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IXTRODUCTION

Economical milk production in regions where alfalfa hay is not
readily grown depends to a large extent upon the cost of protein con-
centrates needed to balance the rations In Kichigan, although alfalfa
1; increasing in favor, much of the hay that is fed is low in protein,
and lack of sufficient protein in the ration is very often a limiting
factor in milk production,

Ordinarily cottonseed meal is the cheapest hish protein concen=-
trate that can be purchased, and the biological valus of its protein
has been shown by feeding experiments to be relatively highe. Its use
as a cattle feed has been somewhat limited, however, because its use
in fairly large amounts is thought to produce injury, Several experi-
ment stations and some of our leading texts on cattle feeding recommend
the use of cottonseed meal only in limited amounts,

Cottonseed meal injury has been attributed to the presence in it
of chloline, betaine, pyro-phosphoric acid, bvacteria and molds, protein
decomposition products and gossypole

@he injury has also been attributed to deficiencies in the retions
of which cottonseed meal is a part such as, a lack of vitamin B, vita-
min A, iron, calcium, and a factor or factors carried by good quality
hay.

Gossypol has been found to be very toxic where fed to some species
of animals, There is mo direct evidence, however, to show whether or
not it 1s toxic to dairy cattle when fed in fairly large amounts with a

ration that 1s otherwise adequate,
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The purpose of this investigation was to study the toxicity of
gossypol te growing dairy heifers, when fed, as it naturally eccurs,
in rew cottonseed kernels. A ration which supplies all of the kmown
factors essential for growth, maintenance and health was fed in con-
Junction with the rew cettonseed, 4n attempt was also made, using rats,
$0 determins some facts regarding the physiolegical effects of feeding
£08sypol as they are affected by various additions to an otherwise normal
ration, A study of the occurrence of gossypol im raw cettonseed and in
cettonseed meal is alse included, |



REVIEX OF LITERATURE

The use of oottonseed and eottonseed products as food dates dack
approximately one hunired years. The Royal Society ef Arts of Londen
(1) in 1783 offered medals to the person who would patent a process for
expressing the oil from the seed of cotton and make of the remsining
seed, hard and dry cskes as food for cattle, The offer required that
one ton of 0il should be expressed and 500 pounds of dried saks be od-
tained t0 win the gold medal, Feor the preparation ¢f ome half as mmsh
mterial a silver medal was offered, Prodadly the large quantities re-
quired defeated the purpose for although the premiwms were effered feor
six years no process was presented.

The South Carolina Agricultural Seciety (%) in 1765 effered a pre-
nium for the patent of a process feor the extraction of eil from cetten~
seed, However, it was not until 1918 that Danjel Gillet of Springfield,
Massachusetis (2) patented a prooess for preparing foed from esttonseed,
The follewing year & process fer extracting oil frem the seed was pat-
ented by George P, Digges of Virginia,

No doud$ cottenseed was used as a food fer cattle %0 a limited ex~
tent defore cottonseed msal was placed on the market, It was net until
adout 1850, however, that cottonseed products became cemmsroially import-
ant as food produsts, Prior to the Civil War there were dut seven cotton-
seed mills in the south. Since that time the growth of the ecettonseed
eil and cottonseed meal industry has deea very rapid, Cottonseed, form-
orly almost wholly wasted, new is made up inte preducts having a yearly
valws estimated at $250,000,000 (3). Approximately ene-third ef this
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amount is obtained from cottonseed oil meal and cottonseed cake,
Manufacture of Cottonseed Meal

The process of mamufacture of cottonseed meal mey have a marked
influence on the presence of gossyrol in the finished product due to the
effect of heat and pressure in converting the ™free gossypol to a prod-
uct kmown as "bound gossypol™ or "D-gossypol" a substance much less
toxic than the original form, For this reason a short description of
the process of cottonseed meal manufacture is included here.

The cottonseed on reaching the 0il mills is first screened to remove
sand, dirt, bolls, and foreign substances, aﬁd finally a draft of air is
used to complete the cleaning process, The seed is now ready for the
linters, These machines are an elaboration of the ordinary cotton~ging
and whatever staple remains upon the seed is stripped off in passing
through them, From the linters the seed passes to the huller, a high
speed outting machine which cuts it up thoroughly. The hulls, by screens
and heaters are now separated from the meats, which latter are, by screw
conveyors, conducted to bins contiguous to roller crushers, and as fast
a8 required are passed fhrough the crushers where the mass i3 reduced to
a uniform consistency, and is knbwn to millmen as ™uncooked meal®,

In the mgnnfacture of cottonseed meal from this raw product the raw
kernels are usunlly cooked before the oil is expressed, to increase the
yield of oile The details of the cooking vary to a considerable extent
in different mills,

A few mills use the "expeller", a cold-press method in which the
decorticated raw kernels are usually dried in a pre~heater and are then

passed into the expeller proper, In the expeller they are forced by



pressure through small erifices, this operation subdjecting them to &
grinding action which squeeses out the 04l, Both the dry heating and
the grinding astion are important in connection with cenversion ef ges-
sypol to bound gossypol or D-gossypol in the cettonseed meal,

Some of the mills use the open kettle process in the mamnfacture
of the meal, In this method the decorticated cottonseed kernsls are
agitated in large steam~Jjacketed kettles until they are more er less
thoroughly comminmuted. The time of cooking and the steam pressure (temp-
erature) 1n the jacket vary greatly, After oooking the kermels pass $o
& cake fon.r and then te a hydraunlie press vhere the eil is expressed,
The press oake is then ground %0 a fine meal,
 The eontimous-cooker which is new used by & majority of mills,
eonsists of three %o five steam jacketed drums or stacks placed one above
the other, The rew kernels enter the upper stack and proceed downward
as those below are emptied, There is oconsiderable variation in the time
required for the kernsls te pass through the stacks and alse the steam
pressure used in the stacks at the various mills, In either of the latter
methods water or steam may be added er a current of air passed through the
cooker in order to regulate the moisture content of the kernels,

The variation in methed of mamfacture of cottonseed meal as well as
variations in temperature, pressure andi moisture content within ene proocess
as used dy different mills may have a marked influsnce on the gessypol eom~
tent or the condition of the gossypol in the finished cottonseed meal,






Peeding Experiments with Special Reference te Cottonseed lMeal Injury

Kumerous investigations have beea conducted in the past fifty years
dealing with the use of cottonseed productis as a food. They have imcluded
a study of the bdiological wvalus of its pretein, its replacemsnt valus in
the ration as compared with ether feeds, its effect en the quality amd
quantity of butterfat produced when it has been fed t0 dairy cows, and
also a study of their injurious effect when fed in large amsunis,

Only those investigations having a direct bearing en cottonseed meal
injury will be reported,

Yeelker (4) seems to have given the first published reports of the
iajurious effects which ocourred from feeding cottonseed meal. In 1872
he reported eases of injury te sheep and cattle in England which was at-
triduted to the use of cottonseed meal, Other cases were reported in
Europe and in England a few years later, dut it was mot until adeut 1890
that the prodlem cams under investigation in this country,

Experiments with Catile Stone (5) in 1889 reported that the practioce

of feeding cottonseed hulls seems te have begun as early as 1870, soom
after the introduction of the ¢il industry., Feeding Mulls and cottenseed
meal as an exclusive diet for cattle was started adout 1885, Bs armful
effects from feeding 25 te SO pounds of hulls and five te eight pewnds of
sottonseed meal daily had been reported wp to the time the report was
published,

Wright (€) fed 2000 steers and heifers weighing from 850 te 950 pounis
for a period of three months (some of them longer) en a ration eomposed of
cottonseed hulls and cottonseed msal, Right pounds of meal and 25 pounds






of lmlls were fed per day, Hay was fed once a week and oftener if scowr-
ing developed. The aversge gain in weight was adbout 75 peunds per menth.
About one per ceat of the cattle scoured and three of the animals died,
Death was attributed to pleure pneumonia.

Lleyd (7) fed six lots of 10 eows each fer 12 weeks (11 weeks on ex~
periment) en retions im which cottonseeds, cettonseed meal, and ocorm were
fod i eonjunction with Bermmda hay and mixed hay. The cows used were
"aatives” and grade Jerseys. The feed eaten and the milk produced s
swmarised delow;

Lot I. Lot II. Lot III, Lot IV, lot Y. lot VI,
Bersmda Hay Mixed Dermuda Mized DBermnda MNixed Hay

Cottonseed Hay  Hay Ray Bay Corn
C. 8. Ce.S.XM, CeS.M, Corn

1bs. 1lba, 1bs, 1bs, 1bs, 1bs,
Bay 9.4 8.5 14,2 12,0 12,2 28
Cotten Seed 8.6 9.8 - - - -
C.S. Meal - 9.7 9.9
Corn 9.9 9.75
Milk Preduced 8.5 7.9 10,9 9.9 8.8 8,3

The milk produstien is very lew in all cases but is predably in
part dus %0 lack of produsing ability en the part ef the native cows,
During the 12 weeks that the cows were fed on these rations ne injurieus
results were moted, _

Chamberlain (8) fed four steers for an 84 day feeding period on a
ration of cottonseed hulls, "ad 1ibitwm" (15-20 1bs, per day) and cotten-
msal 3-5 pounds per day. Lt.‘tho exd of the trial they were still grow-
ing and appeared healthy dut there were soms indiecations that the di-
gestion of the animals had deen impaired,






Pietse (9) in 189S5 reported investigating several cases im whieh
the death of calves was atiributed to the feeding of cottonseed meal,
The calves received three heaping liters per day of cottonseed meal in
addition te skim milk, hay, and linseed cake,

Besry (10) one year later reported an investigation in which three
oalves were fed skim milk %o which one-fourth %0 one-half pound of oot~
tonseed meal was added. The three calves died in from four te six weeks,
The death of twe of the calves was attriduted te & toxic principle in
the cottonseed meal,

Gautier and Larsen (11) im 1895 reported a mmmbder of cases of pois-
ening of calves which were éiroctl: traceable to the eating of cotton~
seed meal,

Emery and Kilgore (12) fed four oxsn en a ration composed entirely
of cottonseed meal and cottonseed hulls, Large amounts of doth cotton-
seed meal and cottonseed hulls were consumed, 4t the enmd of 92 and 135
days of feeding there was no injury moticeadble, PFairly good gains were
mde as is showm in the summary delow.

Cottonseed Mesal Cottonseed Hunlls Period Gain in Veight

No. of Consumed Consumed days pounds
per day per day
1 9.3 17.2 2”2 150
2 18,0 15,6 92 156
3 9.6 14,1 135 188
4 8.3 12.4 135 240

Connsll and Kyle (15) of the Texas Station reported in 1899 that
steers which were fed 20 immdo of ocottonseed hulls and 4.5 pounds of
ocottonseed meal for a period of 100 days made fair gains and showed ne






injurious effects. They reported also ths results of a large mamber ef

farmers and feeders on the use of cotton seed and cottonseed mlls, Ne

injurious effects were reported but the majority of feeders fod the eot-
ton seed only for shert periods of time.

Rust (14) in 1905 reported observing peculiar texic symptems in
draft oxsn which were receiving two pounds of cottonseed meal per day.

