1.5 lbs. aureofac, 24, and 0.5
Ibs. vitamins. Lysine and tryptophan were added at the same rates as above, but
the methionine was reduced to 91 gms. per 1000 1bs. ration.

Experiment 7 (Fall Farrow, 1954)

Twenty Hampshire pigs were divided equally into two lots. Lot 1
pigs had access to a self feeder containing shelled corn and a protein sup-
plement of: tankage, 483; salt, 10; choline chloride, 2.5; Chlortetracycline
supplement, 4;* and vitamin and trace mineral mix, 0.5. The ration for
Lot 2 was identical, except that 2 pounds of tankage were replaced by 800
grams DL-tryprophan.

PURIFIED RATIONS

Several proteins were tested for their growth promoting value as
single sources of protein in purified rations or when fed as supplements
to corn.

*Conrains 3.6 grams chlortetracycline per pound of supplement.



Experiment 8 (Fall Farrow, 1952)

Twenty-four Chester White pigs were allocated to eight lots of three
and fed rations that supplied all of the protein as soybean oil meal, casein,
or liver meal, or as combinations of two of these sources. The rations are
shown in Table 7.

TABLE 7 -- THE COMPOSITION OF PURIFIED RATIONS

Ration
Ingredients 1 2 3 4 5 [ T 8
Soy%:-ean meal 47 -= -- 13.5 14 - -- 41
Casein -= 20 -- 13.5 -- 10.5 10.5 -
Liver residue -= -= 21.5 - 14 10.5 10.5 -
Antibiotic == - -= -= - -= + +

In addition each ration contained: Woodpulp 3, minerals 5, cod liver oil 0.5, soybean
oil 3.0, starch to 100.

And the following vitamins in mg. per 1b. of feed: Thiamine 2, riboflavin 2.5, niacin
15, calcium pantothenate 4.5, pyridoxine 2.5, choline chloride 450, inositol 250,
vitamin Byp 0.01, folic acid 0.25, biotin 0.09, vitamin E 5, Vitamin K 5.

Experiment 9 (Fall Farrow, 1953)

Three lots of three pigs were fed rations containing 12 percent crude
protein. Ration 1 contained dried whole egg and corn; ration 2, whole
egg and corn plus 0.2 percent L-lysine and 0.05 percent tryptophan; and
ration 3 was a purified racion, similar to those used in trial 8, containing
12 percent of whole egg protein. Table 8 gives the compositions of the
rations. ‘

TABLE 8 -- THE COMPOSITION OF RATIONS CONTAINING WHOLE EGG

Ration 1 2 3
Whole Egg 45 45 45
Corn starch - -—- 316
Ground corn 440 440 -
Aureofac 1.5 1.5 1.25
Stabilized A and D (2250-400) 0.5 0.5 0.5
Vitamin starch 1/ 0.5 0.5 0.5
Salt 2.5 2.5 4.5
Steamed bonemeal 6 6 5.5
Ground limestone 5 5 3
L lysine, as monohydrochloride - 1.2% -—
DL tryptophan ——- 0.25 -—

1/ to supply the following vitamins, mg. per lb. total ration: calecium pantothenate
T, niacin 7, riboflavin 1, biotin {}22 folic acid 0.13, pyridoxine 0.25, thiamine
0.5, vitamin Bys .004, pa.ra. amino benzoir acid 1, clwline 450, vitamin K 5,
vitamin E 5.

Experiment 10 (Spring Farrow, 1954)

The experiment was designed to test: (1) The value of casein as a
supplement to a corn ration; (2) the value of ration A supplemented with
fish and alfalfa meal; (3) the value of a corn-shorts ration supplemented
with arginine, lysine, tryptophan and methionine. Compositions of the
rations are shown in Table 9. The pigs were similar to those in Experi-
ment 3 and were fed at the same time.



TABLE 9 -- THE COMPOSITION OF RATIONS USED TO DETERMINE THE VALUE OF CORN-CABEIN
AND CORN SHORTS RATIONS

From Weaning to 74 1bs. From 75 lbs. to 100 1bs.
Ration Number -3 5 12 13 k] 11 12 13
Ground yellow corn 86 76 a70 423 837 829 900 668
Wheat grey shorts 40 30 - 550 29 19 -—- 315
Tankage 80 60 —— —— 58 38 -— -—=
Soybean oil meal solvent 80 60 —— - 38 38 - -—-
Fish meal —— 30 - - - 30 -— -—
Alfalia meal - 30 -== -—- -== 30 - —
Casein === -—- 100 == -—= _— T0 ———
Vitamin premix * 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride, 25% 0.5 0.5 0.5 0.5 . e —— =
Chlortetracycline supplement ** 3.0 3.0 3.0 3.0 1.5 1.5 1.5 1.5
Limestone 5.0 5.0 11.0 18.0 8.0 8.0 10.0 16.0
Salt 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Bonemeal -— -— 11.0 0 2.0 --- 12.0 2.0
Arginine -— -— - 0.7 - -— - ——
L-lysine as hyirochloride --- --- --- 2.5 - -— ——- 2.5
DL Methionine -—- - 0.4 0.6 -— — 0.4 0.4
DL-Tryptophan -—= - e 0.4 -— -— -—- 0.4

* Vitamin premix prepared from 35 grams niacin, 35 grams calcium pantothenate, 5 grams riboilavin, 40 mg. vitamin Bj3
and vitamin A and D (2250-400) , drymix to 10 lbs.
*#* (Contains 3.6 grams of chlortetracycline per 1 1b. of supplement.
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RESULTS AND DISCUSSION

Feed Consumption

Pigs that were fed during the fall and winter periods usually con-
sumed more feed than similar pigs fed in the spring or summer. This is
probably an expression of the need for additional calories for heat by the
pigs fed during the cold weather.

There were, however, no significant differences in daily feed consump-
tion of the pigs fed basal rations and those fed the supplemented rations.
Pigs usually consumed more of ration A when it was supplemented with
lysine or methionine and more of ration B when it was not supplemented.
When both lysine and methionine were present, daily feed consumption
was similar to that of the basal group. Pigs fed the purified ration at the
18 percent protein level consumed less feed than pigs in the other experi-
ments, but there were no differences between groups. The feed consump-
tion of the pigs fed the whole egg ration was relatively high; however,
these pigs were on feed during very cold winter weather and all the pigs
in the barn at that time had a high rate of feed consumption. Pigs that
were fed the ration of corn and casein or the ration of corn and shorts
supplemented with amino acid consumed less feed than those on more
practical rations.

Growth
Practical Rations Containing Proteins of Good Quality

The average daily gains of the pigs are summarized in Tables 10 to
12. The lots receiving ration A supplemented with lysine always gained
more than the lots receiving the basal ration. However, in each experi-
ment, 2 pig in one or more litters grew faster on the basal ration than any
of his litter mates did on the supplemented ration. In Table 13, the aver-
age daily gains of all pigs receiving the supplemented rations are compared
to the mean gain of all pigs of the same sex within a litter. The differ-
ence between the basal group and the lysine-supplemented group was
significant (P <C 0.05). The difference between the basal group and the
group receiving lysine and methionine supplements was not significant.

