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PART I. 

The use of Alfalfa Hay 

for Pregnant SWine. 



The Use of Alfalfa Hay for Pregnant SWine. 

Introduct!£.a.. 

Swine are commonly fed largely on concentrates. 

Corn, in the United States, is the universal hog feed. The 

U. s. Department of Agriculture estimates that swine consume 
73 

practically 27 per cent of the corn crop but only 2 per cent 

of the oats crop. Practical experience has shown that grain 

alone does not make a satisfactory feed for growth nor for 

reproduction. This has led to a search for supplements to 

bolster up the grain ration. such supplements are nearly 

always of a high protein content. Among these are numbered 

various by-products of the packing and slaughtering industry, 

the residue left after the extraction of oil from several of 

the fat-rich seeds such as flax and cotton, and,of rather 

recent considerat i on, alfalfa hay. 

A questionaire sent to a number of swine breeders in 

Minnesota by the writer indicates that the practice of feeding 

alfalfa hay to swine is rather widespread in the southern half 

of the state, but that is not common. The replies of those 

who used this feed are summarized in Table I. More than half 

of the feeders allowed all the animals in the herd access to 

hay, which was most commonly fed from a rack, allowing the 

animals to eat as much or as little as desired. Approximately 

40 per cent of the feeders fed hay to their brood so s only. 

In all cases save one success was reported, .s.nd in this reply 

the farmer stated that this feed was fairly satisfactory but 
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Table I. 

Summary of Answers to Q.uestionaires on the Feeding of Alfalfa 

No. of Brood Alfalfa Succce.ss How Fed 
sows fed to: Uncut Cut Dry Soaked 

8 Entire herd Good X X in slop 

ll Entire herd Good X X n " 
25 Entire herd Good X X 

18 sows only Fair X X self-fed 
with grain 

10 sows only Good X X self- fed 
with mids 

35 sows only Good X X in rack 

15 sows only Good 

.. sows only Good X 

100 Entire herd Good X X in rack 

45 Entire herd Good X X 

30 Entire herd Good X X in rack 

30 Entire herd Good X X in rack 

20 Entire herd Good X X in rack 

15 Entire herd Good X X in rack 

24 Good X X in rack . . . ........ 
20 ........... Good X X 
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not to the extent he had anticipated. 

The fact that this feed was found to be so satisfactory 

among swine feeders led to this investigation of the use and 

value of alfalfa hay for pregnant swine. 

Extent of Use 
5 Clothier found in making a survey of alfalfa growing in 

3 

Kansas that about 50 per cent of the farmers interviewed had 

fed alfalfa to swine. Fifteen persons had fed it with splendid 

results, using at the same time a small grain ration; six had 

fed it exclusively and wintered stock hogs on it in fair con

dition; while six had fed it occasionaly and believed it to be 

excellent feed. 

successful Use of Alfalfa Ray 
43 

Morton reports that three sows fed a ration of corn, shorts, 

turnips and alfalfa hay (to the extent of about one-third of the 

ration) for 49 days during pregnancy gave birth to good litters. 

Re also reports that a 341 pound mature sow (presumably non

pregnant) practically maintained her weight for 84 days on a 

ration of 3.3 pounds of alfalfa hay and 20 pounds of beets daily. 

. 9 ~v~lle reports that he fed six sows, weighing about 330 

pounds each, for 154 days . Three of these received an allowance 

of 4.6 pounds daily of cornmeal, 2 parts, and middlings l part . 

the other three received per head 2.7 pounds of the same grain 

mixture and ate 3.6 pounds of alfalfa hay each day. Although 

the grain fed animals made slightly better gains than the grain 

and alfalfa fed group, he says that alfalfa proves to be a 

"roughage that can be used to advantage by swine growers." 
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___ T_a~b_1 __ e_2~---~A~S~umm= ary of Several Ratione for Brood sows 

Corn Corn Corn Corn 
Alfalfa Hay plus Tankage Seed meal Sk.milk 

No . of trials 2 5 1 2 

No . of Sows 14 37 7 15 

Avg. de,ily gain lbs • 60 .84 .87 l.22 

Avg.size litter 12.6 11.9 10.2 11.0 

Avg.birth wt.per 2.27 2.24 2.45 2.31 
pig 1be 

Daily feed per sow 4 .02 3.?5 5 .24 4.23 
lbs. Corn lbs 

Oats lbs 
Supplement lbs ,.31 .37 10.14 

Hay lbe 2.25 2. 55 1. 53 1.87 
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42 
Minkler reports that pigs from sows fed ear corn and 

alfalfa hay in equal parts were "strong, active, vigorous 

individuals." He finds that alfalfa hay is worth twice as much 

as soy bean hay for brood sows. 
63 

Snyder, after a series of trials entailing 120 gilts 

reports that alfalfa hay has merit in the ration for pregnant 

gilts. He finds that "no trouble occured at the time of farrow-

ing and that fairly,large, healthy litters were farrowed." 
8 

Evvard finds that pigs from dams fed corn alone had a 

"bone" (pastern) measurement of 1.86 inches, but those from dams 

fed alfalfa in addition measured 2.0 inches. Pigs from alfalfa 

fed dams were more vigorous than those whose mothers had had 

corn only. 
59 

Robinson reports that corn and alfalfa hay was a satis-

factory ration for pregnant sows, producing good gains and 
of 

giving litters heavy, strong, vigorous pigs. He finds that 

clover hay is about equal to alfalfa • A tabulation of his 

results will be found in Table 2. 
7 

Evvard reports that alfalfa compares very favorably with 

other supplements to corn for bred gilts. A summary of the 

data about the litters farrowed by the gilts on the different 

rations is presented in Table 3. Alfalfa hay in this trial 

was superior to clover hay, but not as good meat meal fed in 

sufficient quantities- the rank of litters in vigor being corn 

plus meat meal 30.4 first, corn plus alfalfa second, and corn 

plus meat meal 30:1 thirs. The ranking ' in fatness was: corn 

plus meat meal 30:1 first,corn plus meat meal 30:4 second, and 

corn and alfalfa third. The group receiving corn alone farrowed 
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the lightest pigs, the least vigorous pigs, and the pigs in 

the poDrest condition of flesh. 

Table 3. Effect of Feeds on Litters 

6 

--TL~o~t-------------------------------------------------------------

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Ration Average 
size of litter 

-

Ear corn .......................... 7.6 

II " plus meat meal 30: 1 ••••••••• 7.4 

" " " II n 30: 4 •••••.••• a.a 

" II tl clover in racks •••••••• 6.4 

II II " alfalfa II II 7.6 ......... 
-

Lot Vi~or of Pie&s Fatness 
Strong Medium Weak :!)ead Rank Above 

Medium 
% % % % % % 

68.4 15.8 15.8 . . . 5th 61.8 

91.9 5.4 2.7 ••• 3rd 91.9 

93.2 4.6 2.3 ••• let 87.5 

93.7 • • • 6.2 ••• 4th 71.9 

89.5 7.99 ••• 2.6 2nd 85.5 

Amount of Roughage to Use 

Average M'eight 
per pig 

1.74 

2.01 

2.23 

2.21 

2.29 

of Pie&s 
Below 

Medium 
~ 

38.2 

a.l 

12.5 

28.1 

14.5 

Havner and Grime~6reporting on a trial of 125 days 

With 20 bred sows say that alfalfa hay alone is not a satis

factory ration for bred sows, but that alfalfa hay at will 

and about one pound of corn per 100 pounds live weight is a 

successful ration. 
56 Peters reports from observation of 58 brood sows on 
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trial that it is advisable to feed as much alfalfa hay to 

brood sows in winter as they will eat, and to feed sufficient 

grain to keep the sows in the desired condition. He finds 

that one-third of the grain ration for brood sows may be re

placed with alfalfa hay. 