He descoribes the ocondition as fellows:

"Edematous swelling appeared at the extremities, the appetite deing
wndisturbed, In later stages weaknsss of the hind quarters appeared anmd
in single animals distundances of equilidriwm, Four of 15 affected exen
showed disturdances of vision, JApparently they decams eompletely dlind
as was evidenced by their groping gait, amd by their celliding with ether
animls and surrounding odbjects, Examimation of the eyes revealed mo
special lesions except marked protrusion of the eye dall and abnormal en~
largement of the pupil. The most severely affected animals were slaugh-
tered, and the remainder recovered after administration of laxatives and
alteration of the diet including discontiimance eof the use eof th
meal,”

Michels and Burgess (15) after reviewing the literature bearing ea
sottonseed meal feeding oconcluded that when the health of cows is un-
favoradly influsnoed it is in all prodadility dws %o ons of the follew-
ing causes;

(1) Peeding the meal in conjunction with unsuitable roughage; (8)
feeding 1t in & stale or musty condition; and (3) feeding it in excessive
quantity. They believed thas derangements of the animals® system results
" from tcodiné cottonseed meal with cottonseed Imlls where the latter forms
an exclusive roughage., Such a ration they point out is undbalanced, ocen~-
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taining an exeess of nitrogenow matter, and this ens-sidedness eondined
with $he woody indigestible mature of the lmlls is responsidle for the
111 health that sometimss follows its use. They observed me 111 effests
from feeding cottonsesd mecl as one-half or three-fourths of the graia
mixture whea the rewghage wsed was eera or sorghum silage. Five %o six
pounds per day of eottonsesd meal was sometimes fed.

MoNast {16) meted the wnthrifty eondition of four ealves fed en &
gxein mixture of eottonseed msal, ¢ats, and wvheat braa as eontrasted with
ansther 1ot of calves fod oa a graim mixture of eornm, ¢ats, and wvheat
Yran, Doth lets received ihe same amount of esrm silage and hay, The
Galves which appeared wnthrifty were under tem months of age. In the
sams 10% w0 other ealves mnde morm] gains, These results were held te
indieate that esttenseed meal should 20t be fod 10 calves wnder tem
maids of age.

In comnection with the same investigation a Vull ealf was fod oa an
exelusive diet of esttonseed meal and skia milk, Ome=feurth of a pousd
of oottonseed meal was fod at the start and this amount was gredwlly in-
erensed until 1.5 pounds was being fed. The ealf died 71 days after the
fooding of cottonseed meal was started,

Dwwiddie and Shert (17) in 1911 reported an imvestigation in whieh
Ywe, four hundred pound Jersey steers were fed on a ration of cettonseed
moal and cottenseed Imlls., The cottonseed meal was fed at the rate of
twe pounds per day at the start of the experiment and this amsunt was in-
sveased % feur pounds during the secend mexth. After 70 days on Whe on~
perineat the animals llolt their appetite and started te lose weight,
Sysptoms of injury woted were; an unsteady andi reeling gait; the defects
of lessmotion appearing im all feur limbs. Blindmsss esourred in oth
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m‘ora and one animal died, The erythrocyte count of the animal that
died was below normsl, 5,400,000 per cudic mme. The hemoglodin was 50
per cent normal,

Moore (18) in 1914 started an investigation te determine whether
or no% the.use of cettenseed meal and the use ef cottonseed Mmlls were
injurious te dairy cews if fed im large amounts and if so0 the nature amd
exteat of the injuries, Three lots of five heifers each were used in
the experiment,

1ot I received a heavy ration of ocottonseed meal with very little
other grain feed. Hay formed the roughage portion of the ration. No
eottonseed hulls were fed. .

Iot II received no cottonseed meal but cottonseed hulls were fed
ss & roughage.

Lot III received no cottonseed products,

ihn oows naver received more than 25 pounds of cottenseed hulls
nor more than five pounds of cottonseed meal per day,

In 1ot I which received nearly five pounds of cottonseed per day
throvdont six lactations there were 14 cases 0f garget, ens cow lest
two quarters of her udder and two others lost ens gquarter each; there
were three cases of retained afterbirth; ene calf was dora dead and
another was very weak at birth, In Let II which received approximstely
15 pounds of cottonseed Imlls per day there was one case of garget, ens
quarter of an wider was lost, anl there was one adortion,

The animals in Io$ III exceps for twe slight cases of garget were
normal throughout the experiment and produced normal calves.
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This investigator concluded that the feeding of five pounds of oet-
tonseed msal for a considersble length of time was injurious to the dairy
oow, causing inflammation of the udder, difficult dreeding, and probadbly
having a tendency $0 cause retention ef the afferdirth, The use of cot-
tonseed hulls as a roughage where eottonseed meal was not fed did not
seem t0 have as pronounced injurious effects., Ko mention was made of
e kind or quality of hay used in this experiment dbut it was concluded
in this experiment that where silege is fed in the winter and where geod
pastures are availadble in the sumer that as mmch as feur pounds per day
of ocettonseed meal can be safely fed to dairy ocews,

AS the North Carolina Station (19) an extensive series of investi-
gations were oarried out in which it was showrn that the heavy feeding of
ocottonseed meal te dairy cows dees mot produse injurieus effects if it
is fed in conjunstion with hay and silage, This series of investigations
is reported in detail under the section "Theories eof the Cause of Cotten-
seed Msal Injury™, |

T™he work of Huffman and co-workers (20) (21) at the Michigan Stsation
where the heavy feeding of cottonseed meal with a good Qquality ef rewgh-
age has proven very successful is reported in detail under the same head,

Moore and Enffman (22) have shown that eottonseed meal is as laxa-
tive as linseed oil moal when fed as the principle source of pretein %o
milking cows. IS had formerly deem supposed that cottonseed meal was
oonstipating im effect.

Experiments with Sheep  Veelksr's (4) report ef the death eof

5,006 sheep and lambs that was alleged te have been caused by sating de-
ocsrticated cettonseed cakes is the earliest report noted with regard ¢e






feeding sheep cottenssed products and the possidle injury ef such &
prectice,

Yon Mathausius (2S) observed for several years that the uterus of
owes, which had been fed considerable quantities of cottonseed meal, im-~
mdiately after lambing bdecams highly inflamed, and the sheep seom died.
It is stated that only those animals sating Ameriocan cettonseed were af-
feeted and when the use of the meal was stopped the troudble seen disap-
peared,

Rsser (24) reported the death §f about 100 fastening lambs after a
fow days feeding on 250 grems of cottonseed meal used as an auxiliary
foode The mesal seemed of good Qquality and was fed to oxen without injury.

Ladd (25) reported that feur mature sheep which were started on a
feeding experiment in which the grain ration was a mixture of equal parts
wheat dren and cottonseed meal died after six weeks of feeding, Lo men~
tion was made of the type of roughage used,

More recent experiments dy Jones and Dicksen (26) have shown that
ons-balf pound or more of cottonseed meal with cottonseed hulls as the
roughage ean be fed te fattening lambs for a period of 70 days witheut
preducing any 111 effects,

Greay and Ridgway (27) reported having fed 63 pregnant ewes $hrough
Ahe winter (from 65 to 210 days) em a ration of cottenseed meal and oot
tonseed hmlls, No impairment in health or in reproduction was observed
exoept for one case of dlindness which occurred,

Cox (28) reports a series of investigations from the New lexioce
Station mn fattening lambs were fed on mti.ou. containing various
amounts of cottonseed meal and cottonseed hulls, These investigations
cover three years® work which is suzmarised below:
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50 Lambs per lot 95 days
lot I. Iot II. 1ot III, Lot IV, Lot V.
Corn § 1be Co8.Med 1beCeSeMoli 10,CeSeMs 1 1be CoSiMe 1 1D,
Joeod O.S.l(.-} 1b, C.S,Mnlls G.S.Halls Ce S. Hulls Cane Stover
Alfslfe Hay
Deaths 1st year O 0 1 0 0
Attributed
0 2rd * O 1l 2 2 0
feeding
Sed " O 0 1l 1l 0
total - 1 4 S 0
CeSoM, CeSeM,
Tood Corn Alfalfe
Stover Hay
Deaths lst year 1 0
Astributed
%o 2rd * O 1
feeding .
Srd " O 0
total 1 1

It will be seen that 70 per cent of the losses ocourred in the lots
that were receiving ems pound per day of cottonseed meal fed with cotton-
seed Mulls, These animals became sick about 70 days after the start of
the experiment, They decams droopy and refused to eat., The eyes often
dscame glaszed in appearance, After the second day of the sickness the
animals gave indications of considerable ibdoniml paine In several in-
stances lambs which showed these symptoms were removed from the experi-
ment and placed on alfalfa pasture or fed alfalfa hay, Recovery was com~
plete in every case,

Post mortem examinations eof animals that died showed an accumalatioa
of serum in the addominal cavity, inflammation and congestion in the adé-
masum and small intestine, 4lso, congestion in lymph glands, kidneys,
and liver, The urine was extremely acid,
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Experiments with Horses and Males  Emsry (10) in 1894 reported

that ﬁo pounds daily of cottonseed meal could be fed to horses with
€ood success. Although the feeding of cottonseed meal to horses was net
gensrally practiced then, m0 injurious results had been reported,

Comnsll amd Kyle (13) report three instances where the continued
use of cotton seeds and cottonseed meal for horses and mules ultimately
had bad effects. These reports were from farmers in Texas, Other farm-
ers reported that they had used it in limited amounts with fair sucoess,

Burkett (29) in a series of experiments at ths North Carelina Sta~
tion found that wo pounds of cottonseed meal could be included in the
rations of horses without producing any ill effects and that under North
Carolina conditions it was a very economiocal feed.

Templeton (30) carried om investigations in which he supplemented
the rations of iornng mles with cottonseed meal at the rate of 1.1
pounds per 1000 pounds of live weight, Sems diffioculty was experiensed
in getting the mules to eat the cottonseed meal, dut its inclusien in
the retion had no effect on the health, spiris, or endurance of the ani-
mals to whioch it was fed,

Bell and Williams (31) conducted an experiment in which they fed
cottonseed meal t0 nine work horses in a grain mixture of oass, dran,
and cottonseed meal, The reughage used was oat hay, Seven team mates
of these horses received the sams ration except that me cottonseed mesal
was fed, The amount fed varied somewhat, One pound daily for every
1000 nm- 1live weight was found to be the most satisfactory level,

M reprodustive troudles were noted in the mares which received the oot
tonseed meal, They decame safe with foal readily and dropped normal
healthy foalse
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One mare that received three pounds of cottonseed meal died after
46 days on the experiment, Post mortem examination showed an inflamed
condition of the stomach and intestines, These indications seemed to
point te cottonseed meal as the causative agent of the injury,

It wvas noted that the mares thrived better and ate their ration con-
faining cottonseed meal more readily on pasture than they did when they
were stall fed.

Experiments with Swine Curtis and Carson (32) in 1892 reported

that during trials the year previous the fatalities dus to feeding oot~
ton seed were mmsrous, Six to seven weeks after the pigs were placed
on trial they died of cottonseed meal injury., Boiling the raw seed de-
fore feeding seemed to reduce the toxicity somewhat as indicated by fewer
deaths, They desoride the symptoms as follows: The first sign of siock-
ness appearing in from six to eight weeks after cottonseed meal is added
to ths ration, is a moping dullness of the animal with loss of appetite

. and tendency to lie apart, VWithin the course of 12 te 36 hours, often
within shorter time, the animal becomes restless, staggering in his gait;
breathing, ladored and spasmodic; bdare skin showing reddish inflammation;
sight defective, and bdoth nervous and muscular systems feeble and adnormal
in action, The fatal cases all show "thumps™, spasmodic dreathing, amd
in many instances the animsl will turn in one direction only, Those pigs
which do not die decome stunted and do not grow,

Enery (10) reports a case where two pigs which had received skim
m1k were placed on a cottonseed meal experiment, One pig received cote
tonseed meal and wheat bran, the other received corn meal and wheat dbran,
After six weeks on these rations the cottonseed meal was increased to two

pounds per day and ths pig receiving this amount soon lost appetite and
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refused to eat. Replascing the cottonseed meal with corn resulted in
the pig's recovery.

