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PREFACE. 

This review of the literature on cotton seed and 

ootton seed product8 as feeds for livestock was under­

taken for the purpose of getting together the results 

of the different experiments with these feeds, in order 

that comparisons might be made of the feeding values of 

these different produots with each other and with other 

feeds. 

In reviewing the literature on this subject many 

articles in journals and magazines have been ignored be­

cause they contained the results of average farmers who, 

as 8. rule, do not keep complete reoords on their animals. 

Most of the literature comes from experiment stations 

where speoial effort has been made to determine the value 

of these feeds. The 'results of some of the stations are 

for short periods of time and for small numbers of animals 

which make it impossible to draw definite oonclusions. 

In the study of this literature the points generally 

considered include (1) the objeot of the investigation, 

(2) the methods employed, (3) the nature of the data re­

corded, (4) the r~sults shown, and (6) the author'S con­

cluSions. In a number of oases only the conclusions are 

mentioned. 

Inoluded in this work is a desoription of an ex-
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periment oonduoted at the Missouri Agriou1tural Exper­

iment Station during the winter of 1911-12 for the 

purpose of determining the relative values of cotton­

seed meal, cold-pressed cotton-seed cake and linseed 

oil meal for fattening two-year-01d steers where the 

basal ration is oorn, corn silage and olover hay. This 

work has never been published. 

During the winter of 1909-10 an experiment was con­

ducted at the above named station for the purpose of de­

termining the value of corn silage for beef cattle when 

on full feed. In this experiment one lot received cotton­

seed meal 8S a part of the concentrates while another lot 

received linseed oil meal. This work has never been pub­

lished but from the data recorded a comparison may be 

made of these two feeds. This comparison is included in 

this paper. 

Since the prices of the different feeds are all the 

time varying, no emphasis is placed upon their economic 

value. Quite a proportion of the feeding experiments still 

deal with only the eoonomica1 and commercial phases of the 

subject, or with comparative financial values and effects; 

and as economio oonditions are constantly ohanging and vary 

in different localities, the results lack permanent and 

. widely applicable value. Hence it is that the necessity 
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is felt for going over the same ground at frequent in­

tervals and in different localities. In many cases the 

same experiment is repeated by different stations in the 

same locality and under the same conditions, with the 

exception of a variation in the prices of feeds. 

What is needed most by livestook feeders is 8 

knowledge of the conditions that are permanent and widely 

applioable in value. 





HISTORY AND IMPORTANCE. 

Aocording to statistios, the produotion of ootton 

in the United States did not go over l,OOO,OOO bales of 

500 pounds each until 1832, nor above 3,000,000 bales 

until 1851. For the last few years the annual crop has 

been between 11,000,000 and 15.000,000 bales, which means 

a produotion of from 6,000,000 to 7,500,000 tons of ootton 

seed. At present the United states ranks first in the 

produotion of ootton, produoing 66 per cent of the world's 

crop; India ranks second producing 14.9 per cent; Egypt 

third producing 6.5 per cent; Russia fourth produoing 

4.3 per oent; China fifth produoing 3.1 per oent and 

Brazil sixth producing 2.2 per oent. All other countries 

together produce 2.6 per cent of the world's crop. 

In the beginning of the cotton Beed produot industry 

in the United states we had to depend upon the foreign 

m~rkets entirely for the disposal of these produots, 

is the industry grew and the value of such produots made 

inoreased (as the ootton orop increased), they became so 

important, and the capital invested in their manufacture 

so large, that efforts were made to eduoate the people 

of our country to the great value of such produots as 

were being sent out of our own country at less than their 
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value. At the present time not more than one-third of 

the produots are exported. This emphasizes the great 
1 1(:: f ~ 5 i lf--

importanoe.A that the manufaoture of suoh produots now 

ocoupies in our own oountry. 

To .further illustrate the important plaoe such pro-

duots now oooupy in our export trade and in our domestio 

trade as well, you have only to look at the amount produc-

ed in this oountry in 1912 and the proportion of it export-

ed to that used for home consumption. The amount of cotton­

seed oake .and meal produced in 1912 was approximately 2,000,-

000 tons, and the amount exported was about 660,000 tons leav­

ing 1,360,000 tons for oonsumption in this oountry. The amount 

of ootton~seed oil produoed was approximately 3,600,000 barrels 

of fift~ gallons eaoh, and the amount exported was about 1,000-

600 barrels, leaving for home consumption about 2,500,000 

barrels. There is soaroely any other single product the growth 

of Which has been so rapid, and the demand for which has 80 

olosely kept paoe with its increased production as has cotton 

seed products. So important have they become, both in this 

country and Europe, that neither country could well get along . 

without them. This goes to show the~e:~~;j merits of such 

products, as well as their importanoe in7~r export and do-
I 
I 

mestin trade. I 
I 
i 
I 
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From 1899 to 1909 the value of cotton seed pro­

ducts in the United states increased 158 per cent. Com­

pared with this the value of lint ootton increased only 

ll~ per oent. During 1915 ootton seed made an enormous 

leap in value, bringing in some seotions of the country 

as much as $45.00 per ton. At this price the ootton seed 

produoed in the United states in 1914 would have been 

valued at about $33~t500,OOO.00. From 1900 to 1905 the 

number of establishments making cotton seed produots 

doubled. Prom these statements it is plain that the cot­

ton seed products make an increasingly large part of one 

of the most important crops of this country. Their eoon­

omic use is a question of intrinsic importance. The 

future possibilities are seen in the faot that only about 

three-fourths of the seed grown now finds its way to the 

oil mills. 

Previous to 1860 the seed of the cotton )lant was 

largely wasted by the planters, who often allowed it to 

rot near the gin house, ignorant or careless of its worth. 

After the introduction of the cotton-seed oil industry the 

hulls were used for fuel at the oil mills. The southern 

planters bought meat and other animal produots, at a high 

-cost from northern fa~erst when such produots might have 
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been produced from these feeds at a much lower oost. At 

present about three-fourths of the ootton seed goes to 

the oil mills and the remainder is used as fertilizer, 

in planting and in feeding in the form of seed. Formerly 

much seed was fed in the South, especially to steers and 

dairy oattle. Now, little is fed before the oil is ex­

~raoted, both on acoount of the value of the oil and be­

cause ootton-seed meal usually gives better results. 

The seed of the cotton plant plays no small part 

in feeding our live stock. Its meal is food for every 

beast that does man's labor. And yet this valuable pro­

duct is less appreoiated at home than abroad. The agri~ 

cultural sin of the ootton growing countries is the ex­

portation of cotton-seed meal, cake and oil. Henry and 

Morrison, of Wisconsin (Feeds and Feeding, p. 153), state 

"to the discredit of our livestook i~tereBts one billion 

pounds of cotton-seed cake are annually exported to foreign 

countries." This is due to the producer not knowing the 

value of these products, therefore, it is necessary that 

the value of suoh products be worked out and fully under­

stood. 





The ootton see4 as gathered~rom the plant has 

attached to the out~r portion, or hull, a mass of long 

white fibers. This mass of fibers or the cotton of com­

merce is separated trom the seed by means of a gin. By 

subjecting the entire uncrushe4, unheated seed to great 

p'ressure ' cold-pressed ootton-seed cake, or "Caddo" cake, 

is produced. There is a larger proportion of hulls to 

meal in this oase than in normal cake, Which Will be de­

soribed later, and the feeding value is correspondingly 

lower., This product is usually sold in flakes, but is 

sometimes ground to meal. 

The first prooess in the manufaoture of the oil is 

removing the hull from the meat or kernel. This is done 

by a sheller, whioh breaks the seed c-oat and forces it 

from the kernel. These seed ooats are lmown commeroially 

as cotton-seed hulls. From the kernels (the mest of 

the seed) the oil is obtained. These kernels are cook­

ed twenty to thirty minutes in a l~ge steam-jacketed 

kettle to drive off' t~e water and render the oil more 

fluid, then they ar~ crushed, placed between olothe, and 

subjeot.ad to hydraulio pressure (3,000 to 4,000 pounds 

per square inch) to remove the oil. This process removes 

at least ~b~Qfifthe of the oil and leaves a hard, yellow­

ish, boardlike cake, about one. inch thiok, one foot wide, 





and two feet long. In this form it is exported as 

cotton-seed oake, but for home use it is ground into 

a meal known commercially as cotton-seed meal. 

6 

Acoording to Burkett and Poe (Ootton its culti­

vation, etc.) one ton of ootton seed fields approxi­

mately: 

Linters or short fiber 27 pounds 

Hulls 841 " 
Cake, or meal '132 " 
Crude oil 280 " 
Lose trash, etc. lEO " 
Total 2000 " 

Unadulterated cotton-seed meal of good quality 

should have a light yellow color and a sharp, nutty 

odor. A dank or dull color may be due to age, to 

adulteration with hulls, to overheating during the 

oooking process, or to fermentation - all of Whioh im­

pair its feeding value. 

Cotton-seed meal is one of the riohest of all feeds 

in protein and oarries over eight per cent of fat. The 

protein and fiber content vary oonsiderably depending 

upon how thoroughly the hulls are removed from the meal. 

It has been found that the value of fresh and wholesome 

meal depends on the peroentage of protein it contains. 





Since this is the case. manufacturers and feed oontrol 

offioials of a number of states found it necessary to 

olassify these produots. Below is given the class­

ification agreed upon by the Vermont Experiment Station 

men after the passage of a law in 1902 by the General 

Assembly (Vt. Bull. 101), and by the Indiana Experiment 

Station men after the passage of a law in 1914 by their 

General Assembly (Ind. Bull. 17'): 

"Choice cotton-eeed meal must be perfectly sound 

and sweet in odor, yellow, not brown or reddish. free 

from excess of lint, and must contain at least 41 per 

cent of crude protein. 

"Prime cotton-seed meal must be of sweet odor, 

reasonably bright in color and must contain at least 

38.6 per cent of crude protein. 

"Good cotton-seed meal must be of sweet odor, 

reasonably bright in color, and must contain at least 

36 per cent of crude protein. 

"Cotton-seed feed is a mixture of cotton-seed 

meal and hulls, containing less than 36 per cent of crude 

protein." 

Owing to its wide variation in composition cotton­

seed meal should be bought on guarantee whenever possible. 

Cotton-seed feed is often sold on northern markets 

for but a few dollars per ton less than choice cotton-seed 
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meal. By appearance alone it is impossible to distin­

guish good cotton-seed meal from finely ground cotton­

seed feed. It is impossible to separate thoroughly the 

hulls of certain kinds of cotton seed from the kernels and 

this cotton-seed feed is really a legitimate product, but 

it should be bought at a price oor~esponding to its crude 

protein content. In case of doubt as to purity, the 

following simple test will show the approximate amount of 

hulls present in cotton-seed meal (vt. Bull. 101), 

"Place a teaspoonful of the meal in a tumbler and 

pour over it from 1.6 to 2 ounceS of hot water. Stir the 

mass till it is thoroughly wet and all the particles are 

floating, allow it to settle for five or ten seconds and 

pour off the liquid. If there has settled out in this 

time a large amount of fine, brown sediment which is 

notioeably darker than the fine yellow meal and whioh 

keeps settling out on repeated treatments with hot water, 

the product is low grade. All meals contain small quanti­

ties of hulls and will show dark specks when thus treated, 

but the results are striking when pure meal is compared 

with cotton-seed feed." 

Cotton-seed hulls whioh cont in somewhat less di­

gestible nutrients than eat straw are extensively employ­

ed in the South as roughage for oattle feeding. The hulls 

have the extraordinary wide nutritive ratio of 1:122, the 
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widest of any common feeding stuff. They are not very 

nutritious and are poorly digested by animals. 

cotton-seed hulls are usually fuzzy, due to short 

lint which remains on the seed. Sometimes this lint is 

removed from the seed at the oil mills, for paper making 

and other purposes and the hulls from such seed ground, 

being then called cotton-seed hull bfan. Though finely 

ground the product is not appreciably greater in value 

~han ordinary hulls. 

Henry and Morrison. of Wisconsin C'eeds and Feed­

ing. p. 636), give th~ average oomposition of cotton seed 

and cotton seed products as follows: 

Composition of Cotton Seed and 

Cotton-seed Products. 

reeding stuff 

Cotton seed 

" 
" 
" 
n 

" 

" 
" 

" 

" 
" 
" 
" 
If 

" 

kernel I 6.7 5.3 

l 7.6 meal, 
choice 

6.2 
I 

i 

meal, \ '1.8 ' 6.6 
prime \ 

meal. : 7.9 ' 6.4 
good 
cake,cold.,. 7.9 
pressed : 
feed : 8.3 

4.2 

4.9 

" hulls \ 9.7 2.7 

" bran ' 8.4 2.5 

32.8 3.1 

44.1 8.1 

39.8 110.1 

37.6 ill.5 
\ 

26.1 124.0 

\ 24.5 \21.4 

17.6 

25.0 

27.4 

28.8 

30.1 

34.6 

4.6 \43.'4 ': 37.3 

3. 4 \34. 8 49 • ., 

I 

I 34.6 

\ 9.1 

\ 8.3 

i 8.2 
\ 
t '1.7 

6.3 

1.9 

1~2 
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The digestibility of these feed stuffs is given 

as follows: (same ref erence, p. 648) 

Digestibility of Cotton Seed and 

Cotton-seed Products. 

Feeding stuff ma~tlr p90%a!n Fiber N.F.E. Fat 

~ 16 ~ ~ % 
Cotton Seed 66.0 68.0 76.0 50.0 8'1.0 

" " roasted 66.0 47.0 66.0 51.0 72.0 

" " meal '17.0 84.0 3'1.0 75.0 95.0 

" " cake, cold- 81.0 48.0 72.0 96.0 
pressed 

" If . feed 56.0 58.0 45.0 61.0 90.0 

.t " hulls 41.0 6.0 47.0 34.0 79.0 

Digestible Nutrients in One Hundred 
(same reference, p. 655) 

Pounds. 

Feed~¥g TBlal Crud.e C~rbo- Fat Total Nutritive 
stu rr. ~~~Ii hyrates ratio 

1bs. 1bs. Ibs. 1bs. 1bs. 
Cotton Beed 90.6 13.3 29.6 16.6 80.0 1:6 

Cotton-seed 92.6 37.0 21.8 8.6 78.2 1:1.1 
meal, choice 
Cotton-seed 92.2 33.4 24.3 7.9 76.6 1:1.3 
meal, prime 
Cotton-seed 92.1 31.6 26.6 7.8 74.8 1:1.4 
meal, good 
Cotton-seed 92.1 21.1 33.2 7.4 70·_9 1:2.4 
cake, oold,ressed 
Cotton-seed 91.7 14.2 30.7 5.7 57.7 1:3.1 
feed 
Cotton-seed 90.3 0.3 33.3 1.6 37.0 1:122.3 
hulls 
Cotton-seed 91.6 0.2 33.3 0.9 36.5 1:176.5 
hull bran 





ADULTERATIOB. 

It is often impossible for the feeder to tell from 

the appearanoe of a feeding stuff whether it . is of stan­

dard oomposition or has been adulterated. To proteot 

honest manufacturers aaa dealers, and of course the feeders 

too, a. national law and laws in some states have been en­

acted Which require p80kages of conoentrated feed to bear 

a label or statement giving. the per cent of crude protein 

and fat the teed oontains. These laws have to a great ex­

tent stopped the adulteration af feeds, but oooasionally 

Bome concerns adulterate or misbrand their ~roductB. 

Ootton seed products, beoause of their wide variation 

in composition, should be bought on guarantee, and their 

guaranteed oomposition compared with their average com­

position as given in the composition table. If the feed 

18 ~ markedly lower in crude protein or fat, or is notioe­

able higher in crude fiber than shown, it should be looked 

into, for this would indioate adulteration. Cotton-seed 

meal is more easily adulterated than the oake. Other 

things oan be more easily hidden or oovered up in the meal. 

The meal is often adulterated with rioe, Which cannot be 

detected with the naked eye. The rioe is harmless but it 

reduces the value of the meal $4.00 or $6.00 per ton. 

(Ann. Agron. 22, 1896). The adulteration of individual 

11 
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prod~te is disoussed on a previous page. Care should 

be taken that the feed is fresh, free from mold and 

ranoidity, and that it oorresponds in appearanoe with 

the descriptions given herein. 

A number of states have special laws regarding 

adulteration and standard composition of feed stuffs, and 

these regulations may differ for the different states. 

Following is a fair example of the composition standard: 

Crude Fat Fiber 
protein 

l' % ~ 
Cotton-seed meal, high grade 41-46 8-10 ." 

n n " medium " 36-4:1 7-9 8 

" " n low n 24-0 5-6 10 





TOXICITY. 

The in3urious effeot whioh often follows the feeding 

of ootton seed produots to oertain kinds of live stook has 

belm a subjeot oommand1ng muoh attention from the experi­

ment stations almost from their establishment. The loss 

from feeding ootton-seed meal to animals, espeoially pigs 

and oalves, has detracted greatly from the use whioh oould 

be made of the exoeptionally rioh material, and has aroused 

great interest 1n the efforts to determine its physiologioal 

effeots. 

The symptoms of affeoted animals have been observed, 

and a number of different kinds of experiments with dif­

ferent mixtures and ~ethods of feeding have been made iri 

the attempt to get a o1ue to the nature of the pOisoning 

and the practioal means of avoiding or overooming it. 

Despite the amount and diversity of the study, the 

cause and nature of the toxicity oontinues to baffle in­

vestlga:bo.ra and the problem has been greatly <cmnplicate.~ by 

variations in the toxioity or an entire absenoe of it, It is 

diffioult to acoount for on acoount of individuality of 

the experiment.al animals. In some oases it would be found 

that animals did not seem to be seriously affeoted by 

eating the meal in considerable quantities, and in certain 

13 





14 

localities Indury was far less pr~valent than in others. .. 
4 jI'\.o" 

These things have interrupted the investigators, made 

the point of attack more difficult to see and have lent 

complexity to the whole problem. 

While cotton seed products maybe fed profitably 

to horses, cattle and sheep, in moderate amounts, there is 

danger of poisoning and even death if the animals are not , , 
gradually accustomed to it. It is generally avoided as 

a feed for pigs on account of the numerous deaths associat­

ed with its use. Dinwiddie of the Arkansas ~gricu1tural 

Experiment Station (Bull. 86) olaims that hogs show no 

greater suscep~ibility than cattle when fed quantities pro­

portional to their .body weight. Feeding experiment/at the 

North Carolina Experiment Station (Journal of Agr. Researoh, 

Vol. 6 # " p. 261) have shown that where swine are fed 

one part of cotton-seed meal with three parts of corn meal 

death generally ensues in from five to seven weeks, although 

some pigs have been fed for a year or more without fatal 

results. 

In a reoent experiment at the above station nine 

pigs weighing from seven1iy-five to a hundred and fifty 

pounds were fed in a closed pen on a daily ration of 1% 

cotton-seed meal and 3~ corn meal, based on their initial 

body weight. Six died between the thirty-fifth and the 

fifty-seventh day. The others were alive on the ninetieth 

x 
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day. It seems" that by the time the pigs had consumed 

an amount of cotton-seed meal equal to 45% of their in­

itial weight it proved fatal. All the smaller pigs died. 

Withers and Brewster of the North Oarolina Agri­

cultural Experiment Station (Circular 6) found that 

rabbits and guinea pigs would succumb in from six to 

twenty-two days when fed at the rate of l~ of the initial 

body weight daily. Experiments with twenty-two rabbits 

showed tha~l on an average, 8.3% of initial body weight 

was sufficient to cause death. The authors made the follow­

ing statement in regard to these tests": "as a rule the rab­

bits ate the meal well during the first few days and made 

gains in weight. But towards the end they began to refuse 

the meal in Whole or in part and soon thereafter died." 

Numerous suggeetionshave been made as to the cause 

of poisoning and death from the feeding of cotton-seed meal. 

A summary of them 1s given in the Experiment Station Record 

(Vol. 22 No~ .6.; pp. 601-605) which is as follows: 

"It has been variously asoribed to the lint, the oil, 

the high protein oontent, to a toxalbumin or toxic alkalOid, ~ 

to oholln, and betain, to resin present in the meal and to 

deoomposition produots." 

Pathogenio organisms and certain fungi have also been 

Suggested. - . Friemann (Unter suchungen uber Be ' ollsamenmehl mit " -- " 

berUckeiohtigung seiner toxischen Wirkung p. 43 Boeh __ 1909), 





a veterinarian. obtained fromth~ alcoholic extract of 

cotton-seed meal whioh had caused sickness in cattle a 

base the platinum salt of whioh oontained 28.'6 per oent 

of platinum. The free base had a paralytiC action on 

exposed frogs' hearts. lIe said that the toxioi ty was to 

be referred to ptomaine which results from the nitrogen­

c;u)altai'n:Lng oomponents of the lecithin, and that unsaturat­

ed fatty aoids probably oontributed to the total aotion of 

the meal. 

Orawford ('Jour. Pharmacol. and Ther., Vol. 1 No.6, 

pp. 519~168) after doing some experimental work, concluded 

that "the chief poisonous prinoiple in oertaincotton-seed 

meals is a salt of pyrophosphorio acid." 

The improbability of Crawford's conolusion wae shown 

by Withers and Ray ' (~our. Biol. Chem. Vol. 14, No.2, pp.63-

58) in feeding experiments. cotton-seed meal was extraoted 

with ammonium oitrate. This , left an instgnl~ioant amount of 

phosphorous in the reSidue, whioh was Almost as toxic as 

whole ootton-seed meal. 

Edgerton and Morris of the Louisiana Agricultural 

Experiment Station (Bull. 134) also conducted a number of 

feeding experiments with ootton-seed meal. They fed sodium 

phosphate in large amounts and , c-oncludedthat ' they had found 

"no evidenoe whatever to show that pyropho:aphor1'o acid has 
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anything to do with . ootton-seed meal poisoning." 

Rather of the Texas Agricultural Experiment Station 

(Bull. 146) also studied the phosphorous compounds of ootton­

seed meal and conoluded that there was no evidence that the 

samples of ootton-seed meal examined contained either pyro­

phosphorio acid or metaphosphorl0 acid. He states that 

"the inorganic phosphorous in the samples of cotton-seed 

meal examined was less than 5 per cent of the total phos­

phorous." 

Anderson of the New York state Agricultur~l Experiment 

Station (Teohnical Bull. 25) isolated an inosite phosphorio 

acid very similar to phytio aoid and made the following 

statements: 

"The organio phosphoric acid of cotton-seed meal gives 

all the reactions previously attributed to the pre'sence of 

pyro- and meta-phosphoric acids. But the question whether 

or not it is also the toxio principle in cotton~seed meal 

remains unanswered. 

"It is difficult to determine just what oa.used the 

toxicity of the preparations ~hioh were used in the ex­

periments desoribed by Crawford. It is evident that very 

impure substances were used." 

Withers and Carruth (Jour. of Agri. Researoh, Vol. 0, 

No.7, p. 285) claim that since inosite phosphoric acid 

ocours in numerous feeding stuffs other than cotton-seed 

meal,- e. g. wheat bran, corn, oats, barley - and sinoe no 
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suspicion of toxicity has occur·red in these substances 

it seems highly improbable that the phosphoric aeids 

in cotton-seed meal have any signifioant action as toxic 

agents. 

Withers and Ray (Proc. 33rd. Ann. meeting Soc. Prom. 

Agr. Soi. 1912, pp. 19-21) found that the tOxioity of 

cotton-seed meal could be destroyed by boiling it with 

alcoholio oaustio soda. This was the only solvent of a 

large number used which removed or effeoted to any great 

extent the toxic principle. The neutralized and evaporated 

extract was non-toxio. 

Withers and Brewster of the North Carolina Agrioul­

tUral Experiment Station (Oir. 6) found that if a solution 

of iron and ammonium oitrate was fed with ootton-seed meal 

rabbits did not die during a period about seven times as 

long as the feeding period when iron salts were omitted. 

Furthermore, rabbits made siok on the meal reoovered when 

the iron solution was supplied with the meal. 

Withers and Carruth (Jour. !gr. Research Vol. 6, 

No. ,) have carried out Borne recent eL~eriments Which lead 

them to believe that gossypol is the toxic substance of 

cotton seed. They extracted gossypol from ground cotton 

seed kernels with ethll ether, after previously removing 

most of the oil with petrolium ether or gasoline. Gossypol 
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/ 
I 

was separated from the etherial solution by evaporation, Y' 
/ 

by precipitation with petrolium ether, or by preoipita- ~ 

tion ,with aoetic acid. These products differed in purity 

and they designated them as "gossypol extract," "pre­

oipitated gossypol," and "gossypol aoetate." All of these 

products proved toxic to rabbits. 

C Karchlewskl (Jour. Prakt. Chem., n. F. Bd. 60, Heft. 

i, pp. 84-90) was the first to dsolate gossypol from cotton-

Beed 011 and he considered it as a diestuff. He states "-
Y-

nothing of its poisonous principle. » Wi there and Carruth 

extraoted go8~y'pol from cotton-seed kernels and found it 

to possess toxic properties. They used cotton-seed kernels 

as the initial material instead of ootton-seed meal, be­

cause they yielded gossypol more readily to solvents and 

were toxio to about the same degree. 

When administered intraperitoneally to rabbits gossy­

pol in the form of "gossypol extract," either when fed in 

one large dose or in small daily doses proved fatal. The 

"precipitated gossypol" or "gossypol acetate" proved fatal 

when administered this way in small daily doses. 

These men found that gossypol formed an oxidat~on pro­

duct which is non-toxio. Cotton-seed kernels were rendered 

lees toxio by the partial extraction of gossypol and non­

toxio by a more nearly complete extraction of it. They 

claim that the methods fo~ rendering cotton-seed kernels 
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non-toxio depend upon extracting the gossypol or ohang­

ing it to physiologioally inert forms by oxidation or 

by precipitation. 

The smallest amount of gossypol administered in­

traperitoneally by them and found to be fatal to rabbits 

was 0.24 gram of Qryatalline gossypol acetate per kilo 

of live weight. 

~he various methods suggested by the North Carolina 

Experiment Station men for removing or diminishing the 

toxioity of cotton-seed meal or kernels are as follows: 

(1) Extraction of the kernels with ether or with ether 

and aloohol. By these methods they reduce gossypol to 

such a small amount that the residue is only slightly 

toxio or i8 non-toxic. 

(2) Treatment of the meal with an alooholic solution 

of an alkali. This treatment affords conditions for 

rapid oxidation, and oxidized gossypol has been found to 

be non-toxio. 

(3) Treatment of the meal with iron salts. The treat­

ment with iron salte is aooompanied by some ohemical action, 

as shown by the pronounced ohange in the color o~ the meal. 

They claim this favorable physiological change -may be due 

to oxidation of the gossypol or to the formation of a more 

diffioult soluble compound. The oxidation may be due to 
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the stimulating action of iron upon the oxidases of the 

finimal body or to the direot action which ferric s8.1 ts 

exert upon phenolic bodies. They found that ferrous 

sulphate forms an insoluble lake with gossypol. Marchlew­

ski found the lead salt of gossypol so stable that it was 

not deoomposed by hydrogen sulphid nor sulphuric acid, 

and it seems likely that the iron lake is very st~ble also. 
( 'rf oJ c..,) 

It is claimed by these men that the seed tissue 

surrounding the cells probably prevents the free action of 

reagents Whioh would extract gossypol or rander it phy­

siologically inert. This they claim constitutes the 

prinoipal difficulty that must be overoome by the oil 

miller or stook feeder in rendering cotton-seed meal 

non-toxic. 

Rommel and Vedder (Jour. of Agricultural Researoh 

Vol. 5, No. 11) have done some. experimental work with pigs 

trying to determine the poisonous principle in ootton-seed 

meal or to find some method by Which it may be fed without 

the injurious effects that usually accompany its use. They 

have compared the toxio properties of ootton-seed meal with 

the disease known as beriberi in man. These men are still 

at work on this subjeot but they have already drawn the 

follOwing conc lusions: 

"Pigs are susceptible to beriberi when fed on ~itamine 
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deficient rations, such a8 rice. Symptoms show up in 

from eight to ten days while in man they do not show 

up before ninety days. 

"It is believed that the so-oal1ed cotton-seed meal 

poisoning is a deficienoy " disease, analagous to the disease 

known as beriberi in man, if not identical with it. Aoute 

cotton-seed meal poisoning corresponds to wet beriberi. -and 

the chronio "fom to dry beriberi. 

"The cause of the so-called ootton-seed meal poison­

ing is probably a defioiency in the ration causing, among 

other manifestations, profound ohanges in the nervous 

system." 

Work is still under way to see if methods similar to 

those used to preven~ beriberi in man oan be practically 

applied to prevent the so-called pOisoning of pigs. 

The symptoms given by 'these men for the poisoning 

are diarrhea; a harsh, rough. ourly coat; paralysis and 

sho~tness of breath. E~oiation and dropsical oonditions 

are frequently observed. The disease manifests two forms,-
• 

acute and ohronic. The acute form is muoh worse for the 

farmer. as there is no warning and the attaok is sudden 

and sharp. If the animal recovers from the attack they 

claim that recurrence is likely, especially if the animal 

is a heavy feeder. These subsequent attacks they claim 

may be fatal or end in the chronic form when the animal 

lives for a year or so but finally dwindles away. 