7 

64 
Snyder reports after trials with 60 brood sows on various 

rations that a ration of alfalfa hay in a rack and about one 

pound of grain per 100 pounds live weight of sows is probably 

the most satisfactory, although sows may be wintered on alfalfa 

hay alone very cheaply (alfalfa hay proving to be about a 

maintenance ration). 

It is po s sible to maintain sows on roughage alone, but 

seldom is this a satisfactory method of feeding. The sow is 

not physically constituted to successfully digest such large 

quantities of feed as are required when roughage forms the 

entire ration. 
62 Smith reports that in trials at the North Platte, 

Nebraska, substation that a ration of alfalfa hay alone did 

not prove to be a maintenance ration. sows fed in this manner 

did not produce as heavy pigs as did sows fed corn and alfalfa. 

A ration of alfalfa hay and corn silage gave much the same 

results as did the alfalfa alone. 
57 Peters and Geiken report that 35 sows fed alfalfa hay 

to the extent of one-fifth of the ration made very satisfactory 

gains through a period from December 8 to February 20, and that 

the pigs farrowed were strong and vigorous. 
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Orig_inal Work· 

DatEl; of a trial conducted by the writer at the 

Minnesota Experiment Station during the winter season of 1920-

1921 for a period of 90 days bears out the wide-spread success 

with feeding alfalfa hay to pregnant swine. 

Eighteen mature brood sows of three breeds-Hampshire, 

Duroc Jersey and Poland-China- were divided into three lots of 

six each in such a way as to make the lot weights as uniform 

as possible. TWelve gilts were separated in the same manner 

into three lots of four animals each- half of each lot oeing 

Poland China and half Duroc Jersey. Lots numbered one to three 

were of the mature sows. Lots four to six were gilts. 

A standard grain ration of corn 5 parts, oats 5 parts, 

and 60 per cent digester tankage, one part, was used for all 

lots. The alfalfa was a choice grade of commercial baled hay 

purchased on the market and fed without preparation on a clean 

floor. 

Lots one and four received 5.5 pounds of this grain 

ration daily per head. 

Lots two and five received the same grain ration, plus 

10 per cent as much (.55 pounds) alfalfa hay. 

Lots three and six received approximately 3.7 pounds 

of grain mixture plus 30 per cent as much alfalfa (1.1 pounds) 

for the first 45 days. As these lots were not making the 

desired gains and did not appear in excellent thrift the ration 

was changed to 5.5 pounds of concentrates per head per day, 

and the alfalfa left the same which amounted to 20 per cent 

• 10- 20 ,,. 
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of the grain mixture. For the entire 90 day period the average 

feed was about 4.6 pounds of grain and 1.1 pounds of alfalfa 

(25 per cent of concentrates) 

Table 4 gives a brief summary of the weights, feed 

and gains . 

Most breeders desire some gain in their bred sows, 

and somewhat more in their gilts . A mature brood sow should 

gain in weight to make allowance for the weight of the fetuses 

which she is carrying, and should be in fair condition at 

farrowing time that she may have some reserve for the stress 

of suckling the litter after birth. Yost sows lose weight 

during the period from parturition to weaning, and if they 

are not in good condition when the litter is born they become 

unduly thin. An over-fat sow is not desirable because this 

condition l s liable to impair her nourishment of the litter 

in utero, forms a possible cause of trouble at the time of 

farro ing, and is not economical. The gain which will be 

desired depends upon the condition of the sow at breeding 

time, however, a gain of about one half pound is usually 

to be desired. 

With gilts which are not mature, a more rapid rate 

of gain is desired. such animals should make the same gains 

as mature sows and in addition should make some ain for 

their own growth. such swine should gain as fast as possible 

and not become too fat- from three quarters to one and one-half 

pounds per d~. 
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Table 4. 

Wei~htsa Feed and Gains 

Lot no. 1 2 3 4 5 6 
Sows Sows sows Gilts ilts 'ilts 

Ration 
corn, oats, tank. 
5:5:! plus hay ••• 10% 25% • •• 10% 25% 

Duration, day s 90 90 90 90 90 90 

Swine per lot 6 6 6 4 4 4 

Avg. initial wt 423.3 421.8 421.6 243.6 246.3 244.6 

Avg.final wt 466.7 486.2 4:3:3.2 310.7 :316.2 298.0 

Avg.gain 47.4 61.4 28.6 67.1 69.9 52.3 

Avg.daily gain • 53 .68 .32 .74 .78 .58 

Feed per head 

Concentrates,lbs 
495 495 412.5 495 495 420.6 

Alfalfa, 1bs • • • 49.5 99 •• 49.5 101.2 

Total Feed,lbs495 544.5 511.5 495 544.5 521.8 

10- 20 5M 
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The gains made by all sows were fairly satisfactory. 

Lot three was a little slow to make gains. This lot unfortunate

ly contained a sow that was exceptionally timid and which obtain• 

ed but very little feed. This accounts in part for the small 

average gain of this lot. ~n comparing lots one and two we 

find 47.5 pounds of alfalfa were required to produce 14 pounds 

of gain or 3. 54 pounds of alfalfa per pound of gain. When the 

grain was cut to five-sixths and thE hay doubled in amount, 

(lot three) the gain fell to less than half (46.6 per cent) 

that of lot twQ. 

None of the gilts made satisfactory gains. It is quite 

noticeable that in each case the gilts made faster gains on a 

given amount of feed than did the mature sows. This is largely 

due to the difference in weight,the smaller animals requiring 

less f e ed for maintenance. This is one reason that so many 

farmers do not use mature sows to as great an extent as grow

ing gilts . As with the mature sove the lot getting a full grain 

ration plus 10 per cent of alfalfa hay made the fastest gains. 

This was to be expected since they received the largest total 

amount of feed. 

The comparative value of alfalfa for gilts and mature 

sows is to be observed in comparing lots one and two ith 

four and five. With the sows 49.5 pounds of alfalfa produced 

a gain of 14 pounds but the gilts were able on the same 

amount of alfalfa to make a gain of 2.8 pounds only. 

10-20 SM 
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The final criterion of the value of feed for pregnant 

animals is not the gain in weight of the dams but is to be 

found in the offspring produced. In Table 5 is to be found 

the farrowing records of the mature sows in this trial. The 

records of the gilts were rendered useless by the appearance 

of disease of an infectious nature, in nowise attributable 

to the feed. 

Table 5. Farrowing Records of Sows on Several feeds 

Lot I Lot 2 Lot 3 
Grain alone Grain plus Grain plus 

- Alfalfa 10% Alfalfa 25% -

Avg.size of litter, 11.00 9 . 50 11.75 
pigs 
Avg.wt per pig -lbs. 2.235 2.209 2.336 

Avg.vigor of litter: 
Medium & Strong % 71.3 71.6 ao.o 

Weak & dead '% 28.7 28.4 20.0 

12 

The size of litter is not to be considered as any indicat-

ion of the value of the feed. This lies within the field of 

breeding not feeding. It should be considered in comparing the 

average weight per pig, however, for generally speaking the 

larger the litter the less the average weight of each pig. 