Carrcevin (33) observed that hogs which were fed Egyptian cotton-
seed and cottonseed cake were poisoned very severely, Hs injected a
cold water extract of the seed into a dog and caused death in 18 hours,
He observed that the kernels were much more poisonous than the hmll and
that commercial cottonseed 0il was harmless,

Connell and Kyle (13) in 1899 reported the experience of a mumber
of Texas farmers who had fed cotton seed or cottonseed meal to hogs,
Where uncooked ootton seed was fed in dry lot the results were in almest
every case disastrous, The only favorable results which were reported
were in oases where cooked seed was used or where the hogs were allowed
to ran on pasture,

Dirwiddie (S4) fed cottonseed meal in combdinations with corn, with
“ran, with cans and turnips, and with bren, corn and cow pea hay. Three
pigs receiving cottonseed meal one part and cora three parts, died after
S8 days., Each pig at the time of death had consumed 23 pounds ef cotton~
ssed meal, The ration having turnips in addition to corn and cottonseed
msal did not prove suscessful, Where bran was substituted for corn there
was a marked improvement, Where dran was fed with cottonseed meal as
mch as 1,4 pounds per day was fed without producing harmful results,

A sow was fed for the last 80 days of her gestation period on a ration
ocontaining cottonseed meal, She received 1,3 pounds per day witheut
harm t0 herself or her litter.

Crude cottonseed 0il was fed to three pigs for 20 weeks in amounts
exceeding that which is ocontained in a fatal ration of cottonseed -ul.
I harmful effects were noted,
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Characteristic post mortem « findings . of pigs dying from cetton-
ssed meal injury were in all cases an acute dropsy of the pleural and
heart sacs with intense congestion of the liver and kidneys, The immedi-
ate cause of death was thought to de dus to suffocation from compressien
of the lungs,

Georgson, Burtis and Otis (355) used cottonseed meal with corn meal
as one-fourth and one-half of the ration, The results in both cases were
disastrous, the pigs dying in from three to eight weeks after going on
trial, The larger pigs seemed the more resistant., In all cases post
morten examination revealed severe inflammation and cengestion of the
intestines, lungs, and heart, Up to ths time that the symptoms of cetton-
seed meal injury set im the gains had deea very good,

Curtis (36) fed cettonseed meal with corm and ced meal and dutter
milk 1o pigs welghing about 100 pounds, The pigs mede good gains for
abeut six weeks and then decams fatally sick, In every case the amount
of cottonseed meal consumed defore death ocaurred was from 27 to 33
pounds, Pigs following cattle that were fed from four to seven peunds
of cotionseed msal showed no injurious effects in 17 weeks, the duratien
of the trial, |

Duggar (37) found $hat .25 to (61 pounds of cottonseed meal daily
per 100 pounds ef live weight caused sickness and death im pigs in five
10 seven weeks, Yellow corn formed 75 per ocent of the ration, Greea
pasture tended t0 alleviate the toxicity somewhat,

Marshall (38) reported experiments in which he mixed cottonseed
meal with corn chops and after adding water allowed the mixture te fer-
meat until it was thoroughly seur. The fermsnted mixture was fed to
fatiening pigs weighing from 100 te 150 pounds, Where the ration con-
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tained one-third cottonseed meal the pigs did well fer 74 days, After
that time one animal died and ons other refused te eat well, Ons lot
which reesived fermented cottonseed meal as one-half of the ration did
well for 60 days bdut after that time three hogs out of ten died and an~
other became chronically sick and lost weight, Up to seven pounds eof
the mixture of corn and cottonseed meal was fed daily, or 3.5 pounds of
eotionseed, It was conocluded that fermenting cottenseed reduces dut does
2ot entirely elimimate its Sexioity,

Curtis (S9) fed fermsnted cottonseed mesl to pigs as 20 per cent of
the retion for 90 days with very good results, After that time the gains
were not as g00d as they had deen previously but the animals apparently
remined in good health for a month longer, when the trial was finished,
An averags of .sz pounds of cottonseed meal was fed during the entire
period,

Valker (40) in 1916 reported that the addition of copperas 10 a ra-
tion of three parts of oora to one part of cottonseed meal prevented in-
Jury te pigs.

Withers and Brewster (41) had previously shown that iron was effec-
tive as an antidote %0 cottonseed meal poisoning in rabbitse

Withers and Carruth (42) later reported that the addition of iron
in the form ef Fe ol, or copperas to a ration containing cottenseed meal
greatly reduced the fatal effects. Out of a total of 18 plgs gedting
the iron, four died while out of 18 not getting iron 13 died,

‘Romms] and Vedder (43) in 1915 and VWells and Bwing (44) in 1916
reported evidence to show that cottonseed msal injury in pigs is due %o
the feeding of a deficient diet. These investigations will bde reviewed
later in the section "Theories of the Cause of Cottonseed Msal Injury,”
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Goldberg and Maynard (45) reported an experimsnt in which 12 pigs
previously innooulated néuinst cholera weighing from 30 te 50 pounds
each were fed on & retion made up of 60 per cent corn meal, 10 per oent
wheat middlings, 25 per cent cottonseed meal and five per cent molasses,.
A mineral mixture was fed "ad 1iditum”,

Nine of the pigs died within eight %o 12 weeks from the beginning
of the trial. The usual symptoms observed were failure to eat; vemiting;
rapid, short shallow dreathing; anemia, and a weakness of the leg muscles.
A very complete post mortem report was included in the investigations,
Particular emphasis was placed on a study of the lesiens found, They
found a generalized edema throughout the bdody, The initial lesien in
cottonseed meal injury they concluded is ascites,

Barnett and Goodell (46) fed three pigs a ration of two parts corn
%o ene part cottonssed meal for 28 days without prodwsing amy mesiceadle
injury. 2,3 pounds of cottonseed meal was consumed daily per pige

Warren and Williams (47) fed cottonseed msal with mile chops amd
with milo chops and tankage for & period of 120 days, In ene lot of
nine pigs vhere cottonseed meal formed 11 per cent of the ratiom there
was ons death from cottonseed meal injury on the 70th day of $he experi-
ment, The other pigs showed no symptoms of injury at any time.

Dohstedt and co-werkers (49) at the Ohie Statien reported that a
pig recéiving 20,2 per cent sottonseed meal im its ration died om the
120th day of the experiment, Twe pigs receiving 25 per sent cottoaseed
meal died en the 67th and 78th days of the experiment, Post mortem ex~
amination in all cases showed marked hemorrhagic condition of the mes-

.8“17.
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Hale (48) has reported a series of investigations on cottonseed
mesl for swine which have been oarried on at the Texas Station, It is
ooncluded from the results odtained that where not more than nine per
cent of the ration is mads up of cottonseed meal it can be fed safely
%0 drood sows, doars, growing pigs, and suckling pigs without produsing
any harmful results, Cottonseed msal fed at & 15 per ocent level resulted
in a loss of three pigs out of 20 which on post mortem examination showed
the characteristic symptoms of cottonseed meal injury, There were mo
losses from cottonseed uu.l injury in a lot of 20 pigs fed a ration con-
taining 12 per oent cottonnood msal dbut they did mot look as thrifty ner
mke as good gains as pigs méh received only nine per ocent cottonseed
meal in their ration, Ground raw cottonssed proved very unsuccessful
when used as a protein supplement for 34 pound pigse, As 40 per oent amd
as 25 per cent of the ration it proved unpalatadle and caused scouring
on the 18th day of the experimsnt, After 20 days oa the trial the pigs
were removed dut two of the five pigs died from cottonseed poisoning en
the 26th and 28th days after the start of the experiment,

Experiments with pigs following steers receiving cottenseed meal

Geergson, Burtis and Otis (35) report a case where 40 pigs fellowing steers
fod on cottonseed meal died in six or seven weeks showing the same symp-
tons of poisoning as those which were fed cottonseed meal directly,

Soule and FPain (50) reported that of 12 hogs following steers which
received 3,23 pounds ‘of cottonseed meal per day, ons died, The cause of
death was not definitely found to be cottonseed meal poisoning, however,
The remaining eleven made fairly good gains over a period of 180 days,
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Experiments with Poultry Roberts and Rice (51) in 1897 observed

that the eggs from hens fed on a nitrogenous ration one-third eof which
was cottonseed meal were small in sise, had a dark colored yolk, and a
red watery aldumin, The eggs were also observed to have poor keeping
qualities as ocompared with eggs from hens which were receiving a car-
bom_ooonl ration which contained no cottonseed meal,

Thompeson (52) fed cottonseed meal to laying hens as 50 per oent of
a ration eomposed of ocats, bran, and cottonseed meal, The health of
the hens was not affected as far as could be seen, About eight per cent
of the eggs from hens in their second laying year were found to have cot-
tonseed meal spots. Eggs from pullets uﬁ not affected,

The cottonseed meal spot is desoribed as, "a drown spot with a red-
dish tinge varying from the size of a pin point teo & quarter of an inch
in diamster, The spot floats on the surface of the yolk and can readily
be seen when the egg is candled, Often there are several spots in ens
egge The fertility and hatchability of the eggs are not affected.”

It was oconcluded from this investigation that laying hens are not
injured by the eonsumption of fairly large amounts of cottonseed meal
although it is not recommended that it be fed as the sole pretein sup-
plement,

Sherwood (53) fed laying hens cottonseed meal in varying amounts
snd studied the storage quality of the eggs produced. None of the eggs
showed any ser ious disceloration of yolk er white when first laid amd
1ittle or no change in color was moted until after four weeks in eold
storege, After four weeks in cold storege the eggs from hens receiving
20 and 32 per oent ocottonseed meal in their mash began to deteriorate
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in color, IEggs from hens receiving nins per cent cottonseed msal in
their mash seemed to keep a good color in cold storsge, Milo and kafir
woere fed in addition te the mash in these lots, Where an all mash ratien
was used the presence of :ma or 12 per cent cottonseed meal caused a
deterioration in the color of the eggs kept in cold storage after four
weeks, When cottonseed msal constituted three to six per cemt of the

all mash ration the eoler of the eggs remained good for as long as 28
weeks in sterage,

The feeding of a fresh, susculent green feed will improve the ster-
age qualities of eggs where hens are fed a ratien eentaining a fairly
large amount of cottonseed msal,

Experiments with Bats Symes and Gardmer (54) in 1915 {n comnee-

tion with their study ef the toxicity ef sedium pyrophosphate found thas
cottonseed meal proved fatal to rats when fed as an exclusive diet; even
five grems of cottonseed msal per reat per day when :npplmntid with oats
and dren were fatal, Meal which was partially extracted with aloohel and
ether was found %0 de much less toxic although death did result after a
fow weeks,

MoCollum, Simmonds and Pits (55) while stuiying the vitamin A esa~
temt of several vegetable oils found that ether extracted cottonseed ofl
was toxic t0 rats dbut commercial cottonseed 0il extracted dy hot pressing
was not injurious, Cottonseed o0il was found t0 be very low in iis vite-
min A eontent,

Richardsen and Green (“) fed rets rations containing from 33 %o 70
per cent of cettonseed meal and cottenseed flour, No cottonseed meal
peisoning was produced although some of the animels died, prodedbly frem
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inadequate diets, The addition of butterfat $o & diet composed of lard,
starch and cottonseed did not improve growth, It is probable that the
diet used was inadequate in minserals decause no mineral supplement was
used and the addition of whole milk powder produced normal results,

Richardson and Green (57) in a later paper reported that diets oem-
posed of 50 per cent cotton-oid flour, supplemented with protein free
milk and dutterfat produced normal growth, Mo toxiec effect was edserved
when this retion was used for four successive gensrations; reproduction
and growth were normal,

Osborne and Mendel (58) fed cottonseed meal and eottonseed flour in
a ration which contsined in addition starch and lard, No injurious ree
sults were noticed and in one case a normal litter was reared, In several
of the successful cases butterfat was added as a supplemsnt and improved
éains were noted, Raw cottonseed kernels were used in the ratiens for
rats with the result that the rets died in from six to 12 days, In a
series of oxporimntl"haro the kernels were subjected to different treat-
ments it was found that steaming the kernsls for two hours destroyed the
texicity while heating in an eleciric oven at 110° C. or steaming for ene
hour did not.