FEEDS FOR HOGS. 

The deaths that sometimes occur as a result of 

feeding cotton-seed meal to hogs deter the majority of 

farmers from using it. There is no doubt but that 

ootton-seed meal will often kill hogs. yet it seems 

highly desirable, when possible, to combine it with 

high-priced corn, Vwhich is so -generally used. In making 

this combination of feeds, which seems especially desir­

able for growing hogs, beoause of the high protein content 

of cotton-seed meal, the feeder should be judicious in his . 
methods and should be guided by the results obtained in the 

experiments that have been reported by the different ex­

periment stations. It is a feed that, if used at all, must 

be used in moderation and with judgement. There is a risk 

when used for long periods of time, and the man who feeds 

it must bear in mind the risk. As will be shown in the 

following discussions, cotton-seed meal is a satisfactory 

feed for hogs in all cases except when the poisonous effect 

is shown. 

The exact danger point has not yet been determined; 

it is not yet known just how long ootton-seed meal can be 

fed to pigs with safety, and it is not known, either, how 

long very small amounts oan be fed without injuring the 

23 
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animals. It is reasonably well established, though, 

that there is no danger to the hogs when it is fed in 

either large or small amounts for periods of no more 

than twenty-five days, It is not a feed for the farmer 

to experiment with. 

Aside from the deaths that may occur, cotton-seed 

meal is an exce1lent feed; it is one of the very best 

feeds for balancing the ration. When cotton-seed meal 

is fed along witn corn the cost of the gain is usually 

greatly reduced. · ' ••• ta:eins mi ••••• •• l~. 

Following is a discussion of different experiments 

with cotton seed products for hogs at the different ex­

periment stations: 

Henry and Morrison of Wisconsin (Feeds and Feed­

ing, p. 1'73) state, "Pigs getting as much as one-third 

of their concentrates in the form of cotton-seed meal 

thrive at ii-rst, but after five or six weeks, sometimes 

earlier, they fre yuently show derangement and may die." 

They claim that reducing the allowance of meal, keeping 

the animals on pasture, supplying succulent feeds, or 

souring the feed may help, but no uniformly successful 

or satisfactory method of feeding cotton-seed meal to 

swine has yet been found. If cotton-seed meal is not fed 

continously for over forty days and does not form over 

one-fourth of the oration under the above conditions the 
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risk from the feed seemB to be slight. 

These ~ claim (po 605) that it is safe to have 

pigs follow cattle getting cotton-seed meal, as the meal 

does not seem to be poisonous after passing through the 

cattle. They suggest that care be taken that too much 

cotton-seed meal not be thrown out of the feed boxes where 

the pigs would possibly get too much of the raw meal. 

At the Kansas Experiment Station (Bull. 53) it was 

found that cotton-seed meal was poisonous to pigs even 

though fed in very small quantities. A mixture of one­

fourth cotton-seed meal was as disastrous as a mixture 

of one-half ootton-seed meal. The pigs died in from 

three to eight weeks after being put on the feed, the 

larger ones holding out the longest. Post mortem ex­

aminations in all csses revealed severe inflammation and 

oongestion of the intestines, lungs and heart. The cotton­

seed meal produced Tery rapid gains in both pigs and large 

hogs, and it is ol'~med that if the feed is changed before 

symptoms of the disease appear, hogs can be fed cotton-

seed meal for a short· time with the best results. The 

experiment (at the above named station) indioated that such 

feeding could be done without subsequent deleterious effects. 

Curtis of the Texas Station (Bull. 21) found that raw 

cotton seed, roasted ootton seed or boiled ootton seed would 

kill pigs in about six weeks after beginning to feed them. 





After " two years of duplloate tests Curtis olaimed that 

ootton seed make an unprofitable hog feed beoause hogs 

will not eat it. 

Kellner (The Soientifio Feeding of Animals. p. 19~) 

states, "As a rule cotton-seed mea l causes severe and 

somet imes fata l sickness, so they and also young and preg­

nant animals ought not to get any." 

Lloyd of the Mississippi Agrioultura l Expe r iment 

Station (Bull. 60) fed ootton seed and oot t on-seed meal 

both raw and cooked to hog"s and pigs. The fe eding trial 

with grown hogs extended over a period of twelve weeks 

and the one with pigs lasted only 46 da ys. 

In the f irst trial. that is t h e one with grown hogs, 

eight Berkshire hogs were seleoted and divided into four 

lots of t wo hogs each. Lot 1, reoeived oooked ootton-seed 

meal and oorn meal. Lot 2, reoeived raw ootton-seed meal 

and oorn meal. Lot 3. received cooked cotton seed and 

"oorn meal and Lot 4, reoeived raw ootton seed and corn 

meal. 

All four of the lo t s made their l a rgest gains during 

the seo ond week of the trial. Taking the experiment as a 

whole the gain made by the lots wa s neither satisfaotory 

nor profitable. The loss fro m death was too great. The 

hogs began to die first in the lot getting raw ootton­

seed meal. The first hog died at the end of the f ourth 
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week. and at the end ot the eighth week the other hog 

in the same lot d1ed. While the hogs getting the aook­

e4meal and seed did not d1e, Bome were very siok and 

refused to eat, and would get better and begin eating 

again after being allowed to run in an oat and clover 

patoh tor several days. A.fter the fourth week moat ot 

the hogs began to 10ae flesh and after the sixth or 

eighth week none of the lots made gains. 

In. the expe riment wi th the pigs, 23 four-months 

014 were seleoted and ted a ration ot cooked cotton 

seed, com meal, shorts and skim milk. They were fed 

46 days, and for ·the tirst two weeks made an average 

4a11y ga1ft of one pound. but after the f1rst two weeka 

the gain was small. !he pigs oontinued to eat with 

great relish leaving no waste. At the end of 40 days 

the pigs began to d1e, and when the experiment olosed 

tour pigs had died and several others were siok. The 

siok ones were turned into a olover lot and were 

apparently well in a week. ' Some ot the pige were kept 

until grown and put on teed to tatten for market. They 

were poor feedere and were never gotten in BOod condition. 

Curtis of the 'Texas Station (Bull. 135) fed ootton­

seed meal wi th corn chop8 and wi th ground rough rice to 

hogs, and conoludes that the cotton-eeed meal was an 

economical feed in eaoh oase. At no time during the 
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experiment were there any injuriou. effects from the 

feeding of cotton-seed meal. 

Curtis of the North Carolina Experiment Station 

(Bull. 200) olaims that fermented oo~ton-seed meal can 

be fed in small quantities to hogs for limited periods 

with very gratifying results. The experiments conducted 

at that station indioate that '6 to 90 days would be the 

limit of satisfactory feeding, this would depend, of 

course, on the age and oondition of the hog, the sup­

plementary feeds and the proportion of ootton-seed meal 

fed. () (~~--V-L' .. ~ •.. f~ , 1'1 ' -£..~ : --

Where a combination of oorn and ootton-seed meal 

was:: fed in the proportion Of four to one larger and 

oheaper gains were made for the first 90 days than a lot 

similarly fed on oorn and linseed oil meal. The hogs 
d 

used in these tests averag~O pounds at the beginning. 

Aooording to these results farmers would be safe ' 
I 

in feeding fermented cotton-seed meal to '6 pound hogs 

in quantities ranging from one-sixth to one-fifth the 

total ration by weight, for a period of from '6 to 90 days. 

Curtis' states, "The practical application of these 

results would be to feed the corn and cotton-seed meal 

in oonneotion with grazing crops Whioh can be produced 

by southern farmers." 
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Not considering the price of the two feeds or 

the danger in feeding ootton-seed meal, linseed oil 

meal and ootton-seed meal have practioally the same 

feeding value when fed for '6 to 90 days. In the south 

cotton-seed meal is usually the cheapest source of pro­

tein and should not be entirely ignored in swine pro­

duction. Olose watch should be made in feeding the meal 

and when the animals begin to drop in ~eight just a bit 

oease its use. When feeding the meal aim at feeding under 

the limit rather than over it. 

Linklater of the Oklahoma Station (Bull. 94) has 

fed cotton-seed meal to hogs in past years with varying 

results. In one test twelve stooker hogs weighing on an 

average of 8 little over one hundred pounds each were 

divided into three lots of four hogs each. Lot I receiv­

ed oorn chops four parts and cotton-seed meal one part by 

weight, Lot II received corn ohops six parts and cotton­

seed meal one part, and Lot III received corn chops eight 

parts and cotton-seed meal one part by weight. 

These feeds were carefully weighed out, well mixed 

and soaked from one feeding period to the next, the hogs 

being fed twice daily. The experiment lasted 75 days and 

the hogs were weighed weekly. 

After the first three weeks eaoh lot was given all 

it would olean up at each feeding period. Lot I, fed the 

heaviest cotton-seed meal ration, ate somewhat less than 
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the other lots which ate about the same. All the hogs 

remained healthy and thrifty throughout the experiment. 

Those in Lot I made the cheapest gains but did not 

finish so well as the others. They seemed to grow 

rather than to fatten. 

In another test at the same station (1900) thirty­

three pigs were fed on a grain ration of one-fifth cotton­

seed meal and four-fifths corn or kafir meal for longer 

or shorter periods. In one oase l' shoats were fed for 

67 days on 46 of whioh the grain ration contained cotton­

seed meal. All of the pigs lived and made good gains and 

at the close of the 67 days part of the hogs were sold as 

fat hogs While the remainder were oontinued on the same 

grain ration. Twenty-one days from this time one died 

from the effeots of the cotton-seed meal, as was clearly 

shown on examination. This one was a fine thrifty gilt. 

There were three pigs remaining and they were oontinued 

on the same ration for twenty-six days longer and sold 

as fat hogs. 

in another oase 16 shoats were fed a ration of one­

fifth ootton-seed meal for 47 days and all lived and made 

good gains. At the end of this time five were 80ld a8 

fat hogs and the other eleven were continued on the same 

grain ration for 47 oonseoutive days longer, and all 

lived and were sold as fat hogs at the end of this time. 

This made 94 days in Which cotton-seed meal W_8 a part of 
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the ration and all .pigs lived and gained. 

In the first experiment the grain required for 

one hundred pounds gain was as follows: Lot I, corn 

chops four parts and cotton-seed meal one part, 422 lbs.; 

Lot II, corn chops six parts and cotton-seed meal one 

part, 438 lbs.; Lot III, oom ohops eight parts and 

ootton-seed meal one part, 461 lbs. In Henry's Feeds 

and Feeding the grain required for one hundred pounds 

gain for 160 to 200 lba. hogs on various rations is given 

as 482 lbs. This shows that rations of cotton-seed meal 

and corn chops produce pork at a lower cost considering 

grain required per hundred pounds gain than grain rations 

in general. 

In the Bl1eedeb ~;~ Gazette (volume 42, p. 82) there 

is an article concerning an experiment conducted at the 

Oklahoma Station in Which oottoD-seed meal was fed to pigs 

for a considerable length of time. A lot of four weanling 

pigs were fed a grain ration of one-fifth cotton-seed meal 

. and kept in a small pen. Two of the .pigs died after being 

fed this mixture for.a period of forty days. The other 

two lived and thrived and were fattened on a mixture with­

out change in a period of 126 days. During that time they 

made an average daily gain per pig of 1.07 1bs. end for 

each pound of gain they consumed 3.3' lbs. of grain. 
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A •• cond lot of four weanling pigs were kept in 

a small pen and fed a grain ration of one-fourth ootton­

seed meal and three-fourths oorn meal for four weeks, then 

oorn meal for two weeks, alternating in this manner for 

eighteen weeks. One pig died at the end of five weeks 

(after being fed four weeks on the mixture and one week 

on corn meal). the· other three lived and thrived and were 

fattened at the end of 126 days. During that time the 

average daily gain was 1 •. 06 1bs. and for eaoh pound of 

gain the pigs oonsumed 3.08 lbe. of grain. 

A third lot of four weanling pigs were kept in a 

small pen and fed a grain ration consisting of one-third 

ootton-seed meal and two-thir4s wheat middlings for 126 

days, and all were well fattened at the end of this time. 

!he average daily gain per pig was 1.15 lbs. and for each 

pound of gain they oonBWmed 3.'0 lbs. of grain. 

~ fourth lot of weanling pigs were kept in a small 

lot and fed corn meal . for 84 4ays. They made very poor 

gains and a ohange was necessary to fatten them. In the 

84 days they made an aTersge daily gain per pig of 0.5 

lb. and for eaoh pound of gain they consumed 5.6 Ibs. of 

grain. ihen ohanged to a grain mixture of one-fifth ootton­

seed meal and four-fifths corn meal the gaine were increas-
• 

ed. In fort7-twa days following the ohange they made an 
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average daily gain of 0.92 lbs. per pig and for each 

pound of gain they oonsumed 3.'2 lbs. of grain. 

In summing up the results of these tests it is 

found that When weanling pigs were kept in small pens 

and fed a grain ration of one-fifth ootton-seed meal 

and four-fifths corn meal one-fourth to one-half of the 

number of pigs died after being fed the ration for five 

to seven weeks. ' Tho.e living and fed the above mention­

ed ration continousl~and alternately with corn meal,were 

fattened with excellent results. 

The amount of ' grain required to produce a pound of 

gain was practioally the same with pigs getting cotton­

seed meal as it was with those getting middlings, but 

was muoh less than that required by pigs getting oorn 

meal. The pigs getting one-fifth cotton-seed meal re­

quired 34.6 per oent less grain to produc,e a pound of gain 

than did pigs getting only corn meal. 

More eoonomioal gains, disregarding losses caused 

by dea,th, were obtained by feeding rations oontaining 

ootton-seed meal than by feeding either corn meal alone 

or a mixture of corn meal and middlings. 

CarefUlly oonducted experiments at the Texas Ex­

periment Station (Breeder8~ Gazette, Vol. 27, p. 116) show 

that cotton-seed meal is a 'dangerous feed for hogs. A 
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large proportion of the hogs experimented on died when 

the feeding of cotton-seed meal was continued for a long 
~~ 

period. At the above station ootton-seed meal was fed ,.. 

to the amount of 0.6 pound per day to hogs weighing 

300 pounds for a period of six or seven weeks without any F h Po1. ·f- \f'~ ·V·< .... 4..A_ 

deleterious results whatever. It was thought that trouble 

" would have occurred had the period been longer, but as it 

was cottoD-seed meal did just about as well as oil meal 

fed to other hogs. 

Edgerton and Morris of the Louisiana Agricultural 

Experiment Station (Bull. l34) fed cotton-seed meal and 

ootton-seed kernels to hogs in suoh a way as to oompare 

them in regard to the poisonous effeots. Only one pig 

was fed in each lot. The following table gives the re­

sults of this test: 

Feed 

Comparison of cotton-seed meal and 

kernels for hogs. 

Time to ~~l~Atl die 
days Ibe. 

Cotton-sead kernels and corn 76 35 

" " meal and corn 68 31 

Corn alone Lived 33 

ti~~Et 
Ibs. 
22 

38 

37 
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The pig eating the meal made from the kernels 

died before the one eating the kernels. The one eating 

the meal increased in weight while the other showed a 

decrease. Each of the two pigs received 0.5 pound per 

day of meal orke~els. The one eating the meal always 

cleaned up his feed while the other frequently left a 

portion of his. This was more or less true with rabbit. 

that were under experiment at the same station. 

A feeding experiment with bean meal, linseed meal 

and cotton-seed meal was carried on with hogs to compare 

the effects of these feeds. A check lot was run receiv-

ing nothing but corn. One hog was fed 1.6 pounds of 

cotton-seed meal along with corn. Another hog was fed the 

same amount of linseed oil meal with corn. The last hog 

was fed all the bean meal he would eat along with his corn 

ration. This hog would not eat 1.6 pounds bean meal per 

day. He lost his appetite and ate less than one pound per 

day of the meal. The results of the trial follow: 

Comparison of cotton-seed meal, lin­

seed meal and bean meal for hogs. 

Feed Ti~ieto ~~i~Atl 
days Ibs. 

Cotton-seed meal '76 '7 

Linseed oil IDesl Lived 74 

Bean meal " '14 

Corn alone (check) " 64 

Final 
weight 
Ibs. 
112 

110 

53 

89 
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The bean meal seemed to have a bad effect on the 

animal and it might lead one to· think i t has the same 

poisonous principle that ootton-seed meal bas. All of 

the animals fed ootton-seed kernels showed a gradual de­

orease in weight. The hog getting ootton-seed meal showed 

a good gain, and so did the one getting oil meal. At the 

end of the experiment the hog getting corn alone was given 

1.5 pounds of ootton-seed meal for 90 days without show­

ing any ill effects from the feed. During this time the 

hog gained 59 pounds. 

A pound and a half pe r day of cotton-seed meal for 

animals of this weight is above the amount generally ad­

vised for feeding, and the authors claim that if the meal 

had been ·toxio the animal would probably have died. Some 

of this same meal was fed to guinea pigs without killing 

them, so it must have been non-toxio. The results of this 

experiment together with the results of various other ex­

periments seem to show that the toxio prinoiple is present 

in varying amounts in different seeds and meals. 

The authors of the work just described seem to think 

that the heat applied to the kernels in the oil mills before 

the oil is extracted reduces the tOXicity. They offer as 

proof of this the fact that "home made" ootton-seed meal 

where the heat is less than that applied at the oil mills 
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ie more toxic than the meal from the oil mille. 
2.j ... ,,-. I . ~ ,,),t-. , ••.. J 

- -qJhes-e--m-en ran other experiments trying to deter-

mine other factors that might playa part in this poi­

sonous effeot of cotton-seed kernels and cotton-seed 

meal. Summing up the results of all their experiments 

the following conclusions were drawn: 

"Cotton seed and cotton-seed meal contain a toxic 

principle which is poisonous to oertain animals. 

"Cotton seed itself seems to be more toxic than 

the ordinarycommeroial cotton-seed meal. 

"Different lots of cotton seed and ootton-seed 

meal show a oonsiderable variation in toxioity. 

"The toxioity of the ootton-seed meal does not seem 

to be affected by fungi which rot ootton bolls and enter 

the ootton seed. 

"Heating cotton seed or ootton-seed meal for a long 

period at a high temperature deoreased the toxicity to a 

oonsiderable extent. 

"Heated ootton-seed meal is much more palatable 

than the raw kernels and animals will eat considerably 

more of it, making better gains than when on kernels, 

though they die as soon or sooner than animals on raw 

kemele. (Their explanation to this is that the animals 

get more poieon in eating the large amount). 

"The heating to which the kernels are subjeoted in 
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oil mills is probably sufficient, in moet cases to re­

duce the toxicity to some extent, though this reduction 

is not enough to remove. all danger from feeding sus-

ceptible animals. 

"Careful fermentation of the meal or kernels seems 

to reduoe the toxicity to a considerable extent. 

"All cotton varieties tested from the same plot 

during the same season showed no difference in toxicity. 

"No evidence whatever that pyrophosphoric acid has 

anything to do wi th cotton-seed meal poisoning." 

Gray, Duggar and Ridgway of the A.la bama Station 

(Bull. 143) expe riman ted' three years with ootton-seed meal 

as a feed for swine. During the three years time ninety 

hogs were used. -,...- ' .-"'t(; (r;I- I <.', ' " ,. I , 

.- These ~ found, "when corn was supplemented with 

a partial ration of cotton-seed meal the daily gein and 

the final outcome were satisfaotory." During the entire 

time only four deaths occurred as a result of the use of 

cotton-s~ed meal· fhese death~ did not oocur while the 

animals were · eating the ' meal, but Boon a.fter they were 

taken off the cotton-seed meal ration and placed on a 

ration which contained no cotton-seed meal. This suggest.ed 

the idea to these men that cotton-seed meal may be stim­

ulating in its effects, similar to the action of certain 
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drugs, and when it is removed suddenly from the animals 
'" that death may ooour through aepreseion • . 

1. 
~ . 

In oomparing tankage, a p~oklng house by-produot, 

wi th ootton-s,eed meal the,-..aMl found it to be about as 

satisfaotory as the ootton-seed meal, and it has the ad­

gantage over ootton-seed meal in that there is no danger ' 

in feeding it. 

The average daily gains and the three rations used 

in the comparison were as follows:- Corn alone as a oheck 

0.69 pound; oorn two-thirds plus ootton-seed meal one­

third 1.04 pounds; and corn nine~tenths plus tankage one­

tenth 1.04 pounds. This showed cotton-seed meal and tank-

age to have the same productive value when fe!...i: ~~e~~,,,_.£­

proportions. Either cotton-seed meal or tankage proved 
1\ 

far superior to corn alone. 

Duggar of the Alabama Station (Bull. 122) fed shoats 

on a mixture of oorn'meal and 20 to 25 per cent cotton­

seed meal, but in most caees they ate but little feed and 

made very slow growth. In some other ex'periments reported 

in the same bulletin the. shoats required only 3.84 and 

4.68 pounds of the mixture to produoe a pound of gain. 

In most oases where ootton-seed meal was fed to 

shoats weighing from 69 to 118 pounds eaoh) for 34 to 38 

day~ poisonous effects were shown. No ill effects were 





noted prior to the thirty-third day. In this work, 

whether fed alone or in connection with a bountiful 
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supply of green sorghum or peanuts, ootton-seed meal 

oaused death or sickness of shoats when oonstituting 

one-fifth or one-fourth of the grain ration. 

Duggar olaim8 that when calculated on a basis of 

100 pounds live weight daily doses of 0.25, 0.'0, 0.41 

and 0.53 pound of cotton-seed meal for 34 to 38 days 

caused Sickness and death. He also olaims that daily 

doses of 0.61 pound fed in different years to shoats 

of practioally the same size caused evident unthrift 

in one experiment, While in another no immediate effects 

were diso8mnable.Shoats averaging 143 pounds in weight 

were not hurt by eating for 31 days 0.73 pound of cotton­

seed meal daily per 100 pounds live-weight. His con­

clusions were that the younger th~ pig the more sus­

ceptible to cotton-seed meal poisoning. 

In these expe,riments the health of the shoats was 

injuriously ,Iffeoted, or death resulted, when in an ex­

.~ualve mixed grain ration the amount of cotton-seed 

meal oonsumed per 100 pounds live-weight reached with 

the smallest ahoets 9.2 pounds and with the larger shoats 

21.' pounds. In another experiment 21.5 pounds of ootton­

seed meal was oonsumed per 100 pounds live-weight without 
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immediate evidence of injury, and in still another ex­

periment 22.6 pounds per 100 pounds live-weight was 

consumed without visible effeo~B on the health of large 

shoats. Where ootton"-seed meal was fed ill connection 

with grazed sorghum, or grazed peanuts, toxio effects 

were manifested when respectively 21.6, 18.9 and 1~.7 

pounds of cotton-seed meal per 100 pounds "live-weight 

h$d been consumed. 

When small amounts of cotton~seed meal were fed 

for short periods to shoats grazing peanuts highly satis­

factor7 growth was obtained. When a mixture was fed con­

taining 20 to 26 per cent of ootton-seed meal and the 

remainder corn meal the melting point of the lard was 

3.4 degrees F. higher than when only corn meal was fed. 
s 

This/~e effect was found by Dinwiddie of the Arkansas 

Station (Bull. 85). 

Dr. Cary of the Alabama Station (Bull. 68) ran some 

feeding experiments with pigs trying to secure a ration, 

of whioh cotton seed or cotton-seed meal should form one 

of the principal ingredients, that would not kill pigs and 

yet be a profitable feed. These tests were not numerous 

and none of them were repeated, therefore t they are not 

suffioient to draw definite conclusions from, yet they 

may suggest things of value. From the results of these 
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tests Dr. Cary seemed to think that by combining crush­

ed cotton seed with a liberal qaantity of green rye, 

green oats. green sorghum, sweet potatoes or turnips, it 

could be fed to pigs and hogs without great danger, pro­

viding the cotton seed is not moldy or decom~osing or 

allowed to partly decay in the pen. He also thought it 

probable that crushed cotton seed could be fed with skim 

milk. 

It was thought to be quite evident that after a pig 

reached the weight of 50 pounds cotton seed or cotton-seed 

meal in oombination with corn or cowpeas, could be made a 

profitable pig ration up to the time of premonitory symptoms 

of the disease. The premonitory symptoms given by him are 

weakness. staggering, fever, lose of appeti te/ and fe:w:=:if le n ,ov' i"f~~ 

any moveme~. He recommended turning the pig into a pas-

ture or changing the feed to bran slop and corn or other 

healthy feeds as soon 8S any of these symptoms appear. 

Gray. Ridgway and Eudaly of the Alabama Station 

(Bull. 154) ran some experiments with cotton-seed meal as 

a feed for fattening hogs,during 1908-09 and 1910-11. 

For a short dry lot feeding period a ration of corn 

and cotton-seed meal seemed to be the most satisfactory, 

and if it were not for the fact that cotton-seed meal is 

a dangerous feed for swine when fed for a considerable 
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with oom. 
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In these tests 44 pounds of ootton-seed meal took 

the place of 335 pounds of corn. Tankage and cotton­

seed meal pound for pound seemed to have practically the 

same feeding value. The tankage has the advantage of not 

being dangerous, but cotton-seed meal is usually the 

cheJl.'per feed. 

~he axperimente continued 106 and 110 days re­

spectively in 1908-09 and 1910-11. The cotton-seed meal 

was mixed with oorn meal and enough water added to make 

a thin slop. It was fed sweet, and When no deaths occurr­

ed the cotton-seed meal proved to be an exoellent feed to 

go along with oorn. One ton of ootton-seed meal took the 

place of 272 ~uBhels of corn. 

It is generally known that the larger the amounts 

of ootton-seed meal fed to hogs the greater is the danger 

of unfavorable results. But since cotton-seed meal is a 

rich and usually a oheap feed it is suggested by these men 

that as large amounts as possible should be used but the 

large amounts must be fed for short periods of time. 

In a Wisconsin report (1894, pp. 5-27) ~ account 

is given of pigs being fed ootton-seed meal successfully 

when not over one-fourth pound was given daily per 100 

t< 
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In these tests 44 pounds of ootton-seed meal took 

the plaoe of 335 pounds of oorn. Tankage and cotton­

seed meal pound for pound Beemed to have practically the 

same feeding value. The tankage has the advantage of not 

being dangerous ', but ootton-seed meal is usually the 

ohaNter feed. 

. ~he axperiments continued 106 and 110 days re­

speotively in 1908-09 and 1910-11. The cotton-seed meal 

was mixed with corn meal and enough water added to make 

a thin slop. It was fed sweet, and When no deaths ocourr­

ed the cotton-seed meal proved to be an excellent feed to 

go along with oorn. One ton of ootton-seed meal took the k 

place of 2'2 bushels of corn. 

It is generally known that the larger the amounts 

of ootton-seed meal fed to hoge the greater is the danger 

of unfavor$ble results. But since cotton-seed meal is a 

rioh and usually a oheap feed it is suggested by these men 

that as large amounts a$ possible should be used but the 

large amo~ts must be fed for short periods of time. 

In a Wisconsin report (1894, pp. 6~27) ~ aocount 

is given of pigs being fed ootton-seed meal sucoessfully 

when not over one-fourth pound was given daily per 100 
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pounds live-weight. 

At the Kansas Station (Bull. 53) pigs were fed a 

ration of five-sixths corn meal and one-sixth cotton­

seed meal and all died within six weeks. The symptoms 

shown wer~ coughing and drowsy appearance. The post­

mortem examinations showed congestion and inflammation 

of the in~estines. Some pigs were allowed to follow 

steers that were being fed cotton-seed meal and a number 

of them di ed. 

At the North Carolina Station (Bull. 109) two 90 

pound pigs were fed cotton-seed meal 21 ounces per day 

with 32 'ounces of wheat bran for twenty days. and 26 ounces 

per day of cotton-seed meal with 40 ounces of wheat bran for 

the next 21 days. The pigs consumed all the feed and were 

healthy all the time. 

At the Iowa Station (Bull. 28) cotton-seed meal and 

gluten meal were compared with corn-and-cob meal. The 

cotton-seed meal increased and cheapened the gains. but 

proved fatal When sufficient amounts (27 to 33 pounds) 

were fed. Hogs were allowed to follow cattle getting from 

four to seven pounds cotton-seed meal daily for 17 weeks 

and no injurious effects were shown. 

Dinwiddie of the Arkansas Station (Bull. 76) fed 

cotton seed and cotton-seed meal to pigs trying to deter­

mine the harmful effeots. In his first tests which included 





45 

12 pigs weighing from 30 to 60 pounds nine of them died 

in from 34 to 64 days when given a daily allowanoe of 

0.6 to 0.8 pound of ootton-seed meal mixed with ground 

·oorn or bran. Three p~gs fed bran and corn chops 1:3 re-

mained in good health gaining 0.9 of a pound per day for 

56 days. When mixed with wheat bran or wheat ohops the 

o otton-seed meal was Ie ss dangerous than wi th grOllnO. corn. 