The response of the pigs to lysine in Experiment 3 was nearly as
great from rations that did not contain an antibiotic (Lot 1 vs. Lot 7) as
from those that did (Lot 3 vs. Lot 5). There was no evidence that aureo-
mycin spared lysine.

Pigs receiving supplements of DL-methionine in Experiments 2 and
3 and DL-tryptophan, DL-tryptophan + L-lysine, and L-lysine + DL-
tryptophan + DL-methionine in Experiment 3 grew at a faster rate than
pigs on the basal rations.



TABLE 10 -- THE EFFECT ON GROWTH RATE AND FEED EFFICIENCY OF SUPPLEMENTING

PRACTICAL SWINE RATIONS WITH L-LYSINE AND DL-METHIONINE
EXPERIMENT 1, SPRING 1953

Lot number 1 T 3 4 5 [
Ration Basal A A+LL A+LLip2 Basal B B+Ll B+LliM
MNo. of pigs G G 6 6 6 [
Avg. initial wt., 1b. 35.0 34.3 32.5 34.0 33.0 34.8
Avg, final wt., lb, 98,3 102.5 96.8 99.3 95.7 101.3
Avg. daily gain, 1b. 1,29 1.39 1.29 1,34 1.24 1.36
Avg. daily feed, Ib. 3.78 3.90 3.53 3.93 3.58 4.07
Feed/cwt. gain, 1b. 203 280 274 294 289 300

T 0.15 percent of L-lysine was added as the hydrochloride.
2 0.04 percent of DL-methionine was added.

ANALYSIS OF VARIANCE OF AVERAGE DAILY GAIN

Source d/t 88 M.S8. F
Between treatments 5 843 16.9 1.63
Between litters 5 2952 549, 5. 70%+*
Between sex 1 25 23, 2.41
Between basal rations 1 15 15. 1.45
Error 23 2384 10.33

Total KH] 6219

%

01
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TABLE 11 -- THE EFFECT ON GROWTH RATE AND FEED EFFICIENCY OF SUPPLEMENTING
PRACTICAL SWINE RATIONS WITH L-LYSINE AND DL-METHIONINE

EXPERIMENT 2, FALL, 1853

Tot 1 3 3 ) 5 5 7
Ration Basal A A+LL A+M2 A+Ll+M%  Basal B B+l B+M?
No. of Pigs 7 7 7 7 7 7 T

Avg. initial wt., 1b. 31.4 30.3 30.4 30.9 31.0 30.6 30.1
Avg. final wt., Ib, 113.7 120.2 126.4 119.0 119.3 120.9 115.0
Avg. daily gain, 1b. 1.33 1.44 1.56 1.42 1.43 1.46 1.34
Avg. daily feed, 1b. 4.58 4.63 4.80 4.36 4.55 4.32 4.15
Feed/cwt. gain, 1b. 343 321 309 307 318 295 309

%/ 0.10 percent L-lysine was added as the hydrochloride
2/ 0.04 percent DL-methionine was added

ANALYSIS OF VARIANCE OF AVERAGE DAILY GAINS

Source d/f &8 M.S. F
Between treatments 6 2173 362.2 13.2%*
Between litters 6 4148 691.5 25.2%%
Between sex 1 147 147 5.36+*
Between basal rations 1 36 36
Error 34 9331 27.4

Total 48 15836

* P .01
¥ P .(}5

079 NLLATING HOUVISTY
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TABLE 12 -- THE EFFECT ON GROWTH RATE AND FEED EFFICIENCY OF SUPPLEMENTING
PRACTICAL SWINE RATIONS WITH L-LYSINE, DL-METHIONINE AND DL-TRYPTOPHAN

EXPERIMENT 3, SPRING, 1854

Lot No. T 3 5 ] T 5 0 0.
Ration -apt +I.—12M2'1‘3 Basal +L1T3 +L1 +LlM2 -aBd +T3 M2 M
No. of Pigs 6 B 6 ] (i (i 6 6 G (i
Avg. initial wt., b, 32.3 a1.2 31.3 31.5 31,8 30.5 J1.5 31.2 30.8 30.0
Avg. final wt., 1b. 95.7 100.5 95.9 103.8 107.5 104.3 98.7 102.0 102.8 96.0
Avg.-daily gain, 1b. 1.11 1.22 1.13 1.27 1.34  1.30 1.18 1.25 1.27 1.16
Avg, feed consumed, 1b. 3.51 3.64 3.61 3.78 3.69  3.66 3.63 3.64 3.64 3.61
275 283 306 291 287 312

Feeglfcwt. gain, 1b. 318 300 319 296
.10 percent L-lysine was added as the hydrochloride
2 0.04 percent DL-methionine was added

3 0.04 percent DL-tryptophan was added
4 -AB Same as basal ration, but contained no antibiotic

ANALYSIS OF VARIANCE OF AVERAGE DAILY GAINS LOTS 2-7

Source Di ss M.5. F
Between treatments 5 571 114.2 1.14
Between litters 5 1693 338.6 3.37*
Between sex 1 11 11

Error 24 2412 100.5

Tatal 35 4687

* p .05

81
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TABLE 13 -- THE DIFFERENCE IN MEAN DAILY GAIN (FROM ALL FIGS OF
THE SAME SEX WITHIN A LITTER) OF THE PIGS RECEIVING RATION
A, RATION A PLUS L-LYSINE, AND RATION A PLUS LYSINE
PLUS DL-METHIONINE.

SUMMARY OF THREE EXPERIMENTS

DIFFERENCE FROM MEAN DAILY GAIN OF ALL PIGS
OF SAME SEX WITHIN A LITTER

+Lysine and
Litter Basal A +Lysine DL-Methionine
1 +0,17 1b./day -.02 1b. +.,08 1b.
2 0 -.08 0
3 -.13 -.03 +.04
4 -.03 +.21 -.18
5 -.18 +.05 +.04
6 0 0 +.01
7 -.18 +.20 =.21
8 -.02 +.01 =17
9 -.15 -.15 +.10
10 +.05 +.10 -.18
11 =13 +.25 -.03
12 =13 -.20 -.10
13 +.08 -.02 +.21
14 +.18 0 -.08
15 0 -.06 -.07
16 -.45 +.15 +,04
17 -.15 +.25 -.06
18 -.13 +.14 +.21
19 -.20 +.06 +,20
Total -1.38 +.56 =15
Average =07 +.05 -.01
Students t, Basal vs. L-Lysine 2.3
Students t, Basal vs. L-Lysine + DL-Methionine 1.38
Students t, for P = 0.05 2,101

One of the most unexpected results was the failure of the combina-
tion of lysine, methionine and tryptophan or of any two of these amino
acids in combination to produce a growth stimulation as great as that pro-
duced by lysine alone. The added amino acids may have been rapidly ab-
sorbed from the digestive tract, overloading the metabolic pool, and then
were catabolized and excreted before the bound amino acids of the ration
could be freed by digestive enzyme to enter the metabolic pool. Sheffner
and Bergeim (1953) have shown that a dietary excess of amino acids will
increase the rate of L-amino acid oxidation by rat kidney, and Schweigert
(1947) and Suberlich e a/. (1948) have shown that urinary excretion of
free and bound amino acids is influenced by the ration.