(see Table 6) 

Table 6. Size of Litter and Average Weight per pig , 
Size of Litter Number orLi tters Average Weight 

3 
6 
7 
9 
10 
11 
12 
13 
±ij 

205M 

1 
1 
2 
3 
5 
1 
1 
2 

~ 

per Pig 

3.83 

2. 95 
2.19 
2.31 
2.49 
2.15 
2. 53 
1.87 
~.99 
.1. 5~ 
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Lot three (25 per cent alfalfa) produced the largest 

litters and the average weight per pig was the highest of the 

three groups. Lot two (10 per cent alfalfa) not only had 

the smallest litters but also the lightest pigs. 

The vigor of the animal is of greater importance than 

the weight . The animals classed as "weak" in Table 6 were 

those which did not appear to have sufficient strength to be 

very certain of living. 

The pigs farrowed by lot three had more vigor than those 

of either lots two or one which were about equal in this respect 

It seems probable that as the sows receiving a heavy 

alfalfa ration gave the strongest and heaviest pigs that 

alfalfa was a satisfactory feed but t~t as they did not make 

as rapid gains as desired that 25 per cent is a little too 

much alfalfa to feed for best results. About 20 per cent 

would be the proper allowance. 

Methods of Feeding 

There seems to be considerable difference of opinion 

as to the most satisfactory method of preparing and feeding 

alfalfa hay . 

Snyde~3finds that for wintering mature brood sows,in 

comparing 40 animal~ that shelled corn as a grain and alfalfa 

hay in racks is more economical than ground corn and chopped 

alfalfa in equal parts; that 9.90 bushels of corn and 86 

pounds of alfalfa hay were equal to a. a 4 bushels of corn and 

495 pounds of chopped alfalfa. 
30 Iddings reports that on comparing several methods of 

feeding (full grain;one half allowance of grain plus alfalfa hay 

10-20 SM 
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in racks; one half allowance of grain mixed with cut alfalfa; 

and the last ration after being steamed) that the "most 

satisfactory and economical ration was found to be a limited 

amount of grain supplemented with alfalfa hay fed in a rack". 
57 . 

Peters and Geiken report that the most satisfactory method 

of feeding alfalfa hay is to feed it whole and dry ona clean 

floor, this being more satisfactory than feeding in a rack, 

cutting and mixing with grain fed dry, or by cutting and steam

ing or cooking. I have found this to be a very convenient 

and useful method of feeding, there being very little waste. 
64 

Snyder reports after extensive trials that there was 

little difference in the results from feeding stewed alfalfa 

or alfalfa hay in a rack, provided the hay was of good quality. 

Methode differing from the usual must sometimes be 

resorted to under special conditions. 

I.ip~4finds that of several ways of feeding large 

quantities of alfalfa hay sufficient for maintenance to 

brood sows that the most satisfactory method was to grind and 

moisten with molasses. 
64 

Snyder finds that mature brood so s may be satisfactorily 

intered on a ration of ground corn, 1 part, and alfalfa hay, 

~ parts, self fed. A trial with 20 s s fed in this manner 

made a gain of .45 lbs. daily per head on a ration of a 

little more than 1.75 pounds of corn and 5.3 pounds of chopped 

alfalfa per day . 

Minnesota farmers commonly feed their alfalfa whole in 

racks (Table 1). It is sometimes ground and fed in slop, or 

used to mix with concentrates in self-feeders to reduce the 

10-20 5M 
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consumption of high priced grain or other feeds. 

The Several Crops of Alfalfa Hay 

It might seem on casual thought that the several crops 

of alfalfa hay would be of about equal feeding value. This 

does not appear to be the case. Many of the above quoted 

investigators recommend the use of second or third cuttin~. 

Such hay is more likely, in north~rn states, to be of finer 

quality than the first cutting which often has coarse, heavy 

stems and mo r e or less dead material left on the ground from 

the previous year. Farhher south apparently conditions are 

much the same- the later crops being better than the earlier 

ones. 
31 

Jacobson finds that in Nevada there is a very important 

variation in ash and nitrogen content of hay of different 

cuttings as determined by over 100 analyses (Table 7) . He 

concludes that the last crop should be the most valuable feed . 

Table 7. Ash and Nitrogen Content of Alfalfa hay 

Ash Content 

Crop 1 

8.07% 

Nitrogen content 40~ 2 . - fO 

crop 2 

7.75% 

2.27% 

Crop 3 

8 .32% 

2. 61% 

Crop 4 

9.37% 

28 
Henry & Morrison in their tables of digestible 

nutrients of the several fee ds show differences bet een the 

four crops of alfalfa as presented in Table 8. 

10-20 5M 



16 

Table 8 

Di gestible Nutrients of Alfalfa Hay for Ruminants 

Total dry Di~eetible · nutrients Eer cwt.Nutri-
matter in Crude carbo- Fat tive 

100 lbs. hydrates ratio 
:1: 

All analyses 91.4 10.6 39.0 0.9 3.9 

Fir s t Cutting 91.5 9.3 39.0 0.6 4.3 

Second Cutting 92.7 11.2 40.2 0.7 3.7 

Third Cutting 9lt.1 10.2 37.1 o.8 3.8 

.Fourth Cutting 84.0 11.1 33.6 0.7 3.2 

. 
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summary 

1. The use of Alfalfa hay for pregnant swine is widespread 

but not common in Minnesota. 

2. Alfalfa hay has been repeatedly demonstrated to be a 

sa tisfactory feed for bred sows and gilts. 

17 

3. I have proved this by a trial with a number of pregnant 

females, finding that litters produced by sows fed alfalfa 

were more vigorous than those from sows not getting alfalfa. 

4. Methods of feeding vary, but the usual system is to feed 

the hay whole and dry in racks, as the bulk of the ration, 

and to hand feed sufficient quantities of concentrates to 

keep the prospective dams gaining and in good thrift. The 

alfalfa may well amount to 20 to 30 per cent of the ration 

by weight. 

5. The later crops of alfalfa are better feed for s ine than 

the early crops. 

6. Alfalfa can safely be recommended as a feed for ~regnant 

swine. 

• 
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PAR'!' II. 

The Value of Alfalfa Hay 

for Pregnant SWine. 



Chapter I. 

Protein and Alfalfa Hay 

"Protein" in common feeding parlance means "crude protein". 

This is calculated usually by determining the nitrogen content, 

Which is then multiplied by 6.25, since 16 per csnt of protein, 

roughly, is nitrogen. Such crude protein contains various types 

of nitrogenous substances not protein in addition to the true 

protein. This non-nitrogenous material is largely in the form 

of amino acids and amides,which are often considered together 

as "amides". Whether such differences in crude protein should 

be recognized by the feeder is still somewhat a matter of doubt. 

Most feeding standards at present do not differentiate between 

true proteins and amides. 

Importance of Protein in SWine Rations 
c 

The importance of the role of protein is well recognized 

by feeders. About 20 per cent of muscle tissue is protein. 

The remainder is largely water. About 8 ·per cent of blood serum 

of swine is protein?2 Unlike fat which can be produced from 

carbohydrate in the ration,protein in the body can be produced 

from nitrogenous sources of feed only. 