Hevens (59) used 23.9 per cent cottonseed meal in an adequate diet
for rats over u'poriod of seven weeks, No symptoms of toxicity were moted,
Gallup (60) fed cottonseed msal at various levels in rations for
rets, in determining the digestibility of the costonseed protein, Up %o

5148 per cent of the ration was cottonseed meale No injurious foocta.
were mto@. The addition of gossypol to the rations did not lower the

digestidility,






Bethke, Bohstedt and co-workers (48) fed cottonseed meal to rats
as 24.2 per cent of the ration and obiomd no injurious results,

Theories of the Cause of Cottonseed Meal Injury

Sinoe Voelker (4) in 1873 pudblished his report on the injurious
effect aceruing from the feeding of cottonseed meal, investigators have
studied the effects of eottonseed meal feeding and a mumber of theorim
and speculations have arisen to ascount for ths injury which has some-
$imes ococurred in connection with its use,

Choline and Betaine BShn (61) made one of the earliest attempts te

solve the problem of "cottonseed meal injury”, He isolated a large pmp-
aration of ohwline from an alcoholic extract of a cottonseed cake which

had been fed to young cattle in Germany with fatally injurious results,

He concluded that there was dut one alkaloidal substance present in cot-
tonseed caks,

Ritthansen and Weger (62) one year later in 1882 isolated betaine
from cottonseed cake. ‘

Goehtgens (63) had previously shown that 5 gram ¢f choline injected
into & vigorous oat had caused an immediate paralysis and that .5 gram
was sufficient $0 cause instant death, He bdelieved that detains was
noR~poisonous.

Maxwell (64) showed that betaine is present in much larger amounts
than choline in cottonseed cake and that together they constitute abdeut
o24 per cent of the cake, .

Yon Hoeslin (65) im 1906 reported a series of experiments which
shewed that when choline is fed by way of the mouth its toxicity is very






limited. Even chlolin hydrochlorate which was found to de more toxie
than chloline, could be given in two gram doses to a rabdit without
producing serious results, |

The possibility that choline may be converted to more toxic sub-
stances such as neurin or muscarin has been suggested. Frieman (66)
reported that ptomaine substances are probably formed from the nitro-
gen containing componsnts of lecithin in eottonseed meal, He also sug-
gested that the unsaturated fatty acids present in the fat extraced from
oottonseed exert some influence on its toxicity.

Paresitic Organisms and Decomposition Products of Bacterial Action Von

Bsthausius (23) attriduted the toxic effect of cottonseed meal te pare~
sitic organisms associated with the meal,

Kdgerton and Morris (67), howsver, found that meal infected with
the molds that usually grow on cottonseed were even less toxic when fed
t0 reddits and guinea pigs than meal made from uninfected seeds,

KOnig, Spieckermann and 0lig (68) made a study of the decempositien
prodnbil formed by various ucro-oimim working on cottonseed msal,
They found that all of the organisms investigated gave similar physio-
logical effects and were affected by the composition ef the meal and the
air supply. 4 mumber of cleavage products were caused by the dacteria
which attack the meal, some of them being toxic dut at no time during
the decomposition were the injurious substances present in sufficieat
amounts to0 manifest themselves in physiological symptoms,

High Protein Content: Tietse (9) investigated several cases of young

calves which were thought to de boi-oned by cottonseed meal feeding.

These ealves received three heaping liters of cottonseed meal per day
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in addition to skim milk, hay, and linseed ocake, He believed the injury
was dus to the high protein content of ths cottonseed cake,

It has alse been supposed by soms that cottonseed meal injury was
caused by its fiber content and also by the oil it contains.

Phosphoric Acid  Hardin (€9) in 1892 advanced the theory that the pres-

ence of mets and pyro phosphoric scid which he found in the aqueous solu-
tion of the meals he examined accounted in part at least for the imjurious
effect which occurred from feeding cottonseed meal,

Crawford (70) continuing the work of Hardiﬁ, by a number of pharma-
oological tests on rabbits came to the final conclusion that the chief
poisonous property of cottonseed meal ia a salt of pyro phosphoric acid.
The fact that some meals were more toxic than others was thought to be
dus to the conversion of ortho into the meta and pyro phosphoric acids
by heat during the process of mamufacture,

Edgerton and Morris (67) two years later presented evidence to show
that pyrephosphoric acid had nothing to do with cottonseed meal injury,

Anderson (71) isolated the organic phosphoric acid in cotton seed
which he found %0 be similar to phytin but he found mo evidence to show
that it is the poisonous principle present in cotton seed,

Withers and Bay (72) found that a pepsin pancreatin extract of cot-
tonseed was not toxic to rabbits in the amounts in which §t is usually
fed and that the residus was mors toxic than the extract. They alse
showed by feeding pure sodium pyro phosphate in amounts corresponding
t0 that in the meal that it was not the substance responsidle for the
injury and they further proved that the toxic effect may occur in the

meal when the pyrophosphoric acid salts are not present at a toxic level.
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Symes and Gardner (54) later corroborsted the work of Withers and
Ray when they administered sodium pyrophosphste in food to rabdits, rats,
and cats, The folounco of rats for sodium pyrophosphate was seven times
ths amount found in the cottonseed meal which had proved fatal,

Acidosis Forbes (73) found that in 100 grams of cottonseed meal the
excess of acid onr.ba.;o forming elements was egquivalent %0 7.7 cec. of
normal acid,

Wells and Ewing (4) bdelieved that cottonseed msal injury might be
dus to acidosis for they found an excess of acid over base forming ele-
ments in 100 grams of cottonseed meal equal teo 8,2 oo, of norml, ILater
work by these investigators on swine did not substantiate the theery and
they came to the conclusion that acidosis is not the cause of ecottonseed
msal injury.

Toxic Principle in the Protein Molecule  Withers and Brewster (41) in

1913 put forth the theory that the toxic principle of cottonseed meal

was a oconstituent group of the protein molecule containing loosely bound
sulphur and that the toxic effect ef the meal was due % the action of
this group upon the iron of the dlood, The addition of iron in the feorm
of iron citrate to the rations of rabbits receiving cottonseed meal al-
leviated the symptoms of imjury and when fed defore the symptoms appeared,
prevented their donlopgnnt, although the rabbits ate five timss the
amount of msal which proved fatal to radbbits which received the unsupple-
mexted retion,

Withers and Carruth (42) in & later investigation used pigs as ex-
perimental subjects. Iron in the form of Fe clg and copperas was used,
Out of a sotal of 18 pigs getting the iron im addition to a ration ecem~
taining cottonseed meal four animals died while in a lot of 18 which did
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not receive iron 13 died. It is suggested that iron salts facilitate
oxidation of the toxic substance,
Deficiency Disease Theories  Wells and Eving (44) using six week old

pigs, fed cottonseed meal in a ration with starch, sugar and skimmed milk.
When cottonseed meal was fed at the rate of 25 greams per kilo of body
weight per day with five cc. of skim milk, death resulted in from 30 %o
80 days. When gluten flour replaced ths cottonseed meal the result was
also fatal, The addition of 70 cc. of skim milk a day assured maintenance
and & fair amount of growth, Failure of bdoth cottonseed meal and gluten
flour on a ration bdalanced from the standpoint of ocarbohyirates, fats,
and proteins was held to indicate a deficient diet rether than the pres-
ence of a definitely toxisc substance,

Vitamin B Rommel and Vedder (43) in 1915 advanced the theory that
the cottonseed meal injury noted in pigs is a deficiency disease analogous
%0 the disease known as deri deri in man, if not identical with it, They
basel their hypothesis upon the similarity in post mortem findings and up-
on experimental work with pigs, They fed pigs upon polished rice and a
disease resembling bderi deri in man developed, The post mortem examina-
tions on these pigs showed a great similarity to those of pigs which had
died of cottonseed msal poisoning, They point out that acute "injury”
oorresponds to wet beri beri in man and chronic injury corresponds to
the dry form in man,

Withers and Carruth (75) were unable to substantiate the work of
Rommel and Vedder. Pigs to which they fed a ration of cottonseed meal
supplemented with milk and green feed died, while pigs on cottonseed

kernels from which gossypol had been extracted with ether developed

normally,
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Bechdsl, Eckles and Palmer (76) reported that the requirement of
the dairy calf for vitamin B is either very small or that the vitamin
is synthesised by the animal,

Bechdsl and co-workers (77) have since shown that vitamin B ssn de
synthesised in the rumen of the cow, and a cow on a vitamin B free ra~
tion does not develop symptoms which result from a vitamin B deficiensy.

Macy and Mendel (78) reported that cottonseed meal contained seme
vitamin B but much less than is found in yeast,

" Richardson and Green (79) found that cottonseed meal furnished a
oonsiderable amount of the water soluble vitamins,

Stevens (80) in recent work has shown that cottonseed meal is an
excellent source of both vitamin B and vitamin G, Ten per scent cotten
s00d meal in a vitamin B free retion ocontained enough of Both factors

of the complex t0 produse approximstely optimmm growth,

Iron Deficiency  MoGowan and Chricton (81) have advanced the the-
ory that cottonseed meal injury is associated with an iron deficiency
in the retion, They found that the symptoms ef poisoning are similar
%0 those which eccur in suckling pigs on iron deficient diets and they
believe that the injurious results usually occur in pigs which have suf-
fored in the suckling stage from an iron deficiency, They added iron
in the form of ferric oxide te pigs on a ration ocontaining a large amount
of ocottonseed msal and were adble to delay the onset of the injury,

Halverson and Sherwood (19) have reported work from the North Care-
lina Station which shows that the addition of iron to the ration in the
form of copperes used at a o5 per cent level failed to show any denefis

in delaying the onset of the symptoms of cottonseed meal injury,.
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Gallup (82) reported that iron salts delayed the onset of cottonseed
~Faotor or Pactors Carried by Hay  Reed, Euffman and Addington (20)

in 1928 showed that a close relationship exists betwsen the symptoms of
oottonseed meal injury in ocattle and the injury produced when too mmch
conosntrates are toc_l in proportion to roughage er where a roughage of
poor quality is fed. They produced a condition of dDlindness and stiff-
ness of gait in two calves on a ration of wheat straw, as the roughage,
and sora g€luten and corn distillers grain as the chief sources of pro-
tein, No cottonseed meal was fed, Calves receiving cettonseed meal as
& chief source of protein with wheat straw as a roughage developed the
same symptoms of injury, later having convalsions, The animals died at
275 and 350 days of age, VWhere timothy hay and silage were fed as a
source of roughage heifers receiving cottonsced meal as the chief source
of protein developed normally,

Huffman and Moore (21) contimuing the work Jjust cited, fed five cows
which had been raised from 90 days of age on a ration having eottonseed
msal as the chief source of protein, on a ration of timothy hay, eora
silage, yellow corn, and cottonseed meal during twe lactation periods,
Cottonseed meal was fed in sufficient amounts to meet the entire protein
requiremsnts for maintenance and lactation, As mach as 1l pounds per day
was fed during the early months of lactation in the case of some of the
oows, During the first lactation two of the cows received an average of
over seven pounds of cottonseed meal per day throughout the entire period.
These cows prodused approximately 10,000 pounds of milk in 10 monthse
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None of the five animals developed any symptoms of cottonseed meal in-
Jurye There was no more udder infection in the case of the animals fed
cottonseed meal than there was in the case of animals fed on linseed d¢il
meal, 4 bull calf 90 days old fed cottonseed from the same lot that was
fed to the cows, but getting wheat straw as a roughage developed scours
when adbout 270 days old,

As & result of these investigations Huffman and his associates came
to the conclusion that cottonseed meal injury in cattle is dus to a lack
of a factor or factors carried dy hay.