Phillips and Berg (1954) have shown the depressing effects of feed-
ing several D forms of amino acids to rats.

There is also the possibility that a critical ratio among several amino
acids was altered. Almquist (1954) has recommended that poultry receive
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two parts of lysine to one part methionine and Albanese (1955) has in-
dicated thar human infants require seven parts of lysine to one part trypto-
phan for best performance. Similar rarios may exist for other amino acids.

The concepr of amino acid imbalance has been reviewed by Harper
(1956) who cites evidence showing the effects of excesses of several amino
acids in the presence of borderline deficiencies of other essential amino
acids.

In two experiment, pigs did not grow faster when supplements of
lysine or methionine, or lysine + methionine were added to basal ration
B. Similar results have been reported by Meade (1956). Dyer et al. (1949)
obtained a growth stimulation when a 20 percent crude protein, corn-soy-
bean oil meal ration was supplemented with methionine, but other in-
vestigators, using lower levels of protein, have not obtained growth re-
sponses from supplemental methionine (Ferrin, 1946; Catron, 1953). Corn
protein contains 3 percent methionine and 1.6 percent cystine (Flynn ef 4/,
1954) and soybean meal proteins contain about 1.7 percent methionine
and 1.7 percent cystine. Therefore, as the percent of protein in a corn-soy-
bean oil meal ration decreases the concentration of sulfur amino acids ex-
pressed as a percent of the protein increases.

Becker e al. (1954) reported that a corn-soybean meal ration contain-
ing 14 percent of crude protein was satisfactory but a 16 percent corn-
fish meal ration was required under their conditions. The corn-soybean
ration contained 0.63 percent lysine, 0.23 percent methionine (no mea-
surement of cystine) and 0.13 percent tryprophan. This corresponds to
4.5, 1.65 and 0.9 percent of the protein. The fish meal ration contained
greater concentrations of lysine and methionine but was thought to be
deficient in tryptophan.

Soybean meal has greater concentrations of glycine, phenylalanine +
tyrosine, sulfur amino acids and arginine than shorts and tankage. There-
fore, the addition of lysine to a corn-soybean meal ration should improve
the amino acid balance. Shelton ¢t al., (1951a) obrtained a lower lysine re-
quirement (4.2 percent of protein) on a ration containing 10 percent
gelatin, which is high in glycine, than was obtained by Brinegar et 4l
(19502 and b) on rations that did not supply large amounts of glycine.

The amounts of amino acids present in supplemented ration A, con-
taining 16 percent crude protein (0.83 lysine, 0.56 methionine + cystine
and 0.10 percent tryptophan), are less than the National Research Council’s
recommended allowance for pigs weighing berween 25 and 70 pounds.

Corn and Wheat Shorts Rations
The performance of pigs fed the amino acid supplemented corn and
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TABLE 14 -- THE PERFORMANCE OF PIGS FED A CORN/WHEAT SHORTS
RATION SUPPLEMENTED WITH AMINO ACIDS COMPARED TO THAT
OF PIGS FED A GOOD QUALITY RATION

1 2

Lot a b a b
No. Pigs ] i 6 6
Average initial wt., lb. 30.8 96 31.0 a5
Average final wt., 1b. 96.1 206 86.1 203
Average daily gain, 1b. 1.15 1.63 0.97 1.60
Average feed consumed 3.50 5.96 3.22 6.10
Feed, lbs./lb. gain 3.086 3.66 3.32 3.80

Period a, irom weaning to weigh day when average wt. of lot 1 was nearest 100
lbs. Period b, from weigh day when each lot was nearest 100 lbs. until weigh day
nearest 200 1bs.

wheat shorts ration is given in Table 14. The results are divided into two
parts: (1) The performance up to 100 pounds and (2) the performance
after 100 pounds. Pigs on the corn-shorts ration apparently were handi-
capped by amino acid shortage until they weighed 100 pounds. There-
after, they gained nearly as rapidly and cfficiently as those receiving the
good quality ration. The amino acid requirement of the pigs after 100
pounds appeared to have been adequately met by 0.478 percent lysine,
0.416 percent methionine and cystine, and 0.14 percent tryptophan. These
values as a percent of the protein are: Lysine, 4.0; methionine and cystine,
3.5; and tryptophan, 1.2. Pigs weighing less than 100 pounds did not re-
ceive sufficient amino acids from 0.529 percent lysine, 0.45 percent me-
thionine and cystine, and 0.164 percent tryptophan. (As a percent of pro-
tein, these values are 3.8, 3.2, and 1.2 respectively). Lysine was undoubt-
edly the limiting amino acid.

The growth curves of the pigs in Experiment 5 are shown in Figure
4. Lot 1 made significantly faster gains than lots 2 or 3. The pigs made
satisfactory growth. The average daily gains for the lots from weaning to
100 pounds were: Basal corn and shorts, 0.91; basal + 0.10 percent L-
lysine, 0.03 percent DL-methionine, and 0.02 percent DL-tryptophan, 1.02;
and basal + 0.20 percent L-lysine, 0.06 percent DL-methionine, and 0.04
percent DL-tryptophan, 1.16.

When all lots were fed the unsupplemented ration after reaching a
mean weight of 100 pounds, the gains were not as rapid. However, they
were more efficient than they had been in Experiment 4 when thrifty pigs
that had been fed good quality rations were used as test animals.

If all experiments with the corn and wheat shorts rations are averaged,
the pigs weighing 95 to 120 pounds, initially, gained 1.5 pounds per day
and required 500 pounds feed per hundred pounds of gain. Pigs fed the
same ration supplemented with lysine, methionine and tryptophan gained
1.6 pounds and required 380 pounds feed per hundred pounds of gain.
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Pigs weighing 30 to 40 pounds, initially, gained 0.91 pounds with an
efficiency of 471 pounds feed per hundred pounds of gain on the basal
ration. Those fed the amino acid supplements gained 1.07 pounds per day
and required 371 pounds feed per hundred pounds of gain.

Corn and Tankage Rations

The crossbred pigs that were fed the mixed corn and tankage rations
were very thrifcy and made excellent gains from weaning to 100 pounds.
Results are summarized in Table 15. The poorest gains were made by the

TABLE 15 -- THE EFFECT OF ADDED DL-TRYPTOPHAN, DL-METHIONINE
AND L-LYSINE'HC1 ON THE AVERAGE DAILY GAINS (G) AND FEED
EFFICIENCY (E) OF CROSSERED PIGS FED A CORN TANKAGE
RATION (WEANING TO 100 LBS.)