There exists a very large body of evidence which proves 

beyond doubt that there is a large protein requirement for~o -

ing swine. An illustration is given in Table 9 which shows 

the effect of various planes of protein diet on the growth of 

swine. The higher protein diet produces more rapid growth than 

the lo protein ration. 

The utilization of the protein in protein-rich and 
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Table 9 

Influence of Protein Supply on Growth of Pig~ - ----
Number Digestible Protein Total Nutrients Average Gain 
of pigs per 1000 pounds per 1000 pounds per 1000 pounds 

live weight -~ive weight live weight 

7 1.90 22.70 4.485 

5 2.29· 24.42 5.94 

8 2. 54 27.17 8.67 

5 3.00 9. 61 

3 3. 52 25.31 9.62 

5 4 .52 •••• 9.58 

8 5.07 23.11 8 .425 

6 5.40 22.57 6. 504 

5 5.63 .... 9. 63 

. Compiled by Armsb~ from data obtained 

at Iowa Station and Wisconsin Station. 

10-20 SM 



20 

Table 10 Rate of Gain of Protein in the Body of swine 

-------- ---------------------------------------
Authority Average 

age 
days 

Daily Gain of Protein 
per 100 lbs per 1000 lbs 

body protein live weight 

~----------·---------------------------------------- ----------~1 

Ostertag and zuntz 5t 

Sanford and Lusk 7 

Wilson 8 

Ostertag and zunz 13 

Ostertag and zunz 21 

Ostertag and zunz 26 

T schi rwi nsky 

Tschirwinsky 

10-20 SM 

114 

134 

2 
Compiled by Armsby 

5.553 9.029 

7.269 5.621 

6.853 5.757 

4.129 6.675 

1.840 3 .257 

o. 757 1.470 

0 . 442 0.663 

0.483 0.740 



protein-deficient r tiona do e not ppear to be the sam • 

cCollum reports that h n s ine ere fed ratione ith a 

nutritlTe ratio of 1 : 11 only 10 per cent of the n1tro en in 

21 

the f ed w 8 r tained by the bo y . en the protein as doubled 

(nutritive ratio- 1 : 5. 5) the body was able to retain 2 p r cent 

of th nitro en . Upon do bling the prot in a in (nutritive 

r tio - 1:2 . 75} there 8 r ct1c lly no chang in the r tent1on 

of nitrog • To obtain the ximum utilization of the protei 

fed it i necee ary to u e a protein- rich r t1on . 

m by ha8 sho that th older th pig b ec es th 

1 r pid i hi proportional daily ain in prot in (T bl 10) . 

He concludes that th1 

ext n b ck into th 

curTe of prot in r t in d in the bo 

intra- ut rine life of pi d t t 

th prot in r quir enta o a f tu 

ot onl do 1 ffer nt ., 
lf 1! 

feed ther ia 

hi • 

idel n th 1r prot 1 

bloo4 82 . ~ p r ce t} 

t fferenc 

cont nt (corn- 10 . 1 , 

but Yen ithi th 

ble II v th pro in of a 'feral T ri ti of h t 

h con r e t.h fer nc 

o ... hi eri 11 co lie 

lD 

he 

h e er 1 crop 

e pro 
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Table II Variation of Protein Content of Wheat DUe to Variety 

Number 
Variety of samples 

Average per c en1 
of Protein 

rr------------------------------- ------------------------ --------------~ 

Turkey 

Sonora 

Blue-stem 

Turkey Red 

Forty-fold 

Red Russian 

5 

2 

126 

55 

27 

16 

58 
Compiled by Roberts 

16.46 

16.29 

12.44 

11.25 

10.74 

------------------------------- -----------------·----------------------~ 
Variations of Proteins 

Thus far the subject of proteins and their use is ell 

understood. The question of differences between prot eins ie 

still largely to be solved. Due to their complexity and to 

the difficulties to be surmounted in analyzing them the exact 

chemical nature of many proteins is still nearly unknown. 

The proteins which are present in the leaves of plants are 

not known. 
acids 

Proteins are composed of aminojin chemical combination. 

There are at least 18 different amino acids. A good analogy 

is to type, such as used for printing. The various letters 

10-20 SM 
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may be arranged in innumerable combinations, each combination 

forming a word. So too with the amino acids, combinations 

form proteins. Some proteins contain all the amino a«ids, 

others do not. The former are "complete" proteins, the 

latter "incomplete". 

It is known that complete proteins if fed in sufficient 

quantities satisfy the protein requirements for growth. 

In reviewing the results of a number of investigators Osborne 

and Mendel say, "With an abundance of protein in the diet, 

along with suitable non-protein adjuvants, adequate growth 

has b a:m observed with the diverse proteins,such as: 

Case in (milk) Excel sin (Brazil nut) 

Lactalbumin (milk) Glutelin (maize) 

Ovalbwnin ( hens en-g) :Globulin (cotton-seed) 

Ovovitellin {hens egg) Glutenin (wheat) 

Edestin (hemp-seed) 'lycinin (soy bean) 

Globulin (squash seed) Glutelin (hemp- seed) 

All complete proteins are not of equal value as 

food. Let us return to our type. e may iSh to set up new 

composition from old. If the new composition is much like 

the old then the letters ill be sufficient to about set up 

the n ew page,~nd nearly all of each letter will be used. If 

it is very different, for instance a different language, a 

shortage of some one letter may stop the ork in the middle 

of the new page, and varying quantities of each of the other 

letters will be left useless. The analogy holds true in 

the utilization of the amino acids of the proteins of the 
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feed for producing the proteins of the body. There may be 

some of a certain amino acid present in the feed but not to 

as large an extent as in the body protein. It will then be 

used as far as it goes and as much of each of the others as 

is needed to supplement the first in the body. The remainder 

of the other acids will be nearly as useless as was the left

over t,ype . Presumably the body can change certain of these 

acids from one for.m to another, but it isthought that this is 
46 impossible With many of them. 

The analogy holds for the incomplete proteins, those 

7hich do not have all the amino acids present . The type from 

a word or series of words may not contain a particular letter . 

If this same type is to be reset and this letter is needed 

in the first word of the new composition the old type is of 

little value. So too with the proteins. If ho ever , that 

letter is supplied the ne" material may be printed. If the 

protein is supplemented with another hich contains the 

missing acid, all ill be used. 

It is unfortunate that the protein of corn, the 
. feed most imprmrtant ho ;1n the United States, is about half 

zein, an incomplete protein. Gliadin is an important 

protein in heat, and hordein17barley; these are both 

incomplete. Zein as the only source of protein for mice 

and rats has not even maintained their weight, much lees 
46,49 

caused gro th. Addition of the amino acids tryptophane and 

lysine, which are lackin in zein, to such a ration produced 
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growth approaching the normal. Gliadin of wheat does not 

produce growth in rates when fed as the protein portion 

of the ration. If lysine is added to gliadin growth is 
46 

produced. 

A great deal of this kind of investigation has 

een carried on by Osborne and Mendel, McCollum, and their 

associates, and others. It has mostly been done with rats 

and mice, not animals of ecomomic importance. This is 

natural, but not altogether desirable. While it is 

proably true that the metabolism processes of all mamm ls 

are much alike it is not absolutely certain. The average 

feeder would place more reliance on results obtained with 

animals with which he was familiar than ith these labor-

atory animals. such investigations must , for application 

to farm animals, be qualitative rather than quantitati e. 