This was probably due to the btllk of the ration. In a 

later test 14 pigs were given a mixture of cotton-seed 
h 

meal, · wheat bran, wheat *ps and out oowpea hay for six 

months wi thout harmful effeots. The quan ti ty of ootton­

seed meal eaten per day averaged 0.8 to 1.4 per cent of 

body weight or 0.4 to 0.7 pound for a 60 pound pig. 

In one test cotton-seed meal was fed to a BOW in 

the same proportion as above during 80 days of pregnancy 

Without harm to the mother or the progeny. 

Three pigs were fed twenty weeks on a ration of corn 

meal and wheat bran 1:2 (with some green feed) with from 

one to four ounoes of ootton seed oil added; an amount 

Which is greater than that contained in a quantity of feed 

Which proved fatal. No evil effeots were noted. This tends 

to Show that the oil is not the cause of the trouble from 

feeding cotton.seed meal. 

On post-mortem examination of some pigs that bad been 

poisoned by cotton-seed meal it was found that the immediate 





46 

cause of the deaths must have been Buffooation ·from 

compression of the lungs. There was an acute dropsy 

of pleural and heart sacs, with intense congestion of 

the liver and kidneys. 

Dinwiddie claimed the amount to be fed to hogs 

was one-half pound per day to young pigs and for larger 

animals probably one pound. The length of time that 

small amounts could be fed seemed to be indefinite. In 

these tests the animals seemed to become immune if they 

went over two months on the cotton-seed meal ration. 

Aooording to Dinwiddie ootton-seed meal is .. cumu­

lative in its aotion, its effects being latent the first 

month or more and abrupt when they do appear. He seeIDS 

to th ink tha t some animal s will overcome this effect end 

be immune. 

Fulmer of the Washington Station (Bull. 67) fed 

ootton-seed meal to 23 pigs in different amounts for dif­

ferent lengths of time. Only one pig died and this one 

weighed 131 pounds and had consumed 47 pounds of cotton­

seed meal which was equal to 39.6 pounds per 100 pounds 

live-weight. In these tests the feeding periods ranged 

from 14 to 98 days end in no. case except the one manti oned 

above were disorders noticed. The amounts eaten by the 

different pigs ranged from 7.7 to 164 pounds. 
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The stookman thought that cool weather during the 

feeding periods, nature of the grain ration, succulent 

food fed and exercise all doubtless had an influence 

upon th e successful issue of the experimen ts. 

DinWiddie o"f the Arkansas Station (Bull. 86) 

claims that the daily allowance of cotton-seed meal de­

termines the toxic allowance, judged from the weight and 

age of the animal. He also olaims that cotton-seed meal 

has not been found to exert any specially harmful effects 

on breeding stock other than toxic effects. He ran some 

experiments with ootton-seed hulls and found that they had 

no toxic effects upon hogs. 

Fuller of the Wisconsin station (Rept. 1906, pp. 31-

36) mixed equal parts of corn meal and cotton-seed meal into 
it 

a thiok slop and fed/to five pigs, while to a Similar lot 

he fed the Bame mixture after being soaked in water for 48 

houre, so that it had become thoroughly soured. This test 

ran for a period of ten weeks. At first the gains were 

satisfactory but after about five weeks the pigs began to 

lose their appetite and for the next four weeks they lost 

flesh and two in each lot died later in the test. On the 

fresh ration the total gain was 131 pounds and on the sour­

ed ration 139 pounds. 

In a second test under the same conditions for six 
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weeks the total gain made by fi ve' pigs was 41 pounds 

on fresh and 39 pounds on sour feed. The gains were 

satisfactory until the sixth week when one pig on the 

fermented feed died and the condition of the othere 

was bad and the experiment was stopped. Two pigs died 

in a few days after the experiment closed. Post-mortem 

examination showed the vital organs to be affected. 

In a third trial of two lots of seven pigs each 

a ration consisting of corn meal nine-tenths and cotton­

seed meal one-tenth was compared with a ration of equal 

parts of COIn meal and wheat middlings. The grain was 

supplemented by skim milk in both cases. In nine weeks 

the pigs getting ootton-seed meal gained 332 pounds and 

the ,others gained 469 pounds. During the fifth week of 

the test one pig getting cotton-seed meal died, but the 

post-mortem examination showed no symptoms that were 

present in other trials. 

Soule and Fain of the Virginia Station (Bull. 164) 

allowed twelve hogs to follow cattle that were receiving 

cotton-seed meal. Of this number only one died and the 

cause of the death could not be determined. It was a 

very sudden death and it is probable that it was due to 

the cotton-seed meal. 

Marshall of the Texas Station (Bull. 78) compared 
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fermented cotton-seed meal and corn chops 1:2 and 1:1 

wi th unfermented corn ohops as feeds for pigs. !an: .. pigs 

were used in each of the lota and the test lasted 83 days. 

The lot receiving fermented cotton-seed meal and 

corn ohops 1:2 made an average daily gain of 0.46 pound 

and required 7.27 pounds of ~eed per pound of gain. One 

pig in this lot died near the end of the experiment and 

another one oeased to make gains. Those fed the cotton­

seed meal and corn chops 1:1 made an average daily gain 

of 0.34 pound and required ten pounds of feed per pound 

of gain. Siokness waa noted in this lot as early as the 

s~%ty-fifth day and three pigs died before the close of 

the test. The lot receiving the unfermented cotton-seed 

meal made an aver~ge daily gain of 0.49 pound and re~ired 

7.62 pounds of feed per pound of gain. The lot reoeiving 

fermented corn chopa made an average daily gain of 0.39 

pound and required 8.68 pounds of feed per pound of gain. 

The feeders reported that a light feed of cotton-

seed meal might be continued indefinitely and that green 

feed lessened the danger of death from feeding cotton-

seed meal. The experiments indicated that larger amounts 

might be fed and for a longer time when the meal is ferment­

ed. 

The beet results were obtained during the first forty 

days of the experiment. It is suggested that not more than 

one-fourth of the grain ration should be cotton-seed meal 
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and this amount should not be fed more than fifty days. 

For fattening it was olaimed that one part of cotton­

seed meal to five parts of ·corn furnishes the best pro­

portion for the ration. 

In an experiment at the Virginia Station (Bull.l73) 

cotton-seed meal was fed in quantities up to three pounds 

per day to steers and hogs followed them without injury. 

At the South Carolina Station (Rept. 1909, pp. 39-

44) an experiment was conduoted to see if cotton-seed meal 

could be fed profitably to hogs in small amounts and to 

study the pathological changes in the organs of hogs kill~ 

ed by cotton-seed meal. The results of the experiment in­

dicated that it could not be safely fed to hogs even in 

small amounts for an extended period, and also point to 

the fact that it contains a specific toxin which effects 

first the lymphatio glands draining the digestive tract, 

and eecondlythe lungs. 





FEEDS FOR SHEEP. 

It is generally thought that ootton-seed meal has 

a toxio effeot on sheep similar to the effect it often 

has on hogs. Many farmers will not use it as sheep feed 

because of the ill results. It is charged with producing 

illness, blindness, dizziness, etc., after being used for 

a few weeks. At the different experiment stations various 

experiments have been conduoted in trying to determine the 

eoonomio value and pathological effects of cotton-seed and 

by-produots when . fed to sheep_ In some of these experi­

ments good results have been obtained, while in others the 

poisonous principle seemed to show uPltherebY,eliminating 

the possible profit. As a rule this poisonous effect is 

not nearly eo prominent as in the case of hogs. In reoent 

years sheep feeders have been using cotton-seed meal quite 
\ 

extensively. It .is a nitrogenous supplement and in most 

cases it is cheaper than linseed oil meal. 

To show how the different products of cotton seed 

compare with other feeds for sheep the results of a number 

of experiments will be discussed. 

The relative value of linseed and cotton-seed meal is 

shown in two trials presented in the following table. The 

first by Carmiohael at the Ohio Station (Bull. 179) ani the 

second by Mumford, Trowbridge and Hackedorn at the Missouri 

Station (Bull. 115). 

51 
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Linseed VB. Cotton"-seed Meal for 

Fattening Sheep. 

Feed for 100# 
gain. 

Average ration 
In't.Da~l~ Concen- Hay 
wt. galn trates 

IbB. Ibs. ibs. Ibs. 
Ohio Station, 112 day trial: 

Lot I. (40 lambs) 

Linseed meal 
Shelled corn 
Clover hay 

Lot II. (40 lambs) 

Cotton-seed meal 
Shelled corn 
Clover hay 

Missouri Station: 

0.2 lcs. 
1.0" 65 
1.6 " 

0.2 Ibs. 
1.0 " 
1.5 " 

67 

Lot I. (20 yearling wethers) 

Linseed meal 
Shelled corn 
Clover hay 

0.2 Ibs. 
1.1" 79 
1.8 tI 

Lot II. (20 yearling wethers) 

Cotton-seed meal 
Shelled corn 
Clover hay 

0.2 Ibs. 
1.1 " 
1.8 " 

78 

0.30 397 49'1 

0.31 388 486 

0.26 491 703 

0.24 511 748 

These trials show that ootton-seed meal and linseed 

meal have substantially the same value for balancing the 
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rations for fattening sheep and lambs. 

Bruoe of the Edinburgh and East of Sootland Col­

lege of Agrioulture (Bull. 10) found that undecortioat-

ed ootton-seed cake, Which is similar to the cold-pressed 

cotton-seed cake sold in this country, produced 0.06 pound 

lese gain per head daily with yearling wethers than lin­

seed cake, when both were fed as the sole concentrate with 

hay and turnips. Wethers fed undeoorticated cotton-seed 

cake required 20 per cent more oake and 29 per cent more 

roots than those fed linseed cake. Lambs should not re~ 

oelve more than half 8 pound of linseed or cotton-seed 

meal per head daily, and one-eigth or one-fourth pound 

in combination With other concentrates will usually pro­

vide a well balanced ration. Linseed oake of pea size 

is better relished by sheep than the finely ground meal. 

Bruce of the Edinburgh and East of Scotland Col­

lege of Agriculture (Bull. 10) tested the relative value 

of various concentrates with four lots each of 30 year­

ling wethers averaging 93 pounds. All lots were fed the 

concentrates given below with unlimited hay and sliced 

turnips for ~oughage. The results of the trial whioh 

lasted 85 days were as follows: 
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Various Conoentrates for Fattening 

Yearling Wethers. 

Feed for 1001 
Ration Av. sain. 

daily Cone en- Hay Turnips 
~ain trates 

Lot I. 
Ibs. lbs. Ibs. lbs. 

Iba. 
Cotton-seed cake 0.8 
Hay 0.3 30 282 96 4,797 
Turnips 14.2 

Lot II. 

Cotton-seed cake 
and 

Linseed cake 0.8 
Hay 0.4 34 247 112 4,076 
Turnips 13.'1 

Lot III. 

Linseed cake 0.8 
Hay 0.4 36 22'1 116 3,728 
Turnips 13.fi 

Lot IV. 

Dried Diet. grains 0.8 
Bay 0.3 31 26'1 92 4,3'16 
Turnips 13.6 

The wethers fed the linseed cake produoed the 

largest gain and required the smallest amount of con­

centrates, and roughage for 100 pounds gain. Cotton­

seed oake proved the least valuable. Mixed ootton-seed 
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oake and linseed oake produoed nearly as large gains 

as linseed oake alone. This cake containing a large 

per cent of hulls cannot be compared with our cotton­

seed meal or the decortioated cake. 

Gray and Ridgway of the Alabama Station (Bull. 148) 

in studying the cost of maintaining pregnant ewes during 

the winter report the following: 

Ration 

Lot I. 

Cotton-seed Meal va. Soybean hay 

for Wintering Pregnant Ewes. 

Total 
gain 

lbs. 

Cotton-seed meal 0.5 Ibs. 1.8 
" " hulls 1.3 " 

Lot II. 

Soybean hay 1.9 lbs. 1.6 

Cost of feed 
per month 

30¢ 

36¢ 

This table shows that on the given feeds ewes can 

be maintained at the South very eoonomioally. After 

lamblna it required 76 per cent more ootton-seej meal 

and 81 per oent more hulls to maintain the ewe and her 

lamb than before. 

At the Missouri Station (Bull. 116) a ration of 
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shelled oorn, ootton-seed meal and clover hay wa.s o om-

pared with a ration of shelled oorn and clover hay for 

fattening yearling sheep. There were two lots of twenty 

sheep each and the test ran for 98 days. The results 

of the trial are shown below: 

Ration DaflY TOIal 
. Feed for 100# gain 

ga n ga n Grain Hay 

1be. . Ibs. Ibe. lbs. 
Lot I. 

Shelled oorn 
Cotton-seed meal 0.242 23.76 611.15 747.57 
Clover hay 

Lot II. 

Shelled eorn 
and 0.236 23.10 524.89 730.73 

Clover hay 

The lot reoeiving ootton-seed meal required 13.'18 

pounds less grain and 16.84 pounds more hay per hundred 

pounds gain than the lot getting no ootton-seed meal. 

The yearlings getting the ootton-seed meal were not in 

quite as good oondition as those getting the corn and 

olover hay. They made a little greater gain, but they 

seemed to use the1r feed for growing rather than for 

fattening. 

Two' experiments were oonducted at the Indiana Sta­

tion (Bulla. 168 and 169) to determine the value of 
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ootton-seed meal as a supplement to rations for fatten­

ing lambs. In the first experiment there were five lots 

containing 25 lambs each .. The lambs were fed the rati ons 

as given in the following table for 90 days wi th the Te­

suI ts sh own : 

Cotton-seed Meal as 8 Supplement 

to Rations for Lambs. 

Av. Gain 
Ration daily per 

gain lamb 

Ibs. lbs. 
Lot I. 

Ibs. 
Shelled corn 1.26 0.367 32.1 Clover hay 2.10 

Lot II. 

Shelled oom, 7 parts 
Cottonseed meal, 1 " 1.26 0.368 33.2 
Clover hay 2.16 

Lot III. 

Shelled oorn 1.22 
Clover hay 1.05 0.33'1 30.3 
Silage' 1.6' 

Lot IV. 

Shelled oorn,7 parts 1.26 Cottonseed meal, 1" 
Clover 1.04 0.356 32.0 
Silage 1.94 

Lot V. 

Shelled corn,4 parts 1.27 Cottonseed meal, 1" 
Clover 1.04 0.360 32.4 
Silage 1.94 

FeeJ per . 
100 gain 

Ibs. 

353 
590 

344 
585 

361 
311 
496 

356 

294 
546 

353 

290 
539 
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A comparison between Lots I and II shows the 

effect of adding cotton-seed meal to a ration of shell­

ed corn and clover hay. The rate of gain was somewhat 

more ~ap1d when the cotton-seed meal was fed. The feed 

required to produce a hundred pounds of gain was some­

what less with the supplemented ration. A comparison 

of Lots III, IV and V shows the effect of adding cotton­

seed meal to a ration of shelled corn, clover h~ and 

oorn silage. The gain per lamb in ninety days was in­

creased approximately two pounds per head by the addition 

of the cotton-seed meal. It required less feed to pro­

duce a hundred pounds of gain when the cotton-seed meal 

was fed. 

The grain mixture of seven parts shelled oorn and 

one part ootton-seed meal fed with clover hay and corn 

silage . proved .to be of almost the same value as a grain 

mixture Of four parts shelled corn and one part cotton­

seed meal. This tends to show that there is a limit to 

the amount of cotton-seed meal that should be fed. 

In the second experiment there were only three 

lots of 25 lambs each and the test lasted for 100 days. 

This test is really a duplication of Lots III, IV and V 

of the first experiment. The results were as follows: 
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Av. Gain ~v.~ailt Feed per 
Ration daily per ee pe 100/1 

gain lamb lamb gain 

Lot III. Ibe. Ibs. Ibs. Ibs. 

Shelled corn 1.18 354 
Clover hay 0.333 30.1 1.04 313 
Silage 1.21 363 

Lot IV. 

Shelled corn,7 parts 
.Cottonseed mea.l, 1 " 1.24 332 
Clover hay 0.374 33.8 1.15 308 
Silage 1.22 325 

Lot v. 

Shelled corn,4 parts 
Cottonseed meal, 1 " 1~26 343 
Clover hay 0.366 33.0 1.14 311 
Silage 1.22 333 

In this test the gains were increased about three 

pounds per head by the addition of ootton-seed meal to 

the ration. The smallest quantity of feed required to 

make a pound of gain was in Lot I7 Where seven parts 

of corn to one part of cotton-seed meal were fed. The 

large amount of ootton-seed meal did not seem to give 

as good , results as the medium amount. 

At the Oklahoma Station (eir. 36) 8 pen of breed-

ing ewes were carried through a oonsiderable portion 

of the winter on five pounds of silage and one-half 
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pound of cotton-seed meal each per day. ' These ewes 

gained nearly one-half pound per day and dropped as 

large aDd as health1 lambs as a pen fed three pounds 

of alfalfa hay and one pound of corn ohops each. It 

is suggested at- the above station that silage with a 

li ttle alfal,fa hay and ootton-seed meal makes a good 

oheap ration for ewes that are Buckling lambs. 

At the Alabama ' Station (Bull. 167) ewes could 

not be induced to eat a suffioient amount of raw oot­

ton seed to maintain their normaL health and weight. 

When a small amount of ootton-seed meal, however, was 

sprinkled over the seed they seemed to relish them. 

Cotton-seed meal and hulle proved to be entirely satis­

factoT.Y, but a daily ration of Q,24 pound of cotton­

seed meal plus 1.98 pounds of hulls did not maintain 

the original weight of the ewes,although,the health 

remained normal. A dally ration of 0.64 pound of 

ootton-seed meal and 1.87 pounds of hulle caused preg­

nant ewes to make satlsf~otory inerease in weight. A 

ration made of a mixture of cotton-seed meal and corn 

Bilage proved to be exceedingly satisfactory. 

Severson of the Pennsylvania Station (Rept. 1912, 

pp. 149-177) found in some feeding eXperiments with 

sheep that ootton-seed meal was as efficient as alfalfa 
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hay as a soux-ce of protein when fed wi th corn silage. 

A ration of ootton-seed meal and hulls was com-

pared with soybean hay for wintering pregnant ewes, 

averaging about 76 pounds in weight, at the Alabama 

Station (Bull. 148) during the winter of 1906-07. The 

test lasted 106 days and the results are shown in the 

folloWing table: 

Av. No. Daily feed Total 
Ration f ewes per ewe gain each 

Ibs. lbs. 
Lot I. 

Cotton-seed· meal 6.8 0.5 1.8 
" " hulls 1.3 

Lot II. 

Soybean hay 6.4 1.9 1.6 

The farmer could have cheapened the ration of 

Lot I by not feeding ss much meal and by feeding more hulls, 

but the large amount of meal was used in these tests to see 

if rather large daily feeds of cotton-seed meal would have 

any effect upon the health of the ewes. In this test the 

cotton-seed meal was fixed at one-half pound daily per 

ewe and the hulls varied so as to hold them at uniform 

weight. 
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From the table it seams that 0.5 pound of cotton­

seed meal and 1.3 pounds of hulla are suffioient to 

maintain suoh pregnant ewes in the winter time. At the 

end of the period the ewe8 getting the cotton-seel meal 

were more spirited and alert than those getting soybean 

hay. Bo bad effeot8 were sean in either lot. 

The above station tried for four years to deter­

mine whether ootton-Beed meal is an injurious feed for 

sheep or not, and with but one exoeption no ill results 

came from its use. Sixty-five ewes were fed upon cotton­

eeed meal for different lengths of time and in varied 

amounts. After being on the cotton-seed meal ration for 

147 days "OD8 ewe staggered~ beoame blind and finally died. 

Aeide from the blindnes8 ehe seamed to be in good health 

and was very fat when death ooourred. During the four 

years there were eix oases of abortions among the ewes 

eating ootton-seed meal; among the cheok lots (those . 

eating no ootton-seed meal) there were as many abortions. 

Juring one year (1908) ewee were fed upon the same 10a4 

of ootton-seed meal that killed several hogs in swine 

experiments, but not a sinsle ewe suffered any ill re­

sults from its uee. The roughage in all oases was 

ootton-seed hulls. 

This work Beems to warrant the conolusion that 
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there is little risk to run, if any, in feeding cotton­

seed meal to ewes, when fed in amounts just sufficient 

to oarry the animal through the winter in go ad c on-

di tion. 

Dyer (De~t. Landw. Presse. 23 (1895) No.3 pp. 22-

23) in oomparing ground cotton seed with cotton-seed cake 

found that in a 99 days trial with two lots of 19 Sheep 

each ' the gain for the ootton-seed cake lot was 30.5 pounds 

while that of the ground cotton seed lot was 36.7 pounds. 

The lot getting cotton-seed cake produoed 17.7 pounds of 

wool while the lot getting ground cot t on seed produced 

28.3 pounds. The lot getting the cotton-seed cake con­

sumed 6.26 pounds more feed than the other lot. 

In a second trial two lots of 12 sheep each were 

fed for 68 da~ on Similar rations with similar results. 

In both oases the ground cotton seed proved better than 

ootton-seed cake. 

At the Wisconsin Station (Bull. 32) a comparison of 

linseed 011 meal and ootton-seed meal was made with two 

lots of five three-months old lambs eaoh. These two 

nitrogenous ooncentrates were fed in addition to corn meal 

and pasturage for ten weeks. The lot receiving the lin­

seed oil meal made a gain of 3.3 pounds per week while 

the lot reoeiving 00 ton-seed meal ga~ned only 2.95 pounds. 
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Paterson of the West of Scotland Agricultural 

College (Rept. 1900, pp. 23-44) found in a test of diff­

erent concentrated feeds for sheep that decorticated 

cotton-seed cake and maize 1:1 gave better" results than 

linseed cake alone, or with oats,or a mixture of linseed 

oake, oats, cotton-seed cake and ma~ze. 

At the Oklahoma Station (Bull. 78) four lots of ten 

lambs each were fed alfalfa and cowpea hay with corn meal; 

alfalfa hay with corn meal and cotton-seed meal 3:1 and 

prairie hay with the last mentioned grain ration. The 

lambs were fed for 20 weeks. 

In this work co.tton-seed meal produced a carcass 

with as much quality as any of the other feeds and was 

about as economical. 

Spieckermann and Kuttenkeuler (Ztsohr. Untersuch. 

Nahr. u. Gennsemt.ll (1906), No.4, pp. 171-206) fed 

spoiled cotton-seed meal and cocoanut meal to sheep and 

goats for a long time without the general health of the 

animals being affected. 





" FEEDS FOR HORSES AND MULES. 

There has not been "s great deal of experimental 

work done in trying to determine the value of cotton-seed 

and by-products as feeds for horsee and mules. From the 

liter~ture that is available it seems that many farmers 

have in time fed cotton-seed meal to horses and mules 

with fairly good results but not for the purpose of ex­

perimenting With it. Experiment Stations have done very 

little along this line, therefore, the experimental data 

is limited. Discussions of the small amount of work done 

along this line will be given but this work has not been 

very extensive and will hardly warrant a conclusion. 

Curtis of the North Carolina Station (Bulls. 215 

and 216) states, "like linseed meal, cotton-eeed meal is 

useful in conditioning horses and improving their coats." 

He tried cotton-seed meal as a supplementary feed to ear 

corn, feeding one and one-half pounds dally. The animals 

did not relish the ootton-seed meal and he does not re­

oommend it when fed in that way. An experiment was carried 

out with five mules for six months to compare shelled corn 

and ootton-seed meal with corn alone. During the six 

months from 111.6 to 296.7 pounds of cotton-seed meal was 
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oonsumed per mule. The mules did aa nearly as possible 

the same amount of work. In most csses the mules gett-

lag the cotton-seed meal made more gain than the corn 

fed mules. Similar results were obtained in another 

experiment with these six mules. One mule in each team 

was fed cotton-seed meal and the other a ration of corn 

alone. 

Another test was made to compare a ration of one 

part of cotton-seed meal and six parts of shelled corn 

with a ration of one part of cotton-sead meal and three 

parts of corn-and-cob meal, the remaining corn being fed 

on the oob. The ration containing one part of cotton­

seed meal and six parts of shelled corn was fairly 

satisfactory but Ieee relished than the other. It is 

suggested that the meal may be mixed with Whole or orush­

ed oats, dried brewers' grains, or cut hay. It is claimed 

that crushed or ground unhusked corn gives excellent re­

sults ae a basal feed when using ootton-seed meal. Curtis 

claims that the meal fed daily should rarely exceed two 

pounds per animal, a safe rule being two pounds for every 

lOOqpounds live weight of animal. ~or work horses the 

cotton-seed meal should not exoeed fifteen or better ten 

per cent of the total ration by weight. It is claimed 

that horees should be started on cotton-seed meal gradually, 
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not over one-fourth pound being given at each feed 

for the first two or three weeks. When the maximum 

amount of meal is fed it should be distributed equally 

in the three dally feeds. Against the claim that work 

stock fed on cotton-seed meal suffer from short wind 

and weak eyes, Curtis reports that trials covering 

three years showed no harmful effects. 

Judge Henry C. Hammond, Augusta, Georgia, (Pam­

phlet, "Cotton-seed Meal as a Horse and Mule Feed" 

and Henry and Morrison's Feeds and Feeding) reports 

that for five years he has fed about one pound of 

cotton-seed meal daily to colts, brood mares and driving 

and work horses. He olaims there was no sickness among 

the horses, and that their style, action and health were 

all that could be desired. He attributes his success to 

the fact that the meal was never fed alone, but always 

carefully mixed with some light concentrate. 

Lloyd of the Mississippi Station (Rapt. 1902, 

pp. 16-18) tested cotton-seed meal as a part of a ration 

for mules. One lot was fed wheat bran and cotton-seed 

meal 3:l,and another lot was fed wheat bran and cotton-seed 

meal 1:1. The mixtures were not relished and at the end 

of six weeks they were practioally refused. It was thought 

that this might be due to the fact that the mules were not 
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aocustomed to eating wheat bran, so corn ohops was 

substituted fo r . it; but according to the author the 

mules still refused to eat enough of the mixtures to 

keep them in good working conditiOll.! and at the end of 

90 days they were losing flesh so rapidly that the ootton-

seed meal was discontinued. 

Burkett at the North Carolina Station (Bull. 189) 

ran an experiment with farm horses and mules which seem-

ed to show that a daily allowance of two pounds of cotton­

seed meal could be safely fed. Gebek 'Landw. Verse sta., 

42, p. 294) and Kellner (p. 196) obtained simila.r results 

in their work. For horses and mules dOing moderate work, 

corn stover, corn and cotton-seed meal make a satisfactory 

winter ration. Sprinkling the meal on silage or on hay 

or stover moistened previous to feeding is recommended by 

Burkett. 

Louisiana planters (Henry and Morrison's Feeds and 

Feeding, p. 308) attribute their suooess in feeding cotton­

seed meal largely to the fact that they mix it with black 

strap molasses. 

At the Louisiana Station (La. Planter Vol. 29 (1902) 
w~re 

No. 11, pp. 178-181) mules/fed one to two pounds of cotton-

seed meal eaoh per day with success. It is claimed that 

the meal should be added to the ration gradually and should 
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be oareful1y mixed with other feeds until the mules 

relish it, and that care should be taken not to leave 

any uneaten residue in the feed boxes to ferment. Six 

pounds is °regarded as the maximum quant i ty wh ich can be 

safely fed and it is suggested that this 'amount should 

be led up to gradually. 

It is reported in circular 36 of the Oklahoma 

Station that cotton-seed meal and corn silage .were fed to 

horses in addition to other feeds with very good results 

at the Pennsylvania Station. It is also reported that 

a ration made up of 20 pounds of corn, 2 pounds of bran 

and 1 pound of ootton-seed meal proved a very efficient 

ration at the North Carolina Station. 

~t the Iowa Station (Bull. 109) it was found in a 

test lasting 154 days with three work teamsJthat in com­

bination with corn and oat~ 1.1 pounds of cotton-seed 

meal was as effective in maintaining the weight oOf the 

horses and in enabling them to do work as 1.4 pounds of 

linseed oil meal. The ootton-seed meal proved to be 

better adapted to the needs of hard worked horees in sum­

mer, in that it was lese laxative than the oil meal. 





FEEDS FOR POULTRY. 

cotton-seed meal is the only one of the ootton 

seed products from the manufaoture of cotton-seed oil in 

which a poultry feeder would likely be interested. Very 

little experimental work has been done in trying to de­

termine its value as a poultry feed. 

Kaupp (Poultry Culture, Sanitation and Hygiene, 

pp. 218-220) claims that cotton seedby-products'are of 

questionable value in poultry feeding, and that they oon-

tain a substanoe poisonous to animals consuming large quan­

tities. The poison is probably contained in gossypol whioh 

is a coloring matter of the seed and oonstitutes in the 

orude state about two per oent of the seed. It is claimed 

by him to affect the nervous system as well as the ciroula­

tory system. In the experiments at the North Carolina sta­

tion it was noted that its irritating effect was quite general 

in the animal's body. Small hemorrhages were noted at times. 