4t the North Carolina Experiment Station (19) a series of investi-
gations on cattle were started in 1915, which have recently been sum-
marized by Halverson and Sherwood (19),

In the early trials it was found that when cottonseed meal was fed
with ocorn silage less injury was observed and better gains were made
Ahan when cottonseed hulls were used as the roughages 4180 a limited
amount of pasture fed with cottonseed meal and hulls produced a fair
amount of growth, The addition of copperas to the ration at a 0,5 per
osent level and the substitution of 50 per cent of the cottonseed meal
for corn did not relieve the symptoms of cottonseed meal injury as in-
dicated by unthriftiness and impaired vision.

In 1920 a more extensive investigation was started which included
srisls on 20 cows, BRations restricted to cottonseed meal and cotton~
seed hulls resulted in the development of symptoms of cottonseed meal
injury in approximately the same time in all cases, Characteristic
symptoms which developed were:; impaired appetite, staggering gait, af-

fected eyesight (in meny cases dlindness), and spasms,






The substitution of 50 per cent of the cottonseed meal dy 50 per
cent oats did not alleviate the injury.

Vhen the roughage contained corn silage or silage and corn stover
the symptoms of injury were much milder and spasms and total blindness
did not ocour, Vhen beet pulp was used the symptoms were similar to
those which developed when cottonseed Imlls furnished the roughage por-
tion of the ration,

Various supplemsnis were added to the dasal ration of cottonseed
meal and cottonseed hmlls after the symptoms of injury had set in,

The addition of yeast at the rate of ons pound weekly to a cow suf-
fering from spasms and anorexias resulted in a marksd improvemsnt, Her
appetite improved and no more spasms occurred, She gained steadily inm
weight for 278 days, Another cow in a oritical ocondition was fed two
pounds of yeast daily and recoversd sufficiently to produce a living
calf, At the time the yeast was added to the ration the cow was re-

oeiving Ca Co, and butterfat in addition te the bdasal ration dut prode

3
ably they were present in insufficient amounts,

The addition of casein as 9,93 per cent of the ration did not al-
leviate the injury.

The ration was known to be very low in its calcium ocontent dut the
addition of Ca 005 alons in amounts as high as 2.5 per cent of the ration
was »ot densficial,

Alfalfa leaf msal of excellent quality fed as five per cent and as
10 per cent of the ration did mot adequately supplement the ration,

Butterfat fed as 1,94 per cent of the retion did not prevent the in-

Jury even when the calcium content of the retion was made normal,
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By using the preventitive treatment (adding the supplement defore
injury set in) the amounts of supplements ani the combinations needed

%0 prevent injury were odtained, They are summarised below,

Supplements Used in Cottonseed Msal Rations Which Proved to
de Approximmtely Adequate
Basal Bation - Cottonseed Meal and Cottonseed Hulls
Per cent in Concentrations

Ration Calcium Steamed Butter Cod Liver Yeast VvWheat Crude

¥o. Carbonate DBons Meal fat 01l Bmbryo Casein
17 4.24 - - 1,99 6.42 - -
16 2492 - - 1,94 - 972 -
13 1495 - - 1e94 «87 7.81 -
10 1,92 - S.41 - 4,26 4.26 -
10 A 1,80 - J.21 - 6.01 8.02 -
9 1092 - 1,71 1.71 1.71 6.82 8.52

Basal Ration - Cottonseed lMsal and Silage

1 2,10 - 1,86 - 1,86 - 9.32
12 - Se48 - 1.74 4.35 &.35 -
Basal Bation - Cottonseed Meal, Corn, C.S.Hulls, Silage and
: Stover
22 2489
&3 275

It appears that all of the rations which were adequately supplemsnted
contained approximately two per cent or more of calcium carbonate, six

per ocent or more of yeast or wheat embryo and nearly one and three-quart-
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ers per oent of cod liver oil or three and one-quarter per cent of
butterfat,

In a more recent investigation in the series it has been shown that
feeding of meals from other high oil bdearing seeds other than cottonseed,
with poor quality roughage resulted in the development of the same symp-
toms in dairy heifers that characterize cottonseed meal injury. Linseed
0il meal, peamt 0il meal and soybean oil meal were used with wheat straw
as a ration for dairy heifers, A ltaggering gait, swollen legs and Joints
dlindness and convulsions developed in about the same length of time that
they did when cottonseed meal was fed with wheat straw.

Vitamin A assays of the livers of heifers which died on these rations
showed that.3605 grm.of dried liver per day did not oontain a suffioient
amount of vitamin A to cure opthalmia in rats. 4 similar amount of dried
liver from normal animals was effective in curing opthalmia,

A similar assay showed that beet pulp and cottonseed hmlls fed at
the rate of one gr. daily to rats affected with oepthalmia contained in-
sufficient vitamin A to improve ths condition, Wheat straw was found teo
have a limited amount of vitamin A,

In a recent project with milking cows it has been shown that when
the ration consisted of one=third oottonseed meal and a mineral mixture
and two=thirds roughage made up of equal parts of cottonseed mlls, corn
silage and alfalfa hay the cows suffered no ill effects over a period ef
175 days, However, when dried deet pulp rcpla;,GOd the silage, poor health
and failure in five of 10 milking cows resulted,

In discussing these results Halverson and Sherwood eoncluded that
cottonseed meal injury is dus to a deficiency in the ration and not to

the presence of a toxic substance, They believe that the data suggzests
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& deficiency of vitamin 4 and insdequate calcium. They do not acoount
for the improved results which were obtained when yeast was fed, They
als0o suggest that vitamin D may not de present in sufficient amounts o
insure good calcification of bonss and teeth,

Bechdel, Honsywell, and Dutcher (83) described the symptoms of vi-
tamin A deficiency in heifer calves which had been on a ration low in
vitamin A for six to seven months, Edema appeared first in the legs of
the animals and then gradually spread to the neck and shoulders, One
heifer went completely dlind and another had fit like spasms. Twe calves
were born prematurely to the heifers on the deficient ration, Post
morter examinations showed the tissues were infiltrated with a watery
fluid in the region where edema existed, These symptoms agree fairly
closely with those which ocour in cottonseed meal injury,

Jones, Eckles, and Palmer (84) described the symptoms of vitamin
4 deficiency in calves as loss of appetite and fajlure to grow, later
scouring developed, Zerophthalmia set in and respiratory troubles oc-
ocurred, Post mortem findings revealed edema of the kidneys, atrophy of
the intestines, necrosis of the rumen and sclerosis of the liver, These
investigators found that wheat straw is a fairly good sowrce of vitamin
4 as indicated by curative treatments with rats,

MoCollum, Simmonds and Pits (55) have reported that cottonseed oil
is very low in its vitamin A oontcnt; Alfalfs leaves were found to be
an excellent source of this factor, however,

Steenbock and Gross (85) found that five per cent of immature al-
falfa leaf added to a vitamin A free diet had sufficient vitamin A %o

promote normal growth and the rearing of some young,






37

In view of the high vitamin A content attributed to alfalfa and
aleso because of its high calcium content it is difficult to explain the
failure of the five cows on the North Carolina experiment whose ration
osnsisted of approximately 25 per oent alfalfa hay.

Gossypol Withers and Ray (85) in 1912 extracted cottonseed meal
with gasoline and then further extracted it with a hot alcoholic solution
of Ea OH for twe hours, The extracted meal when fed $¢ radbits at the
level which csused death in the case of the unextrected cottonseed meal
did not produce any apparent injury although the raddits lost weight,
They concluded that the bensficial effect was dus te hydrolysis, to the
formation of a sodium salt, or t0 some other change not yet determined,

Withers and Carruth (87) two years later separated from cottonseed
a substance which appeared identical with one isolated from cottonseed
%y Marchlewski in 1899 which he had named gossypol, It was administered
%0 rabbits in various ways and was found to be toxic in every case. They
found as did Marchlewski that gossypol was readily oxidised in an aloe-
holic selution of NaOH, the oxidation apparently rendering it non toxic.
This fact would explain their earlier work,

Withers (88) in 1915 published the results of a more extensive in-
vestigation on the toxicity of gossypol. Raw cottonssed kernels were
extracted with petroleum ether (in which gossypol is insoluble) and the
extracted kernels were fed to radbits, Fatal injury resulted, Kernels
of raw cottonseed which had been extracted with petroleum ether were
further extracted with ethyl ether, and the residus which amounted to
about 2,5 per cent of the original weight of the material was administ-

ered to radbits, It was found to de toxic when injected intra peri-






38

4onsally when fed in small doses or when fed through a catheter, Death
oecurred in the case of injection in three to 13 hours, In the case eof
catheter feeding in 12 = 25 hours and when fed orally death occurred in
from eight to 15 days.

Crude gosaypol acetate precipitated from an ethyl ether extract by
sddition of glacial acetioc acid was found t0 be more $oxic than the crude
residus from ether extrection.

Oxidiszsing the gossypol acetate with alcoholic NaOH apparently ocem-
pletely eliminated its toxicity,

Characteristic post mortem examination of the reddits which died
from the injury showed; reddish serum in the addomimal earity, liver
congested, lungs slightly congested and endamatous, There was some in-
testinal inflammation and some hemorrhage at the pyleriec end., The kid-
neys were also somewhat congested,

Schwartze and Alsberg (69) made a study of the toxicity of gossypol
en cats and rabbits, Metabolism studies with cats showed that they were
often in negative nitrogen balance when on a ration of meat, dutterfat
and wvhole milk powder. Ninety mgm, of gossypol were administered daily,
Gossypol was noticed to have a paralytic effect on cats and rabbits not
merely upon the neuro muscular apparatus of striated smscle but also up-
on that of smooth muscle, It was also found that gossypol is a circu~
latory depressent, It prodﬁcu a fall in dlood pressure immediately
after injection, for soms time after injection the heart shows skipped
or weak deats.

Post mortem examination showed that edema may fellow gossypol injec-

tion as well as gosaypol feeding, There is local edema of the lungs
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which may be hemorrhagic and there is also effusion in the serous
cavities,

Schwarts and Alsberg (90) working with rats found that the thresh-
held of toxicity for gossypol is about ,0675 per cent of the ration,
Reproduction at this level was poor, however. 4bove this level the in-
oidence of death was large, They found that in general the toxicity of
cottonseed is indicated by its gossypol content but in a few varieties
the toxicity in biological assays was found to be less than the gossy-
pol content would indicate,

Menaul (91) administered gossypol through the diet and feund that
it is very slowly absorbed, In rabbits death was produced in about 1¢
days when ,1 gram per day was fed, When introduced directly into the
bleod stream the effeots are noticeable at once and death results quickly.
Small quantities of gossypol mixed with fresh bloo@ reduced its oxygea
carrying capacity materially, Gossypol was also found to exsrt a hemo-
lytic effect on the erythrocytes,

The anatomical effects of the pouonins were found to be a passive
hyperemia and edema of the lungs and soms hydre thorax. Intestinal in.
flammtion was noted in rabbits fed the free gossypol.