Protei_ns of _common Fee<:!!_ 

3? cCollum says,"Results all point to the belief 

that in the young pig,growth impulse is so great that the 

synthesis of body protein is effected at t h e maximum rate 

25 

possible with the particular mixture of amino-aci s yielded 

by the food proteins. There is very little difference in 

the value for growth of the protein mixtures cont ined in the 

three cereal grains; heat, oats and corn kernels. A 

maximum of 23-24 per cent of the injeated nitro en from 

one of these sources can be r etained for gro th". 
53 

Osborne and Mendel find that for rats the entire 

proteins of barley, rye, oats and heat "are not widely 
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different in their efficiency in promoting growth." 

Hart and Steenbock 2iind that a ration of grain by

products and hard well water maintain mature breeding swine 

in apparently normal condit i ion for many months but the 

reproductive powers are lowered by such a practice • 
. 10 Ferr1n reports that rata and swine fed on a corn and 

tankage ration or on corn, tankage and alfalfa did not 

make satisfactory growth. He attributes the failure of 

these rations to the poor quality of the proteins present 

in such rations. 

Efficiency of the Proteins of Alfalfa Hay 

Hart and steenbock2tave carried on some experiments 

comparing the protein values of swine rations which are 

unique in this field. The work has been done with swine, 

not rats and mice. The ratione have been common swine 

feeds in ordinary mixtures, not highly purified laboratory 

products. Their findings are tabulated in Tablel2. It is 

their opinion that for short periods the vitamine and ash 

content may be practically disre arded, and cite lots 

4 and 5 as evidence of this (Table 12). 

Their precedure as as follows: . "Vigorous pigs 

of 50 to ?5 pounds in weight were given a preliminary 

starch feeding period of 4 days. At the end of this time 

they were placed in metabolism cages by which a balance 

of intake and out of nitrogen was determined over a 

period of 24 days. There was not always close a reement 
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Table 12 Nitrogen Retained by Swine from Several Ratione 

~---- -- - - --
Pigs Therme Total N retained 

Ration per provided 24 days 
ration daily Per c:ent 

----

I 44% Corn 3 2.00 61.7 
56% milk {10% solids) 

II 89% corn 
11% tankage 3 1.55 40.3 

III 89% barley 
11% tankage 3 1. 50 3 9. 7 

IV 75,% corn 
25,% oilmeal 2 1.69 24.8 

76% corn 
v 19% oilmeal 2 1.69 24.6 

5% Butter fat 

VI 75% corn 
25'% alfalfa 3 1.36 31.7 

jVII 71 % corn 
25% alfalfa 3 1.38 35.8 

4% tankage 

!VIII 28'% corn 
12% alfalfa 3 1. 50 41.6 

I 60% sk.milk{lO%solids) 

IX 20% corn 
6% alfalfa 3 1. 58 39.1 

74% whey{6.6% solids) 

X 55% corn 
20% luten feed 3 1. 54 41.5 
25% alfalfa 

XI 21% corn 
5% gluten feed 3 2.10 45.1 

74% whey{6.o% solids) 

10 205M 
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among individuals in their rates of growth and consequently 

in the production value of the protein mixtures tested. 

However, enough experiments were run with a given mixture 

to give confidence in the data, and from all the data the 

three highest results were selected for the final record. 

In all these experiments the plane of protein i~take was 

kept fairly constant and between 12 to 17 per cent." 

The supplement to grain in the ration which will 

so meet the deficienctes of the proteins in that grain as 

to give the highest total retention of protein by the body 

will be the most valuable as far as the proteins are 

concerned. 

In comparing lots I to VI it will be noticed that 

the animal prot~ins, milk and tankage, are far superior to 

the vegetable proteins exemplified by alfalfa and Oil meal. 

·ilk (lot I) is shown to be much the most valuable source of 

supplementary proteins for corn; second is tankage which was 

fed in rather limited amounts compared to the other supple-

menta. Alaflfa ranks third being somewhat superior to oil meal 

In comparing lots VI to X it appears that when small quantities 

of tankage,akim milk, whey or considerable quantities of gluten 

feed replace a portion of the corn in a corn and alfalfa ration ! 

improvement is obtained. 

The lese alfalfa added to a corn and tankage ration 

the better, lots II,VII and VI. The same is tru of a corn 

and milk ration, lots I,VII and VI. Whey is more valuable than 

alfalfa for supplementing a corn and gluten feed ration 

(lots X and XI) . 
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Summary 

1. "Protein" as often used includes true proteins. ami des and 

amino acids. 

2 . The more mature animal requires proportionly less protein 

than the young animal . The protein requirements of the 

fetus are relatively high. 

29 

3. The protein of a protein-rich ration is more fully utilized 

than t hat of a low protein ration. A high protein diet pro

duces more rapid growth than a ration deficient in protein. 

4 . Proteins are a chemical combination of animo acids in various 

proportions. Not all amino acids are present i n all 

proteins. 

5. Feeds vary widely in their protein content, and in the 

quality of their proteins. 

6. Common grains do not contain a combination of proteins which 

can be r etained f or growth to a high degree. Proteins of 

corn, wheat, oats, r y e and barley are of about equal value 

for gro th. 

7. Proteins such as present in milk and tankage coming from 

animal sources are more efficeint supplements to grain than 

those from vegetable sources. 

a. Tne proteins of alfalfa are not particularly efficient as 

a supplement to corn, the most common swine feed, although 

they are superior to those of the grains or of oil meal. 
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CHAPTJ!R 2 

As far back as we have any records, animal husbandmen 

have fed salt(NaCl) to live stock. They had no knowledge of 

why it was needed, but found from practical experience that 

their stock craved salt and gr~w better when they had it. 

Perhaps they would have benefited from other non-organic feeds 

s well. 

Ash Content of the Body 
33 

Lawes and Gilbert's analyses of the ash content of swine 

stand out as classic in this branch of animal husbandry . 

Table 13 Mineral substances in odies of S ine.(Lawes & uilbert 

Fat Pig Thin Pig 

3J.6 to 4J.6 per cent of body weight. 
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C 1 1 t . d f al t d b Fo b 11 , 13 a cu a 1ons ma e rom an yses repor e y r es 

show the following as the ash content of several parts of 

the body. 

_ Table 14 Ash Content of Body Parts of SWine 

Per cent ash Number of analyses 

Skeleton 21.03 35 

Brain 1. 51 35 

Liver 1.30 55 

Kidney 1.12 55 

Tenderloin muscle 1.11 55 

Blood • 96 35 

Skin .68 35 

11------ -- ----- ------------·---- - - - - - -- -·-
Effect of Ash Deficient Rations 

11 
FOrbes reports that in corn fed swine the proportion of 

ash to pro t ein in the flesh was not low, but that the livers 

wer e small and low in ash, especially phosphorus, also that 

the bones were small, lacking in density (ash content used as 

the indica tion) and were low in breaking stren th. 
27 

Henry found that swine fed bone meal or wood-ash in 

addition to a ration of cornmeal had thigh bones of ~ch greater 

breaking strength, and about 50 per cent higher ash content than 

corresponding bones of corn-fed swine. 
4 

Burnett found that swine fed a ration of corn meal 9 parts 

ID-20 SM 

and bone meal 1 part had bone s with nearly twice the breaking 

strength of those fed corn meal alone (1224 pounds and 666 
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pounds respectively). 