In both guinea pigs and shoats dying of cotton-seed meal 

poisoning edema of the lungs was noted. He claims that 

ootton·seed meal is unpalatable to birds, and since it has 

a poisonous effect on most animals it remains to be deter­

mined what effect exoessive cotton-seed meal has upon the 

animals. 

In the Reliable Poultry Journal (~ol. 12 (1906) No.8, 

p. 386) it is said that cotton-seed meal,if fed to poultr~ 

sho~ld be fed separately. A ration of equal parts of 

corn meal and wheat bran with sufficient low grade flour 

~O 
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to roll into a ball and,at the same tim~not be stioky 

oan be used with the ootton-seed meal. Ten per oent of 

the ration may be made from ootton-seed meal according 

to the writer. 

At the Rhode Island Station (Bull. 156) ootton-

seed meal was oompared with beef scrap for growing chicks. 

In the majorit7 of cases there was a larger gain in live 

weight per gram of nitrogen fed in oase of the beef scrap 

than in the oase of cotton-seed meal. 

It is claimed that if the constituents of bone are 

supplied there is no reason why ootton-seed meal may not 

be used to furnish a considerable portion of the protein 

required b, ohicks, eBpeciall~ if a moderate oonsumption 

of food is satisfaotory to the feeder. When limited to 

the same amount of nitrogen however the gains were not 

very different Whether cotton-seed meal or beef scrap 

formed a prominent part of the. rations. 

Kaupp of the Borth Carolina Station (eir. 27) con­

ducted trials to determine the limitations of cotton-seed 

meal feeding in poultry. Where cotton-seed meal was fed 

in dry mash constituting ten per cent of the mixtures 

for laying and breeding stook for a space of 90 days, in 

19 flocks of bifds no notioeable physical effect was shown. 

The birds ate the feed with relish. Where cotton-seed meal 
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constituted 20 per cent of the fattening ration in 

seven tests it proved unpalatable and the birds had a 

tendency to become sick not making satisfactory gains. 

In some cases birds actually lost weight when kept on 

the ration for 18 days. In oram feeding 12 birds four 

were thrown oompletely off digestion as shown by food 

remaining in the crop. Three died and one later digest­

ed her food again. 

Twenty per cent cotton-seed meal in ane cram test 

did not produce satisfactory gains due to its ill effect, 

in this quantity upon digestion. In two tests upon three 
f 

Leghorns, gossypol apparently produced the same results 

as in cram feeding and other lots fed cotton-seed meal. 

In cases where trough feeding was, practiced and found un­

satisfactory the maximum amount of cotton-seed meal con-

sumed was slightly less than one ounce a day. In cramming 

work there was an exoess of two ounces fed. Weak birds 

were the first to be affected. As soon as cotton-seed 

meal reached about one ounce they seemed to become sick. 

It is olaimed that a bird sick of cotton-seed meal will 

usually eat grain such as corn, wheat or oats unless the 

effect be so aggravated that food remains in the crop. 

Morrison of the Mississippi Station (Bull. 162) 
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made a oomparison of animal and vegetable proteins for 

laying hens. Beef scrap fUrnished the source of the 

animal protein used and cotton-seed meal the source of 

the vegetable protein. The fertility of the eggs t the 

vitality of little chicks and the effect on the vitality 

of the hene were pOinte considered in comparing the two 

kinds of protein. 

The ratione used were as follows: 

Corn Wheat Cotton- Oate Beef 
meal bran seed scrap 

meal 
Ibs. Ibs. Ibs • lbs. lbe. 

Pen ..l 50 10 10 30 

" B 50 10 30 5 

" X '13 5 22 

" D '13 5 11 

" E 60 5 15 20 

" ~ 60 5 20 '1.5 

All of these rations were brought to the same 

nutriti:ve ratio . 1:4.6 whl oh is the ratiO . most commonly 

used. 
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The egg production by months is shown in the follow­

ing table: 

Pen A Pen B Pen K Pen E Pen F Pen D 

Jan. 233 1'12 222 162 162 303 

Feb. 221 226 21'1 174 l'14 344 

Mar. 238 188 242 284 284 386 

April 266 208 264 311 311 388 

May 236 183 208 313 313 34'1 

June 1'13 110 15'1 214 214 266 

The total amount of feed oODsumed was for Pen A, 

'186.2 lbe.; Pen B, 748.1 lbs.; Pen K, 662.76 lbs.; 

len D, 712.5 Ibs.; Pen E, 663 1bs.; Pen F, '101 lbs. 

The general idea has been that phickens would not 

eat wi th relish a ration containing cotton-seed meal. 

By glancing at the figures above it 1s · seen~~ that Pen A 

oonsumed more feed than did their check pen. Pen K ~ did 

not eat as much as Pen B but laid a good many more eggs, 

the produotion of which called for more feed. Pen K 

never seemed to be off feed at any time. At the olose 

of the test they were in good health. Pen E ·did not eat 
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as muoh feed as their aheck pen, but they laid 274 more 

eggs than their check ·pen. 

The experiment has not gone on long enough to draw 

definite conclusions but it tends to show: "That cotton­

seed meal used as the chief source of protein is palatable 

to fowls, and that when fed judiciously on it they will 

produce eggs. 

"That hens fed on cotton-seed meal as the chief 

source of protein will produce eggs when eggs are highest 

in price. 

"That as far as can be determined the general con­

dition of the cotton-seed meal fed fowls seems just 8.S 

good as the condition of those fed on beef scrap. 

"That the tendency was to lose flesh and not get 

over fat, although the fowls were allowed access to feed 

at all times." 

Nothing has been given out on the other points 

under consideration. 

At the North Carolina Station (Bull. 211) it was 

shown that pullets were slower in developing and in coming 

to laying maturity on a ration of cotton-seed meal than 

on one oontaining meat meal. 

Clayton of the Mississippi Station (Reliable 
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Poultry Journal, Vol. 22 (Jan. 1916) No. 11, p. 1239) 

took up the above work after Morrison and is now pre­

paring a bulletin covering his work. This work covers 

six months feeding to the same pens of chickens used by 

Uorrison. They had been kept on cotton-seed meal ration 

for almost two years. In this test only four of the six 

pens were used. These pens were rlettered At B, K and D. 

A and K were cotton-seed meal fed pens, While B and D 

were beef scrap fed as checks on the cotton-seed meal 

pens • "A" was a pen of nine Rhode Island Red hens that had 

been in the test for two years or more and were old hen.s. 

This pen was fed the following ration: Corn meal, 60%; 

wheat bran, 10%; cotton-seed meal, 10%; and oats, 30~. 

During the six months test the nine hens ate 126 

pounds of the dry mash w~ioh was kept before them at all 

times in a hopper. :J:n addition to this mash this pen 

ate 213 poUllds of grain, the commercial scratch feed. 

These hens were too old to be good layers, but their re­

cord is 8S follows: For the six months, Oct., NOV., 

Dec., Jan., Feb., and March the nine hens laid 249 eggs 

or an average of 2'.6 eggs . eaoh~ 

Pen B was used as a check on Pen A and contained 

nine Similar birds. They reoeiv.ed the following ration: 





Corn meal, 50%; Wheat bran, 10%; beef scrap, 5%; and 

. oats, 30%. Of this feed they ate 120 pounds and of 

the scratch feed 177 pounds. During the six months 

they laid 174 eggs or an average of 19.3 eggs each. 

Both pens are reported as being in good health through­

out the test. Pen A produced 75 eggs more than Pen B. 

They consumed 5 pounds of the mash and 36 pounds of the 

grain more than Pen B. 

Pens K and D were White Leghorns, that had been 

on test for two years and were old hens. There were 

14 hens in Pen K and 7 in Pen D. Pen K received corn 

meal, 73%; cotton-seed meal, 22%jand Wheat bran, 6%. 
They consumed 80 pounds of the mash and 214 pounds of 

the scratch feed. They laid 391 eggs or an ~verage of 

29.5 eggs each. One hen died from an unknown cause on 

Feb. 2nd. Pen D received corn meal, 73%; beef scrap, 

11%; and wheat bran, 6%. They ate 65 pounds of the 

mash and 137 pounds of the soratch feed. ' This pen laid 

200 eggs or an average of 28.6 eggs each. 

The hens on cotton-seed meal are reported as lay~ 

ing better during the molting seeson than the others. 

All of the hene were in covered pens. 

Broilers were fed the same rations as were fed to 
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the four pens of hens and the cheapest gains were se­

cured_ from the pens getting the cotton-seed meal. The 

Mississippi Station uses cotton-seed meal al together 

in poultry feeding and more mrk along this line is 

planned for next year. 

Hartwell and Lichtenthaeler of the Rhode Island 

Station (Bull. 156, (1914), pp. 219-282) compared beef 

scrap and cotton-seed meal as feeds for poultry, and 

concluded that "if the constituents of bone meal are 

supplied, there appears to be no reason why c otton-

seed meal may not be used to furnish a cons iderable 

portion of the protein requirement by ohioks, es~ecially 

if the amount of consumption of food is satisfactor,y to 

the feede r . Where limited to the sarm amount of nitrogen 

the gains were not very different whether cotton-seed 

meal or beef scrap fanned a prominent part of the ration." 

Jeffrey of the North Carolina Station (Bull. 211) 

found that ~ullets were slower in coming to laying 

maturity on a ration containing cotton-seed meal than on 

one oontaining meat meal. As far as could be judged from 

the work done, the main objection to the cotton-seed meal 

was its lack of palatability. 

Wai t e of the Maryland Station (Jour. of American 
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Assn. of Instructors and Investigators, Vol. 2, No.3, 

p. 18) started an experiment December 1, 1914, to oom­

pare the values of certain protein concentrates in a 

ration for laying hene. In the experiment there "are 

seven pens, two of which receive cotton-eeed meal in 

different proportions and one that receives gluten feed 

as the protein conoentrate. 

The ratione When the experiment started were as 

follows: 

Pen No. 3 

Bran 
Corn meal 
Wheat middlings 
Cotton-seed meal 

Pen No. 4 

Bran 
Corn meal 
Wheat " middlings 
Gluten feed 

Pen No. 7 

Bran 

100 1bs. 
76 " 

100 n 

75 " 

100 lbs. 
26 " 

100 " 
126 " 

Salt 
Corn 
Wheat 

Salt 
Corn 
Wheat 

2 Ibs. 
176 " 
1'15 " 

2 lbe. 
1'15 " 
176 " 

Cott on-seed 
Corn meal 
Wheat middlings 
Meat scrap 

100 Iba. 
25 " meal 18.'16 lba. 

Soy bean meal 

100 " 
12.6 Iba. 
26 Ibe. 

Gluten feed3l. '15 
Salt 2.0 
Corn 175.0 
Wheat 1'15.0 

Pen No. 3 received 10.67 per cent cotton-seed meal 

and Pen No.7 receivea. 2.6'7 per cen't. Allor line pens 

" 
" 
" 
" 
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were divided equally or as nearly as possible. 

The egg production for December, January and Feb-

ruary was as follows: 

Dec. Jan. Feb. 
Pen No. Z 16'1 26'1 214 

" " 4 195 281 370 

If 
" 'I 2'12 394 370 

There were 40 White Leghorns in each pen. No 

deaths occurred during the experiment. Pen No. 3 

(cotton-seed neal) end Pen No.4 (gluten feed) show no 

great differenoe in egg production during the first 60 

days, but during the next ten days there is a marked 

difference, the cotton-seed meal pen being lower. Pen 
many 

No. '1 (2.67% ootton-seed meal) laid/more eggs than either 

of the other two pens. 

The table below shows the weights of the birds in 

periods. 

To start Dec. Jan. Feb. 
Pen No. 3 116.251bs. 129.251bs. 120 lbs.12l.60 Ibs. 

" " 
" " 

4 

'I 

117.25 " 

125.00 " 

127.75 " 

132.26 " 

130 " 132.00 " 

137 " 138.00 " 

The ~otton-seed meal pen gained at first but did 
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not keep it up. The others gained steadily. 

Below is a table showing the feed conswned: 

Dec. Jan. Feb. 
Pen No. a 197 Ibs. 160 Ibs. 44-120 Ibs. 

" " 4 203 " 210 " 206 " 

" tr ., 211 " 214 " 223 " 

This shows a steady falling off in the cotton­

seed meal pen till a change was made in the ration 
allow 

February 8th. ~ese figures/that cotton-seed meal was 

inferior in this case. 

During the first part of February every bird in 

ren No.3 ', if not actually sick, was in so bad a con­

dition that it was deemed necessary to change the ration 

1 t is olaimed. It is reported the. t the birds had colds, 

were di rty, pale and emac iated, fea the rs rufflecl' , and 

were very unhealthy and unthrifty. The other pens are 

reported as being in good condition showing a marked 

contrast. 

The ration of Pen No. 3 was ohanged Feb. 8th to 

bran, 100; wheat middlings, 100; meat scrap, 50; salt, 

1.26; and corn ---? pounds. It is claimed that the 

change in action and appearance of the birds was immed­

iate and remarkable. They are reported as consuming 

more feed, laying more eggs and gaining in weight. 





FEEDS FOR CALVES. 

cotton-seed meal has not proved to be a very good 

feed for very young calves. Many deaths have resulted 

where it was fed and the deaths were usually attributed 

to the meal. Until more is learned conoerning the 

toxioity of ootton-seed meal it is well to feed it very 

sparingly and with extreme caution to young calves. 

It is o ia~ed (Mass. Rept. 1893-4) that cotton-

seed oil may be fed to calves as a substitute for the fat 

of milk in the quantities up to three ounces per day or 

one-half ounce per quart of skim milk with as good results 

as COd-liver oil. with better results than skim milk and 

with not ~ite as good results as whole milk. 

For several years the Bureau of Animal Industry 

(Farmers Bull. 655) in the oourse of feeding experiments 

has fed beef oalves ranging from seven to ten months of 

age on ootton-seed meal for periods ranging from 100 to 

112 days with no ill results. These calves were fed in 

lots containing from 24 to 52 head each. In this work. 

during 1910. 77 grade beef oalves were divided into three 

lots and fed for 119 da~. The calves were started on 

one pound of cotton-seed meal per day and the quantity 

82 
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was gradually increased until they consumed 3.67 pounds 

eaoh per day during the last month. The gains ranged 

from 1.71 to 1.83 pounds per head daily. The calves 

fattened rapidly and no ill results from feeding cotton-

seed meal were experienced. except at the end of the test 

three of the calves Showed the effects of feeding by a 

cloudiness of the eyes. The results of this ~IX are 

summarized in the following table: 

cotton-seed Meal for Calves. 

Average ration 
In't. Av. Feed for 
wt. da~ly 100 lbs. 

geln gain 
Ibs. lbs. Ibs. 

Lot I. 

Cotton-seed meal 2.84 lbs. 179 
" " hulls 7.44 " 338 1.71 436 

Alfalfa hay 5.39 " 315 

Lot II. 

Cotton-seed meal 2.34 lbs. 133 
Corn-an d-cob meal 1.17 " 333 1.76 65 
Cotton-seed hulls '1.60 " 425 
Alfalfa hay 5.47 " 310 

Lot III. 

Cotton-seed meal 2.38 lbs. 130 
Corn-and-cob meal 3.87 · " 328 1.83 211 
Cotton-seed hulls 7.33 " 425 
Alfalfa hay 4.00 " 310 
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The saIDe year another lot of 52 calves .. as fel · 

112 days on cotton-seed meal, cotton-seed hulls and 

mixed oowpea hay. These calves received a ration of 

3.08 pounds octton-seed meal, 10.01 pounds ootton­

seed hulls, and 1.6 pounds of cowpea hay and made an 

average daily gain of 1.24 pound. 

During 1913-14 another experiment (Dept. of Agr. 

Bull. ~3) in feeding calves on cotton-seed meal was 

conducted. 'orty-nine grade Angus calves averaging 

nine months of age were fed 2~ days as a preliminary 

period to the regular feeding, Which lasted 76 days. 

During the preliminary period they were started on a 

ration of ootton-seed meal. The following is a par­

agraph taken from the bulletin reporting the work. 

"At the beginning of the test proper each oalf 

was eating daily 3 pounds of cotton-seed meal, approx­

imately 20 pounds of corn silage and 4 pounds of hay. 

The allowance of meal was raised gradually throughout 

the whole period of 76 days until at the last each calf 

was eating 6 pounds daily." 

The calves consumed on the average 4.4 pounds of 

cotton-seed meal per day for 76 days and were eating 

about 6 pounds of cotton-seed meal during the latter 

part of the feeding period. The calves made an average 
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daily gain of 1.37 pound and showed no ill effects. 

At the Alabama Station (Bull. 177) 49 calves 

from Aberdeen Angus oows were fed 73 days on a ration 

of 4.4 pounds cotton-seed meal, 23.9 pounds corn sil-

age and 2.'6 pounds brown sedge hay per head. The calves 

averaged 466 pounds eaoh at tbebeginning of the test and 

made an average daily gain of 1.37 pounds per head, re-

qU 1ring 3.23 pounds cotton-seed meal, 17.41 pounds corn 

silage and 2.01 pounds of hay per pound of gain. 

Emery and Michels of the North Carolina Station 

(Bull. 109) claim that cotton-seed meal fed in such quan­

tities as 1/4 to 1/2 pound daily with skim milk or a mix­

ture of one pound of meal to 16 of skim milk (warm) usually 

results in death to the young calf. 

Soule of the Georgia Station (Breeders' Gazette, Vol. 

63, p. 81) claims it is safe ~o start feeding two ounces 

of meal when the calf is 8 months old along With such feeds 

as silage, stover or straw, and gradually increase to one 

pound at 10 to 12 montha old. 

MoNutt of North Carolina Station (Rept. 1911) claims 

that heifers under 10 months of age generally do poorly 

when the meal constitutes a part of their feed, but when 

over 10 months they make normal gains. 





FEEDS FOR DAIRY COWS. 

Considering the results of the different experi­

ment stations and a number of feeders that have used 

ootton seed pr.oducte, it seems that dairy cows may be 

fed ootton seed produots in properly balanced rations 

without any ill effects. Cotton-seed meal has been used 

very extensively as a feed for dairy cows and has proved 

to be an excellent feed to supply the protein in a ration. 

Cotton-seed meal being a very highly nitrogenous 

feed and usually the oheapest source of protein is very 

often used in balancing rations for dairy cows. It 

should be fed with laxative concentrates suoh as wheat 

bran, or with some succulent feed suoh as silage or roots, 

since it is constipating. The meal has a tendency to stick 

together making what is called a h~avy feed. The addition 

of bran or something similar prevents this trouble with 

the meal and adde lightness to the ration. If a very small 

amount of meal is fed the bran may not be necessary. 

Lane of the New Jersey Station (~. J. Rept. 1903) 

fed four oows for 66 days on a ration of 36 pounds of 
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corn silage and six pounds of corn stalks with either 

cotton-seed meal alone or a mixture of equal parts of 

wheat bran and dried brewers' grains for the concen­

trate allowance, as shown in the table; 

Cotton-seed Meal vs. Wheat Bran 

and Dried Brewers' Grains. 

Average concentrate 
allowance. 

South Carolina Station: 

Cotton-seed meal, 
" " -, " 

Wheat bran 

New Jersey Station: 

Cotton-seed meal 
. Wheat bran 

Dried brewers' 
grains 

5.1 l.hs. 
3.4 " plus 
3.4 " 

4.6 Ibe • 
5.0 " plus 
5.0 n 

Av. da.ily yield 
Milk Fat 

Ibs. Ibs. 

16.4 
15.9 

22.7 
23.9 

0.'71 
0.68 

0.96 
0.96 -

In the South Carolina trial replacing 1.'1 pounds 

of cotton-seed meal by 3.4 pounds of wheat bran slightly 

deoreased the l~ald of milk. In the New Jersey trial 

4.6 pounds of cotton-seed meal did not prove quite equal 

to ten pounds of a m1%t~re of !Wbeat bran and dried brew-
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ers' grains. Michels conoludes that one pound of 

cotton-seed meal is equal to two pounds of wheat bran 

for milk production, while Moore of the Mississippi 

Station (Bull. ~O) h~lds that one pound of cotton-seed 

meal 1s only equal to 1.6 p.ounds of wheat bran. 

Soule and Fain of the Virginia Station (Bull.lS6) 

fed 24 oOws for 120 days,comparing cotton-seed meal 

and gluten meal, and found that the relative amount of 

digestible orude protein contained in these feeds was 

a fair measure of their feeding value. 

Lee and Woodard of the Louisiana Station (Bull. 

110) found in a trial with dairy cows that cold-pressed 

cotton-seed cake was less valuable for milk and butter 

production than an equal weight of a mixture of two 

parts of meal and one of hulls. They conclude that the 

chemioal composition of cold-pressed cotton-seed cake is 

a reliable indication of its feeding value. Moore of the 

Mississippi Station (Bull. 60) found 100 pounds of cotton­

seed meal equal to l~l pounds of cotton seed in feeding 

value for dairy cows. 

Waters and Hess of the Pennsylvania Station (Penn. 

Rapt. 1896) fed nine oows for two alternate 30-day periods 

to oompare the value of cotton-seed and linseed meal. The 
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OOWB were fed 9.3 pounds of corn stover per head daily 

with the concentrate allowances shown in the table. 

Linseed VB. cotton-seed Meal 

for Dairy Cows. 

Average oonoentrate Av. daily yield 
allowance. Milk Fat 

lbs. Ibs. 

Lot I. 

Linseed meal 6 lbs. 15.1 0.'18 
Chopped wheat 6 " 

Lot II. 

Cotton-seed meal 6.3 Ibs. 16.2 0.77 
Chopped wheat 6.'1 " 

More milk but no more fat was produced in lot get­

ting ootton-seed meal than in lot getting linseed meal. 

Hills of the Vermont Station (vt. Rept.1907) and 

Michels of the North Carolina Station (N. C. Rept. 33, 

1910, p. 29) also found cotton-seed meal of slightly 

higher value than linseed meal as a source of protein. 

Price at the Tennessee Station (Bull. 80) compared 

ground soybeans and cotton-seed meal for milk production. 
eaoh 

He fed two lots/ot four two-and three-year-old heifers 
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the following rations alternately during three 30-day 

periods: 

Ground Soybeans vs. Cotton-seed 

Meal for Dairy Cows. 

Average ration. Av. daily 
Milk 
lbs. 

Ration I. 

Ground so'ybeans 2.3 lbs. 
Corn silage 24.7 " Corn-and-cob meal 2.3 " 

14.4 

Alfalf~ hay 10.3 " 
Ration II. 

Cotton-seed meal - 2.3 Ibs. 
Corn silage 23.5 " Corn-and-cob meal 2.3 " 

13.6 
Alfalfa hay 10.0 1t 

yield 
Fat 
Ibs. 

0.81 

0.77 

This shows that the ground soybeans gave slightly 

better results than the cotton-seed meal. 

At the Massachusetts (Hatch) Station (Mass. Hatoh 

Rept. 1894) two lots of four cows each were fed six weeks 

by the ~v.~ method to a basal ration of hay, silage 

and bran,an allowanoe of either ground soybeans or 

cotton-seed meal was added in practically equal amounts. 

The ground soybeans proved slightly superior to the 





ootton-seed meal as a milk and fat producer and the 

butter was of better quality. 
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Cook of the Bew Jersey Station (B. J. Rept. 190~, 

pp. 293-316) foUnd 3.4 pounds of g~ound soybeans slight­

ly superior to the same weight of ootton-seed meal when 

fed with 3.4 pounds of corn-and-oob meal and 2.3 pounds 

dried beet pulp with s11age, s~ilage and hay for rough-

age. 

Qi10hrist of the Armstrong College, England (Mark 

Lane Express 100. 1909) found soybean oake slightly sup­

erior to ootton-seed oake for milk production. 

Soott .of the Florida Station (Bull. 99) oon~ludes 
• 

from a feeding trial that a unit of protein from coooa­

nut meal is nearly, though not quite, equal to a unit 

of protein in cotton-seed meal. 

In anotber trial (Bull. 114) Scott oompared a 

ration of wheat bran, velvet beans in the pod, and sor­

ghum silage with a ration of Wheat bran, ootton-seed meal 

and sorgh~ silage for milk produotion. Six oows were 

used in the test and they were divided into three lots 

of two cows eaoh eo ' thatthe periods of lactation in 

eaoh lot would be as nearly comparable as possible. The . 
test lasted 61 daye. The ootton-seed meal and the velvet 
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beans were the two feeds compared. They were not fed 

in equal amounts but in quantities which contained 

approximately equivalent amounts of nutrients. 

The experiment 8howed that when fed in the same 

manner pound for pound velvet beans in the pod and 

ootton-seel meal were not equal in feeding value. The 

results ot this test indioated that one pound of cotton­

seed meal (7.6~ m.H3) is equal in feeding value to about 

2.63 pounds ot velvet beans in the pod. Each pound of 

velvet beane, when fed with wheat bran and sorghum sil­

age produced 3.68 pounds of milk, while each pound of 

cotton-seed meal under similar conditione produced 9.42 

pounds of milk. To put it another way, one /pound of 

ootton-seed meal produoed as much milk as 2.63 pounds 

of ,velvet beans in the pod. 

Moore of the Mississippi Station (Bull. 60) oon­

duoted three experiments in oomparing ootton-seed meal 

with ootton seed for dairy cows. Different proportions 

of the meal and seed were used in these experiments. 

Eaoh ~xperiment lasted four weeks and there were four_ 

oows in eaoh lot of the experiments. 

In the first experiment Lot I received as a daily 

ration pea vine hay, 5 pounds; silage, 20 pounds; Wheat 
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brant 4 pounds; and cotton-seed meal, 3 pounds. Lot II 

received the same with the. exception of 3 pounds of cot­

ton-seed meal being replaced by 6 pounds ootton. seed. . 

The oows getting six pounds ,of ,seed gave a better yield 

of milk than the ones ,reoe! ving 3 pounds of meal. The 

con getting the ootton-seed meal los't 20 pounds eaoh 

while thoBe getting seed gained 12 poundseaoh. 

In the seoond experiment Lot I received the same 

ration as ,Lot I in the first expe.riment exoept 3.6 pounds 

ot meal was use¢ in .this case. Lot II, received the same 

ration a8 Lot II ot the first experiment. This trial 

indioated that 3.5 pounds of ootton-seed meal was about 

equal to 6 pounds of seed. The meal had a ' tendenoy to 

fatten the OOW8, as they gained 14 pounds each while 

those getting seed 10.t '9 pounds eaoh. 

In the third experiment, Lot I reoeived pea vine 

hay, 10 pounds; silage, 15 pounds; wheat bran, 2 pounds; 

corn-and-oob meal, 'pound~and cotton seed, 6 pounds, 

while Lot II reoeived the same ~tion with the 6 pounds 

of ootton seedreplaoed by 4 pounds of ootton-seed meal. 

In this experiment the weight of the cows was not con­

sidered, but the 4 pounds of meal gave. deoidely a better 

flow of milk than the 6 pounds of seed. 
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'rom these experiments one might say that six 

pounds of ootton seed are superior to three pounds of 

ootton-seed meal; that 8ix pounds of ootton seed are 

not e.qual to four pounds of cotton-seed meal; that six 

pounds of ootton seed are about equal to 3.5 pounds of 

ootton-seed meal t and that one pound of cotton-seed 

meal would be equal to 1.'1 pounds of ootton seed. 

Moore also oomp'ared ootton Beed with oorn-and-oob 

meal for dairy OOWS. There were four cows in eaoh of 

two lots and the tests lasted four weeks. 

In the first tes.t Lot I received pea vine hay t 

6 pounds; silage t 20 pounds; wheat bran, 4 pounds,and 

oorn-and-oob meal, 6 pounds. Lot II received the same 

ration with the exoeption of 6 pounde of cotton seed 

being s~bstituted for the 6 pounds of oorn-and-cob meal. 

At the 0108e of the third week it was evident that the 

six pounds of corn-and-oob meal was not giving as good 

result.s as the six pounds of ootton seed. The meal was " . 

therefore increased to eight pounds but with this extra 

feed the total amount of milk for the four weeks from 

this lot was les8 than from the one receiving the six 

pounds of ootton seed. The oows in neither lot inoreased 

materially in weight. 





95 

In the second experiment Lot I received~ pea vine 

hay. 5 pounds; s.ilage, 20 pounds; wheat bran, 4 pounds 

and corn-and-cob meal. 8 pounds. Lot II received the 

same -ration as Lot II of the first experiment. The cows 

getting eight pounds of corn-and-cob meal gave for the 

first week 324 pounds of mIlk while those getting six 

pounds of corn-a~d-cob meal in the first trial gave 329 

pounds of milk for the same time. The total yield for 

the four weeks from the lot getting the larger quantity 

of meal was 1241 pounds against 12~1 pounds from the lot 

reoeiving only six pounds. 