Weight Pig
Lot Ration initial final Days G. E.
-3 Basal 42.9 99.9 300 .46 309
1 Basal + tryptophan 43.7 98.7 405 1.38 338
4 Basal + methionine 43.4 99.0 405 1.37 326
2 Basal + lysine 43,7 7.2 420 1.27 367
3 Basal+ T+ M 44.8 102.3 390 1.47 3086
6 Basal + TML 43.5 103.4 350 1,54 294

lot receiving supplemental lysine. Apparently, this reflects a lysine im-
balance and indicates that the pig does not conform to the lysine-methio-
nine (L/M) and the lysine-tryptophan (L/T) ratios previously reported
for chicks and human infants. The L/M and L/T of the basal ration were
1.95 and 6.03, somewhat below the 2.0 and 7.0 postulated as ideal. The
lysine supplement raised these values to 2.1 and 6.5 but performance was
not as good.

The performance of lot 6, receiving supplements of lysine, methion-
ine and tryptophan was better than that of the basal lot. The L/M and
L/T values were 1.9 and 4.8,

Since the separate addition of lysine, methionine or tryptophan failed
to improve gain or feed efficiency, the pigs’ requirements for these amino
acids appear to have been met by the basal ration containing 0.65 percent
lysine, 0.49 percent methionine + cystine and 0.11 percent tryptophan.,
However, the superior performance of Lot 6 pigs, receiving a combination
of the amino acids, could indicate a requirement of 0.70 percent lysine,
0.53 percent methionine + cystine and 0.15 percent tryptophan.

As a percentage of the dietary protein, the requirements indicated are:
Lysine, 4.3 and 4.7; methionine 3.3 and 3.5; and tryptophan 0.7 and 1.0.
The higher figures agree remarkably well with those obtained on the comn-
soybean meal and the corn, soybean meal, tankage and wheat shorts ra-
tions.
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The results discussed above emphasize the need for caution when
drawing conclusions about amino acid requirements determined by the
comparison method.

Pigs in Experiment 7 wasted a great deal of feed so the feed efficien-
cies are not very reliable. The lot receiving the supplement containing
tryptophan gained slightly faster than the others. Results are shown in
Table 16. The increase in performance was not enough to pay for the
amino acid. The results were slightly better than those obrained in Experi-
ment 6, where the tryptophan was mixed in a complete ration.

TABLE 16 -- THE EFFECT OF ADDING TRYPTOPHAN TO TANKAGE
SELF FED TO GROWING FATTENING PIGS

1 2
No. of pigs 10 10
Starting weight, lb. 36.0 37.1
Final weight, 1b. 180.7 185.8
Average daily gain, 1b, 1.41 1,45
Feed Consumed
Corn, lb. 4450 4600
Supplement, 1b 975 Ba4
Feed per cwt gain
Corn 308 309
Supplement 67 59
Total 375 368

Synthetic Rations

Data obtained in the experiments with synthetic rations are presented
in Tables 17 and 18. None of the differences between lots in growth rate
were significant. However, some definite trends were noted. The best
growth was obtained on the dried whole egg and the casein-purified ra-
tions. A mixture of proteins was no better than casein or dried whole egg
alone. One of the unexpected results was the finding that pigs grow as
well on a mixture of corn and egg at the 12 percent protein level as they
did on a mixture of corn starch and whole egg protein. The addition of
lysine and tryptophan to the corn and egg ration did not improve the per-
formance of weanling pigs. This indicates that the lysine requirement for
growth at the 12 percent level is less than has been indicated in previous
investigations.

Table 19 gives the results of Experiment 10. They indicate that the
addition of 3 percent of alfalfa meal and 3 percent of fish meal to a ra-
tion for weanling pigs did not improve the rate of gain. The mixcure of
corn and casein was no better than the basal ration, indicating that while
casein alone is an excellent source of protein when fed to supply 18 per-
cent protein, it is not superior to a mixture of tankage, soybean meal,



TABLE 17 -- THE "Iﬁ.L!UE OF PURIFIED RATIONS FOR WEANLING PIGS

Lot 1 K] 4 5 ] 7

Protein source s/ cz/f L3/ s+C S+ L C+L C+L+A4/B+AY4/
No. of pigs 3 3 3 3 3 3 3 3
Average initial wt., lb. azn 32.3 32.3 31.3 32.3 33.0 32.0 .
Average final wt., b, 87.0 107.7 98.7 97.7 08.3 102.0 102.3 97.7
Average daily gain, 1b, 1.15 1.35 1.18 1.25 1.18 1.23 1.26 1.18
Average daily feed, lb. 3.2 3.2 3.1 3.4 3.2 3.2 3.2 3.2
Feed/ewt. gain, 1b, 277 238 265 265 269 257 252 278
Gain/1b. protein eaten, lb. 2.03 2.35 2.10 2.10 2.06 2.16 2,20 2.06

]

1 s=soybean meal
2 casein

3 liver

4 antibiotic

{4
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TABLE 18 -- THE VALUE OF WHOLE EGG IN THE RATION OF WEANLING PIGS

WINTER 1853

Lot T Z 3

Corn & Egg

+ L-lysine Corn starch
Ration Corn & Egg + DL-tryptophan + Egg
No. of pigs 3 3 3
Average initial wt., 1b. 32 32 33
Average final wt., 1b. 75 T4 81
Average daily gain, 1b. 1.23 1.19 1.24
Average daily feed, 1lb. 3.92 3.85 3.74
Feed/cwt. gain, 1b. 320 323 302
Gain/1b. protein eaten, 1b. 2.60 2.54 2.76

TABLE 18 -- THE COMPARATIVE VALUE OF CORN AND WHEAT SHORTS
SUPPLEMENTED WITH AMINO ACIDS, CORN, CASEIN, AND ALFALFA-
FISH MEAL SUPPLEMENTED RATIONS FOR WEANLING PIGS

Lot 3 11 12 13

Basal A + Corn, wheat

Fish meal & Corn- Shorts &

Treatment Basal A Alfalfa Casein Amino acids
Number of pigs 6 [ ] ]
Number of pig days 342 342 342 342
Average initial wt., 1b. 31.3 30.8 31.0 31.0
Average final wt., 1b. 95.9 86.1 96.0 86.1
Average daily gain, lb. 1.13 1.15 1.15 0.97
Average feed consumed, Ib. 3.61 3.50 3.25 3.22
Feed/cwt. gain, lb. 3.19 3.06 2.86 3.32
Gain/lb. protein eaten, 1b. 2.0 2.1 2.2 2.1

shorts and corn when fed at the 16 percent level of protein.

The pigs fed the corn and shorts ration supplemented with purified
amino acids did not gain as rapidly as those fed the basal ration but the
differences were not significant. Published requirements for lysine appeared
excessive for the slow growing strain of pigs used in this experiment, The
supplemented ration of ground corn and shorts, which contained less
lysine than published requirements called for, produced satisfactory growth
rate,

Feed Efficiency

Practical Rations:

The addition of lysine to ration A and B increased feed efficiency over
the basal lots (N = 5, P < 0.05).