Calcium 

The importance of calcium with a corn ration was shown 
29 

by~ogan with rats. A ration of corn and ash-free egg white, 

or the same nation with potassium phospate added would not 

maintain life, but a ration of corn, ash-free egg white and 

calcium lactate maintained life for about four months when 

the trial was discontinued . 
67 Steenbock and Hart report that "a daily intake of about 

0.3 gram of CaO per 100 pounds of body weight covered the 

metabolism losses of a mature barren pig". 

Magnesium 
67 

Hart and Steenbock report that there is an interaction 

between the metaboliam of calcium, magnesium and phosphorus 

by swine hich complicates the study of the ash requirements 

of a ration. 

Table 15 Record of Daily Calcium Excretion(Hart and steenbock) 

CaO 
Retained 

Ration In ration In feces In Ur ina by body 

Grain 1.67 1.47 0.019 .0.170 

Grain & MgC12 1.67 1.42 0.246 ... o.oo3 

Grain 1.67 1.40 0.086 .0.180 

Grain and So4 1.67 1.47 0.360 -0.160 

rain & Yg(P04) 1.67 1. 57 0.122 -0.027 

When grain alone was fed there as an increase in body 

calcium but when magensium as added to the ration this 
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became a loss. This becomes of importance when it is real

ized that corn is very high in magnesium,and low in calcium. 

The addition of phosphorus lessened the effect of the 

magnesium. The richness of corn in phosphorus is of value 

in this relation. 

Phosphorus 
18 

Hart , McCollum and :FUller found that: {I) pigs started 

at 50 pounds broke down at ?5 to 100 pounds on a r a tionlow 

in phosphorus but developed normally on the same ration plus 

calcium phosphates (the type of calcium phosphate was of 

little impoDtance): {2) inorganic phosphate salts ere practic

ally equivilent to organic phosphates: (3) swine on a phos-

phorus-deficient ration maintained the pho phorus content 

of the principal organs and tissues about normal but the ash 

in the skeleton as reduced to about one half normal, 1.e. 

that the skeleton is the storage place of phosphorus on hich 

the bo~ draws in periods of deficiency . 
17 

Steenbock and Hart report that "the level of lime intake 

necessary for maintenance is dependent upon the functional 

activity of variou organs of the body." e uld con aider 

especialy that functional activity due to pregnancy at 

pr esent. 

12 
FO~b es sums up the ork of various orkers as follows: 

"Hugounenq studied the retention of minerals by the 

human fetus. The retention ~minerals by the fetus is 

slight at first, but very active near birth. During the last 
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3 months of gestation the fetus acquires twice as much mineral 

matt~r as pr eviously." 

"Jagerooa studying nitrogen metabolism in pregnancy 

with dogs, reaches the conclusion that in this condition 

t here is a marked tendency toward parallelism in nitrogen 

a nd phosphorus metabolism." 

"Scharin fed female dogs on various diet~ and determined 

the total phosphorus pf the pups at birth. The effects of 

the maternal diet on the composition of the unborn young 

were not pronounced". 

Importance of Calcium 
71 

"Wheeler reports t hat the shell of eggs of fowls fed 

on calcium deficient rations to which were added calcium or 

magnesium salta had practically a constant content of calcium, 

magnesium and phosphorua,(Table 16). The bones of the fowls 

fed these rations showed a greater 

Table 16- Effect of Feed on Bone and Egg Shell 

----------------------------------~~~~--,~~~~----~----------~ Feed Low in Calcium plus 

Calcium Magnesium Glrra-ss~---·-

- -- - % % 
Calcium in shell 37.9 37.5 3~.8 

agnesium in shell o.7 0.85 1.0 

Phosphorus in shell 0.2 0.2 0.2 

Calcium in bone 
(6t mo.onteat) 15.88 13.75 ••• 

agnesium in bone 0.28 0.33 
(do) ••• 

Phosphorus in bone 7.23 6.45 
(do) ••• 
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Variation, the calcium fed birds having about 15 per cent 

more calcium and 12 per cent more phosphorus than those fed 

magnesium. FOwle supply the egg with the necessary calcium 

even at the expense of their own skeleton system. 
25 

Hart, Steenbock and Fuller report on a trial with 

swine carried on for two years. Eight mature brood sows 

were divided into four lots of two each, fed through the 

gestation period on limited rations, turned out to pasture 

for the summer and brought in for their special feed the 

second gestation period the following winter. The second 

year a gilt was chosen from those farrowed the first year 

and carried through the second season with their dams. The 

gilt in lot two failed to farrow. A standard ration of corn, 

oate, middlings and linseed oil meal was used. Lot one 

received this ration, lot two standard ration, plus calcium 

carbonate, lot three received standard ration plus floats 

(calcium phosphate), lot four received corn, oats,middlings, 

oil meal and in addition alfalfa hay. The daily calcium 

content of the several rations was: lot one- 0.003 pounds; 

lot two-0.019 pounds; lot three-0.018 pounds; ~ot four-0.018 

pounds. Their findings in the ne born pigs (one from each 

lo~ are summarized in Table 17. They say that the calcium 

of the skeleton constitutes about 95 per cent of the total 

calcium of the body of new born pigs. AP rently the plane 

of calcium diet of the dam has as little to do with the 

calcium of the offspring of swine as with the eggs of chickens. 
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Table 17 Relations of Calcium to Litters Produced. 
(Analyses of one pig per litter} 

Lot and 1910 1911 
Dam Live Skeleton cao 1n Llve Skeleton cau 1n 

'Veight to live skeleton Weight to 1· ve skeleton 
weight weight 

Grams % % Grams Grams % % Grams 
I 627 750 5. 9 29 12.8 1125 4, 5 33 16.8 

626 1173 5. 3 29 18,5 727 4 .3 36 11.4 

Gilt ••• • • • • • • ••• 970 4.3 34 14.4 

579 1105 5,6 30 
II 

19.1 784 5,8 30 13.9 

578 1000 4.9 29 15,6 935 5.2 33 16.7 

776 1065 5,3 28 16,2 1350 4,3 35 20,4 

III 593 1120 6 ,0 27 1 8 .0 1350 4,3 31 21 ,7 

Gilt . ' . • • • • • •••• 705 4,5 30 9.7 

628 960 5. 5 29 15.5 735 4,4 34 11,3 

!Y 592 1330 4.8 28 18,2 860 4.8 38 16.0 

Gilt • • • • • • • • • •••• 956 4,3 36 16,2 
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Iodine Deficiency and Hairless Pigs 
?0 22 

Welch and Hart a.nd Steenbock have shown that hairlessness 

in swine is closely associated with an iodine deficiency of the 

thyroid gland. 

Table 18- Iodine Content of Thyroid Gland of New Borm pigs 
Partiy Pract~ca-rly 

Normal Haired Out Hairless Hairless 

Number of 
Anaylses 54 12 6 41 

. 1099 
Iodine content .0342 . 0037 . 0012 
p er cent 

Calculated f rom figures by Welch 

It appears that under certain conditions the very slight amount 

of iodine in the feed is not assimilated normally. Both 

investigators report very satisfactory results from administer

ing potassium iodide to the sow during pregnancy. In every 

case normal litters were farrowed with this treatment. 
22 Hart and Steenbock r ecommend feeding alfalfa hay to the 

extent of 25 per cent of the ration to pregnant s ine as a 

probable means of the prevention of hairless pigs in the 

resulting litters . 