This experiment would indicate that the oows were 

unable to convert the extra amount of meal into milk 

and that six pounds of cotton seed gave better results 

than eight pounds of corn-and-oob meal. The ration con­

taining the corn-and-cob meal is not a well balanced 

ration for dairy cows. and the cows reoe~ving this feed 

inoreased very materially in weight. showing that some of 

the feed was oonverted into -fat instead of milk. In a 

well balanced ration Moore claims that one pound of 

cotton seed proved better than one pound of corn-and-cob 

meal. 

In three other erperiments Moore compared ootton­

seed meal with corn-and-cob meal. There were four cows 
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in each lot and the tests ran four weeks. 

In the first test Lot I received pea vine hay. 

6 pounds; silage. 20 pounds; wheat bran. 4 pounds and 

ootton-seed meal. 3 pounds. Lot II receivea the same 

ration with the exoeption of the 3 pounds of cotton­

seed meal being replaced by 6 pounds of corn-and-cob 

meal. The lot fed on the ration of six pounds of corn­

and-cob meal gave for the first week six pounds more 

milk and for the four weeks 34 pounds more milk than 

the one fed on the cotton-seed meal ration. while the 

loes in weight was slightly more in Lot I than "in Lot 

II. The two rations appeared to be about equal. 

In the second experiment Lot I received the same 

ration as Lot I in the first experiment. Lot II re­

ceived the same ration as did Lot II in the first ex­

periment with the addition of two pounds of corn-and­

oob mea~making eight pounds of corn-and-cob meal. No 

better results were obtained from eight pounds of corn-

and-cob meal than from six pounds. Three pounds of 

ootton-seed meal are about equal to eight pounds of 

corn-and-cob meal for milk production when fed as in the 

above rations. The lot getting the cotton-seed meal 

ration lost in the four weeks an average of 20 pounds 
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eaoh, while the lot getting corn-and-cob meal gained 

in the same time an average of 47 pounds each. This 

indicates that the ,cows, when fed as much as eight 

pounds of the corn-and-cob meal did not convert it into 

milk, but were gaining in flesh at the rate of 1.7 pounds 

per day. 

In the third experiment ' Lot I received the same 

ration as Lot I above with the addition of 0.5 pounds of 

ootton~seed meal. Lot II reoeived the same ration as Lot 

II in the above experiment. The lot fed on the ration 

oontaining the corn-and-cob meal steadily decreased in 

the flow of milk, while the lot receiving the cotton­

seed meal increased with the exception of the last week, 

when the yield was a few pounds less than that of the 

previous week. Both lots increased in weight, but the 

one getting the ootton-seed meal gained only 14 pounds 

each, while the one fed oorn-and-cob meal gained 47 

pounds each. 

The work done with all these feeds indioates that 

their relative values are about as follows: 

"One pound cotton seed is equal to 1.17 pounds of 

corn-and-oob meal, or t~ 0.68 pound cotton-seed meal. 

"One pound of ootton-seed meal is equal to 1.71 

pounds of cotton seed or to two pounds of corn-and-cob 

meal. 
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"One pound of corn-and-cob meal is equal to 0.5 
, 

pound of cotton-seed meal or to 0.85 pound of cotton 

seed." 

Miohels and Burgess of the South Carolina Station 

(Bull. 117) fed 21 oows for three alternate 27-day per­

iods on a ration of 32 to 35 pounds of corn silage with 

wheat bran and ootton-seed mea~ in additionJas indicated 

in the following table. In period I . 5.1 pounds of cotton­

seed meal was fed as the sole concentrate, while in periods 

I and III 3.4 pounds of ~heat bran replaced 1.7 pounds of 

ootton-seed meal. These men (Bull. 131) fed cotton-seed 

meal in oonjunction with good corn silage to the extent 

of from five to six pounds per cow daily without affecting 

the health of the animals. Such a ration appeared to keep 

the oows .in an unusually good state of health. 

No bad effects were noticeable from the practice 

of feeding cotton-seed meal and corn silage separately. 

The results at that station tended to disprove the pre­

vailing belief that heavy conoentrates like cotton-seed 

meal will act detrimentally on the health of cows when 

fed unmixed with more bulky feeds. They found cotton­

seed meal and corn silage by far the cheapest ration 

available for dairy cows under prevailing conditions. 
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MoNutt of the North Carolina Station (Proc . ~,.,;.. , ' J", 

~t 

Arner. Soc. Anim. Prod. 1914) found a mixture of equal 

parts cotton-seed meal, dried beet pulp and dried dis­

tillers' grains highly satisfactory when fed with corn 

silage. A mixture of cotton-seed meal, corn meal, and 

wheat bran was also satisfactory. During four years 

as muoh as six pounds of cotton-seed meal per head daily 

was fed to large cows for extended periods, without any 

'ill effects when silage constituted the roughage. 

Soule of the Texas Station (Bull. 47) found that 

six pounds of cotton-seed meal fed daily as the sole 

conoentrate proved more effective and gave larger pro-

fits than allowances of seven to ten pounds. He used 

eighteen cows and his trials lasted for 56 days. 

An experiment showing an extreme allowance of cotton" 

seed meal is reported in Bulletin No. 13 of the Mississ­

ippi Station. Two lots of ten cows each were started on 

a daily allowance of seven pounds per cow. This amount 

was gradually increased until at the end of twelve weeks 

it had reached ten pounds per cow. One lot received 

mixed hay as roughage, the other Bermuda hay. Previous 

to this experiment the oows had been receiving five pounds 

of cotton-seed meal in addition to pasturage. No injurious 

effects are reported from such excessive meal feeding. 
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Soule of the Georgia Station (Breeders' Gazette, 

Vol. 68, p. 217) reports that for several years the 

Station dairy herd has been fed two to three pounds of 

ootton-seed meal per head daily with Bermuda grass 

pasture in ·summer and corn and sorghum silage in the 

winter with satisfactory results. 

At the Oklahoma Station (Cir. No. 36) it is re­

ported that for breeding stock silage with a little 

oott·on-seed meal ·to su.pply the proper materials for 

building of bone and muscle cannot be excelled as an 

economical feed. Silage and ootton-seed meal together 

formed the oheapest milk produoing ration for them and 

the1 olaim that, with a little alfalfa hay and corn chops 

adde~ suoh a ration will satiefy the requirements of 

almost any heavy milk produoer. 

Zimmerman of the Halle Experiment Station claims 

that foods high in protein, especially cotton-seed meal, 

stimulate milk production. But of course they cannot 

increase the yield beyond a certain point, and a one­

aided protein increase does no good. 

Lindsey of the Massaohusetts (Hatoh) Station 

(Rept. 1907) olaims that large amounts of cotton-seed 

oil deranges the digestive and milk secretive organs of 

the oow • . · 
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Burnett of the South Carolina Station (Rept.1909) 

reports a peculiar kind of mammitis which threatened to 

destroy the usefulness of the cow. But in these cases 

six pounds and over of cotton-seed meal had been fed. 

It seems probable that the ~ount fed, size, ruggedness 

and constitution of an animal has a lot to do with the 

trouble arising from the use of cotton-seed meal. 

At the North Carolina Station (Bull. 87) some work 

was done to see if roasting cotton seed for cows would 

be profitable. Digestion experiments and analyses show 

a clear and heavy loss of digestible material from roast­

ing the seed to say nothing of the increased cost of 

roasting. 

In a letter written to J. W. Allison at Dallas, 

Texas, (The Value of Cotton-seed Produots in the Feeding 

of Farm An~als) Prof. C. H. Eokels at the University of 

Missouri, Columbia, Missouri, states "We have been making 

use of ootton-seed meal in feeding our dairy herd for 

10 to 12 years and feed it regularly in sufficient quan­

tities to properly balanoe the ration. 

"The typioal ration fed to the Missouri oow con­

sists of corn, corn stover, and timothy hay which is oap­

able of producing only a limited amount of milk. The 

addition of 2 pounds of cotton-seed meal per day to this 
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increases the milking capacity about 50% or more." 

It is claimed by the Mi-ssissippi Station (Breeders' 

Gazette, Vol. 36, p. 711) that both cotton seed and cotton­

seed meal may constitute a very important part of the grain 

ration of oattle without injury to their health/and that 

ootton seed and cotton-seed meal when fed to dariy cows 

in proper quantity and properly oombined with other feeds 

do not injure the qnality of either 3ilk or butter. 

stone of the Tennessee Station (Bull. 3, 1889) states, 

"The praotice of feeding cotton-seed meal and hulls as an 

exclusive diet is well established and increasing in the 

vioinity of the cotton-seed oil industry. It seems in 

no way harmful to the health of the animals nor to the 

healthfulness of the produots. The diet seems adapted to 

the production of milk." 

The -average ration suggested by stone was cotton­

seed hulls, 25 to 35 pounds ~nd cotton-seed meal, 6 to e 
pounds. He says that the hulls make an effective sub­

stitute for hay, and that the manure produced by suoh a 

system of feeding is an important faotor in considering 

its profitableness. 

In a test at the M1ssissippi Station (Rept. 1902, 

pp. 23-26) 12 pounds of cotton-seed hulls proved to be 
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equal to 10 pounds of Johnson grass hay as roughage 

for dairy cows. 

Miohells of the North Carolina Station (Bull. 199) 

found that dairy oows exhibited a strong dislike for 

cotton-seed hulls. They make a roughage fair in carbo­

hydrate content but very deficient in crude protein, and 

are rather unpalatable to cows. 

Flint and Dorman report from trials on Georgia 

farms (Ga. Bull. 80) that carbohydrates can be supplied 

under their conditions much cheaper in the form of corn 

silage than by cotton-seed hulls. The silage was more 

palatable and gave better milk production. 

Moore of the MissiSSippi Station (Rept. 1903) in a 

feeding trial with dairy cows found 100 pounds of well 

cleaned cotton-seed hulle equal to 6' pounds of prime 

Johnson grass hay. 

Soule of the Texas Station (Bull. 47) found ootton­

seed hulll nearly equal to sorghum hay for cows. 

Nourse of the Virginia Station (Bull. 148) con­

siders cotton-seed hulls about equal to oat straw in feed­

ing value. 

Conner of the South Carolina Station (Bull. 66) 

found ootton-seed hulls decidedly inferior to corn stover. 
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Miohells of the North Carolina Station (Bull.199) 

found stover of rather poor quality equal to cotton­

seed hulls. 

At the Louisiana Station (Bull. 110) it is report­

ed that cotton seed feed is less valuable for milk and 

butter production than an equal weight of a mixture of 

two parts meal and one of hulls. Its chemical composition 

is a fair index of its feeding value. 

Influenoe of the Feed on the 

Quality of Milk and Butter. 

In Bulletin 126 of the South Cafalina Station the 

following statement is made concerning the influence of 

ootton-seed meal on the quality of butter: "Our ex­

perience during the past two years convinces us that 

during the warm season. butter produced from a ration con­

taining cotton-seed meal is more satisfactory than that 

produced from concentrates that yield a relatively soft 

butter fat. The ootton-seed meal butter "eete up" better 

at the table." 

The butter from the ootton-seed meal, or cotton seed, 

has a higher melting point and is therefore firmer and will 

stand shipment better during the summer months than will 

that made from oows receiving no ootton seed or meal. No 
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bad effects on the composition of the butter fat were 

detected when the cows were getting ss much as five 

pounds of the meal or six pounds of the seed. The qual­

ity of the Qutter was not impaired by feeding as much as 

five pounds of cotton-seed meal or six pounds of seed. 

Curtis of the Texas Station. (Bull. 11) olaims that 

all cotton Beed products tend to produce hard, crumbly, 

whit~tallowy butter, poor in flavor and slightly salvy 

in taste, and that it affects the body of butter similar 

to over working it. 

Henry and Morrison of the Wisconeon Station (Reeds 

and Feeding, p. 364) state, "The milk of cows heavily fed 

on cotton-seed meal or cotton seed yields a hard, tallowy 

butter, light in color and poor in flavor. If a moderate 

allowance is fed in a properly balanced ration the quality 

is not impaired and may even be improved if the other 

feeds tend to produce a soft butter." 

Moore of the .Mississippi Station (Rept. 1888) reports 

that feeding ootton-seed meal as a supplement to pasture 

does not inorease the milk flow enough to justify the ex­

pense, though the firmness of the butter was great~y in­

creased thereby. He claims (Bull. 111) that it does not 

pay when used as a supplement to liberal soiling. 
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Spier (Trans. Highland and Agr. Soc. scot.la94) 

olaims that a large amount of protein does not influence 

the per cent of fat in milk. 

Emery and Kilgore of the Borth Carolina Station 

(Bull. a,) olaim that ootton seed products effect the 

digestibility of other feeds. The meal is espeoially 

effioient, and the higher the protein content the greater 

is the effect, aocording to these men. The increase is 

in the 8xoess of the average between the digestibility 

of the feeds in question and of the cotton seed product. 

The speoifio effeots of ootton seed products on 

the ohemioal composition of butter fat are as follows: 

It raises the melting point 1 to aOc. 

It raises the ~ponifioation number. 

It lowers the iodine number and olein present. 

It lowers the volatile fatty aoids. 

It gives Berki's test for cotton-seed oil Hul­

phin's reaotion showing about 6% ootton-seed oil. 

Has no influenoe on the refraotive ind~ or on 

coloring matter. 

(Ala. Bull.121. Mass. Rept. 1907, N. H. Bulls. 

13 and 14, Texas Bull. 11, LaDdmannablade 28 (1896) 
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Landw •• Jahrb. 37, 1908, Ann. Falsi. 4 (1911) No.128. 

Tidsker. Landoken 13 (1895). 

The Influence of cotton-seed Meal 

on Breeding Animals. 

It is almost a general belief that highly nitro­

genous feeds tend to weaken the breeding power of an­

Imals, or to prevent proper conception. There has been 

no definite information published upon this subject, 

but a number of experiment stations are giving it 

consideration at the present time. 

Risser and Ar.msby of the Pennsylvania Station 

(Bull. 73) olaim that a number of abortions and cases of 

difficult impregnations are on reoord due to heavy feed­

ing of cotton-seed meal, and that there seems to be a 

fairly oonstant relation between these troubles and the 

amount fed, weight of the animal and amount fed about 

the period of oonoeption. 

Some work is being done at the Purdue University 

(Twenty-eighth Annual Report) to determiDBJ the influenoe 

of ootton-seed meal on the breeding properties of dairy 

heifers. This work has been running for some time, but 

is being continued in order that a large number of in­

dividuals may be used before a lefinite report is pub-





108 

lished, or oonolusive statements given. From the re­

sult s of the work already completed along this line, 

it is thought that this feed has very little effect, 

if any, as a preventive of proper conception. 

In the Station herd of dairy cows at the University 
, 

of Missouri some faotor is playing a part in bringing about 

a deorease in the percentage of conception. Professor 

Eokels (Prof. of Dairy Husbandry, U. of Mo.) seems to think 

the trouble is due to alfalfa hay or cotton-seed meal, or 

to both hay and meal. Complete records have been kept on 

the herd, and for the last ten years there has been a oon­

siderable decrease in the percentage of conception. While 

alfalfa hay without cotton-seed meal was being fed there 

was a gradual decrease in the per cent of animals con­

ceiving, but when the use of cotton-seed meal was begun 

there was a much greater decrease. Such results might 

give room to think that cotton-seed meal is very injurious 

in preventing proper conception. 

Since cotton-seed meal is one of the richest protein 

feeds used, it stands to reason that, if an excess of pro­

tein prevents proper conception, this feed would be more 

than likely to show the· ill effects. 
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FEEDS FOR FATTENING CATTLE. 

cotton Seed. 

The practioe of feeding cotton seed to beef 

cattle in the South is rapidly deolining, because of the 

demand for the seed for oil production and because cotton­

seed meal gives uniform11y better results than the whole 

seed. 

Burns of the Texas Station (Bull. 110) fed two lots 

each of six high grade Angus steers for a period of 90 

days in comparing ootton seed with cotton-seed meal for 

fattening steers. They reoeived 16 pounds of Kefir ohops 

and 12.8 pounds of ootton-seed hulls per head daily with 

the allowance of cotton-seed meal and seed or meal as shown 

in the following table. 

Cotton Seed vs. Cotton-seed Meal for 

Fattening steers. 

Feed for 1001 gain 
Average ration Av. 

daily Concen- Hulls 
gain tratee 

Lot I. Ibs. Ibs. Ibs. 

Cotton seed 4.0 Ibs. 2.0 1,026 626 
" If 1I1esl 1.0 " 

Lot II. 

Cotton-seed meal 2.9 lbe. 2.6 760 608 
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In the above table it will be noted that Bub-

stituting 4 pounds of cotton seed for 1.9 pounds of 

ootton-seed meal reduoed the gains 0.5 pound per day. 

In a later trial with steers fed sorghum and cow­

pea silage Burns found (Tex. Bull. 159) that when the 

allowance of cotton seed was increased to 8 pounds per 

head daily the' animals scoured badly. On substituting 

cotton-seed meal for the cotton seed they recovered and 

made much larger gains. 

Marshall and Burns of the Texas Station (Bull. 77) 

divided 100 three-year old grade Shorthorn steers of 

good quality and averaging 1,115 pounds into two lote of 

60 each, ~nd fed them for 84 days on the ratione shown in 

the following table to compare cotton seed and cotton-seed 

meal when fed with Kafir stover • 

• 
Cotton Seed vs. Cotton-seed Meal 

when Fed with Kafir Stover. 

Av. Gain Conoentrates 
Average ration daily per fo~ 100 1bs. 

gain head gain 

Lot I. lbs. Ibs. Ibs. 

Cotton seed 6.2 1bs. 3.1 262 869 
Ground Kafir 21.6 " 
Kafir stover (no limit) 

Lot II. 

Cotton-seed .eal 3.3 lbs. 
Ground Kaflr 22.'1 " 2.4 203 1,074 
Kefir stover (no limit) 
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It is Been that the steers receiving ootton seed 

made the very large gain of 3.1 pounds each daily or 

0.7 pound more than those receiving cotton-seed meal. 

The shrinkage of Lot' I on shipping was 9.2 Ibs. and of 

Lot II 7.5 Ibe. per hundred weight. 

At the same Station (Bull. 110) Burns compared 

cotton seed and cotton-seed meal in a 90-day trial with 

two lots each ,of six high grade Aberdeen Angus steers 

averaging 963 pounds. Each lot was fed 16 pounds of 

Xafir ohops and 12.8 pounds of cotton-seed hulls per head 

daily in addition to cotton seed or cotton-seed meal with 

the following results: 

Cotton Seed vs. Cotton-seed Meal for 

Fattening steere. 

Av. Feed ~er loot sain 
Average ration daily xafir C.S ', .O.S. C.S. 

gains ehops meal hulls 

Lot I. lbs. Ibs. Ibs. Ibs. Ibs. 

Cotton seed 4 lbs. 
" n meal 1 n 2.0 782 196 48 626 

Kafir ohops 16 " Cotton-seed hulls 12.8" 

Lot II. 

Ootton-seed meal 2.9 lbs. 
Xafir ohops 16.0 " 2.6 634 116 608 
Cotton-seed hulls 12.8 n 
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The results of this trial show that when 4 pounds 

of cotton seed was substituted for 1.9 pounds of cotton­

seed meal smaller gains were produced. 

Skinner and Cochel of the Indiana Station (Bull.129) 

fed two lote each of t en two-year old steers, averaging 

1010 pounds7 on corn, clover hay and corn silage for 189 

daya. The steere 'in' one lot (No.2) received in addition 

,a daily allowance of three pounds of cot ton-seed meal ae 

shown in the table: 

Effeot of Adding Cotton-seed Meal 

to a Ration of Shelled Corn, Clover 

Hay and Corn Silage. 

Feed for lool ~ain Av. 
Average ration daily Corn C S M C~ov- Sil-• •• rage 

gain hay 

Lot ' I. lbs. Ibs. Ibs. lbs. Ibs. 
Ibe. 

Shelled corn 16.7 1.9 902 216 808 
Clover hay 4.0 
Corn silage 16.0 

Lot , II. 
lbs. 

Shelled corn 16.7 
Cottonseed meal 3.0 2.6 647 116 152 582 Clover hay 4.0 
Corn silage 15.0 
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The addition of cotton-seed meal to an already 

exoellent ration so stimulated the appetites of the 

atee'rs that they ate more oorn and, as a result, gained 

0.7 pound more daily than the lot receiving no ootton­

seed meal. It is shown that the feeding of 116 pounds 

of cotton-seed meal affected a saving of 226 pounds of 

oorn, 63 pounds of olove,r hay and 226 pounds of corn sil­

age in making 100 pounds of gain. Because of their better 

finish, the steers getting ootton-seed meal sold for 30 

oents per 100 pounds more than those getting no cotton­

aeed meal. 

At the same Station (Bull. 130) two lots il each 

of ten two-year old steers, averaging 966 pounds, were fed 

180 days to deter.mine the value of cotton-seed meal as a 

supplement when fed with shelled corn and clover hay. 

The steers receiving ootton-eeed meal gained 0.4 pound 

more per day and reqQired 120 pounds less concentrate and 

110 pounds less clover hay for 100 pounds gain than those 

receiving no supplement. 

Craig and Marshall of the Texas Station (Bull. 76) 

fed two lots of 19 yearling steers, each for 146 days, on 

pasture to test the value of a limited allowanoe of ootton­

seed meal as a partial substitute for corn. The results 

of the work are shown in the following table: 
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Cotton-saed Meal as a Supplement to 

Corn for Steere on Pasture. 

Average ration Av. Gain Concentrates 
daily per for 100 Ibs. 
gain head. gain. 

lbs. lbs. Ibs. 
Lot I. 

Corn 3.7 Ibs. 0.9 171 428 
Paature 

Lot II. 

Corn 2.8 11;>8. 
Cottonseed meal 0.9 " 1.1 214 33'1 
Pasture 

This shows that the Bubstitution of 0.9 pound of 

ootton-seed meal for an eqnal weight of corn i~creaBed 

the daily gain by 0.2 pound and effected a Baving of 

21 per oent in the oonoentrates required for 100 pounds 

of gain. 

MCLean of the Mississippi Station (Bull. 36) fed 

twenty 1000 pound, ppor quality grade steers, cotton­

seed meal mixed with an equal weight of cotton-seed hulls 

for 97 4878 in summe~while grazing on mixed pasture. 

~he steere made an average daily gain of 1.3 pounds,re­

quiring 326 pounds of cotton-seed meal and 328 pounds 
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of hulls per 100 pounds gain. 

At the Texas Station (Bull. 27) it was found that 

roasted cotton seed does not have the laxative effect 

on steers that raw cotton seed does and is more palat­

able , giving better gains. The same was true fo'r boiled 

seed. 

At the Arkansas Station (Bull. 62) tests were made 

with three lots of five steers each comparing cotton seed 

and cotton seed products. Lot I received cotton-seed meal 

and hulls in the proportion found in the seed. Lot ' II 

reoeived whole seed and, Lot III received ground seed. The 

test lasted 90 days and the steers were fed cowpea hay in 

addition to the above products. All were fed ad libitum. 

The results are shown in the following table: 
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Feed consumed 
Ration Irilt. Av. e. S.M. C.S.R. C.B. Cow-m. dally ~ea B:a1n az 

·Lot I. Ibs. Ibs. lbs. lbs. lbs. Ibs. 

)[eal and hulls 3,800 2.0 2,189 2,900 6,262 
in proportion 
found in seed, 
plus oowpea hay. 

Lot II. 
(whole) 

Whole seed, 3,806 1.9 4,609 6,691 
plus cowpea 11ay. 

Lot III. 
( ground) 

Ground seed, 3,826 1.9 4,630 6,535 
plus oowpea 
hay. 

These results favor the meal and hulls. It was ,. 
olaimed that an excess of oil in Lots I and II decreased 

the appetites of the steers. The same was true at Texas 

Station (Bull. 10). 

Cotton-seed Hulls. 

For many years the standard ration for fattening 

cattle in the South was cotton-seed meal and cotton-seed 

hulls. This combination has been compared with a ration 

of cotton-seed meal and corn silage in eight trials, 
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averaging 110 days, at four different experiment stations, 

with the results summarized in the following table: 

Cotton-seed Hulls vs. Corn Silage 

for Fattening Steers. 

Feed for 10011 

Average ration In't. Av. gain 
wt. daily C. S.M. C.S.H1 gain. °iB:~~ -
1bs. Ibs. lbs. lbs. 

Lot I. (Total 121 ste1."~). 

Cottonseed hulls, 25.2 924 1.5 466 1,690 
" " meal 6.9 

Lot II. (Total III steers) 

Corn silage, 42.0 927 1.7 439 2.574 
Cottonseed meal 6.9 

These are averages of four trials by. Curtis (N.C. 

Bulls. 197, 218, and 222) ,one by Lloyd (Miss. sta., in­

formation ' to authors), one by Smith (S.C. Bull. 169) and 

two by Wills.on (Tenn. Bull. 104). 

In these trials the steers fed silage usually made 

slightly larger gains and almost uniformily showed better 

finish and better handling quality than those fed hulls. 

It seemed that the longer the feeding period the greater 
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the superiority of silage over hulls. 

Willson of the Tennessee Station (Bull. 104) re­

ports that when six pounds of hulls were given per head 

dail~with oorn silage, to steere fed ootton-seed meal, 

slightly larger gains were produced than with oorn sil­

age as the sole roughage. On the other hand, in three 

trials at the North Carolina Station (Bull. 222),Curtls 

found that on the average steers fed corn silage as the 

Bole roughage with 7.5 pounds of cotton-seed meal per 

head daily made slightly larger gains than others fed 

oorn stover in addition to corn silage and the Bame al1ow­

anoe of ootton~seed meal. 

·Compared with other dry roughages cotton-seed hulls 

are exceedingly well suited to feed with ootton-seed meal. 

Gray and Ward found in an Alabama trial (U. S. Dept. Agri. 

B. A. I. Bull. 169) with 865-pound steers that,when fed 

With ootton-seed meal/ootton-seed hulls produoed better 

gains than a oombination of Johnson grass hay and cotton­

seed hulls. 

Dugger and Wa~d of the Alabama Station (Bull. 103) 

report that two-year-old steere fed cotton-seed meal and 

hulls made larger gains than others fed ootton-seed meal 

with either shredded oorn stover or cut sorghum hay. 

Craig of the Texas Station (Bull. 76) found that 
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yearling steers fed cotton-seed meal and hulls made 

iearly as large gains as those fed corn-and-cob meal 

and alfalfa hay. 

Good of the Kentuoky Station (Information to 

authors) found in a l19-day trial with l,230-pound steers 

that slightly larger gains were produced on a ration of 

21.3 pounds broken ear corn, 3.5 pounds cotton-seed meal, 

4.7 pounds cotton-seed hulls and 4.3 pounds clover hay than 

when fed the same feeds and all the corn silage they would 

oonsume. 

Conner of the South Carolina Station (Bull. 66) found 

that cotton-seed hulls have a little over one-half the feed­

ing value of corn stover. 

Lloyd of the Mississippi Station (Rept. 1905) found 

that one pound of hulls was equal to 1.6 pounds of corn sil­

age in steer feeding. 

Craig and Marshall of the Texas Station (Bull. 76) 

Showed cotton-seed hulls superior to sorghum or cowpea hay 

with steers getting cotton-seed meal for concentrates. 

With corn or other concentrates rich in carbohydrates instead 

of with cotton-seed meal their value would have been lower. 

Lloyd of the Mississippi Station (Bull. 167) oompared 

oorn silage wi th cotton-.seed hulls for fattening cattle. 
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He used 24 head of native llississ1ppi steers ranging 

in age from four to ft ve years. . The· 24 steers were 

divided into four lots of six steers each and fed for 

1'2 days on the following rations. Lo'ts I and II were 

fed cotton-seed meal. Johnson gras8 hay and corn sil­

age. Lot I was confined under shelter and Lot II had 

aooeS8 topaddook. Lot8 ... III ,~ · and IV received ootton­

seed meal. Johnson grass hay and ootton-seed hulls. 

Lot III was confined under shelter and Lot IV had aocess 

to paddook. All of the lots were fed twice a day and 

had free acoess to water at all times. 

In Lot I the daily gain per steer was 0.'7 pound 

and in Lot III it was 1.13 pounds. In Lot II the daily 

gain was 1.1 pound and Lot IV it was 1.38 pounds. 

These results indicate that the cotton-seed hulls 

gave better results than the corn silage. It is aleo in­

dioated that having aaoess to a paddock caused an inorease 

in the daily gaine. 

BurJ.Us'· and Metoalfe of the Texas Station (Bull. 163) 

oonducted an experiment to test the relative value of 

ootton-seed meal and s~lage. and cotton-seed meal and 

ootton-seed hulls for fattening cattle. 

The oattle used in the 8%periment were 40 head of 
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range bred three- and four-year-old grade Shorthorn 

and Hereford steers all of which were dehorned. Their 

average weight when the experiment began was 904 pounds. 

The feeds used, mainly cotton-seed meal, cotton­

seed hulls, silage and hay, were of ave.rage quali ty. 

The silage consisted of about 75 per cent milo maize, 

16 per cent Indian corn and 10 per cent sorghum. The 

hay was composed of sorghum and Johnson grass about half 

and half. 