Withers and Carruth (92) compared the toxic effect of gossypol amd
cottonseed products in rats, rabbits, ohickens and swine. Eats were fed
& ration containing up to 50 per cent cottonseed meal without producing
injurious results, Long ocooked cottonseed meal and othnr extracted raw
kernels were found to be practically non toxic. Well cooked cottonseed

meal with milk as & supplement proved very successful,
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Babbits were found to b; mach more sensitive to injury than rats
and were poisoned by long cooked cottonseed meal which had deen found
%0 bde non~toxic to rats,

Hons fed on cottonseed meal had a diminished egg production when
fed excessive amounts of msal but they sustained no ether noticeadle
injury, When raw kernels of cottonseed were fed a discoloration of the
egg yolk was noted,

Pigs wire found to bde very susceptible to cottonseed meal injury
and were poisonsd even by thoroughly cooked cottonseed meal fed at 25
per cent level with cracked corn and wheat bran, Soydean meal and pea-
nut meal fed at the same level produced good gains, Supplemsnting long
eooked cottonseed meal and the basal ration with butter, meatscrap, milk
powder, and & salt mixture did not prevent death, These investigators
ocame $0 two conclusionss that there is marked species difference in
susceptibility to gossypol poisoning or "gossypol tolerance™ as they
call it and further, that in the cooking process the gossypol is con~
verted %0 a less toxic substance which they call D-gossypol,

Withers and Carruth (93) have suggested that while most of the gos-
sypol disappears in the oooking process due to0 an oxidation some may de-
eoms dound through condensing with amino and cardoxyl groups of protein
melecules,

Clark (94) further elucidated this hypothesis, During the heating
and proui.né td which the seeds are subjected the resin glandis contain-
ing the gossypol are disrupted and possibly mmch of the gossypol is dis-
selved in the oil present, It thus comes in intimate contact with the

protein of the seeds ani in this condition favored by heat and pressure,






probably condenses with free amino groups of the protein molecules as
it does with many primary amines, forming substances similar in type
t0o dianiline gossypol (which is readily obtained by condensing pure
€ossypol with aniline),

Clark (95) has shown that aniline D-gossypol is identical with di-
anilins gosiypol obtained by condensing gossypol with aniline and further
that upon hydrolysis of aniline D-gossypl a substance was obtained which
was shown to be identical both chemically and physielogicaelly with ana-
1lytically pure gossypole.

These facts were held dy Clark to render untenable the hypothesis
that D-gossypol is an oxidation or hydrolytic produst of gossypol as had
been suggested by Carruth (93) and Sherwood (96) and point to a mechanism
such as that suggested in which gossypol is condensed with an amino group
of the protein molecule,

Jones and Waterman (97) had previously shown that peptic and tryp-
tic dig“tion of casein and cottonseed globulin in vitro was reduced 15
per cent by the presence of gossypol as one per cent of the weight of
either of the proteins, They believe that incomplete digestion (83 per
cent] of cottonseed globulin by animals may be explained as dus to the
{nhiditing action of gossypol, This fact indirectly lends support to
the hypothesis that gossypol in cottonseed mesal is bound with & grouwp
in the protein molecule.

Osborne and Mandel (58) in 1917 had shown that rats on rations ocom-
posed of cottonseed meal or cottonseed flour (41 per cent) plus starch
and lard and in most cases butterfat had made good gains and showed no

injurious effeots, BRBaw cottonseed kernels proved unsucoessful, the rats



dying in a very few days, However, when the raw kernels were subjected
%0 steam heat for two hours the toxicity was destroyed, Steaming the
rew kernels for one hour or heating in an electric oven at 110° did mot
destroy the poisonous property.

Dowell and Menaul (98) autoclaved cottonseed meal at 15 pounds for
20 mimites in a damp condition and then air dried it, It was fed at
the rate of 1,33 per cent of the body weight to young pigs averaging
28,5 pounds apiece, A basal ration of dorsq, skimmed milk and alfalfa
was used, The pigs made fairly good gains, Pigs on a similar rstion
containing unautoclaged meal showed no 111 effects for three weeks dut
© after that they failed to grow normally,at 78 and 83 days, two of the
pigs on the unautoclaved meal died. It was concluded by these investi-
éators that autoclaring destroys the poison in cottonseed msal but whether
it is the effect of high temperature or oxidation by oxygen of ths air
during drying was not discovered,

Gallup (99) autoclaved damp eold pressed cottonseed for ons hour
at 20 pov.ndclprcum. He also steamsd soms of the cottonseed msal for
one hour by passing steam directly into the meal, The treated meal was
dried and fed as 1,3 per cent of the body weight of pigs weighirng approx-
imately 30 pounds, The bdasal ration was made up of cora chops and al-
falfa, In the case of the pigs fed the autoclaved ani the steamed meal
the gum were rather smll but they were considerably larger than the
gains made by pigs in a check lot fed untrested cold pressed meal, It
is stated, however, that the untreated meal was sparingly eaten and ne
asoount of this apparent difference in palatability was taken in inter-
preting the results, Food consumption was not included, Pigs receiving
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tankage instead of cottonseed meal made even poorer gains than the pigs
fed on untreated meal,

Cotton seeds untreated, and cotton seeds autoclaved for ons hour
and for two hours were fed to white rats as 35 per cent of the ration,
The ration was adequate from other standpoints, Autoclaving for one
hour was found to completely destroy the toxicity of the seeds for rats,
Cottonseed msal when fed to rats as 25 per cent of the ration produces
800d results dut 35 per cent caused injury as indicated dy failure to
growe Steaming the meal produced normal results, The addition of six
per cent butterfat, five per cent yeast, and ons per ocent Mos Appar-
ently did nothing to overcome the toxic effect of efither cotton seeds
or cottonseed msal,

The Chemistry of Gossypol

Kuhlman (100) in 1861 while attempting to recover fatty acids from
the "foots" of cottonseed oil purification found in his residus after
distillation a greenish blus mass which he called "cottonseed blus” and
gave t0 it the empirical formla 01-,32404.

Longmore (101) separated a very impure product from cottonseed oil
which he describes as a *1ight drown powder of pungent odor*. It was
found t0 be quite insoluble in water dut soludle in alcohol and alkalies.
It was probably gossypol in a very impure state,

' Marchlewski (102) prodably first isolated gossypol in a fairly pure

' form while engaged in the purification of cottonseed oil, He conocluded
that it was a phenol derivative and named it gossypol from Gossyp (ium
phen) ol. He proposed the formula Cj3H)404 or C3z2Hze010. His prepare-






tion contained loosely bound acetic acid and had & melting point ef 179-
180° C. He described its properties as; "4 beautiful orystalline yellow
colored dihydroxy phenolic substance, éa.sily soluble in alcohol, densens,
chloroform, ether, acetons and glacial acetic acid, Insoluble in water,
soluble in concentrated cﬁlphu.rio acid with a magnificent red color,
eaxily soluble in alkalies, the solution for the first second being yel-
low and after a short time becoming a beautiful violet and then fading,
the fading being due to oxidation.” Marchlewski mede no orystalline
derivatives but he showed that it was not a glucoside and that in all
probability it contained no alkoxyl groups,

Withers and Carruth (87) isolated gossypol acetate from cottonseed
in 1914 dut they reported no study of its chemical properties,

Carruth (103) in 1918 made the first extensive study of the chemis-
try of gouypbl. 'Ke prepared gossypol acetate by treating an ether ex~
traction of decorticated seeds with 80 per cent acetic acid, The sub-
stance was purified by dissolving the crude gossypol scetate in ether
and acetic acid and distilling until enough ether was driven off to al-
low the gossypol to precipitate, Crystalline gossypol was obtained from
the acetate by dissolving the latter in ether and adding water. The
ether was distilled off leaving the gossypol as crusts floating on the
water which contained all of the acetic acid, The free gossypol was
then crystallized from alcohol,

Molecular weight studies were made using a method wheredy the acetic
acid that was taken up dy water from an ether solution of the gossypol
acetate was titrated with standard alkali, From this data the amount of

acetic acid present was obtained, and finding it to de 10,0 per cent
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Carruth calculated ths molecular weight of gossypol to be 592 if the
empirical formla is CxaH,509 OF 594 if {ts formla is cwnwog. Mole~
cular weight determinations were mede by direct titration of free gossy-
pol with standard alkali, it deing assumed that gossypol neutralises two
equivalents of NaOH, By this method the values odbtained were 544 and
8352, The fact that the disodium salt of gossypol is neutral to0 phenol-
phthalein in aqueous solution gives an indication of its relative strength
as an organic acid, Anmalytical data give results which indicate that the
empirical formula is CzgHog09 Or CgoHzn0ge

Complete acetylation of the gossypol was found to de difficult dut
Carruth concluded that there are four or five hydroxyl groups in gossy-
pole Marchlewski had supposed there were only two,

Aniline readily oombines with gossypol to form a bdright orange yel-
low compound, It was thought to be a simple dianiline eompournd dut nit-
rogen determinations showed that it contained too mach nitrogen to make
this appear logical, 4.65 per cent nitrogen was found which would indi-
cate a compound containing two molecules of gossypol to five moleoules
of aniline, The compound is very insoluble and therefore can de used
%0 determine the gosaypol content of cotton seeds, Its insoludbility also
prodabdbly sceonnto. for its non toxic properties since it is prodbedly not
appreciadbly adbsorbed in the intestinal tract,

Carruth (103) found that the substance which had been named D-gos-
sypol which is pﬁsont in quite large amounts in cottonseed msal and is
insoluble in ether could de extracted from ths meal with hot aniline,
From the aniline extract an orange~yellow compounl orystallises out,

D-gossypol was obtainsd from it by dissolving the substance in alcoholic
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potash and pouring into water, oxidation being prevented by adding a
pinch of sodium hyposulfite, D-gossypol was t.hen precipitated in amor-
phous flakes by adding acid, The substance was then crystallised from
ether and alcohol, 4 yellow crystalline substance was odtained which
had no definite melting point but darkened and softened around 256° C.

Attempts to get a clus to the constitution of gossypol failed
through inability to split the substance into simpler known substances,
The faoct that several flavons pigments occur in the cotton plant and the
fa.ct that gossypol has 30 carbon atoms suggests that it may de derived
by condensation and subsequent reducstion of two molecules of flavons,
The acidic properties are thought to be due to carboxyl and hydroxyl
groups arranged as in flavonals rather than to cardoxyl groups. These
substances are sufficiently acid to form salts from an alkali acetate,
The presence of nine oxygen groups may readily be accounted for by the
presence of five hydroxyls, two carboxyl groups and two bridge oxygen
atoms, all of which types occur in flavonals,

Schwartz and Alsberg (90) made an optical crystalloghkraphic study
of gossypol acetate under t'he‘nicroscopo. They found that in ordinary
light the substance consists of dright yellow flakes, often rathsr acute-
1y rhombiec in outline, or sometimes approximately hexagonal, Two or
more acute crystals are sometimes grown together to form a twin with a
deep re¥ntrant angle at one end, The crystal system is apparently tri-
clinice

Clark (104) in recent work has repeated somes of Carruth's earlier
mustige.tic_mu on go8sypol and has studied several additional derived

compounds., Gossypol was prepared by the method of Carruth. The crude
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gossypol acetate obtained was found to have a melting point of 184 -

187° Ce The acetic acid was removed from the gossypol also by the method
of Carruth, To purify the substance for analysis the gossypol was re-
ocrystallized from ether several timss, The purified gossypol was found
to have a molecular weight of 511, The analytical data obtained upon i%
gave results which indicate the empirical formmla CgoHsoOge This differs
from the formmla given by Carruth in having ons less oxygen, It is pos-
sible that Carruth was working with a compound that was not entirely pure,
The melting point of the purified gossypol was found to be 214° C,

When gossypol waz heated to its melting point it lost two molecules
of water produsing & new orystalling body, anhydrogossypol CgoHz506e
This is probadbly the same compound which Carruth called B-gossypol,

' Oximation of gossypol produced a colorless dioxime which seemed $o
indjcate that the chromofares are quinone groups.