Ash and Its Relation to Alfalfa 

From Table 19- rineral Matter in Common F eds- it ill 

be noticed that alfalfa hay is the highest in ash of any of 

the feeds listed, having about 5?3 per cent as much total 

ash as corn . It has a much higher potash and soda content 

than corn . Corn is notably deficient in calc um of hich 

both alfalfa and clover hay are very rich . In phosphoric acid 
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Table 19 

Mineral Matter in Common Fe ede 

(Henry and Morriso~~ 

Total PotaSh Soda Lime Magnesia Iron Sulph-Pho~ Sif~chlorin 
ash oxide uric phoric ca 

.. cid acid 
% - % .. % % % % % % % ~ 

Corn 1.5 0.40 o.o4 0.02 0.18 o.o11 0.38 o. 69 0.03 0.065 

Oats 3. 5 o. 56 0.23 0.14 0.20 0.038 0.49 o.s1 1. 25 o;.o7o 

Wheat 1.8 0.53 0.16 o.os 0.22 0.023 o. 54 o.ss 0.04 0.082 

Red dog 2.5 0.76 • • 0.17 0.48 •••• 0.65 2.00 • • 0.140 

Stand. 4.4 1.18 0.14 o.o8 0.54 • • • • o. 58 2.11 •• •••• Midds 

Oil meal 5.4 1.27 0.34 0.51 o.s1 0.144 1.02 1.70 0.69 0.086 
O.P. 

Cotton- 6.4 1.81 0.35 0.36 0.86 0.084 1.24 2.67 0.55 o.o39 
seed meal 

Alfalfa 8.6 2.23 o. 56 1. 95 o. 59 0.168 o. 78 o. 54 0.81 0.474 
hay 

Red 7.1 1. 63 0.12 1.60 0.45 o.os7 0.44 0.39 0.17 0.239 
clover 

10·20 5M 



38 

content,however, corn is above alfalfa. Alfalfa apparently 

should beavery valuable supplement to corn as an aid in raising 

the ash content,particularly that of calcium. 
19 

Hart, McCollum and Steenbock report that heifers fed 

corn grain and wheat straw were bred with difficulty or not 

at all and the one bred produced a dead calf. When half of 

the wheat straw was replacedby alfalfa hay the calves were 

nearly normal. When organic salts (calcium lactate 4 parts, 

magnesium citrate 6 parts, potassium citrate 8 parts) were 

added to the corn grain, wheat straw rations the offspring 

were strongand vigorous. The alfalfa apparently is of about 

equal value to the mineral mixture in supplementing such a 

rat ion. 
41 

McCollum, Simmonds and Pitz have shown that rata fed 

corn and linseed meal, 9:1 ith salt-free water failed to make 

normal growth. When a salt mixture (NaCl, MgSo 4,NaH 2 Po4 

H20, K2HPO 4, CaH 4 {PO 4) 2H20, Fe citrate and Ca lactate) 

was added they made fai~ly satisfactory gains. The same 

condition obtained with a mixture of corn, rolled oats, and 

hemp seed, and even when the above ration was supplemented 

with millet seed making a combination of five seed feeds 

little or no growth as obtained without the addition of a 

suitable salt mixture. A ration of rolled oats and alfalfa 

1:1 enabled the rats to make satisfactory gains and to reproduce. 

They find however that rolled oats and alfalfa, 6:4 is the 

most satisfactory allowance giving optium growth and reproduct-

i no. Wheat and alfalfa was not found to be sa ti sfac tory. 
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With corn growth is not as rapid as with oats, but 10 to 20 

per cent of alfalfa very materially improves the corn rat1on, 

giving somewhat lees than normal growth but permitting reproduct 

ion,Whereae growth on corn alone was found impossible. 
16 Hart and McCollum report that "when s ine are restricted 

to corn meal and gluten feed (acorn product) little or no gro th 

can be secured, but with the addition of salts, making the 

entire ash content very similar in quality to that of milk, 

growth approximating that of a normal curve was secured to at 

least 275 pounds. 

I- The ash content of swine may run as high as 4.6 per cent 

of the body weight The skeleton has much the highest ash 

content of any part of the body but mdneral matter makes up 

from 1 to 1. 5 per cent of the weight of other body parts. 

2- Corn fed swine do not show ash deficiency in muscles, 

but the skeleton does show such deficiencies, hence it is 

used as an index of the ash condition of the body. 

3- An addition of calcium to a corn ration raises the break-

ing strength of the bones . This addition should be sufficient 

to provide a total of at least 0.3 gram of calcium for a 

mature barren pig daily. 

4- The ash requirements of an animal vary ith the func t ional 

activity of the several body parts. During pregnancy the ash 

requirements are greatest as the time for parturitian 

approaches. 

5- Fowls supply the egg with a normal amount of calcium even 
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at the expense of their skeleton. swine a.re as generous to 

their litters apparently. 

40 

6- Hairlessness in pigs is possibly due to a lack of iodine 

in the ration. Prevention consists of the addition of 

potassium iodide wthe ration. Alaflfa hay is reoommended as 

a probable means of prevention. 

7- Alfalfa hay has a very high ash content, especially of 

calcium. 

8- Alfalfa hay is about equal to a mixture of calcium, 

ms.gne sium and potassium salts for correcting a <corn grain 

plus wheat straw ration for cattle. 

9a It seems p~obable, e~though complete evidence is lacking, 

that alfalfa hay added to a swine ration of grain will supply 

the mineral matter that is lacking in such rations. 
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Vitamines and Alfalfa Hay 

Vitamines 

Within the past few years there has been recognised a 

new field in nutrition. This deals with certain substances, 

the absence of which limits growth or leads to certain 

"deficiency diseases." FUnk and Macallum have termed them 

vitamines, which term is now in common use. The.y have also 

been called acceseary substances. cCollum and Kennedy 

have advocated the use of the terms fat-soluble A and water-

soluble B. These, too, have Qome into rather common usage. 

A c~~n practice is to combine the first and last into the 

phrases "fat-soluble vitamine" and "water-soluble vitamine". 

This permits of eaS,Y enlargement should further factors be 

discovered, but differentiates the two types now well recog

nized. There are others. Funk and others ould include an 

antineuritic vitamine, and antiscorbutic vitamine, and an 

antirachitic vitamine. That these five are individual ub

stances is still a matter of question. ccollum and his 
40 

associates believe for example that the water-soluble vitamine 

is identical with the antineuritic vitamine, the absence of 

which produces polyneuritis in pigeons. 

Deficiency Diseases 

Dificiency diseases of swine apparently are of less 

importance than those of other animals, although they are not 
14 

unkown. FUnk reports that Hart and Lessing have observed 

conditions similar to beriberi and scurvy in swine fed exclusive 
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ly on oats. 44 Nelson and Lame report that they have received 

occasional reports of cases of eye trouble or blindness in 

suckling pigs which m~ have been due to a deficiency of the 

fat-soluble vitamine in the ration of the dam. A condition 

in pigs histologically similar to polyneuritis when fed on 

a vegetable diet with additions of salt has been describe£? 

These conditions are not common in practical feeding. The 

question of the growth promoting factors cannot thus be 

summarily passed over. In this paper vitamines will be con

sidered in their relation to growth and reproduction only. 