The steers were divided into two lots. Lot I oon­

taining 16 head and Lot II 25 head. Only 15 head were 

used in Lot I for the reason that this number was oon­

sidered sufficient to eliminate any differences in in­

dividuality and beoause it was not desirable to purohase 

any more ootton-seed hulls than was necessary to conduct 

the experiment properly. 

The two lots were fed as follows: Lot I ootton­

seed meal and cotton-seed hulls; Lot II cotton-seed meal, 

silage and, during a part of the experiment,sorghum and 

Johnson grass hay. The exp~~i~ent oovered 119 days and 

the final results were as follows: 
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cotton-seed Meal and Hulls vs. Cotton-

seed Meal, Silage and Hay. 

Average ration Av. Feed for 
daily 100 Ibs. 
gain gain. 
Ibs. Ibs. 

Lot I. 

Cotton-se.ed meal 6.0 Ibs. 1.98 301.9 meal 
" " hulls 28.0 " 1,405.4 hulls 

Lot II. 

Cotton~ seed meal 6.0 Ibs. 295.9 meal 
Silage 47.5 " 2.03 2,339.0 silage 
Hay 2.33 " 115.0 hay 

This shows the results to be slightly in favor of 

the cotton-seed meal, silage and hay ration. Since the 

meal was the same in each case the difference in favor 

of Lot II must be due to the silage and small amount of 

hay. 

In 1912-13 another experiment was conducted at the 

same Station (Bull. 169) to oompare silage with cotton­

seed hulls. The test ran for 139 days and the results 

indicate that the ration' of meal and silage is con­

siderably Bupetior t o the others from practically every 

standpOint. There appears to be quite an advantage in 

a ration of meal hulls and silage over one of straight 
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meal and hulls. The financial results woul~ of course, 

be modified in aooordance with the price of hulls and 

silage. One ton of hulle proved to be eqUal to one and 

a half tons of silage in feeding value. 

Cotton-seed hulls and sorghum hay were oompared 

at the Texas Station (Bull. 169) for fattening cattle. 

There were two lots, each containing 16 head of two-year 

old~and the experiment lasted 139 days. 

In the lot where cotton-seed hulls were fed the 

daily gain was 2.95 pounds and where sorghum hay was used 

the daily gain was 3.1 pounds. It took a litt~e less feed 

to make 100 pounds gain where the sorghum hay was fed. The 

difference in gain must be attributed to the slight super­

iority of sorghum hay over cotton-seed hulls, 100 pounds of 

hay being equivalent to approximately 105 pounds of hulls. 

The price of the feeds will determine which is the more 

profitable. 

At the North Carolina Station (Bull. Vol. 36 No.8) 

it was found that cattle fed cotton-seed meal and corn sil­

age made only slightly larger gains than those fed cotton­

seed meal and cotton-seed hulls. 

It required 1,352.2 pounds of cotton-seed hulls in 

conjunction with 468 pounds of cotton-seed meal to make 
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100 pounds of gain~ While it took 2,611.4 pounds of 

corn silage in conjunction with 468 pounds of cotton­

Beed meal to make 100 pounds gain. This shows that it 

takes on the average about two pounds of corn ailage to 

replace one pound of cotton-seed hulls under these con­

ditions. 

At the North Carolina Station (Bull. 109) it was 

suggested that for slow fattening of cattle feed 7 pounds 

of cotton-seed hulls to 1 pound of meal and for quick 

fattening feed 1.6 pounds of hulls to 1 pound of meal. 

At the same Station .. (Bull. 81) steers were fed 

hulls, ad libitum, 16 to 20 pounds and meal 3 to 5 pounds 

per day for 84 days. During this time the ·steers made an 

average gain of 148 pounds. As a result of this feeding 

the digestion of the animals was impaired. It was sug­

gested that cotton-seed meal and hulls be fed in the pro­

portion of 1 to 4. 

Duggar and Ward of the Alabama Station (Bull. 103) 

during each of three years fed four lots of grade two­

year old steers for 84 days on the rations given in the 

table below for the purpose of comparing roughages fed 

With cotton-seed meal. The results of the work are shown 

in the following table: 
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· daily 
Peed for loot ~aln. 

Average ration Cone en- Rough-
gain trates age 
Ibs. Ibs. Ibs. 

Lot I. 

Cottonseed meal 6.6 Ibs. 1.6 366 . 1,34'1 
" " hulls 19.6 " 

Lot II. 

Oottonseed meal 6.6 Ibs. 1.2 578 1,84'1 
Shredded corn 1'1.4 " 

Lot III. 

Cottonseed meal 5.6 1bs. 1.4 423 1,195 
Cut sorghum hay 12.2 " 

Lot IV. 

Cottonseed meal 4.3 Ibs. 
Corn-and-cob meal 2.2 " 1.7 396 1,191 
Cottonseed hulle 19.4 " 

The table shows that the steers fed cotton-seed hulls 

for roughage made larger gains than those fed either shredd­

ed corn or cut sorghum hay. When corn-and-cob meal was sub­

stituted for one-third of the cotton-seed meal with steers 

fed cotton-seed hulls for roughage about the same results 

were secured as with ootton-seed meal alone. 
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Craig and Marshall of the Texas Station (Bull. 

'16) fed two lots of five yearling steers each pi "f_-tt~~~ 

giiJi ~_i~~ i~ ~~~t_ for 100 days to compare a ration 

of cotton-seed meal and cotton-seed hulls with one com­

posed of alfalfa hay and corn-and-cob meal . obtaining 

the results shown below: 

Cotton-seed Meal and Hulls vs. Corn-

and-cob Meal and Alfalfa Hay. 

Av. Gain Feed for 1001. s:ain 
Average ration daily per Concen- Rough-,. 

gain head trates age 

Lot I. 
Ibs. Ibs. Ibs. Ibs. 

Ibs. 
Cotton-seed meal 6.'1 2.2 221 269 1,013 

" " hulls 22.4 

Lot II. 

Corn-and-cob meal 11.1 2.5 253 440 669 
Alfalfa hay 16.9 

Both lots made excellent gains, the alfalfa fed steers 

averaging 0.3 pound more per head daily than those fed cotton­

seed meal and cotton-seed hulls. With both rations the amount 

of oonoentrates for 100 pounds gain was surprisingly small. 

The light weight ootton-seed hulls, furnishing mostly oarbo­

hydrates, admirably supplemented the heavy nitrogenous. ootton-
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seed meal. In the other ration the alfalfa hay furnish­

ed the nitrogenous matter. These rations ought to be 

regarded as being good whenever they can be used. 

cotton-seed Meal. 

Cotton-seed meal is the basis of the fattening of 

beef cattle in the South and is widely used in the north­

ern states as a supplement to rations deficient in protein. 

Trials at the Indiana Station, which are reviewed later, 

' show that 2.5 pounds of cotton-seed meal per head daily 

per 1000 pounds live weight is sufficient to balance a 

ration of shelled corn, corn silage and oat straw or clover 

hay. 

In the South owing to the oheapness of cotton-seed meal, 

it is commonly fed as the sole concentrate. Since the meal 

is a heavy, highly nitrogenous feed, and is poisonous to 

fattening cattle when fed in excess~the determination of 

the allowance to be fed for the best results is of great 

importanoe. 

At the Mississippi Station (Bull. 121) experiments 

were carried out with cotton-seed meal to determine its 

feeding value and the amount most desirable for daily 

ration for beef cattle. 

"Two-year old steers were started on 3 pounds of 
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meal and 23 pounds' of hulls each per day. The meal was 

increased gradually so that in two weeks time they were 

eating 6 pounds of meal per day and in five weeks time 

they were eating 6 pounds each per day_ At this time 

they were eating· 2Si pounds of hulls per day Whioh was 

the maximum amount ' of hulla eaten. 

"They were kept on this amount of meal for two 

weeks then gradually increasing amounts were fed until 

in a short time they were eating 7 pounds of meal per 

day. 

"No evil effeots were found pecause of such feed­

ing in the- lot. One steer, the biggest and heartiest 

eater in the lot, . went blind in one eye but at no time · 

was his appetite affeoted." 

this lot was 2.06 pounds. 

The average daily gain for 

In another lot fed 100 days, 26 head of yearlings 

were started on 2.31 pounds of meal and 16.38 pounds of 

hulls per day~ . The meal was increased so that in eleven 

days from the beginning they were eating 3.86 pounds of 

meai and 18.46 pounds of hulls per head per da~~at whioh 

rate they were increased to 5.6 pounds of meal and 20.8 

pounds of hulls per head per day. 

In this lot during the last few days deleterious 

influences began to show themselves as a result of such 
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feeding. One heifer lost 20 pounds in the last month. 

She was most markedly effected. She staggered about 

when driven and was dull and heavy about the eyes. Two 

others were also effected but not so markedly. The meal 

and hulls were claimed to be of excellent quality. 

The conclusions drawn from this work were that 

"Cotton-seed meal when fed to two-year-olds gives ex­

oellent daily gains. Yearlings will not finish into mar­

ket condition in lOO-day periods on cotton-seed meal and 

hulle. A full r ation for two-year olds as indicated by 

this experiment should not exceed 7.6 pounds per head per 

day and probably not more than 7 pounds. One-year old 

stock cannot eoonomically oonsume 6 pounds per head per 

day of meal." 

During each of three years Wilson fed t wo-year-old 

steers averaging 944 pounds in weight for 90-day periods 

at the Tennessee Station (Bull. 104) on corn silage and 

different amounts of cotton-seed meal, as is shov.~ in the 

foregoing table. The steere fed low cotton-seed meal 

allowances received three pounds of meal for the first 

30 days, four pounds for t he second 30 days and five p'ounds 

for the last 30 days. Those on medium allowances received 

four or five pounds for t he f irst month, five or six for 

the second month and six' or seven for the third month, while 
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those on the heavy ration received seven, eight, and 

nine pounds respectively for the three months of the 

feeding trial. 

The results of the trial are shown in the follow-

ing table: 

Low, Medium and Heavy Allowances 

of Cotton-seed Meal. 

Average ration Dai+y Feed for lOOt ~ain 
gal.n Meal Silage 
Ibs. Ibs. Ibs. 

Low allowance (32 steers) 

Cottonseed meal 4 lbs. 1.62 253 3,542 
Corn silage 66 " 

Medium allowance (24 steers) 

Cottonseed meal 6 lbs. 1.'10 335 3,124 
Corn silage 62 " 

Heavy allowance (20 steers) 

Cottonseed meal B lbs. 1.66 491 3,622 
Corn silage 59 " 

In no case did the .heavy allowance of cotton-seed 

meal produce larger gains t han the medium allowance. On 

the average medium allowance made slightly larger gains 

than the low allowance. Willson concludes that the use 
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of as much as seven to nine pounds of cotton-seed meal 

per head daily is uneoonomical except for short feeding 

periods of only 30 to 50 days duration. 

At the Alabama Station (Bull. 128) a number of 

different rations containing cotton-seed meal and cotton 

seed were oompared in feeding and grazing trials with 

20 young grade steers of beef types. The feeding periods 

lasted 84 days in addition to the preliminary feeding and 

the comparison and results were as follows: 

A Comparison of Cotton-seed Meal 

ahd Cotton Seed Rations. 

Av. Feed for 
Average ration daily Grain gain 

lbs. lbs. 
Lot I. 

Cotton-seed meal 2/3 
Corn chop 1/3 2.23 482 
Sorghum hay 

Lot II. 

Cotton seed 3/4 
Corn ohop 1/4 1.93 541 
Sorghum hay 1/2 
Peavine hay 1/2 

Lot III. 

Cotton seed 3/4 
Corn ohop 1/4 1.19 812 
Sorghwn hay 

Lot IV. 

Ootton seed 3/4 
Corn ohop 1/4 0.98 941 
Shredded corn stover 

lool gain 
Roughage 

Ibs. 

656 

686 

1,109 

1,023 
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"The cotton-seed meal ration offered the largest 

per cent of dressed meat. 

With the exception of an occasional cs"se of scour­

ing the health of the steere wss good throughout the ex­

periment. About 7 pounds of raw cotton seed wss fed in the 

daily ration with no ill effects. 

In fattening mature cattle on pasture at the same 

Station (Bull. 151) the following rations were used giy­

ing the results as shown in the table. 
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Fattening Cattle on Pasture. 
(winter ration) 

Average ratIon 

190'-08 (118 days) 

Lo.t I. 

Bange alone 

Lot II. 

Range, plus · t ration of 
oottonseed meal and hulls 

Lot III. 

Range, plus t ration of 
peavine hay · 

1908-09 (164 days) 

Lot I. 

Range alone 

Lot II. 

Range, plus t ration of 
oottonseed meal and hulls 

Lot III. 

Range, plus t ration of 
ootton-seed 

Lot IV. 

Range, pluB t ration of 
oheap hay 

T·otal gain 
or 10SB 
per steer 

lbs. 

-9' 

_6 

_9 

--106 

+ 3 

-40 

- 40 

Feed per day 
in adClltlon 
to range. 

lbe. 

Cottonseed. 
meal 2.36 

Hulls 8.5 

Peavine 
hay 

Cottonseed 

8.6 

meal 2.41 
Hulls 8.71 

Cotton 
seed 4.'11 

Cheap hay 11.8 
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The steers whioh were used in the above winter 

work were redivided into lots and continued into the 

summer feeding work. 

The summer rations and results were as follows: 

Summer Rations for Beef Cattle. 

Av. Feed daily per steer 
Average ration daily in addition to range 

gain 
(190'1-08) lbs. lbs. 

Lot A.. 

Pasture alone 1.51 ---------
Lot B. 

Pasture, plus cotton- Cottonseed 
seed oake 2.32 cake 3.71 

Lot C. 

Pasture, p1uI oaddo : cake 1.84 Caddo cake 3.31 

Lot D. 

Pasture, p1uB cottonseed 
oake 1.62 Cottonseed 

oake 2.76 
(1908-09) 

Lot A. 

Pasture alone 1.74 - --- .. ----
Lot B. 

Pasture, p1uB oottonseed Cottonseed 
oake 1.88 oake 3.40 

Lot E. 

Pasture. plus cottonseed 2.06 Cottonseed 4.49 
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In shipping. the steers which were given some 

feed in addition to pasture suffered less loss in live 

weight than did those which had nothing but pasture. 

In both yearsJ steers fed cotton seed products 

dressed out several per cent better than those getting 

nothing but grass. The tables show the gain to be better 

where the ootton seed products were used. 

May of the Kentuoky Station (Bull. 108) fed eight 

lots of four steers each trying to determine the relative 

value of a number of ooncentrated feeds largely ueed by 

Kentucky feeders. Grade Shorthorns and Angus were used. 

All were allowed the run of a closely cropped blue grass 

pasture and at all times had access to good clover hay. 

Lot I received ear corn, Lots II and VIII corn­

and-cob meal and cotton-seed meal 3:1, Lot IV corn-and­

oob meal, cotton-seed meal and bran 2:1:1, Lot V oorn­

and-cob meal and gluten meal 3:1, Lots VI and VII corn­

~nd-cob meal and distillers' grains 2:1 for Lot VI and 

1:1 for Lot VII. 

At t h e beginning of the tira1 16 to 18 pounds of 

grain were fed per head per day, but as the test pro­

gressed the amount was inoreased someWhat. The gains 

ranged from 1.66 pounds per head daily in Lot I getting 
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ear oorn and Lot VIII getting cOrn-and-oob meal to 

2.23 pounds in Lot VII setting oorn-and-oob meal and 

distillera' grain. ~. ootton-seed meal lot ranged be-

.tween the two extreme •• 

.At the Oklahoma Station (Bull. ·· ") five lots of 

five steers eaoh were fed to study the methods of feed­

ing o·otton eeed mixtures and the length of time they 
. 

should be fed. Tbe lots were all fed in l~rds with sheds 

open to the south and the test lasted 105 days in the 

winter. 

Lot I reo.ived ootton seed and ootton-seed meal 

':1 with wheat straw and prairie ha~ and gained on an 

aTerag. 1.7' pounds per head daily. Lot II reoeived wheat 

•• al and ootton-seed meal 3:1 with the same ooarse fodders 

as above· and gained 2.68 pounds per dal. Lot III received 

Gotton seed and ootton-seed meal 2:1 with the same ooarse 

fodder and gained 2.0' pounds per head per day. Lot IV 

reoeived ootton-seed meal and wheat straw 1:2 (straw was 

Gut-and mixed with the meal) and gained 1.76 pounds per 

4al. Lo.t V was fed ootton seed wi th practioa11y an equal 

amount of ooarse fodder and gained 1.25 pounds daily. 

The grain oonsumed per pound gain ranged from 5.'6 

pounds in Lot II getting wheat meal and ootton~seed meal 
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3:1 to '.32 pounds in Lot I getting cotton seed and 

cotton-seed meal 4:1. The amount of coarse fodder eat-" 

en per pound gain ranged from 3.82 pounds in Lot III to 

10.6' pounds in Lot V. No ill effects were noticed in 

any of these trials. 

On the basis of these tests it was suggested that 

where cotton seed is to .be used in a ration for cattle 

not more than 8 pounds of it be fed per day as a maximum 

amount and generally 4 to . 6 pounds will prove more sat is­

fact·ory. 

Cotton seed and cotton-seed meal were regular con­

stituents o~ the ration of the Station herd at the time 

· of these "trials, !he rations were so planned that a mature 

cow wOuld reoeive not over 2 or 3 pounds of cotton-seed 

meal or 3 or 4 pounds of cotton seed per day, corn or 

kafir corn being always mixed with these feeds. 

At the Tennessee Station (Bull. Vo. xv. No.3) three 

tests were made with steers to compare dry and suooulent 

rations. Cowpea hay,aJi cotton-seed meal and cotton-seed 

bran were the feeds used. 

The results obtained with silage, cotton-seed meal 

and oorn meal,aocording to the authors, show that this 

ration was the most satisfactory as regards palatability 
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and gains made. The tests indicate that cowpea hay can 

easily be substituted for cotton-seed meal t 6 to 10 

pounds of cowpea hay taking the place of three to five 

pounds of cotton-seed meal. Pea hay cannot be so success­

fully substituted for cotton-seed meal where a succulent 

ration is fed as when a dry ration is fed. 

According to the authors cotton-seed bran did not 

prove satisfaotory when fed alone as a coarse fodder or 

when substituted for 48 per oent of the cotton-seed meal 

in the ration. 

In a London Report (Agr. Ed. and Researoh 1901-02, 

pp. 61-2) an acoount is given of a comparison of cotton­

seed meal and deoorticated cotton-seed cake as a part of 

a ration that was tested at the University College of 

North Wales. Two lots of three Welsh steers each were 

used. The basal ration consisted of 4 pounds of maize 

meal, '0 pounds pu~ped swedes, 10 pounds hay and straw 

chaff and 5 pounds long hay per head daily. In addition 

the steers in Lot I were given 4 pounds of cotton-seed 

meal and those in Lot II an equal amount of deoorticated 

ootton-seed oake, the amounts being after a time increas­

ed to 10 pounds. The average weight at the beginning was 

1120 pounds/and during 77 days of the test the average 

daily gain in the two lots was 1.62 and 2.24 pounds re-
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· speotively. 

The conclusions drawn were that "Although there 

1s not much differ.ence between the market prices of 

these two feed~g stuffs, the feeding value of decorti­
than 

oated cottoD~8eed oake is altogether higher/that;' of 

cottoD-seed meal. w 

The results of two experiments at the Nebraska 

Station (Bull. 100) with steers indioate that linseed 

meal 1s a little more valuable than cotton-eeed meal and 

more valuable than wheat bran for supplementing corn 'when 

fed with prairie hay. 

Waters of the Missouri Station (Bull. 36) oompared 

ootton~Beed meal with legume hay suoh as clover ana cow­

pea for beef production. His conolusion was that when 

ootton-seed meal . was fed as ~ a part of the ration the gain 

wae less than when olover or oowpea hay was used. 

Marshall and Burna of the Texas Station (Bull. 97) 

fed two lots of 50 steers eaoh for a period of 84 days 

In oomparing Whole cotton seed an4 cotton-seed meal as 

supplements. to ground Kafir oorn. The average dally galn 

for those on whole ootton seed was 3.1 pounds and for those 

on cotton-seed meal 2.4 pounds. 

Skinner and Coohel of the Indiana Station (Bulls. 129 

and 16') ran two tests to deter.mine the value of ootton-seed 
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meal as a supplement in fattening two-year old steers. 

The first test lasted 180 days with basal ration of 

shelled corn, clover hay and corn silage, with cotton­

seed meal as a supplement. Ten steers were used and 

the average daily gain where cotton-seed meal was used 

was 2.59 pounds and without the meal 1.85 pound. The 

addition of ootton-seed meal did not decrease the total 

amount of other feeds consumed but seemed to stimulate 

the appetites of the steers to such an extent as to in­

crease the daily feed 3 pounds per head. 

In the second test of 150 days with cotton-seed 

meal as a supplement the average daily gain was 2.' pounds 

and without cotton-seed meal 1.8 pound. 

In another test no silage was fed with the cotton­

seed meal as a supplement to corn and clover bay. The 

test lasted 160 days and with ootton-seed meal the average 

daily gain was 2.6 and without the meal 1.9 pounds. 

All of these tests seem to be considerably in favor 

of cotton-seed meal as a supplement to suoh a ration • 

.it the Texas Station (Bull. 41) two expe'riments 

.~tb lots of two steers eaoh were conducted to determine 

the proportion of ootton-seed meal and hulls to feed for 

the greatest gains. The result of this work is shown in 

the following table: 





Proportion of cotton-seed Meal and 

Hulls to Feed steers. 

Ration meal to hulle. Initial 
m. 

(First test - 120 days) 1bs. 

Lot I. 1:2.4 764 

" II. 1:2.9 764 

"III. 1:1.7 762 

" IV. 1:4.8 766 

(Second test - 80 days) 

Lot I. 1:1.5 992 

" II. 1:6.4 994.3 

"III. 1:3.4 1022 
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Total gain 
per steer 

1bs. 

231 

213 

117.5 

214 

1'75.3 

239.6 

239.6 

In this table it is seen that the greatest gains 

were had where the proportion of meal to hulls was 1:3.4 

and above. The authors seem to think that the proportion 

of 1:3 is about the best. No sickness was reported in any 

of this work. 

At the Virginia Station (Bull. 105) steers ~re fed 

4 weeks on a ration of corn-and-cob meal, bran, ground 

oats and hay making an average gain of '78 pounds. When 
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ootton-seed meal was substituted for the ground oats 

'the average gain was 94 pounds, showing the cotton-seed 

meal to be superior to ground oats in a ration of this 

kind. 

Skinner and King of the Indiana Station (Bulls. 

167 and 168) oonduoted two trials of 180 and 175 days 

duration,respeotivelY,with 900-pound steers to compare 

soybeans and choice cotton-seed meal. 

The results of this work are given in the following 

table: 

Ground Soybeans vs. Cotton-seed 

Meal for Fattening steers. 

Av. Feed for 100 Ibs. s:ain 
Average ration daily con~en- Straw S1l-

gain tra . es age 

Lot I. Ibs. lbs. Ibs. Ibs. 
1bs. 

Shelled corn 13.0 " ': 

Ground soybeans 2.7 2.2 722 52 It Oll Oat straw l~l 
Corn silage 22.1 

Lot II. 

Shelled corn 13.9 
Cottonseed meal 2.8 2.5 676 36 1,062 Oat straw 0.9 
Corn silage 26.3 





143 

While Lot II made somewhat larger gains and re­

quired slightly less feed per 100 pounds gain, the 

results from Lot I fed ground soybeans were on the whole 

satisfaotory. The steers are reported to have shown a 

greater tendency to go off feed during the last three 

months of the feeding period on soybeans than on cotton-

seed meal, due undoubtedly to the large amount of oil 

that soybeans contain. 

In a third trial (Ind. Bull. 178) the same rations 

as above were fed for 176 days to steers with the follow­

ing results: 

Av. Feed for 100 Ibe. gain 
Average ration da1+y ~on~en- straw s11-

gSln ra es age 

Ibs. lbs. Ibs. Ibs. 
Lot I. 

Ibs. 
Shelled corn 13.77 2.16 767 73 937 
Ground soybeans 2.91 
Oat straw 1.57 
Corn silage 20.21 

Lot II. 

Shelled com 14.09 2.54 675 45 1030 
Cottonseed meal 3.0'1 
Oat straw 1.16 
Corn silage 26.19 

In Lot II the steers made better gains and required 
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less feed per 100 pounds gain than in Lot I. Ground 

soybeans are reported to have shown a laxative effeot 

on the animals. The appetites of the steere on soy­

beans failed ' after three months, but in the cotton-seed 

meal lots the appetites were good throughout the experi­

ment. 

Craig and , Marshall of the Texas Station (Bull. 76) 

fed four lots of five yearling steers each on cotton-seed 

meal and rice bran with peanut, alfalfa, or cowpea hay 

or cotton-seed. hulls for roughage. After six weeks the 

steers getting peanut hay developed looseness of the bowels 

and showed redness of the eyes and some swelling about the 

sheath; when changed to prairie hay the unfavorable symptoms 

disappeared and the gains increased. 

Alfalfa hay fed with a large allowance of cotton-seed 

meal likewise produoed scours, the steers gaining only 1.9 

pound eaoh daily. When shelled corn replaced a part of the 

cotton-seed meal they gained 2.7 pounds eaoh daily. When 

fed with a large allowance of cotton-seed meal oowpea hay 

proved more satisfactory than either alfalfa or peanut hay, 

though slightly less valuable than cotton-seed hulls •• This 

shows that too muoh nitrogenous feed should not be fed. 

Where a ?eavy nitrogenous concentrate such ss cotton-seed 

meal is fed the leguminous roughage should only be fed in 
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limited amounts at most, along with such carbohydrate­

rich feeds as corn, sorghum, milo forage or cotton-seed 

hulle. 

In an experiment conducted at the Pennsylvania 

Station (Bull. 133) to determine the value of alfalfa, 

as a souroe of protein, in a ration for fattening cattle 

as compared with ootton-seed meal it was concluded that 

when fed at the rate of 5 pounds per 1000 pounds live­

weight it was not so efficient as a source of protein as 

8.6 pounds of cotton-seed meal. 'Alfalfa hay fed in com­

bination with corn silage during the first 56 days,with 

corn added to the ration for the bamance of the period., 

decreased the rate of gain, as compared tb B. sImilar ' 

\~e.t101'1 · w~ th, .. : the addi tion of cotton-seed meal. 

Since the feeders of the South Atlantio States have 

acoess to the lArge eastern markets, which demand well­

filled oattle, Gray and Curtis conducted trials at the 

NO'rth Carolina Station (Informs.tion to the authors) to 

determine the maximum amount of cotton-seed meal Which 

could be fed with good results to two-year old steers with 

corn silage or ootton-seed hulls given in unlimited amount. 

In a 99-day trial eight lots each of nine or ten 

steers were fed the allowanoes of cotton-seed meal as 

shown in the following table: 
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Amount of Cottonseed Meal to Feed with 

Corn Silage or Cottonseed Hulls. 

Average daily Av. Selling Rough-
allowance of meal da~ly price ~er age 

gal.n 100 1 s. 
-=-

Ibs. Ibs. 
Lot I. Cottonseed meal 6.0 1.19 $7.90 Corn silage 

" II. " " 7.5 1.49 8.00 " " 
" III. " " 9.0 1.76 8.20 " " 

" IV. " " 10.5 1.89 8.40 . " " 

" V. " " 6.0 1.43 '7.90 Cotton-seed 
hulls 

" VI. " " 7.6 1.65 8.00 " " 

" VII. " " 9.0 1.59 8.15 " " 
"VIII. " " 10.6 1.46 8.00 . " " 

With corn silage for roughage the allowance of 10.5 

pounds of cotton-seed meal produced the largest gains and 

highest finish as shown by the selling price. 

With hulls the gains were l a rgest and the finish 

highest on the allowance of nine pounds of meal. 

In another trial lasting 107 days with four lots of 

20 steers, nine pounds of meal, fed with silage made small­

er gains than 7.5 pounds but produced slightly better finish. 

When fed with hulls 9 pounds of meal produced decidedly 
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smaller gains than 7.5 pounds. From these and other 

trials Curtis ~onoludes that cattle fed 7.6 pounds of 

meal per head daily with either silage or hulle will 

oontinue to gain and finish quite satisfactorily for 

130 to 140 days, which is the maximum period for feed­

ing this allowance with. hulls. With corn silage the 

feeding period may be extended 30 to 60 days or even 

somewhat longer without harm. 

When 9 to 10.5 pounds of meal is fed with hulls 

the daily gains decrease after 120 to 130 days until 

finally the animal begins lOSing in weight. He claims 

that the Bame amount of meal may be fed with silage for 

30 to 60 days longer, with continuous gains and conse­

quent high finish. The retarding of the poisonous 

effeot of the cotton-seed meal by silage seems to be 

due to the sucoulent nature of the silage, for the same 

effect is also produced by pasturage owing to the pro­

tein-rich nature of ootton-seed meal it tends to produoe 

growth rather than fatten; henoe two- or three-year olds 

are best suited for heavy cotton-eeed meal feeding. 