Acetylation of gossypol showed the presence of six hydroxyl groups,
Two of thease hydroxyl groups behave differonfly from the remaining four,
being much more acidic and requiring drastic treatment for the hydrolysis
of theﬁ acetyl derivatives,

0f the eight earbon atoms present two are present as carbonyl groups
and the other six as hydroxyl groups.

Clark (95) has also shown that Carruth®s aniline D-gossypol is iden~
tical with dianiline gossypol prepared by condensation of the pure gos-
sypel with aniline, and upon hydrolysis of anilines D-gossypol, a substance
identical in its properties with pure gossypol is formed., This seems to
indicate that the structure of the gossypol molecule is not changed im

the heating and pressing process,






Clark (105) oxidized gossypol with alkaline permanganate ani ob-
tained formis, acetic and is0 butyric scids as reaction produsts. Under
the conditions of the experiment the presence of iso butyric acid as a
'dcconpolition product of the gossypol molecule indicated a side chain
consisting of at least the iso butyl group,
| Clark (105) in a later investigation treated gossypol with 40 per
cent sodium hydroxide at the temperature of the steam bath for one-half

howr, JNormic acid and apogossypol, a new phenolic substance, were formed,

It has the formula CpgHzq0g and is formed dy the elimination of the twe
écrhonylhgroupa of gossypol as for-ic acide The substance is a colorless
orystalline material having no definite melting point, It is less toxic
than gossypol when fed to white rats, It causes acute injury only, dif-
fering somewhat from gossypol in this respect,

Clark (107) (108) had made further studies on the action of chronic
acid and also the sction of boiling hydriodis acid on the derivatives of
gossypol, However, no results have been obtained which elusidate the
ttructnrf of gossypol,

Formation and Ocourrence of Gossypol in the Cotton Seed

Carruth (103) refers to gossypol as ocourring in internmal "resin
g€lands” or "oil glandis®™ of the cottonseed,

Stanford and Viehoever (108) have made a study of the formation amd
the secretions of the internal glanis of the cotton plant, These glands
were found to be constantly present and definitely arranged throughous

the genus gossypuim,






In the seed the glands were found directly bensath the palisade
hy.r‘inta which they often project. They are odblate-spheroidal in
form, with long axis perpendicular to the cotyledon surfaces. Smaller
glands are found in the cortex of the radicle, covered by a few paren-
chymal layers,

The glands in portions of the plant which are exposed to light are
surrounded by an anthocyan-bearing envelope of the flattened cells, con-
tain quercetin probably partly or wholly in the form of its glucosides,
The glands not mrmally‘oxposed to light are surrounded dy a layer of
flattened cells containing no anthocyans, They contain gossypol. Gos-
sypol is formed in the glands of the developing eorolla, On their ex-
posure to light it 1s replaced by quercimeritrin, Gossypol in the une
folding ocotyledons is changed, probably through oxidation, without the
formation of quercimeritrin, As gossypol ocours in the glands of the
flower before opening and quercimeritrin after opening the former may
€ive rise to the latters The exact nature of the changs remains un-
certain, Where the glands are not exposed to light the gossypol ap-
parently remains unchanged.

Perkins (110) in 1909 had isolated quercimeritrin from Egyptian
cotton tlonr;. it was isolated, It has glistening dbright yellow plates
which on hydrolysis ylelded gluooae'and quercetin, He concluded that one

of the following formulas indicated its structure,
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Viehoever (111) in 1918 showed the quercimeritrin also ocourred in
upland cotton grom'in this country.

Gallup (112) studied the gossypol content of the cotton seed dwring
different sﬁges of defelopmnt. Seeds from bolls which were mature and
about to crack had an average gossypol content of (048 per cent, Seeds
from bolls which were just open had a gossypol content of 428 per oent,
after the bolls were fully opened there was a very slow increase reach-
ing a maximum of (551 per cent in mature seeds several months later,

Gallup (113) in a later study found that the development of o0il and
gossypol in the cottonseed occurred at about the same time and during &
very short and well defined period of growth, just as the bolls were open-
ing., He concluded that apparently gossypol is associated in some way
with the formetion of oil in the seed,

Schwarts and Alsberg (114) made gossypol determinations on cotton
seeds of different varieties grown in widely separated regions, They
also made 0il determinations on the same seeds, The results are given

below.

Yarlety ¥lace Grown Year Molst- Ether Nitro- Gossypol
Gromn ure Extract gen Found

Lone Star Greenville, Tex. 1917 5,95 31,46 6,19 .4137 5855 3869
" % Yuma Valley, Cal. 1919 5,64 53,06 5,88 4636 4649
" w  Greenville, Tex, 1919 B5.65 353,97 6450 .5307 .5684

" » " " 1919 - S3.40 6,40 5288 05076
" ®» mexas 1919 545 34028 5e87 46322 .6461
" % jirkansas 1919 5,86 35,36 5.84 6849 6770

* ® mnchester, N.Co 1919 5,66 35.45 5,62 46592 46899
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Yorlety Place Grown Year lblst- Ether KNitro- Gossypol
Grown ure Extract gen Found
Lone Star Courtland, Alae 1919 5,11 358,28 5.45 7392 7410
LI " " 1919 6,04 57,15 5,20 47970 ,7982
m "  Bakersfield, Cals 1919 5,68 355,92 5,60 8781 8761
* " Elisabeth City,N.C.1919 5,82 358.46 4,91 9676

Durango  Courtland, Ala, 1919 588 357,16 5e27 47176 6970
" Bakersfield, Cale 1919 5.66 57,01 4482 48574 8709
" Columbia, Se Co 1919 5,70 56406 5¢85 <8736 9075

" Yums Valley, Cale 1919 5.45 57,53 5,15 8846 9312 ,8831
" @ w1919 5,69 S7.40 4e77 49552 49319
" Georgia,N.C.3S.C. 1919 5,38 58,87 5,19 ,9811 9849
" Columbia, Se Co 1918 5,93 58,97 4094 9843 9833
" Coluxbim, Se Co 1917 481 40,60 44881,0603 1,0348
Prioce Bells, Tenn, 1918 6012 28,87 6,42 o3970 4250
" " . 1917 5.45 32,51 6,28 5776 <5797
" . . 1919 6,55 35.84 5,75 8893 9061
hof Tennessee 1919 - - - 9426 L9524
" Eastern States 1919 ~ - - 1,0590 1,1832
Acola Clarksville, Tex. 1918 5.44 353,69 6,04 .4374 4560
" " " 1919 6.21 354.56 5,71 5554 5557

" Oklahoma 1919 4492 35,41 5,70 +8976 9094 9067
" Bakersfield, Cal., 1919 5,25 40,98 4,40 ,9639 .9512
Meade Charleston, Se Co 1918 5,52 37.05 4,97 5856 5741
" Ware County, Ga, 1918 5,06 S7.87 5,08 6455 ¢6446
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Verlety Tlace Grown  Year Molst- Ether XNitro- Gossypol
Growmm wure Extract gen Found
Glixt Bastern States 1919 5,72 38,29 5,00 1,0185
" Florence, S, Co 1919 5,74 39,563 4,66 11,0305 1,0366

Columbia Easley, S. Ce 1918 5,46 58,89 4,85 1,1105 1,1162
" South Carolina 1919 = - - 1,0064 1,0278
Egyptian Sacatone, Ariz. 1918 5,66 36,68 473 1,1832 1,1758
. Bakersfield, Cale 1919 5,59 36,08 5,34 1,1745 1,1847
King Richmond, Va, 19197 5024 36435 5014 9219 49185
Cleveland St.liathews, S.Co 19197 6449 35,20 5,25 47127 46892

Sea Island Blackshear, Gae 1918 = - - 9446

From these data Schwartz and Alsberg found a positive correlation
between the ether extract content and the gossypol content (corfolation
Coef.;V —equals 75 £ ,03. There was a negative correlation between
the nitrogen content and the ether extract. There is no relationship
between the variety and the gossypol contents The gossypol content seems
to vary considerably with the season in which it is grown and a.lab with
the region vl;ere it is grown, The seeds from the southwest have a tend-
ency to be low in oil and gossypol, those from the southeast tend to de
higher, and those from the Pacific coast tend to be still higher,

Garner, Allard and Roubert (115) concluded that under practical eon~
ditions climate is a more potent‘factor than variety or soil type in con-
trolling the size of the seed and its oil content, They found as did
Schwarts and Alsberg that the oil content of the seed tended to vary with

the region in which it is grown,
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Sherwood (96) analyzed 40 samples of cottonseed meal for their gos-

sypol and D-gossypol content, These data together with other information

which he obtained is given in the following table,

1921 - Open Kettle

Water Time Temp, Steam
Sam~ Soil on Variety Added of of Press- Moist- GOS~ D-
ple Which of During CookingSeed wure in Color wure sy- Gos-
Grown Cotton Cooking Min, CookerJackets % pol sy-
(OP.] lbs, 201
1 Saniy loam mixred ©no 24 210 - B 14,92 045 4874
2 » " (Cleveland yes 48 - 60 Y B 6466 o154 4755
Big Boll
] mixed  steam 12 S00 90 Y 6432 4160 669
4 Black w no 20 - 80 YB 7,52 019 ,919
5 Red " no 25 210 - Y 6436 4021 4881
6 J no 22 70 = Y B 6466 4143 ,963
7 (1) 64 100 YB  5.21 (020 ,754
16 Sandy mixed o 7 (2) 79 100
7 (3) 100 100
7 (4) 10?7 100
20 (1) .
17 Clay mixed o 20 (2) 210 YB  6.04 ,026 1,019
- 20 (3)
20 (4)
probably in error ,
20 (1)
18 24 20 (2) 220 YB  7.76 4009 4875
20 (3)
20 (4)
20 (1)
19 2% 20 (2) 220 YB  7.75 008 878
20 (3)
20 (4)
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1921 - Bxgcllor Process

Water Time Temp, Steam

Sam- Soil on Variety Added of of Press- Moist- Gos~= D-
ple Which of During CookingSeed ure in Color ure sy- Gos-
Grown Cotton Cooking Min, CookerJackets A pol sy~
Ji 1'.) lbﬂo p°1
raw kernels
2 red & Cleveland GY 58 LJ14
gray Big Boll
38) 162 718 4026 333
$9)1918 170 7.54 4020 o425
40) 160 6.39 o023 ,348