The addition of methionine to basal A increased feed efficiency
(N = 3, P < 0.02). The addition of lysine and methionine increased
feed efficiency of ration A (P < 0.05) burt did not increase feed efficiency
of ration B.
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In experiment 3 pigs receiving supplements of tryptophan, trypto-
phan + lysine, and tryptophan + lysine + methionine required less
feed per hundred pounds of gain than the pigs in the basal lot.

The average increase in feed efficiency from the lysine supplemented
rations was an additional 50 pounds of live hog per ton of feed. This in-
dicates that lysine supplementation of rations similar to those used in
these experiments would be economical if 2 pounds of lysine cost less
than the value of 50 pounds of live hog.

Purified Rations:

Results from single tests on feed efficiency of pigs fed the purified
rations cannot be subjected to statistical analysis because the lots were
group-fed; however, as would be expected, the protein efficiency was
greatest in the rations conraining amino acids in good balance. The best
feed efficiency was obtained with the casein-purified ration, fed ar 18 per-
cent crude protein, and the poorest feed efficiency was obrained in the
corn and shorts ration. The greatest protein efficiency was obtained in the
lots fed cornstarch and whole egg protein at the 12 percent level, follow-
ed in order by corn and whole egg, corn and egg supplemented with
lysine, and the casein-purified ration. Lowest protein efficiency was ob-
tained with corn and shorts, followed by basal ration A, indicating that
proteins of soybean meal, tankage, corn, and shorts were inferior to whole
egg- The differences however, were not great enough to be of much prac-
tical significance.

Although an increase in feed efficiency was generally obtained in
previous experiments from rations which contained dried alfalfa meal and
fish meal in rations for small or stunted pigs (unpublished data), no re-
sponse was obtained from additional fish meal in this experiment with
larger, thriftier pigs.

Amino Acid Requirements

Some of the rations used in these experiments were analyzed for
amino acids. The apparent requirements on several test rations were cal-
culated, using the analyses and the response of the pigs. These are sum-
marized in Table 20. Expressed as a percentage of protein of the ration,
the needs of the Chester White pigs used apparently were met by 1 per-
cent of tryptophan and 3.5 percent of methionine + cystine.

The requirement for lysine seems to have been higher on the high
protein diet. The 12 percent crude protein, corn, and egg ration which
contained 0.51 percent lysine (4.26 percent of the protein) was not im-
proved by supplementation with lysine and gave as good results as the 12



TABLE 20 -- THE APPARENT REQUIREMENTS OF CHESTER WHITE PIGS FOR LYSINE, TRYPTOFHAN
____AND METHIONINE + CYSTINE FROM WEANING TO 75 LBS.

Apparent Requirements

Methionine
Lysine Tryptophan + Cystine
o i o o o 0
Ration o cp Ration Prot. Ration Prot. Ration Prot.
Casein-puriiied 18 ¥ * ¥ ¥ .63 3.5
CS8TsSh 18 1.0 5.6 . ¥ .09 3.3
CSTsh 16 .83 5.2 18 1.1 o4 3.4
CSTSh 14 .63 4.5 .14 1.0 .45 3.2
Corn soy 16 ST 4.8 * * .58 3.6
Corn shorts 14 G0 4.25 14 1.0 L42 3.0
Amino acids
Corn-whole egg 12 .48 4.0 .12 1.0 * *

079 NLLITING HOYVIASTY

* Ration contained an excess of the amino acid.

LT
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percent whole egg ration containing 0.88 percent lysine (7.25 percent of
protein). Neither were the corn and soybean oil meal rations (containing
14, 16 and 18 percent of protein, of which 4.3, 4.7, and 4.8 percent was
lysine) improved by the addition of lysine. But mixed rations of corn,
shorts, tankage, and soybean oil meal (containing 14, 16 and 18 percent
crude protein, of which 4.2, 4.5 and 4.8 percent was lysine) were improved
in three tests by the addition of 0.1 to 0.15 percent of lysine, added as
L-lysine mono-hydrochloride. However, if the amino acid requirements
are expressed as a percentage of the protein, the levels which were saus-
factory in these studies approach those recommended by the National
Research Council (lysine, 5.2 vs. 6.0; methionine, 3.5 vs. 3.6; and trypto-
phan, 1.0 vs. 1.2).

It seems desirable to make recommendations in terms of percentage
of protein rather than percentage of ration. This system has been recom-
mended by Almquist (1953) for poultry and by Brinegar (1950) for swine.

The higher requirements obtained in early experiments (Brinegar,
1950) may have resulted from the use of unbalanced proteins and large
levels of free amino acids for supplements and ro shortages of one or more
nutrients in the ration. The importance of having all amino acids present
in the pool is emphasized by the reports of Cannon ef al. (1947) and
Geiger ¢t al. (1950). Cunha et al. (1949) demonstrated that the require-
ment for methionine was lower when vitamin B,. was present in the ra-
tion. The conversion of tryptophan to niacin is well known (Leucke, 1947,
1948; Powick, 1948).

Amino acid imbalances were discussed by Grau and Kamei (1950).
Salmon (1954) suggested that a downward revision of amino acid require-
ments would be possible when rations well balanced in amino acids are
formulated. Before exact requirement figures can be given, it will prob-
ably be necessary to express the form in which the amino acid was fed.
Many of the published requirements were based on free amino acid sup-
plementation of rations which were nearly free of the amino acid under
test. For example, Brinegar ef al. (1950a and b), and Mertz ¢ al. (1949) used
rations that were very low in lysine and supplemented them with free
lysine. It is doubtful that the utilization of amino acid mixture would be
the same if a few of the amino acids were being supplied in pure form
and others were joined in the protein molecules.

Compared with pigs used by Brinegar and Mertz to measure amino
acid requirements, pigs on the current experiments grew as fast or faster
during the same period of time on lower levels of lysine.

The fact that some pigs on the unsupplemented rations grew at faster
rates than litter mates receiving the supplemented rations indicates that
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the lysine requirement is variable. Before controlled nutritional experi-
ments can produce additional refinements in the requirement figures, the
variability between litters must be reduced.

The response to amino acid supplements may also depend on other
factors. Recently the methionine requirement of broilers has been related
to the energy level of the ration (Baldini, 1955). Gordon and Maddy
(1956) have suggested a formula for estimating requirements that uses
both protein and energy levels of the ration.

Differences due to breed, climate, growth rate, and management
factors may be identified.

Responses obtained at other stations are summarized in Table 21.

At present, methionine is the only amino acid that has been tested
which is economical enough to add to swine rations. At its current price
of $2.00 to $3.00 per pound it would seem to have some value if added
to rations formulated from grains other than corn. Corn contains more
sulfur amino acids than any of our other farm grains.

If lysine and tryptophan become available at similar prices, it should
be possible to increase the growth rate and feed efficiency obtained with
many formulas for young swine by supplementing them with amino acids.