McLean of the Mississippi Station (Bull. ·121) re­

commends that they be given not over five pounds per head 

daily. 

Gray and Ward of the Alabama Station (Bull. 158) 
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found a daily allowanoe of 2.3 pounds of cotton-seed 

meal and 1.2 pounds of corn-and-cob meal somewhat 

superior for six- to eight-months old calves fed for 

baby beef to an allowance of 3.1 pounds cotton-seed meal, 

ootton-seed hulls and mixed alfalfa and grass hay being 

fed to both ~OtB. They olaim that in feeding cotton­

seed meal to steers it is exceedingly important that they 

be started on the feed slowly, as many animals are injur­

ed by failure to observe this preoaution. 

Soule of the Georgia Station (Breeders' Gazette, 

Vol • . S9, p. 1163) olaims that where oattle are to be fed 

180 days four pounds per head daily is enough for the first 

60 to 90 days, the allowance eventually being increased to 

8 to 10 pounds. The meal should a1.so be mixed thoroughly 

with the roughage, so that the greedy steere will not be 

able to gorge on the meal. 

Skinner and King of the Indiana Station (Bull. 153) 

in trying to determine how ~ch cotton-seed meal should be 

given' to two-year old steers full fed on shelled corn, corn 

silage and olover hay, fed one lot of ten steers 2.5 pounds 

of ootton-seed meal daily per 1000 pounds liveweight and 

another lot 1.25 pound .daily in two trials lasting 150 and 

160 days. Two similar trials lasting 175 and 180 days 
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(Bulls. l6~ and 1~8) were conducted to determine whether 

it was more profitable to feed 2.5 or 4 pounds of cotton--
Beed meal daily per 1000 pounds liveweight to steers fed 

shelled corn, corn silage and oat straw, with the re-

aults shown in the following table: 

Amount of Cotton-seed Meal to Feed 

with Corn and Corn Silage. 

Daily allowance of Feed for 1001f gain 
cottonseed meal per Av. Corn Dr~ SilC In't.daily rou h-
1000# liveweight wt. gain age age 

Ibs. Ibs. Ibs. Ibs. 1bs. 
(With clover hay and silage) 

Ibs. 
Lot I. C.S.Keal 2.6 1011 2.6 760 261 6.71 

" II. n " 1.25 1004 2.3 792 280 7.14 

(With oat straw and silage) 

Lot I. C.S.Meal 2.5 908 2.5 6~6 36 1062.00 

" II. " " 4.0 904 2.4 707 33 1072.00 

With corn silage and clover hay for roughage 1.25 

pounds of cotton-seed meal daily per 1000 pounds liveweight 

was not suffioient to balance the ration as is shown by the 

larger gain of the steers fed 2.5 pounds. The second di­

vision of the table shows that with corn silage and oat 
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straw for roughage 2.5 pounds of cot t on-seed ~ea1 daily 

per 1000 pounds liveweight produced larger gain than in 

the case where 4 pounds of cotton-seed meal was fed. 

The steers fed the smaller allowance were also equally 

well finished at the end of the trials. 

Mumford of the Missouri Station (Bull. 90) during 

five years conducted extensive trials with high grade 

beef steers of various ages to s tudy the economy of feed­

ing a nitrogenous supplement to animals full fed on corn 

and running on a good blue grass pasture. In these trials 

a total of 126 yearlings. 65 two-year olds and 51 three­

year olds were fattened. Each year the steers were turn­

ed to pasture May 1 and fed seven months. by which time 

the t wo-year olds and three-year olds were finished while 

the yearli ngs in every instance requi~ed f eeding 40 to 60 

days longer. The results secured in these trials are 

summarized in the following table: 
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Feeding Supplements with Corn to 

Steers on Blue Grass Pasture. 

Average ration 

Yearlings average of 
five years 

Lot I. Corn alone 

" II. " and linseed meal 

" III. " "cottonseed meal 

" IV. " " gluten feed 

Two-year olds average 
of two years 

Lot I. Corn alone 

" II. " and linseed meal 

" III. " " oottonseed meal 

Three-year olds average 
of two years 

Lot I. Corn alone 

" II. " and linseed meal 

Av. 
daily 
gain 

Ibs. 

2.0 

2.2 

2.2 

2.2 

2.5 

2.7 

2.6 

2.3 

2.8 

" III. " " cottonseed meal 2.5 

Feed per lOOfgain 
Concentrates. 

Ibs. 

778 

776 

767 

764 

798 

'164 

797 

1013 

87'1 

985 

In these trials cottonseed meal gave slightly better 

returns with the yearlings than did linseed meal and gave 
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equally as good results as did gluten feed. In the 

case of older cattle the linseed meal proved slightly 

superior to cotton-seed meal. 

Marshall and Burns of the Texas Station (Bull.9~) 

secured larger daily and total gains with cotton seed 

than with cotton-seed meal. Connell and Carson of the 

same station (Bull. 2~) found that boiled or roasted 

seed produoed larger though ~ore expensive gains than 

raw seed, and was more palatable and less laxative. 

Lloyd of the Mississippi Station (Loc. Cit~ found 

that with fattening steers one pound of cotton-seed meal 

proved equal to 1.6 pounds of cotton seed or 1.9 pounds 

of corn, while one pound of cotton seed proved equal to 

1.2 pounds of corn. 

MoLean of the Mississippi Station (Bull. '121) cYaims 

that two-year old steers should not be fed over 7.5 pounds 

and yearlings not over 6 pounds of cotton-seed meal daily. 

Soule and Fain of the Tennessee Station (Tenn. Rept. 

Vol 15 No.3) as the result of several steer feeding trials 

conclude that, "A ration of silage, cotton-seed meal and 

corn meal is probably better adopted for use on the average 

Bou~hern farm than any other." 

Cochel, Tornhave and Severson of the Pennsylvania 
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station (Bull. 118, Rept. 1913 and Information to 

authors) maintained one lot of ten pure bred Shorthorn 

cows and another of Aberdeen-Angus cows on silage as 

the sole roughage with one pound of cotton-seed meal 

daily. Both lots were kept in an open shed or barn 

open on one side with access to an adjacent lot. The 

results of the trials Which averaged 155 days are shown 

in the following table: 

Wintering Beef Cows on Silage and 

Cotton-seed Meal. 

Initial 
Average ration wt. 

lbs. 
Lot I. (Shorthorns) 

Corn silage 58.8 1bs. 1,180 
Cotton-seed meal 1.0 " 

Lot II. (Angus) 

Corn silage 57.8 Ibs. 1,143 
Cotton-seed meal 1.0 " 

Gain per 
head 

Ibs. 

51 

47 

The cows in both lots were maintained in satisfactory 

oondition on all the silage they would eat with only one 

pound of cotton-seed meal per head daily, even though 
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several were suckling calves during the winter. 

Willson of the Tennsssee Station (Information to 

authors) fed three lots of five steers and a fourth of 

thirteen steers the rations shown in the following table 

for 133 days during the winter. The results of the trial 

are shown in the table: 

Silage, straw or Cotton-seed Hulls 

for Wintering Stocker steers. 

Average rat ion 
Average ga in Eer head 

Winter Summer Total 

Ibs. 1bs. Ibs. 
Lot I. 

Silage 30.2 Ibs. -48 292 244 

Lot II. 

straw 13.6 " 21 261 273 
Cotton-seed meal 1.0 " 

Lot III. 

Straw 14.4 " 62 237 . 299 
cotton-seed meal 2.0 " 

Lot IV. 

Cotton-seed mulls 13.7 " -11 302 291 
" " meal 3.0 " 
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The steers fed corn silage alone failed to main-
.. 

tain their weight, while those .fed straw (half oat and 

half wheat) with one to two pounds of cotton-seed meal 

' per head daily made small gains in weight. In this trial 

ootton-seed hulls seemed to be slightly superior to straw. 

In another trial steere wintered on silage alone 

gained only 16.4 pounds each, while others fed one pound 

of ootton-seed meal per head daily in addition gained 

109.6 pounds. Steere fed corn stover and one pound of 

ootton-seed meal gained 62.6 pounds each. Willson con-

eludes that oorn stover or oat straw with one to two 

pounds of ootton-seed meal per head daily makes a satis­

faotory ration for wintering stooker steers that are to be 

grazed) during the following summe~ and finished for the 

blook the next winter. The larger the winter gain the 

smaller was the summer gain generally, though where the 

steers made no gain during ' the winter or lost in weight 

they made smaller total gain during the year than those 

which had gained 80 to 100 pounds during the winter. 

In an experi~ent at the Nebraska St'ation (Bull. 116) 

to determine the relative values of some of the common 

feeds used in fattening oattle it was found that a good 

quality of ooarsely ground linseed meal (old process) has 
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a feeding value slightly superior to old process cotton­

seed 'meal, and that either of these feeds is better for 

8upplementing oorn for fattening oattle than wheat btan 

at usual market prices. 

The results of one experiment showed a high feed­

ing value for oold pressed cotton-seed oake, whioh with 

oorn and oorn stover gave larger daily gains than any 

combination of feeds used at that Station. 

In another test (Bull. 132) in oomparing rations it 

was found that in comparing bran, linseed meal and oold 

pressed ootton-seed oake, each as a source of protein 

supplementing oorn meal, and silage the oold pressed oake 

proved to be worth 50 per oent more per hundred weight than 

wheat bran. and linseed meal proved to be worth 18 per oent 

more per ton than cold pressed cotton-seed cake. 

In the use of each of these supplementary protein 

feeds with oorn meal and prairie hay. the cold pressed 

ootton-seed cake showed a value per t~n of 22 per cent great­

er than wheat bran and the linseed meal 28 per cent greater 

than wheat bran. 

F~r Stocker Cattle. 

There are few oombinations of feed which are more 

economical than a ration of oorn silage and cotton-seed meal 
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for wintering stocker cattle • . Two pounds of cotton­

seed meal combined with what corn silage stocker steers 

will eat, will cause them to gain slightly in weight. 

If it is desired to make the steers gain in weight through­

out the winter preparatory to fattening on grass during the 

summer, the ration of cotton-seed meal may be increased. 

The Bureau of Animal Industry in cooperation with the 

Alabama Station (Bull. 131, U. S. Dept. of Agr.) conducted 

tests in wintering steers during t hree winters from 1907 

to 1910. Each year one lot of steers was permitted to range 

in cotton and corn stalk-fields and over some waste land, 

while a second lot ran on similar range, but received in 

addition a small ration of cotton-seed meal and cotton-seed 

hulls. The results of the work were as follows: 
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In't. Av.gain Av. 
Average ration wt. or 108S dai1l . ga n 

1907-08 (84 days) lbs. Ibs. Ibs. 

Lot I. Range alone 722 -97 -1.15 

n II. Range, plus cottonseed 
meal, 2.35 Ibs. 726 - 6 -0.07 
Cottonseed hulls, 8.5 1bs. 

1908-09 (98 days) 

Lot I. Bange alone 705 -106 - 1.08 

" II. Range, plus cottonseed 
meal, 2.4 1bs. 705 +3 +0.03 
Cottonseed hulls, 8.9 Ibs. 

1909-10 (91 days) 

Lot I. Range alone 637 - 106 -l.16 

" II. Range, plus cottonseed 
meal, 2.4 Ibs. 633 +43 +0.47 
Cottonseed hulls, 8. 9 Ibs. 

This shows clearly that there is a decided advan­

tage in adding the cotton-seed meal and hulls where 

cattle are on range. 
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Cotton-seed Mealor Cake for 

Pasture Feeding. 

The Bureau of Animal Industry (Bulls. 131 and 159) 
s 

has conducted experiment/for seven years to see if fatten-

ing oattle on grass with cotton-seed cake during spring 

and summer months is profitable. In most cases each lot 

oonsisted of one or more car loads. Co t ton-seed cake 

(hut size) W8,S always fed in preference to meal. In re­

gard to feeding cake in preferenoe to meal the following 

paragraph is quoted. 

"Cake oan be purchas ed in th e la rge cak e si ze, just 

as it comes from the press for about $2.00 per ton cheap­

er than in nut size. Some feeders find that it pays to 

break the oake on their farms. Cake is the same as meal 

except it is not ground into meal. There are several ad-

vantages in feeding cake in place of meal, especially in 

summer feeding. A rain spoils the meal but does not spoil 

the cake. Meal is wasted on windy days while the cake is 

not. Cake requires ohewing before swallowing, therefore t 

it is eaten more slowly, preventing greedy animals from 

getting enough to pro duce scours when fed in bunches." 

Several years' work tend to show conclusively that 

the feeding of cott on-seed cake on pasture caused the cattle 
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to gain in weight faster, to fatten more rapidly and to 

develop greater "bloom" than similar cattle which re-

ceived pasturage alone. 

Evvard and Pew of the Iowa Station (Information to 

authors) are doing some experimental work at the present 

time (1916) to give an idea of the cost of gains on young 

oalves, fed until they reach the baby beef stage. 

In this work one lot of fourteen 385 pound calves 

received a ration of corn-and-cob meal, cotton-seed meal, 

and clover hay for 203 days while a similar lot received 

the same ration with the exception of cotton-seed meal 

being replaced by linseed oil meal. 

By comparing the results of the t wo lots one may get 

a comparison of the values of cotton-seed meal and linseed 

oil meal. The results are given in the following table: 

Av. Feed for 100# gain 
Ration fed daily 

gain 

Lot I. lbs. 

Corn-and-cob meal 13.4 Ibs. 613 Ibs. 
Cotton-seed meal 1.84 " 218 84 " 
Clover hay 2.\06 " 94 " 

Lot II. 

Corn-and-oob meal 13.7 Ibs. 594 lbs. 
Linseed ~11, meal 1.84 " 231 79 " 
Clover hay 2.04 " 89 " 
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This table shows that the linseed oil meal made 

better daily gains and required less fe·ed per 100 pounds 

gain than did the cotton-seed meal lot. 

Tornhave of the Pennsylvania Station (The Field 

Magazine, Feb. 1916) in conducting a number of feeding 

experiments with beef cattle found a ration of corn sil­

age, cotton-seed meal and corn to be superior in feeding 

value to a ration of corn silage, alfalfa hay and corn. 

The average daily gain for the lot receiving cotton-seed 

meal was 2.19 pounds per head while that of the lot re­

oeiving alfalfa hay was only 1.84 pounds. The average 

gain for 140 days being 309 pounds in cotton-seed meal 

lot against 252 pounds in the alfalfa hay lot. 

Oold Pressed cottoD-seed Cake. 

Kennedy and Robins of the Iowa Station (Breeders' 

Gazette, Vol. 68, p. 303) fed two· lots each of Beven 

714-pound steers for 168 days to compare the value of 

cotton seed or "caddo cake" with choioe ootton-seed meal. 

The results of the experiment are given in the following 

table: 
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Caddo Cake ve. Cotton-seed Meal 

for Fattening Steers. 

Av. Feed for 100i. s:ain 
Average ration daily Cake or Corn Hay 

gain meal 

Lot I. lbs. lbs. lbs. lbs. 
lbs. 

Caddo oake m,al 4.4 . 
Corn-and-cob . '.14.4 1.8 237 '193 290 

Lot II. 

Cotton-seed meal 3.1 
Corn-and-cob If ,-, 14.2 1.7 180 815 310 
Clover hay 5.4 

Lot I fed 4.4 pounds of caddo cake containing 28.9 
r 

per cent crude protein made slightly large7galns than 

Lot II fed 3.1 pounds of choice cotton-seed meal contain­

ing 42.9 per cent crude protein. In the feed required per 

100 pounds of gain 133 pounds of caddo cake was more than 

equal to 100 pounds of cotton-seed meal. a somewhat higher 

value than would oorrespond to the amounts of crude protein 

in the two feeds. 

Kinzer of the Kansas Station (Breeders' Gazette, 

Vol. 58, p. 350) claims that steers fed caddo cake likewise 

made slightly larger gains than others fed cotton-seed meal. 

Smith of the Nebraska Station (Bull. 116) reports that 
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oattle relish caddo oake better than ootton-seed meal. 

Faville of the Wyoming Station (Bull. 106) oom­

pared ootton-seed cake with cold pressed cotton-seed 

oake, and mixed grains with cotton-seed cake for beef 

cattle. He fed two lots of four cows each 2.4 pounds of 

ootton-seed cake with native hay in comparison with 3 

pounds of oold pressed cake. The two rations proved to 

be pract~oally equal in feeding value. He also fed two 

lots of heifers a ration of 4 pounds of a mixture of 

equal parts of oorn meal and mill run bran in comparison 

with 2 pounds of ootton-seed cake. The oorn meal and mill 

run mixture gave better gains than the ootton-seed oake in 

these amounts. 

At the Wyoming Station (Bull. 106) it was found in 

rations for beef cows 2.4 pounds of cotton-seed cake When 

fed with native hay proved practically equal in feeding 

value to 3 pounds of oold pressed cake. 

In growing rations for beef heifers- a ration of 4 

pounds of a mixture of equal parts of corn meal and mill 

run bran gave better gains than did two pounds of cotton­

seed oake. 

At the Oklahoma Statiori (Cir. 36) it is olaimed that 

four tons of silage and 140 pounds of ootton-seed meal will 
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feed a -large beef oow from November 1 to llarch 20 and 

bring her through in good shape. It is also olaimed 

that oows fed on this ration have gained one pound a 

day during the whole of 140 days feeding period, eating 

only one pound of cotton-see~ meal and 6' pounds of ail­

-age per day. _ 

Effeots of Ootton-seed Meal on the 

Health of Cattle. 

It has been found by the experiment stations and 

through praotioal experienoe that ootton-seed meal is not 

a lafe feed for oattle in all oases. 

Henry and Morrison (reeds and Feeding) state , "After 

about 100 days steers whioh have been closely confined and 

heavily fed on the meal often show a staggering gait; Bome 

of -them beoome blind. ahd death frequently results." 

The Iowa Station (Bull. 66) reports the death of 

three steers, and others beooming blind in a feeding trial 

in whioh a heavy allowanoe of corn-and.cob meal was fed 

with 2.6 pounds of ootto~-seed meal. 

Hunt of the Pennsylvania Station (Bull. l~) reported 

the death of two oalves out of three from feeding a ration 

of ane pound of ootton-seed meal with 16 pounds of skim milk. 
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Emery of the North Carolina Station (Bull. 109) 

reports the death of two calves following the use of 

1/4 to 1/2 pound of cotton-seed meal daily with skim 

milk. 

In Bulletin 108 of the Arkansas Station it is re-

ported that ootton-seed meal poisoning is a common oc­

ourrence in the fattening of cattle in the South on 

cotton-seed meal and hulls. They claim that the trouble 

usually occurs in from 60 to 90 days when on full feed, 

which consists of hulls in unlimited amounts and meal 

from six to eight or ten pounds per day, according to 

size and feeding capacity of stock. They state that the 

symptoms and lesions of cotton-seed meal poisoning have 

never been closely studied th"ere. They claim that the 

symptoms from cotton-seed meal poisoning are seldom seen 

except in its first stages. "It is recognized by a reeling, 

unsteady gait, which appears to be due in part to musoular 

incO~rdination and in part in the later stages to pa.rtial 

or complete blindness." 

In an experiment with seven Jersey steers weighing 

400 pounds eaoh the following results were obtained: 

steer 1 
Days until firatsymptoma 70 days 

Cotton-seed meal fed to this date 302 lbs. 

steer 2 
116 days 

431 Ibs. 

Per cent of meal to weight of animal 75% 10a% 

Cotton-seed meal fed daily 1.0 lbs. 0.9 Ibs. 
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The effeots were quite dissimilar from those ex­

hibited by hogs in whioh oase neither visual or motor 

troubles are observed in either the aoute or chronio 

form. Suoh symptoms as are given above were shown in· 

these experiments. On post mortem of the worst affeoted 

steer no anatomioal changes were found except in the eye~ 

where blindness was oaused. 

Kellner (The Soientific Feeding of Animals, ». 196) 

states that fatten1ng cattle ought not be fed over five 

pounds of cotton-seed meal per day. 

Rust (Veroffente. Johns. Vet. Ber. Tieurarzte press 

6 (1905) also in Vet. Reo. 21 (1909) No. 1090 p. 630) 

observed peculiar toxic symptoms in draft oxen that were 

receiving two pounds of ootton-seed meal daily. Edematous 

swellings appeared at the extremities, the appetite being 

undisturbed. In later stages great weaknesses of hind 

quarters appeared. Four out of fifteen of the affeoted 

oxen showed disturbances of vision, apparently they became 

oompletely blind, as was evidenoed by their groping gait 

and oolliding with other animals and objects. An examination 

of their e~es revealed no special lesion except marked pro­

trusion of the eye balls and enlargement of pupils. By 

using laxatives and stopping the use of ootton-seed meal 

some of the steers reo overed. 





" Effeots of ootton- Seed and cotton-seed 

.eal on Quality · o~ Beef and Fat. 

16'1 

Swift and Company of Chioago . (Henry's Feeding) 

state that. "while oot~on-Beed meal makes a good beef, a 

still better qwality is produced where the meal is fed 

with " other oonoentrates." 

It was fou.nd "at the Texas Station (Bull. 29) that 

the kidney, oaul and body fats of steers fed raw, roasted 
o 

or boiled cotton seed had aLhigher melting point by 4.1 t 

o 0 
3.2 , and 8.' C. respeotively than the oorresponding fats 

of corn fed steere. The influenoe of cotton seed feeding 

on butter and mutton was somewhat more marked than that 

produoed on beef tallow. 

Effeot. of Cotton-seed Meal on 

Digestibility of Feeds. 

" Ewing and Wells of the Georgia Station (Bull. 116) 

reports the results of a series of investigations to de­

~ermine the influence of one ingredient of a ration on the 

digestibility of the other ingredients of the ration. The 

feeds used were corn silage, cotton-seed meal and corn 

starch. Studies .were made on nine distinct rations, com-

pounded ae follows: 
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Silage, cotton-seed meal and staroh~. 

Ration 1 in the proportion of 100:0:0 

n 2 " " n " 0:100:0 

" 3 n " " " 10:30:0 

" 4 " " " " 60:50:0 

" 6 n· " " " 34.5:34.5:31 

" 6 " " " " 69:0:31 

" 7 " " " ft' 30:'70:0 

n 8 " " " " 16.8:36.9:47.3 

n 9 " " " " 52.~:O:47.3 

High grade Shorthorn steers were used 'and the di­

gestion trials were of .ten days duration with a suitable 

interval between each trial. 

Staroh when fed in excessive amounts seemed to ex­

ert a depressing effect upon the digestibility of the 

nitrogen and crude fiber, even when the excess was not 

great. Supplying 47.3 per cent of the weight energy of 

the ration in the form of staroh caused a depression in 

the digestibility of the total ash. All of these de­

pressions were aocompanied by a rise in the digestion of 

fat. This was ~ite n~tlceable in the rations high in 
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starch. By adding cotton-seed meal to the rations the 

depressions in the digestibility of the several nutrients 

brought about by t he starch was largely overcome and in 

Borne instances completely overcome. 





UNPUBLISHED STEER-FEEDING EXPERI1ffiNTS 

CONDUCTED AT MISSOURI EXPERIMENT STATION. 

During the winter of 1909-10 an'experim~nt was con­

duo~ed at the Missouri Experiment Station to determine the 

value of silage for two-year-old beef cattle when on full 

feed. There were five steers in each lot and the exper­

iment lasted for 130 days. In this experiment one lot 

(No.1) received cotton-seed meal in addition to all the 

silage and hay the steers would eat, and another lot 'No.2) 

received the same ration with the exception of cotton-seed 

meal being replaced by linseed oil meal. 

By comparing the results of these two lots the re-
. oil 

lative value of the cotton-seed meal and the linseed/meal 

may be determined. During the entire test of 130 days the 

lot getting cotton-seed meal made a total gain of 1,669.7 

pounds. To make this gain the animals consumed 29,645 

pounds of silage, 4,725 pounds of hay and 6,751 pounds of 

cotton-seed meal. The lot getting the linseed oil meal 

made a total gain of 1,656.6 pounds. These animals consum-

ed 29,756 pounds of silage, 4,933 pounds of hay and 6,769 

pounds of linseed oil meal. The cotton-seed meal lot re­

oeived 210 pounds of silage and 208 pounds of hay less than 

the linseed oil meal lot. They also received 18 pounds less 

170 
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of ootton-aeed meal than the others dld of linseed oil 
.. 

meal. still, the7 made a gain of 16.2 pounds more than 

the lot getting the linseed oil meal. 

Pigs followed these lots of steere and records of 

their weights were 'kept. Those in the cotton~seed meal 

lot gained 28.3 pounds while those in the linseed oil meal 

lot gained 3'1.4 pounds. making a difference of 9.1 pounds 

in favor of the -linsee! 011 meal. 

Oonsidering the facts 'that the steers receiving the 

ootton-seed meal oonsumed much les8 feed and at the same 

time made a gain of 16.2 pounds more than those receiv­

ing the linseed oil meal, while the pigs in the linseed 

oil meal lot made only 9.1 pounds more gain than those in 

the oottoD-seed meal lot, it seems that the results favor 

the ootton-seed meal. 

During the winter of 1911-12 an experiment was con­

ducted at the Missouri Experiment Station to determine the 

relative values of ootton-seed meal, cold presse! cotton­

seed oake and linseed oil meal, where the basal ration i8 

oorn, corn silage and olover hay. This work has not been 

published. MOre work along this line is being done at the 

present time but it is not far enough under way to be en­

tered here. Pollowing is a description of the work done 
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during the winter of 1911-12: 

Purpose and Plan of Experiment. 

The purpose of this test was to determine the re­

lative values of cotton-seed meal, oold pressed ootton­

eee4 oake and linseed oil meal for fattening two-year­

old steere where the basal ration is oorn, oorn silage 

and clover hay. 

Four lots of two-year-old oattle were used in the 

trial. Three lots contained six head each and one lot 

five head. Th~ feeding period lasted for 130 days. The 

rations fed to the different lots were as follows: 

Lot 1, Shelled corn, corn silage, clover hay and 
' . 

linseed oil meal. 

Lot 2, Shelled corn, corn silage, clover hay and 

ootton-seed meal. 

Lot 3, Shelled oorn, corn silage, olover hay and 

aold pr~s8ed ootton-seed oake. 

Lot 4, Shelled corn, corn silage and clover hay • 

. Three pigs were allowed to follow eaoh lot of cattle 

in order to utilize feed which would ,.ptherwise go to waste. 

Cattle used in the Experim~~t. 

The steers used in this experiment were purohased on 
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the Kansas City market. They were good to choice two­

year-olds averaging 1,016 pounds. The cost on the market 

was $6.00 per hundred weight. In order to insure normal 

thrift and fill the steers were given the run of a blue 

grass pasture for ten days following their arrival at 

the University farm. They were then placed in the feed 

lots and accust,omed to dry feed several days before the 

e~periment began. 

In dividing the steers into four ' lots every effort ' 

was made to make the lots as nearly alike as possible, 

in quality, condition, etc. 

Weight Records. 

To secure the correct weights of the steers at the 

beginning of the test they were weighed on three con­

secutive days, December 9, 10 and 11. The average of these 

weights was taken as the correct initial weight and the test 

began on the morning of December 10. The final weights of 

the animals were taken in a similar manner to the above on 

April 16, 17 and 18 and the test closed on April 17. Periodic 

weights were taken at the close of each thirty-day feeding 

period. The results of the last ten days of the test were 

reported with the fourth period making it forty days in 

length. Records were kept on the hogs in a similar manner. 
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Quality of Feeds. 

The linseed oil meal seemed to be "old process" 

as was shown by Woll's method of ascertaining Whether 

011 meal is new- or old-process. When treated with 

boiling water it remained jelly-like. It was not of a 

very good quality and the cattle did not relish it. The 

ootton-seed meal was classed as choioe meal. The oold 

pressed cotton-seed cake was not of the beat qnality. 

It was low in protein and a little high in fat. 

The olover hay was of medium quality being low in 

protein and fat and a little high in fiber. The shelled 

corn was a little below average corn. The corn silage 

was a little better than the average. A carefully taken 

composite sample of each of the feeds was oollected through­

out the test and analyzed. ~he ohemical analyses of the 

feeds showed the following compositions: 

Composition of Feeds used in Experiment. 

Feed stuff Protein Fat Ash Fiber N.F.E. ¥ois-ure 

Shelled .. O"orD 
% % % % % % 

8.67 4.17 1.66 1.92 72.25 11.33 

Clover hay 10.70 2.60 7.70 27.00 43.07 9.00 

Corn silage 3.03 0.71 2.29 6.50 16.68 '71.89 

Lineeed oil meal 37.16 6.98 

Cotton-seed meal 46.06 7.36 

Cold-pressed cotton-23.96 9.'19 
seed cake 
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Equipment and Method of ~eeding. 