History of Vitaminel 

Studies of the disease beriberi led to the discovery of 

the water-soluble vitamine which is present in the polishings 

of rice. FUrther investigation led to the discovery that it 

is a growth limiting !actor. Later it was found that lard as 

the fat portion of a ration for rats would not permit growth 

or even of maintenance of weight, but that when butter replaced 
45 

part of the lard good gro th was obtained. This led to the 

discovery of the second vitamine fat-soluble A. 
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Vitamines of Feeds 

w.~ s 
Osborne and Mendell, and Emmet and Luros, find from a 

review of the literature and from observation that the vitamine 

content of foods is as follows: 

Fat-soluble 

Butter fat ............ . present 

Milk . . ... . . . ........ . 
Egg yolk and fat ••••••• present 

Beef Oil ........... present 

Oleo oil margarine ••..• present 

Cod liver oil ......... present 

Cod testicles ......... present 

Lard • • • • • • • • • . . . • • • • • • absent 

Pig kidney fat •••••••• present 

Pig liver 

Pig heart 

Pancr~s 

0 i 1 •..•...•• 

............. 
.............. 

present 

absent 

Fat fish and fish oil •• present 

Dried and unsweetened 
condensed milk ••••••• present 
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Water-soluble 

present 

present 



Fat-soluble 

Maize kernel 

Oil of maize 

............ . present 

............ absent 

Maize embryo •••.•..•...•• 

Oat kernel .............. pr eeent 

Rye kernel .............. present 

Barley kernel ••••••••.•• absent 

Kafir corn .............• 

Wheat kernel 

Wheat embryo 

Oil of wheat 

............ 

............ 
........... 

present 

present 

absent 

........ 

Water-soluble 

present 

present 

present 

:present 

present 

present 

present 

present 

Rice, unpolished........ present 

Rice, polished • • . • • • . • . • • absent 

Peas •...••.•••..•....••• present 

Kidney bean • . • . • . . • . • • • • absent 

Soy bean ................ present 

Soy bean oil ........... absent 

White beans •.•.•..••.••. absent 

Seeds of legumes •••••••. 

Cottonseed present 

Cottonseed oil questionable 
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present 

present 

present 

present 
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Fat-soluble 

Flaxseed • . • • . . . . • . . . . • present 

Linseed oil .......... 
Millet seed . . . . . . . . . . . 
Hemp seed ............. 

absent 

present 

present 

Sunflower seed •••••••• present 

Oil of sunflower • • • . . . absent 

Peanut meal •••.•..••••• 

Water-soluble 

present 

present 

present 

present 

Cocoanut ~al •..••••••• present 

Almond meal ••.••.•.•••• absent 

Oilve oil .............. absent 

Vegetabl e margarine •..•• absent 

Potato ••.•.•......•...• absent 

Banana ................. present 

Carrots •••••......••.•• 

Beet plant ••...••.•.••• 

T'Ur nips ............... . 

Fruit of tomato •..•..•• 

Bulb of onion •.••••••.•• 

Cabbage ...............•. present 

spinach 

Alfalfa 

................. 

................ . present 

Clover •.•....•.••....•.• present 

Timothy' ••. · •......•..... • 
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present 

present 

present 

present 

present 

present 

present 

present 

present 

pre ent 

present 
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The above list is unfortun~tely qualative not quantiti ve. 

Nearly all the common grains are rich in water-ooluble vitamine. 

Although not entirely lacking in fat soluble vitamine they are 

r a ther deficient. 

Yellow corn waa found to be much richer in the fat

solubl e vi tamine than white cor~? ell ow corn to the extent 

of 85 per cent of the ration for rats furnished sufficient fat-

eoluble vitamine to produce normal growth. When it constituted 

but 50 per cent of the ration there was poDr growth. White 

corn even to the extent of 85 per cent of the ration was in

suff icient to furnish the required amount of t he fat-soluble 

sub s tance. Either white or yellow corn is low in fat-soluble 

A as compared to the leafY portions of certain plants. Barle,y 

is very low in fat-soluble vitamine. 

Vitamines of Alfalfa Hay 

Clover, while rich in fat-coluble vitamine, was not as 
66 

efficacioud as butterfat for supplementing white corn for rats. 
51 

Osborn and Mendel found that dried immature alfalfa is 

richer in water-soluble vitamine than clover or timothy at 

the same immature state, and that these plants are extra

ordinarly rich in the fat-soluble vit~mine. Later they 

determined with rats that the fat-soluble vitacine content of 

alfalfa is higher than that of clove~ or timothy hay and about 
55 

equal to spinach. 

Alfalfa and clover hay cut at the usual t ime contains 

less water-soluble vitamine than when cut le the plant is 

immature~2 This may be found to have some practical value 
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in governing the time at which to cut hay, but probably these 

Mays contain a sufficient amount of this type of vitamine at 

all times. 
61 

Russell and Morrison have demonstrated that the fat-

soluble content of alfalfa is very thermostable. Ground 

alfalfa incubated at blood heat with water in the presence 

of toluol, and dried was found to suffice for normal growth 

as the sole source ~f the fat-soluble vitamine. 

summary 

1. Vitamines have been recognized as ueing essential to 

growth,but ver,y little is known about them save their location. 

2. Deficiency diseases of swine caused by a lack of vitaminee 

are not unknown. 

3. Common feed stuffs are usually rich in water-soluble vit ine, 

but the common grains are characteristically lacking in the 

fat-solubl e vi tamine . 

4. Yellow corn is muc. richer in the fat-soluble vitamine than 

is white corn, but both are ratber loVI. 

5. Alfs,lfa and clover are rich i n water - solu le vite.mine, 

especially in the immature plant. 

6. Alfalfa and clover hay are extraol dinarlly rich in the fat

soluble substance, alfalfa being the richer, Rnd hence it is 

of the greatest value for supplementing the common farm fe eds 

hich are deficient i n this substance . 
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SUMMARY 

The Use and Yalue of Alfalfa Hay for Pregnant SWin . 

It has been shown that alfalfa hay is a safe and atia

factory feed for b'r ed sov. s and gilts , and f or other a in e. 

Its use has been tested at many of the experiment stations 

and by farmers, with almost universal success. The writ r 

has had similar success. 

ethods of feeding vary with circum tance , but the most 

common system is to feed the hay whole and dry in racks, 

allo ing the hogs access to it at all times. U uall this 

feed ill constitute a large protion of t e ration in bulk. 

end serves to sati fy the appetit 1 bout causin an un

desirable aruount of fleshing. 

It has been demon trated that the 1 ter crop of al! 1! 

make better hog feeds than the earlier crops, being finer and 

more leafy. 

ile alfalfa y is fairly rich in prot in s co ~ared 

to the co~on grain , yet it does not appear to hav 

combination of amino acids which i p culiarl e fecti 1 

a supplement to corn or other ain • 

Its value lies chiefly in it hi mineral conte t, and 

its richness in the fat-solu le vitamine. corn the gre t 

hog feed. is greatly lacking in calcium hich the al!al a hay 

is able to supply in abundance. 
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The common grains are well supplied i th thr water

soluble vitamine but are rather deficient in the fat-soluble 

sub s tance. Alfalfa is extraordinarily rich in this material, 

and hence is of the greatest value in supplying this vitally 

n ecessary substance. 

For these two reasons, if for no other, the use of 

alfalfa hay for pregnant swine should be increased as a 

means of producing better and more vi gorous pigs. 
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