Some of the pigs in the amino acid studies were fed to 200 pounds
on a uniform ration. The pigs that received the basal ration until they
weighed 100 pounds gained as rapidly from 100 to 200 pounds as the pigs
that received the supplemental rations. Other experiments with protein
supplements indicate that many feeds contain fairly adequate levels of the
amino acids for pigs weighing 100 to 200 pounds.

Work at Oklahoma A & M (Reber and MacVicar, 1953) indicates
that young growing pastures contain an excellent distribution of amino
acids. We would therefore expect the response to amino acid supplements
to be less on pasture than it was in these drylot experiments,

A number of questions about the use of supplemental amino acids
in swine rations still need to be answered. Future research should be di-
rected toward determining: (1) whether or not the pig can utilize the D
form of the amino acids as efficiently as he can the L form; (2) whether
the analogs of amino acids can be used as satisfactorily as the amino acids;
and (3) the nature of the imbalances and interrelationships of the amino
acids and their availability to tissues of the pig.



TABLE 21 -- THE EFFECT OF SUPPLEMENTING PRACTICAL RATIONS WITH AMINO ACIDS
ON DAILY GAIN (G) AND FEED EFFICIENCY (E) OF WEANLING PIGS.

Response to supplemental

Experiment Weight Level of amino acids
station of pigs Protein crude protein Lysine Methionine Tryplophan
& year (lbs.) source (s) in ration G E G E G E
Purdue--1954 30-125 Corn-tankage 14.5 0 0 - 0 -+ +
Purdue--1954 30-125 Corn-meat scraps 14.5 - +
Arkansas--1954,1955 Varied Corn-cottonseed 16 * + * -
Michigan--1953 30-65 Corn-meat seraps 17 + +
Cklahoma--1953 30-120 Corn-soy 12 + +
Oklahoma--1953 30-120 Milo-soy 14 + +
Iowa--1953 23-100 Corn-soy 12 + + 0 0
Iowa--1953 23-100 Corn-soy 14 0 0 0 0
Georgia--1952 36-100 Corn-CS50M 20 + + + +
Nebraska--1953 a0 Corn 8 + + + +
USDA--1951 Corn-soy 0 - + 0
Minnesota--1946 50-200 Corn-soy 17 0 0
IMlinois--1954 36-100 Corn-meat scraps 18 + +
Illinois--1949 30-100 Corn-soy 20 - +

0¢
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SUMMARY

A survey of literature was made on the amino acid requirements of
swine and the amino acid compositions of typical swine feeds. A number
of practical swine rations were estimated to be deficient in lysine, me-
thionine, or tryptophan.

Three feeding experiments were conducted with pigs from weaning
to about 100 pounds to determine the effect of supplementing practical
rations with lysine, methionine and tryptophan. The practical rations con-
sisted of corn, soybean meal, tankage and wheat shorts (basal A) con-
taining 14, 16 and 18 percent of protein. The addition of 0.1 percent of
L-lysine increased growth rate and feed efficiency but did not greatly in-
crease feed consumption. Supplements of methionine and tryptophan in-
creased growth rate and feed efficiency, but combinations of 2 or 3 amino
acids did not give as much response as lysine alone.

Two experiments were conducted to determine the effect of supple-
menting a corn and soybean meal ration containing 14, 16 and 18 percent
crude protein with lysine and methionine. Neither supplement, alone or
in combination with the other, increased growth rate, but both improved
feed efhiciency slightly.

The best protein efficiency was obtained with a purified ration of corn-
starch and whole egg protein fed at the 12 percent level, but the daily

in on this ration was no better than on basal ration A.

The addition of 3 percent of fish meal and 3 percent of alfalfa meal
did not improve performance of pigs fed basal ration A.

When corn and shorts rations containing 14 and 12 percent of crude
protein were supplemented with lysine, methionine, and tryptophan, the
growth rates and feed efficiencies of pigs were only slightly lower than
those from rations containing conventional protein supplements.

Corn and tankage rations containing 15 percent crude protein were
not greatly improved by additional tryptophan and growth was depressed
if lysine was added to them. Tryptophan supplementation improved a
self fed shelled corn and tankage ration slightly. Corn and wheat shorts
rations were markedly improved by the addition of purified amino acids.

Requirements of the Chester White pig for sulfur amino acids and
tryptophan, expressed as a percentage of protein, apparently were met by
3.5 percent of methionine + cystine, and 1 percent of tryptophan. The
lysine requirement appeared to vary with protein intake. Estimates rang-
ing from 4.25 percent on a 12 percent crude protein ration to 5.5 percent
on 18 percent crude protein rations were obrtained.
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TABLE 1 -- THE ESTIMATED AMINO ACID REQUIREMENTS OF THE WEANLING PIG -
A LITERATURE SURVEY AND CALCULATIONS

APPENDIX

Requirements

essed As:
T of % of

Amino Acid Ration Protein Determined By: Reference Remarks
Arginine 0.2% . feeding amino acids and Mertz, et al.
adequate diammonium citrate 1952 =
-— 4.6 carcass analysis Curtin et al.
1952~
Histidine -—- 1.8 carcass analysis Curtin et al.
1952
Isoleucine 0.23% in 2.9 feeding 23.68% blood flour + 0.4% Brinegar et al.
ration + D meth. (20.8% CP) 1950 C
1.2% DL
0.7% L
-— 2.6 carcass analysis Curtin et al.
1952
Leucine 1.25° 5.0 feeding 25% semisynthetic milk Eggert et al.
1954
e 4.6 carcass analysis Curtin et al,
1952
Lysine 0.63 4.5 calculation; analysis adequate Becker et al analysis of ration
14% corn soy basal ration 1954 lower than expected
0,55 4.8 ealculation: 12% CP corn soybean Pond et al.
meal + 0,1% DL or 14% CP corn milo 1953
+ 0.10% L lysine
0.60 5.0 caleulation: 12% CP corn soybean Catron. 1953
meal improved by 0,1% lysine
0.8-1.0% 3.36-4.2 feeding 169 zein, 10% gelatin, Shelton, et al.
0.3% DL-Try, 0.5% DL-M, 0.2% DL 1951 A
Hist HC1 (23.8% CP) supplemented
with lysine
0.58 5.8 feeding 28.37 linseed, 0.3 DL-M, Brinegar et al.
L lysine 0.10 Hist HC1 (9.85% CP) 1950 "‘"
1.17 5.9 feeding 45.45% sesame, 0.4 DL-M, Brinegar et al.

L lysine

0.13% Hist HC1 (21.1% CP)

1950



Methionine

Phenyl-
alanine

Threonine

1.20
L lysine

2% DL
lysine HC1
0.8% L
lysine

0.23

0.07 +0.20
DL-M adequate
0.3% Meth +
0.3% cys
.51 Meth
34 C

0
0.