The test was conduoted at the Uni~ersity experi­

mental feeding plant. This inclttdes2a series of lots 

100 feet long and ' 19 feet wide, with a 20 feet shed 

running al"ong the north side. The lots slope, slightly 

to the south allowing reasonably good surface drainage, 

but they are not paved and consequently become muddy 

during rainy weather. The cattle were fed grain and 

silage (i« in mangers provided for the purpose under the 

shed. Fresh water was supplied in galvanized steel tanks 

whioh were located in the sheds. Each lot of cattle had 

aocess to barrel salt throughout the test and the sheds 

were kept uniformly well bedded. 

, The cattle were fed twice daily at regular hours in 

the morning and evening. They were brought to full feed 

gradually, increasing all lots at about the same rate un­

til the close of the first thirty day feeding period, at 

whioh time they were on full feed. After the first period 

the amount of feed given varied with the appetite of the 

steers. 

At each feeding the grain was given first and only 

suoh quantity was fed as would be cleaned up before the 

steers left the feed bunks. As soon as the steers had 

cleaned up t~eir feed of grain the roughage was fed. 





Table l.--Summary of Rations and Feed Consumed. 

Av. daily ration per steer Av. daily Total feed 
Feeds periods ration oonsumed . 

fOa 130 in 130 
1 2 3 4 ale days 
Ibs. lbe. lbs. lbs. Ibs. lbs. 

Lot I. 

Shelled corn 12.40 20.6'1 22.67 19.73 18.93 14,766 
Oil meal 2.0'1 3.44 3.'18 3.29 3.16 2,461 
C10very hay 11.65 4.62 2.96 3.43 5.49 4,281 
Silage 20.97. 23.'15 16.60 14.19 18.62 14,442 

Lot II. 

Shelled corn 12.40 20.80 22.82 19.43 18.90. 12,288 
Cotton-seed meal 2.07 3.47 3.81 3.24 3.15 2,048 
Clover hay · 11.65 4.61 22'15 3.81 5.56 3,615 
Silage 21.00 23.75 18.16 15.98 19.43 12,631 

Lot III. 

Shelled oorn 12.40 20.87 22.38 20.20 19.06 14,865 
Cold pres sed C. S. cake 2.0'1 3.'48 3.73 3.37 3.18 2,477 
Clover hay 11.65 4.62 2.95 3.31 5.45 .4,254 
Silage 21.15 : 23.75 16.30 14.'16 18.67 14,659 

Lot IV. .... 
~ 

Shelled corn 12.40 21.50 21.63 22.59 19.77 15,417 ~ 

Clover hay 11.65 11.52 2.9~ 3.34 5.44 4,424 
Silage 21.15 23.48 12.37 11.95 16.83 13,128 





1'1'7 

![table I g-ivee the average daily ration per steer 

by periods, and the total amount of feed consumed for 

the various lots. It Should be noted that the oon~ump­

tio~ per steer of shelled corn was greatest in Lot IV, 

where no nitrogenous oonoentrate was fed, and least in 

Lot II, where ootton-seed meal, the riohest nitrogenous 

ooncentrate used in this experiment, was fed. This is 

not in acoordanoe with the idea that a nitrogenous con-

, oentrate has a stimulating effeot upon the appetite of 

an animal (Ill. Bull. 103). Lote I and III, getting lin­

seed 011 meal and cold pressed ootton-seed cake respeotively, 

oonsumed more f~ed per steer than was oonsumed in Lot II 

where the ootton-seed meal was fed. This seems to indioate 

that the weaker the nitrogenous oonoentrate the more feed 

oonsumed. Slightly less ootton-seed meal was consumed per 

steer in Lot II than linseed oil meal in Lot I, or cold 

pressed ootton-eeed cake in Lot III. Although the difference 

was slight, it took lees cotton-seed meal to satisfy the an­

imals than it did of either linseed oil meal or oold pressed 

ootton-eeed cake. It took less of the linseed oil meal to 

satiefy them than it did of the cold pressed cotton-seed oake. 

This might lead one to think that the rich nitrogenous oon­

oentrates are not as palatable or as muoh relished as the 
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ones not so rich. 

In all oases the amount of silage consumed per 

steer deoreased as the animals fattened. This indicates 

that as an animal fattens the bulky feeds are less relish­

ed and the animal takes a greater proportion of the concen­

trated feeds. This seems reasonable since the animal gete 

more energy, for the amount of work done in digestion, from 

the ooncentrated feed than from the roughage or bulky feed. 

Table II.--Average Daily Gain per Steer. 

Lot No. Periods Av. daily gain 
1 2 3 4 for 130 days. 

Ibs. Ibs. 1bs. Ibs. Ibs. 
I. 2.7046 3.0826 2.9163 1.907 2.596 

II. 3.2386 2.89416 3.2998 1.911 2.868 

III. 3.62706 3.4440 3.1388 1.9165 2.859 

IV. 3.02381 1.94416 3.2496 1.6275 2.647 

Table II shows the average daily gain per steer by 

periods and for the entire test of 130 days. The rate of 

gain in live weight is one of the most important consid­

erations in comparing the .re1ative effioiency of rations 

for fattening oattle. 





Table III.--Summary of Weights and Gains on steers and Pigs. 

Ration fed 

Lot I. 

Shelled corn, linseed 
oil meal, clover hay 
and silage. 

Lot II. 

Av. wt. per steer Av. ~in ' Gain on 
Beginning at Close of ~er steer pigs per 
experiment experiment f'or 130 steer for 

days. 130 days. 
IDS. ---~ ID8. lOD8. ~l)8. 

1021.4 1858.8 2.596 94.62 

Shelled oorn, cotton- . 
Beed meal, olover hay 1029.6 
and silage. 

Lot III. 

Shelled corn, cold 
pressed cotton-seed 
oake, clover hay and 
silag.e. 

Lot IV. 

Shelled corn. clover 
hay and silage. 

1022.6 

996.1 

1402.6 2.868 93.65 

1394.0 2.859 62.4 

1339.0 2.64'1 63.05 
...., 
...:I 
.0 
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Table III shows the average weight" of the steere 

in each lot at the beginning and close of the experiment, 

the average gain per steer and the average amount of pork 

produoed per steer for the various lots during the entire 

test of 130 days. 

This table shows that the weight of the steere at 

the beginning of the experiment was fairly uniform. The 

gain in live weight 1-s of value in determining the re­

lative value of feeds. 

In this experiment Lot II, getting the cotton-seed 

meal, made the best average daily gain for the 130 days 

test. Lot III, getting cold pressed cotton-seed cake, made 

the next best gain, while Lot I, getting linseed oil meal, 

made the poorest gain of any of the lots. Undoubtedly the 

quality of this meal is responsible for the poor gain. There 

was no big difference in the gains of these different lots, 

but enough to show that both the cotton-seed meal and the 

cold pressel cotton-seed cake gave better results than did 

the lfnseed oil meal. Ignoring the linseed oil meal, it 

seems that the addition of a nitrogenous concentrate tends 

to stimulate animals to put on more flesh and make better 

gains. 

In cattle feeding experiments of this kind the value 

of the undigested feed and the waste about the feed boxes 
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for pork produotion should be oonsidered. The pigs in 

Lots I and II gained about the same and those in Lots 

III and IV about the same, but there was a wide variation 

between the gains in the first group (Lots I and II) and 

the seoond group (Lots III and IV). None of the pigs re­

oeived any feed exoept that they obtained from the oattle. 

The different lots were started as nearly alike as possible, 

therefore, it seems that the differences in gains on the pigs 

was due to the different rations fed the steers. There is 

a possibility that the waste from the ootton-seed cake was 

not so great as that from the cotton-seed meal or linseed 

oil meal. If so this would account for the low gain of 62.4 

pounds in the ootton-seed oake lot. The linseed oil meal 

made slightly better gains than the cotton-seed meal. This 

is reverse to the gains on the cattle, but in accordance with 

the work done during 1909-10 at the same Station, and might 

lead one to think that the cotton-seed meal was more com­

pletely digested by the cattle than the linseed oil meal. 

But since no digestion trial was run in either experiment suoh 

a oonclusion is unwarranted. 
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' Table IV.--Feed Consumed per Pound of Gain. 

Feed (6 
Lot I Lot II Lot III Lot IV 
steers)(6 steers)(6 steers)(6 steers) 

lbs. lbs. lbs. lbs. 
Shelled corn '1.29 6.68 6.66 7.47 

Linseed meal 1.22 

Cottonseed meal 1.09 

Cold pressed cotton-
Beed cake 1.11 

Clover hay 2.12 1.94 1.92 2.06 

Silage 7.13 6.77 6.53 6.36 

Table IV shows the pounds of feed consumed per pound 

of gain. In every respect Lot II getting cotton~seed meal 

required less feed per pound gain than Lot I getting lin­

seed oil meal. Lot III getting cold pressed cottonseed cake 

oompares in like manner to Lot I but hardly so favorably as 

Lot II. Lot IV getting no nitrogenous concentrates shows 

up better than Lot I but not so well as Lots II and III. 





StJlDU.RY. 

!he purpose of this work was to get together the 

results of the different experiments with ootton see4 

an~ ootion.seed products in order that oomp~risons might 

be made of the f.eding values of the different products 

with eaoh other and with other feeds. The vast amount 

of 1i terature presented herein is proo-f within 1 teel! that 

muoh interest has been shown in trying to determine the 

value of these feeds. 

The value of ootton seed and o~tton-seed produots was 

ignored until about 1860. Since that time the value of these 

teeds baa 8teadi17 inoreased until, at the present time. they 

hold a ve~ ~portant place. Cotton-seed meal is one of the 

richest nitrogenous oonoentrates and us~ly furnishes a oheap 

souroe of protein. It and the cake compare favorably with 

the different nitrogenous conoentrates. 

Praotioal experi:enoe and trials at the experiment sta­

tions unite in showing that ootton seed or ootton-seed cake 

or meal oontains some toxio or poisonous principle. In the 

Southern states it has been reoognized as one of the live 

problems, and the desirability of a wider and more safe 

utili.Bation of this home product has lent a special zeal to 

the investigation. At a number of plaoes it has been made 

a prominent proJeot under the Adame Fund. 

183 
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These studies have been pursued from the stand­

pOint of the chemist, the veterinarian and the animal 

feeder. Chemical investigations have been made to dis­

oover 'if possible the oharacter of a toxic body, and ex­

traots of various kinds have been examined as to their 

oomposition and toxicity. 

Many efforts have been made to determine the exaot 

source of this poison and to find some means by Whioh the 

trouble arising from it might be avoided, but as yet the 

problem has not been solved, or at least, not to the satis­

faction of all investigators. Recent work has been done 

at the North Carolina Experiment Station by Withers and 

Carruth and they seem to think the toxio substanoe is gossy­

pol. Their work seems to have been very thorough, and it is 

to be hoped that they have located the trouble. 

Rommel and Vedder of the United states Department of 

Agriculture have compared ootton-seed meal pOisoning to beri­

beri in man and report them to be similar. They are now try­

ing to determine whether methods similar to those used to 

prevent beriberi in man can be praotioally applied to prevent 

the cotton-seed meal poisoning. We can only hope that some . 

praotioal method of treatment will soon be determined. 

Hogs Beem to'~ery susceptible to ootton-seed meal 

poisoning, but there seems to be no danger when the meal is 
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fed in large or small amounts for periods of no more 

than twenty-five days. - Aside from the deaths that may 

occur, cotton-seed meal is an excellent feed for swine; 

it is one of the best feeds for balancing the ration. 

Sheep are also susceptible to the toxic effect of 

cotton· seed o·r cotton-seed meal, but as a role the poison­

ous effect is not nearly so prominent as in the case of 

hogs. During recent years sheep feeders have been-using 

ootton-seed meal quite extensively and with good results. 

From the literature available it seems that nothing 

serious has resulted from feeding cotton-seed meal to 

horsee and mules. However, the work done along this line 

is limited, which makes it impossible to draw definite con­

clusions. In the few experiments reported, good results 

were obtained from the use of cotton-seed meal. 

Very little. work has been done with cotton-seed meal 

as a feed for poultry, and it is questionable what the effect 

might be when fed extensively. 

Young oalves seem to be very susceptible to the toxio 

effect of ootton seed or cotton-seed meal, and until more 

is learned concerning this toxioity it is well to feed these 

feeds very sparingly to such animals. 

It seems that dairy -cows may be fed cotton seed or 

cotton-seed p~l~cts in properly balanced rations without 
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any ill effects. These feeds are used extensively and 

seem to make good feeds for the dairy oow. 

Milk from cows receiving cotton-seed meal produces 

a hard, tallowy butter. If a cow 1s producing milk that 

makes soft butter it might be overcome by adding cotton­

seed meal to the ration. 

There seems to be a prevailing belief that rich 

nitrogenous conoentrates impair the breeding power of an­

imals, but the work done along this line will not warrant 

a definite conclusion just now. 

Beef cattle show the toxic effects of ootton seed and 

cotton-seed meal ocoasionally, but when these feeds are used 
-

in moderate amounts (4 to 5 pounds daily) fora limited time 

they seem to be safe feeds, and prove to be very profitable 

in a fattening ration. 

Cotton-seed hulls do not contain any toxic substance. 

They are not palatable to animals 'and contain very little 

nourishment, but they serve well in balancing a ration in 

which cotton-seed · meal or Borne other rich nitrogenous con­

oentrate constitutes a part. They are classed with the poor 

hays, such as Johnson grass, sorghum and oat straw. 





BIBLIOGRAPHY. 

Allen, E. W. 1nd Knight, H. L. 

Expt. Sta. Record, Vol. 22, No.6, pp. 501-5. . 

Anderson, R. J. 

N. Y. state Agr. Expt. sta. Tech. Bull. No. 25. 

Bennett., R. L. 

Ark. Agr. Expt. sta. Bull. No. 52. 

Bray, C. I. 

Okla. Agr. Expt. sta. Cir. 36. 

Breeders' Gazette, Vol. 36, p. 711, Vol. 42, p. 82, Vol. 27, l 

p. 116. 

Brooks, w. P. 
7 

Mass. Agr. Expt. sta. Rept. 1893-4. 

Bruce, 

Edinburgh and East of Scot. Col. of Agr. Bull. 10. 

Burkett, 

N. ·C. Agr. Expt. sta. Bull. 189. 
'f 

Burkett, C. W. and Poe, C. H. 

Cotton, its Cultivation, etc. 

Burnett, E. 

s. C. Agr. Expt. sta. Rept. 1909, pp. 39-44. 

Burns, J~ c. 
Tex. Agr. Expt. Sta. Bulle. NOB. 110, 159. 

18'1 





188 

Burns, J. C. and Metcalfe, T. P. 

Tex. Ag~. Expt. Sta. Bull. 163. 

Burtiss, F. C. and Malone, J. S. 

Okla. Agr. Expt. 5ta. Bull. 61. 

Carmichael, B. E. 

Ohio Agr. Expt. ata. Bull. 179. 

Cary, Dr. C. A. 

Ala. Agr. Expt. sta. Bull. 6,8. 

Chamberlain, J. R. 

N. C. Agr. Expt. ate. Bull. 81. 

Clark, R. W. 

Ala. Agr. Expt. sta. Bull. 121. 

Olayton, E. P. 

Relis'b1e Poul. Jour. Vol. 22, Jan. 1916, No.ll,p.1239. 

Coohel. W. A., Tomhave, W. H. and Severson, B. O. 

Penn. Agr. Expt. sta. Bull. 118. 

Connel, J. ·H. and Carson, J. W. 

Tex. Agr. Expt. sta. Bull. 41, 27. 

Conner, C. M. 

S. C. Agr. Etpt. sta. Bull. 66. 

Cook, Paul 

N. J. Agr. Expt. Sta. Rept. 1903. 

Craig, John A. 

Wis. Agr. Expt. ata. Bull. 32. 





.) 189 

Craig, John A. and Marshall, F. ' R. 

Tex. Agr. Expt. sta. Bull. 76. 

Crawford, A. C. 

Jour. Pha rma 0 01. and Ther. Vol. 1, No.6, pp.519-48. 

Curtis, Geo. W. 

Tex. Agr. Expt. sta. Bulle. 11, 21, 135. 

Curtis, R. s. 
N. C. Agr. Expt. Sta. Bulls. 200, 215, 216, 218, 222. 

Curtiss, C. F. 

Iowa Agr. Expt. sta. Bull. 66. 

Dinwiddie, R. R. 

Ark. Agr. Expt. Sta. Bull. 76, 85. 

D'nwiddie, R. R. and Short, A. K. 

Ark. ' Agr. Expt. sta. Bull. 108. 

Duggar, J. F. 

Ala. Agr. Expt. sta. Bulls. 122, 128. 

Duggar, J. F. and Ward, W. F. 

Ala. Agr. Expt. Sta. Bull. 103. 

Dyer, 

Dent. Landw. Presse. 23 (1895) No.3, pp. 22-3. 

Eckles, Prof. C. H. 

Mo. Agr. Expt. Sta. (The Value of cotton-seed Produots 

in the Feeding of Animals). 





Edgerton, C. W! and Morris, Harry 

La. Agr. Expt. ata. Bull. 134. 

Emery, F. E. 

N. C. Agr. Expt. Sta. Bull. 109. 

Emery, F. E. and Kilgore 

N. C. Agr. ~t. Sta. Bull. 87. 

Emery, F. E. and Miohele, John 

N. C. Agr. Expt. ata. Bull. 109. 

Evvard, J. 11. and Pew, W. H. . 

190 

Iowa Agr. Expt. ata. (Information to authors). 

Ewing, P. V. and Wells, C. A. 

Ga. Agr. Expt. Sta. Bull. 115. 

Faville, A. D. 

WFo. Agr. Expt. ata. Bull. 106. 

Flint, P. N. and Dorman, J. E. 

Ga. Agr. Expt. Sta. Bull. 80. 

Friemann, 

Unter suchungen uber Baumwellsamenmehl mit Berucksi­

ohtigung seiner toxisohen Wirkung p. 43, Bochum 1909. 

Fuller, J. G. 

Wis. Agr. Expt. ata. Rept. 1905, pp. 31-6. 

Fulmer, Elton . 

Wash. Agr. Expt. ata. Bull. 67. 





191 

Georgeson, C. C. 

Kan. Agr. Expt. sta. Bull. 63. 

Gilchrist, 

Armstrong Col. Eng., l~rk Lane Express 100, 1909. 

Good, E. S. 
Ky. Agr. Expt. -Sta. (Information to author). 

Gray, Dan T. and -Curtis, R. S. 

N. C. Agr. Expt. sta. (Information to authors). 

Gray, Dan T., Duggar, J. F. and Ridgway, J. W. 

Ala. Agr. Expt. sta. Bull. 143. 

Gray, Dan T. and Ridgway, J. W. 

Ala. Agr. Expt. sta. Bull. 148. 

Gray, Dan T., Ridgway, J. W. and Eude1y, E. R. 

Ala. Agr. Expt. sta. Bull. 164. 

Gray, Dan T. and Shook, L. W. 

Ala. Agr. Expt. sta. Bull. 167. 

Gray, Dan T. and Ward, W. F. 

Ala. Agr. Expt. Sta. Bulls. 151, 158, 159, 177. 

Hammond, Judge Henry e., Augusta, Ga. 

Cotton-seed Meal as a Horse and Mule Feed (Pamphlet). 

Hand, W. F. 

Miss. Agr. Expt. Sta. Bull. 123. 





192 

Harrington, H. H. and Adriance, Duncan 

Tex. Agr. Expt. sta~ Bull. 29. 

Hartwell, B. L. and Linchtenthae1er, R. A. 

R. I. Agr. Expt. Sta. Bull. 166. 

Henry, W. A. 

Wie. Agr. Expt. sta. Rept. 1894, pp. 5-27. 

Henry, W. A. and Morrieon, F. B. 

Feeds and Feeding, PP. 171-5, 307-8, 364-5, 379, 

414-15, 460-2, 472-4, 476-7, 485, 492, 635, 648, and 655. 

Hille, J. L. 

vt. , Agr. Expt. ste. Rept. 1907. 
. 

Hills, J. L., Jonee, C. H., Hollister, F. M. 

vt. Agr. Expt. sta. Bull. 101. 

Hunt, Thoe. F. 

Penn. Agr. Expt. sta. Bull. 29. 

Hunziker, O. F. 

Ind. Ag. Expt. Ste. 28th Ann. Rept. (1915) p. 37. 

Jeffrey, J. S. 

N. C. Agr. Expt. Ste. Bull. 211. 

Jones, W. J., Fuller, F. D., Proulx, E. G., Carter, G. G. and 

Roop, J. H. 

Ind. Agr. Expt. ste. Bull. 177. 

Kaupp, B. F. 

Poul. Cult., Sanit., and Hygiene, pp. 218-20 and N. C. 

Agr. Expt. Sta. Cir. 27. 





193 

Kellner, O. 

Scientific Feeding of Animals, pp. 196-7. 

Kennedy, W. J. and Robins, E. T. 

Ia. Agr. Expt. sta. (Breeders' Gazette. Vol. 58, p.303l. 

Kennedy, W. J., Robins, E. T. and Kildee, H •. H • . 

Ia. Agr. Expt. sta. Bull. 109. 

Kingston, R. I. 

R. I Agr. Expt. Sta. Bull. 156 • 
• 

Kinzer, R. J. 

Kan. Agr. Expt. sta. (Breeders' Gazette, Vol. 58, p.350). 

Lane, C. B. 

N. J. Agr. Expt. sta. Rept. 1903. 

Lee, J. G. and Woodard, T. E. 

La. Agr. Expt. sta. Bull. 110. 

Lindsey, J. B. 

Mass. (Hatoh) Agr. Expt. sta. Rept. 1907. 

Linklater, W. A. 

Okla. Agr. Expt. Sta. Bull. 94. 

Lloyd, E. R. 

(Information to author) Bull. 167, 60. Miss. Agr. 

Ex9t. sta. Rept. 1902, pp. 16-18. Rept. 1905, Loc. Cit. 

London Report, (Agr. Ed. and Research 1901-2, pp. 51-2). 





194 

Louisiana Planter, Vol. 29, (1902) No. 11, pp.178-81. 

MCDonald, ,. T. and Malone, J. S. 

Okla. Agr. Expt. sta. Bull. 126. 

-MoLean, J. A. 

~ss. Agr. Expt. sta. Bull. 121, 136. 

McNutt, 

N. C. Agr. Expt. stat. Rept. 1911. Proc. Amer. Soc. 

!Dim. Prod. 1914 • 

. Ma.rohleweki, L. P. T. 

Jour. Prakt. Chem. n. F. Bd. Heft. i, .pp. 84-90. 

Marshall, F. R. and Burns, J. C. 

Tex. Agr. Expt. sta. Bull. 77, 78, 9.7. 

Mass. Agr. Expt. sta. Repts. No.6, p. 13, No. 14, p. 162(1907). 

May, D. W. 

Ky. Agr. Expt. sta. Bull. 108. 

Miohels, John 

N. C. Agr. Expt. sta. Bull. 199, Rept. 33, 1910, p. 29. 

Miohels, John and Burgess, J. Y. 

s. C. Agr. Expt. Sta. Bull. 117, 131. 

Miohele, John and Shiver, F. S. 

s. C. Agr. Expt. sta. Bull. 125. 

Moore, . J. S. 

Miss. Agr. Expt. Sta. Bulls. 60, 111, Repts. 1888, 

1902, pp. 23-6, 1903. 





196 

Morrison, J. K. 

Miss. Agr. EKpt. sta. Bull. 162. 

Mumford, Dean F. B. 

\ Mo. Agr. Expt. sta. Bull. 90. 

Mumford, F • . B., Trowbridge, E. A. and Haokedom, Howard 

Mo. Agr. Expt. Sta. Bull. 115. 

Nourse, D. O. 

Va. Agr. Expt. sta. Bulls. 106, 148. 

Paterson, 

West of Scot. Agr. Col. Rept. 1900, pp. 23-44. 

Price, 

Tenn. Agr. Expt. Sta. Bull. 80. 

Rather, J. B. 

Tex. Agr. Expt. Sta. Bull. 146. 

Robinson, J. H. 

Poultry Craft, p • . 9~. 

Risser, A. K. and Armsby, H. P. 

Penn. Agr. Expt. sta. Bull. 73. 

Rommel, G. M. and Vedder, E. B. 

Jour. Agr. Research Vol. 5, No. 11. 

Rust, 

Veroffentet Johns. Vet. Ber. Tieurarzte Press. 6, 1905, 

also Vet. Rec. 21, 1909, No. 1080, p. 630. 





196 

Soott, John M. 

Fla. Agr. Expt. Sta. Bulls. 99, 114. 

Severson, B. O. 

Penn. Agr. Expt. Sta. Rept. 1912, pp. 149-". 

Smith, Arohibald 

S. '0. Agr. Expt. sta. Bull. 169. 

Skinner, John H. and Coohel 

Ind. 'Agr. Expt. Sta. Bulls. 129, 130, 167. 

Skinner, John H. and King, F. G. 

Ind. Agr. Expt. sta. Bulls. 153, 167, 168, 169, 178. 

Smith, H. R. 

Nebr. Agr. Expt. Sta. Bull. 100, 116, 132. 

Soule, Andrew M. 

Ga. Agr. Expt. Ste. (Breeders' Gazet t e, Vol. 59, p. 1163). 

Soule, Andrew M. and Fain, J. R. 

Tenn. Agr. Expt. Sta. Bull. Vol. 15, No.3, and Va. Agr. 

Expt. Sta. Bulla. 156, ,164. 

Soule, Andrew M. 

Tex. Agr. Expt. Sta. Bull. 47. 

Soule,' Andrew M., Fain, J. R. and Jarnagin, Milton P. 

Va. Agr. Expt. sta. Bull. 173. 

Spieokermann and Kuttenkeuler 

Ztsohr. Utersuoh. Nahr. u. Gennsmt, 11, 1906. No.4, 

pp. 177-205. 





Spier, 

Trans. Highland And Agr. Soc. Scot. 1894. 

stone, W. E. • 

Tenn. Agr. Expt. Sta. Bull. 3, 1889. 

Swift & Co., Chioago, Ill. 

Feeds and Feeding by Henry, W. A. 

Tidsker, 

Landoken, 13(1895). 

Tomhave, W. H. and Hickman, C. W. 

Penn. Agr. Expt. S ta. -Bull. 133. 

U. S. Dept. of Agr. Farmers Bulls. 73,665. 

Waita, Roy H. 

19'1 

Md. Agr. Expt. Sta. (Jour. of Amer. Assn. of In­

structors and Investigators, Vol. 2, No.3, p. 18). 

Waters, H. J. and Hess, E. H. 

Penn. Agr. Expt. Sta. Rapt. 1896, Mo. Agr. Expt. sta. 

Bull. 36. 

Willson, C. A. and Robert, S. A. 

Tenn. Agr. Expt. sta. Bull. 104, and Information to 

authors. 

Wilson, J. and Curtiss, C. F. 

Iowa Agr. Expt. Sta. Bull. 28. 

Withers, W. A. and Brewster, J. F. 

N. C. Agr. Expt. Sta. eire 5. 





198 

Withers, W. A. and Carruth, F. E. 

Jour. of !gr. Researoh Vol. 6, No.7, p. 285. 

Withers, W. A. and Ray, B. J. 

Jour. Biol. Chem. Vol. 14, No.2, pp. 63-8. 

Wood, A. H. and Parson, C. L. 

N. H. Agr. Expt. Sta. Bulls. 13 and 14. 

Zimmermann, E. H. 

Halle Expt. Sta. a. S. 1910. 









COLLEGe: 01"' AGRICULTURe: 

AGRICULTURAL EXPERIMENT STATION 

DEPARTMENT 01" VETERINARY SCIENC!! 

UNIVERSITY OF MISSOURI 

COLUMBIA 

May 22, 1916. 

Dean Walter Miller, 
Ohairman, Graduate Comadttee. 

Dear Dean Millert 

On aocount of other duties I have not had time 

to read the whole of Mr. Sullins' dissertation on 

·Ootton Seed and Ootton Seed Produots as Feed for 

Live Stook.- But I have gone over a oonsiderable 

part of it carefully, and I 'em quite willing to back 

Prof. Allison I s ~udgment in -approval n o£ the entire 

paper. 

The ohapters I have examined Show evidenoe of 

careful, oonscientiou8 work, and go04 ~udgment in the 

oompilation of data. The abstraots from the literature 

SllOW good ability on the part of the writer to find and 

present in a olear and brief ~ the faota bearing upon 

the various po1nts disoussed. It is a veXJ oomplete 

review of the literature; and 1s presented in good form. 

The general deductions oontained in the SUJIIll8.ry at end 

of the dIssertation are in aooord with the data pre­

sented. The paper 18 one that will prove ot exoeptional 

value to all who are interested in the feeding o~ cotton 

ssed produots. 

Ver; truly. 







DUE RETURNED 

JAN27 ' 1'\ 

:t . ..... 

Form 104 

BOOKS MAY BE RECALLED 
BEFORE THEIR DUE DATES 



RECE!VE 

OCT 201 16 

UNIV Or Mo. 