+

h- .
oRBuRS
Qzoz=

0.41% M +
38% C

not more than

0.23
phenyl-
alanine +

0.14 tyrosine

5.5

3.1

L.20
L65
2.7
2.8

2.5
L1

3.2

24% M
4.1% Total

3.6% Total
1977 P

2,85
Total

4.1 Total
3.6
3.0
2.4

feeding 15.13 meat & bone, 4.2
zein, 70.86 wheat, 0.50 DL-M,

0.24 Hist HC1, O.1 DL Tryp (22% CP)

feeding 23.5 zein, 0.4% DL tryp,
0.13 glycine, 0.17 L hist,
(26% CP)

carcass analysis

calculation: analysis of 14% corn
soy & 16% corn-fish

feeding 21.36 soybean oil meal -
purified (10% CP)

feeding oxidized casein, gelatin,
0.3% DL Tryp (21% CP)

calculation: growth response to
0.2% DL Meth on 20% CP ration
63.5 corn, 34 soybean

feeding alpha protein 21.3, yeast
5 (22% Cp)

calculation: 12% CP corn and soy,
no help from methionine

caleulation: 17% CP corn soy-
no help from methionine

feeding solvent soybean meal-
purified (22% CP)

feeding 66% corn, 5.48% E.A.A.,
2.5% (NH2)2 citrate, 13% CP

carcass analysis
feeding alpha protein 11,19,

amino acid mix, ammonium citrate

feeding corn + amino acids

carcass analysis

Brinegar et al.
1950

Mertz et al.
1949

Curtin et al.
1952~
Becker et al.
1955 A
Bell et al.
1950
Shelton et al,
1951 &~
er. et al.
D‘igﬂ_ -

Curtin et al,
1952~
Catron et al.
1953 —
Ferrin, E. F.
1946
Curtin et al.
1952~
Beeson et al.
1953 —

Curtin, 1952
Sewell et al,
1953~
Beeson et al.
1953 —
Curtin et al.
1952

analysis SBOM
appears low

2 pigs on each
level

Meth. req. from
log plot



TABLE 1 (continued)

Regquirements
Expressed As:
% of % of
Amino Acid Ration Protein Determined By: Reference Remarks
Tryptophan 0.4% DL 62 feeding supplemented 26.1% Beeson et al. estimated
adequate hydrolyzed fish protein 1948 15.7% CP
0.2% DL .82 feeding 16% zein, 10 gelatin, Shelton et al.
0.5 DL Meth, 1.3 DL lysine HCI, 1951 =
0.2 L Hist HC1 (24.5% CP)
Less than 1.0 calculation: 40% corn, 20.7% Powick et al.
0.25% DL casein, OK if adequate niacin 1948 —
A42% DL 1.9 40 corn, 13.8 casein, 16.9 gela- Powick et al.
tin OK if 0.25 tryp added 1948 ~—
12 80 calculation: 87 corn, 5.9 casein, Luecke et al,
5.5 soy (15.1% CP) 1948 —
.16 94 calculation: 17% corn-meat scrap Bloss et al.
improved by .06% DL tryp or re- 1053
placing 1,/2 meat scraps with soybean
meal
13 ] calculation and analysis of adequate Becker et al
corn soy (14% CP) ration 1954
— .9 carcass analysis Curtin et al.
1952 A
Valine 0.4 3.6 dig. feeding corn + amino acids Jackson et al.
(12.8% CP) 1953
--= 3.9 carcass analysis Curtin et al.

1952°A




TABLE 2 -- THE AMINO ACID COMPOSITION OF FEEISTUFFS

NX Dig :‘I'Im Argini Histidi Isploucing Laouci Lysi i
) e e 0 ucing ysine Methionine gting Alanine Tyrosine  Threcol Tryptophane  Valine Glyeine
Feadalulls 6.2% Prolein + Mean + Wean + Mean + + Mian + ean  + Wean * Hean  » T Mean & Mean Mean  +

ATala Meal 7.0 +.0 . +d 0.8 +. (K% | ) +10 » +.0 .0 I 058 4. | g— B+,
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Blood Meal &0.0 T8C ¥ 3,82 %16 099 %07 985 F0.80 689 F001 10T RI12 L4B w03 526 w44 208 503 438 60 108 08 617 R1F .-e-
Buttermilk, Dried 2.5 sac 0,83 R02 247 R21 0 326 Y028 237 Y04 073 S12 035 0T 148 333 LIB S45 141 01 D42 01 RST w01 090
Casaln B5.0 09 255 %00 549 313 BS54 3031 672 002 284 14 027 w01 486 108 563 £33 452 w15 LOBE 308 501 10 LEO  --e
Cocoanat (11 Meal 20.0 13C 0,34 esn 080 veme 500 eems 050 Teae 03] Toes cocs Tice 086 Teo- ccen meme BT mee= 008 Sewr LI0 eee mmem mmes
Corn 8.0 T 023 +.04 039 4+ 146 4043 022 4005 025 02 004 #02 043 403 040 +06 032 +03 007 +01 046 +02 03T 4002
Corn Germ Meal 20.0 BST 058 T--- 096 - 280 T---  LI0 memm 03] tees 032 meem LI0 meee 130 zeme 082 coen 036 mem=  LB) ems —eem —men
Corn Gluten Feed 25.0 T5C 063 === 110  ceme ZB0 seee DBE meee 025 cmee aoen scee 0000 o= 038 - OBE  --—- B4 - LID coee ceem eeee
Corn Gluten Meal 410 BEC 08B0 +15 206 4+ BO0Z 4118 065 4019 096 405 063 £15 251 £26 258 2% L4l +23 026 407 230 430 LT3 40004
Cattonseed Meal 11.0 ST 087 406 1,53 403 234 4024 145 4028 0T «08 08T #06 222 &34 118 806 125 &0F 052 07 LET .21 326 40.06
Distillers Dark Grains 28.0 TiC 043 == 170 Sem= 200 meme O Sees 045 Toen aoen Toeo L7000 T-oo- 083 Too- 08B Tiee BT Toen LB0 Tomm seen Teae
Distillers Solobles 28.0 0 0.0 04 LGl 408 LG8 4018 098 4043 04B  +0d4 024 05 LEE 0T 050 02 006 s04 3:15 we== LBl 4 13 mmee aeee
Eggs, Contents 133 1007 030 w02 099 09 122 0001 084 000 054 08 032 00 077 &M0 062 02 063 02 420 .01 086 R0 030 #0.02
Flax Seed 2.0 T 042 Sea- 086 -eme LI0 eee 044 meee 081 To-- 042 Toee 1300 Toe- 098 Toe- 08B Teem 037 Teee LB0 Teem —n Tooo
Fish Meal 60,0 wc L44 w10 302 408 510 +0.52 497 4062 180 405 LOB 449 264 +15  LT9 417 261 &28 007 4150 3B +32 375 4064
Fish Meal, Sardine 65.0 MC LEL %04 353 321 464 D00 506 FLO4 213 09 0Bl 505 266 #16 285 305 272 R0 084 RO5 3982 w13 400 ¥0.56
Flsh Salubles 33.5 960 118 %34 047 F03 068 008 140 G000 047 F42 041 S--- 056 308 024 301 0B 08 025 %10 0B % 220 -
Garden Peas 25.8 EIC 031 =eem LOO Sees DGO Sees LAS D07 020 S--- 032 &0 120 oo —e-- Toee LOD See- D08 301 LOD Tees oo aeee
Gelatin 55.0 0.82 406 182 404 339 4044 488 F008 BTF 401 000 R01 208 400 042 £33 L84 £27 s Teee 293 400 2355 4103
Linseed Meal 3.0 o0C 240 .08 086 07 169 «05 221 4007 098 4000 074 407 0.63 404 182 08 176 506 136 432 055 402 EIl 421 eem ooee
Liver Meal 5.0 BIT 385 436 LGB0 Seee 310 Teee B0 Teee 4000 Toe- LE0 W14 080 w01 BA0 S-e- B30 S BED Teee 098 RA0 B0 Teen coen aeee
Meal Scrap 55.0 B2C 380 412 LI6 407 2320 +B3 402 4088 354 +0BE 12 SI1T 064 H10 220 420 185 «21 200 +1B8 038 404 283 430 235 4022
Meal and Bone Seraps  50.0 BIC 300 Ses- 080 sesm 1AD see= 300 meem BA0 meee 070 Too- 060 Too- 170 Tese 100 mees LBD sem= 035 sem= B30 seee 020 -
Milk Whole 1.5 B7C 013 +07 009 ---- 025 403 037 4003 026 4003 001 «00 O ---- 008 £01 009 ---- 006 401 005 401 027 402 0.8
Milk Skim, Dried 34.0 SBC 118 05 044 w06 208 OB 342 041 255 3005 085 w09 042 400 164 w11 131 +52 143 S5 044 R02 253 %23 045
Mila 10,5 BT 038 06 023 £03 051 S--- 131 D, 027 3002 004 R03 020 S--- 046 01 008 S--- 029 02 008 01 054 R04 -
Molasses, Blackstrap 38 = mmmm mmms mmmm mmE— cfse mess m=== =s== Se—== Sess csss csss  ssss sess sess ossss LB emss aooo
Cats 1.0 TEC 064 +04 025 £01 053 403 081 4006 036 4003 009 08 019 #£02 0.5 £04 040 £13 037 407 015 404 065 413 0.36
Peanst Moal 4.0 B4C 438 %38 0.8 RO0T 160 RID 259 AT 132 403 049 w04 070 ---- 225 +08 L.BT w07 0.68 %21 048 F06 26 w64 248
Patato Meal, Bweet T4 51T 021  =e-= B0 -e== 02T --o= 033 ewee 028 seme 086 smos sces smes 030 smes mees sews 028 sems D13 cees DAL emme e oo
Potalo Meal, White 8.2 BIT 043 === 008 408 030 ~eem Q4B seas 04T sees OOT  cmem coee ccen B2 mesm ceee oceme 08 425 DS mees 01l 402 cen eae.
Rice 122 B6C 060 --—- 025 Teec D4 e=== 051 o= 024 4008 002 402 0D -ee- 03] ceom coem seee 022 ees 000 coo- 040 Teme memm oaees
Rice Bran 12.8 BIT 064 #1607 +04 043 +06 060 4008 045 005 ceee Teee 0L sees Ol #05 c-es —oe- 028 4001 Q0 --e- 062 0T eeen oo
Rice Polish 124 TWC 052 A0 005 ROT 034 R02 048 D03 042 S003  cees coee 03 smee 0 Sees sees meen 028 OB O eme- D50 Tees aeem oee
Rice, Polished 1.5 BIT 0,54 =esm  mees mewm weem sew= 06T #0022 024 e 025 401 011 e-ee 0,50 0AZ  =eee 031 seee 00 swse DAY cem DT -e-
Rolled Cats 15.0 83T 083 #00 032 01 09T 407 120 G006 064 4006 030 EO6 026 501 052 068  eeen 0531 eeee 018 401 006 401 seen eees
Hye 1.5 g1C 048 F01 021 %02 04T w01 069 D02 044 F0OE 006 502 - Teem 0LET 0.8 +08 035 +03 004 FO0E 0SS 01 e-em oo
Besame Meal 1.0 G2T 390 ®0T 062 See- LBE —e-- 308 001 118 BO03 132 R06 054 emea 340 LI %03 149 %01 088 ¥00 210 400 3ED  e-a-
Boybean Meal 44,0 91C  E8A W18 L0505 224 £00 30T W00 295 3032 094 %15 073 .09 2 148 %30 195 4T 059 313 244 35 T30 40,28
Bunflower Meal 16.0 MT 3T 05 078 eeee 285 ----  LB9 4010 150 £03 0.6 s03 24D 120 ceen LB eese DGBD 401 240 401 1LB4 0 oo
60,0 81T 357 T02 LGB0 01 479 4025 405 3029 0.2 F02  --—- To—- 2.2 169 +13  LBS 409 DAY 02 326 w07 -coem -oo-
Wheat 1.0 9IT 050 T06 024 w04 0.81 ¥ 032 3004 022 %06 021 .02 0.66 049 %03 036 %04 015 103 058 w08 086 +0.04
‘Wheal Bran 15.6 TEC 083 w11 033 4 086 0.0 054 003 020 06 023 04 051 018 +01 035 +03 022 02 078 507 091 Caao
Wheat Flour 107 100T 0,38 <eee 021 See- 078 Tee- 032 Seee 01 Sesm 030 ee- 057 035  Ses- 02T Se-- 00 Seee 042 Tooo DT oo
Wheat Mids 16,0 SOC  O.B4  +04 042 402 090 ---- 042 4001 022 £02 020 402 0.9 020 +01 044 #0307 403 0B3  -eee 044 40.00
Whey, Dried 11.0 glC 033 07 048  +.30 102 40005 082 36 O34 505 033 R06 099 022 416 DGO 04 021 406 068 403 - Ta..
Yeasl 4.5 BT 185 +05 113 +.25 3.29 +DL14 3.29 003 079 S04 050 w06 184 154 +00 244 400 04T 420 204 3320 340 -eee




	age000626p0001
	age000626p0002
	age000626p0003
	age000626p0004
	age000626p0005
	age000626p0006
	age000626p0007
	age000626p0008
	age000626p0009
	age000626p0010
	age000626p0011
	age000626p0012
	age000626p0013
	age000626p0014
	age000626p0015
	age000626p0016
	age000626p0017
	age000626p0018
	age000626p0019
	age000626p0020
	age000626p0021
	age000626p0022
	age000626p0023
	age000626p0024
	age000626p0025
	age000626p0026
	age000626p0027
	age000626p0028
	age000626p0029
	age000626p0030
	age000626p0031
	age000626p0032
	age000626p0033
	age000626p0034
	age000626p0035
	age000626p0036
	age000626p0037
	age000626p0038
	age000626p0039