Open Kettle Process

a 40  135-250 7,76 4033 910
22 33 60 7.58 o051 o758
P~ 20 202 60 8,29 «111 ,858

24 2205 40 10035 007' 0544

1921 - Contimous Cooker

7  loam mized 1m0 18 (1) 40 Y B 7.58 03¢ 902
18 (2) 60
8 saniy mixed 1m0 20 (1) 18 Y 8,08 o228 o789
1S (2)
9 Coastal short 87 38 218 80=90 Y 6443 o048 o843
plain staple
10 sandy Cooks Imeno 20 (1) 175 40 Y 5,74 022 .848
loam proved 20 (2) 176 75
20 (3) 175 90
20 (1) 170 90
u 2% 2 {:g 20 8 ¥ 620 L0235 .81
20 (4) 220 20
12 TNorfolk mixed 55 20 (1) 180 75
loam 20 (2) 200 60 B D 5,72 o016 o808
20 (3) =220 50
20 (4) =220 30




-
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1921 - Contimuous Cooker

Water Time Temp., Steam

Sam- Soil on Variety Added of of Press- Moist- Gossy- D=
ple Which of During CookingSeed wure in Color ure pol Gos-
Grown Cotton Cooking Min, CookerJackets % sy-
(°F.) 1bs, pol
20 (1) 60
13 Steam 20 (2) 60 Y B 7.17 o040 (773
20 (3) 40
20 (4) 10
20 5
14 loanm mixéd smell 20 218 10 Y B 583 6025 4820
spray 20 to 70
20 220 65
23 (1) 220 60
15 sandy improved yes 23 (2) 220 60 Y B 5,61 4328 1,014
small 23 (3) 220 60
seeds 23 (4) 220 25
25 10-12 80 9,73 <152 o584

b3
8

60-80 6497 o089 575

27 20 8,01 ,078 4932
28 20 40 7.74 o089 ,754
1918 - Contimwus Cooker

29 22 240 25 8446 o037 1,076
30 60 210 5=-45 8430 ,058 832
31 4 15=-35 10,12 o044 ,696
32 . 120 226 35 12,05 ,062 ,984
33 72 212 15=20 8,10 010 ,L751
34 .27 50 9,05 o018 843
35 96 25-100 10,60 o058 4633
36 27 50 84,09 007 4999

37 75 200-230 20-60 7.21 o007 o888
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THE EFFECT OF VARIOUS SUPPLELENTS IN COUNTERACTING THE INJURIOUS EFFECTS

OF TOXIC SUBSTALICES

Mention has previously been made of the work of Withers and Brewster
(41), Withers and Carruth (42), and Gallup (82) which showed the value of
iroﬁ salts in counteractiné of delaying the onéet of the symptoms of cot-
tonseed meal injury in rabbvits and swine, It was not specifically stated
by these investigators that irom has an antidotal effect on gossypol pois-
oning, although their results point to such an interpretation.

Gallup (116) has recently published work in which he shows that rats
on a diet coitaining 40 per cent cottonseed meal failed to grow normally
after 60 to 90 days on the ration., However, the addition of iron in the
form of Fe So4e 7 Ho0 a8 +5 to one per cent of the ration produced normal
growth and made possible the reproduction and rearing of normal litterse
Very marked individual variation in susceptibility to gossypol poisoning
was noted by Gallup in this investigation,

Agahur (117) in a series of articles (1926-1929) reported toxic ef-
fects from cod liver ofls and showad that the toxicity was greatly affected
by the ocomposition of the basal ration particularly its content of wvita-
min B and C,

Slagswold (118) previously reported cases of poisoning among cattle
in Sweden which received.cod liver oil, The symptoms of which are com-
parable to those which develop in the case of cottonseed meal injury.

Light, Miller, and Prey (119) reported that the acute symptoms of
vitamin D overdosags can be countergcted at certain levels by the liberal

feeding of yeast,
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Morris and Church (120) in 1930 published work in which they showed
that certain cod liver oils are toxic due to their content of a poison-
ous base, iso-amylamine, They isolated this substance and fed it with
& normal cod liver oil, When the basal ration contained 10 per cent
yoast the toxic symptoms developed but when 18 per cent yeast was added
no indications of poisoning were dbserved,

High protein diets are known to increase intestinal putrefaction
with consequent increased ptomaine formation, Hassan and Drummond (121)
in 1927 showed that the feeding of yeazt and yeast extracts were bene-
ficial in counteracting the effect of an extremely high protein diet,

The beneficial effects of massive yeast feeding in counteracting
the effect of toxins in the rations suggests that perhaps the symptoms
of gossypol poisoning may be delayed or offset by properly reinforcing
the diet, not only by the addition of iron salts but also by the use of
other supplements which may have a direct effect on the digestive appa-

ratus,
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DISCUSSION OF REVIZY OF LITERATURE

A critical analysis of the investigations pertaining to cottonseed
meal injury suggests beyond any doudbt that gossypol is the toxic prin-
ciple present in cottonseed and to a lesser extent in cottonseed meal,
responsible for the injurious effect produced in swine, rabbits, guinea
pigs, and rats, The marked species difference with mspect to suscepti-
bility to gossypol poisoning is an interesting phenomenon. Swine appar-
ently are extremely susceptible to the poisoning from gossypol and per-
haps also from D-gossypole Rabbits and guinea pigs are also very easily
poisoned by small doses of gossypole Rats are much more resistant to
the effects of gossypol poisoning than rabbits and swine; however, when
gossypol occurs in any appreciable amount in their diet they are poisoned,

With regard to the effects of feeding gossypol to ruminants there is
very little direct evidence to show that it is poisonous when it is fed
in the amounts in which it normally occurs in cottonseed meal, "Cotton-
seed meal injury™ of cattle has been reported commonly and & belief has
grown up that cottonseed meal cannot be fed at a very high level without
producing injurious results.' However, the recent investigations at the
Michigan and North Carolina Agricultural Experiment Stations have shown
quite definitely that a deficiency in the ration exists when the so=called
"cottonseed meal injury"™ occurs and that when a ration complete in mine
;ra.la and vitamins 1is used in conjunction with cottonseed meal no in-
Jurious results are obtained,

The chemistry of gossypol is not yet clearly emnough elucidated to

permit a deduction as to the structure of the gossypol molecule and it
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i8 difficult therefore to explain what kind of a reaction is responsi-
ble for the formation of Carruth®'s D-gossypol in the mamfacture of

cottonseed meale It appears that D-gossypol or "bound gossypol™ as it
exists in cottonseed meal is much less toxic than free gossypol as it

naturally occurs in cotton seed,
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EXPERILENTAL WORK
Ob ject

Cottonseed meal furnishes a cheap source of protein for dairy cattle
rations, It has not been used extensively because it hes apparently pro-
duce 1njurious effects with several classes of live stock,

This injurious effect has been attributed to the presence in cotton-
seed meal of a phenolic substance called gossypole It has been proven
that gossypol 1s extremely toxic to some species of animals but its ef-
fect on dairy cattle is not well known,

The object of this experiment is to determine whether or not gossy-
pol as it ococurs in raw cottonseed meal is toxic to dairy heifers where
an edequate ration is used, and to study, with rats, the effect of adding

various supplements to a normal ration in alleviating the injury caused

by gossypole
ORIGINAL PLAN OF EXPERIMENT WITH DAIRY HEIFERS

Procedure
Animels Used
Pive grade Holstein heifer calves will be used in this investiga-
tione Animals G 20, G 21, and G 22 will constitute lot I. Animal G 17
will constitute lot II. 4Animal G 16 will conatitute lot III,

Age
The animals will be placed on experiment at 6 months of age and will
continue on experiment through first calving time or longer if the re-

sults up to that time indicate 2 need for a continuation of the experiment,
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Health

Only healthy growing heifers which have no observable abnormalities
will de used in this experiment.

Choice _o_f_ Rations

Milk The calves of all three lots will receive whole milk until
45 days of age., From 45 days to 180 days they will receive skim milk
in. smounts not to exceed 12 pounds per day.

Grain The heifers in lot I will receive all of the raw crushed
cottonseed of known gossypol content that they will readily consume and
up t0 a level which will furnish all of the protein necessary for main-
tenance and growth acoording to the Armsby Feeding Standard (122). Lot
II will receive choice cottonseed meal in sufficient quantities to furn-
ish all the protein needed for maintenance and growth, Lot III will re-
ceive linseed oil -é,l in similar amounts. Lots I and II will receive
o& pounds of yellow coram per day in addition to cottonseed and cotton-
seed meal,

Boughage  Timothy hay of good quality will be fed in whatever
amounts the heifers 7111 consume, Corn silage of good quality will be
fed with the hay. It will be offered in whatever amounts the heifers
will readily consume bdut it will not bde fed at a level high enough so
that the amount of hay eonsumed is limited,

Minerals Two per cent of special steamed bone meal and ons per

cent salt will be mixed with all of the grain fed to the heifers in the

three lots,
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Management

Water The animals in all of the lots will receive water at least
once daily until they are 15 months of age. When they are running in an
outside enclosure during the day, they will have free access to water,
After they become 15 months old they will be placed in stanchions equipped
with drinking cups.

Shelter The calves will be housed in the College Experimental
Barn until they are 18 months of age. From 18 months to the time of par-
turition they will bde kept in the Experimental Barn annex, In either
case the conditions of housing will be similar to those commonly found
on Michigan farms, Calves will be kept in individual box stalls until
they become large enough to be tied in individual stalls. At 15 months
of age they will be placed in stanchions,

Sunlight The animals will be exposed to direct sunlight during
the time that they are allowed to run outside, During the spring and
sumner months this will amount to several hours each day. During the
winter months the amount of sunlight that they will receive will bde very
limited dus to natural conditions of cloudiness and also to the fact that
they will be confined inside most of the time, Exposure to not more than
one to two hours of sunshine per week will be the usual condition in the
months of December, Jamary, and February.

Care The animals will be under the care of a competent fesder
who will have charge of the experimental barn where the heifers are

housed.



!'ooding Methods

The animals will be fed twice dally. Silage and grain will be fed
in the morning and hay will be fed at night, The mangers will be s0 ar-
ranged that losses in feeding will be reduced to a minimum and feed re-

fused will be weighed back,

COLLECTION OF DATA

Feed Records

Feed Consumed All feed fed during the experiment will bde weighed

and feed refused will de weighed badk. A daily record of all feed con-
sumed will be kept., This will de totaled for 30 day periods and placed
in table form,

Nutrients Regquired The mtrients required for maintenance and

growth will be calculated for each 30 day period from the Armsby FPeeding
Standard, The weight to be used in figuring the mutrients required will
be obtained from the monthly weight records.

Rutrients Consumed The nutrients consumed will be calculated

from the average daily consumption of each 30 day period. These will be
arranged in table form.

Per cent of Raw Cottonseed Meats in the Ration The per ocent of

raw cottonseed meats in the ration will be computed on the basis of the
total food intake by 30 day periods. All feeds will be converted to a
dry basis using the Henry and Morrison (123) tables for moisture content.

Amount of Gossypol Ingested The amount of gossypol consumed per

day will bde calculated using the per cent of gossypol found in samples

of the raw cottonseed meats fed.






Per cent of Gossypol in the Ration The per cent of gossypol in

the ration will bde calculated for each 30 day period for the heifers in

lot I.

Milligrams of Gossypol per Kilo of Body Welght The milligrams of
gossypol ingested per kilo of body weight per day will be calculated from
the data obtained,using the weight for the end of each period as the ba-
sis for computing the kilograms of body weight, for each of the animals
in lot I,

Reproduction

Oestruel Periods The date of the appearance of the first heat

period and each subsequent heat period will be recorded.

Breeding Data The date or dates upon which each animal is bred

will be recorded. A competent veterinarian will examine each animel %o
determine whether conception has ococurred. Any abnormalities in the
reproductive organs as found by the veterinarian will bde noted.

Ease of Parturition  Notes will be mede at the time of calving

on the ease with which the calf is delivered.

Placenta A record will be made of the time after parturition
at which the cow delivers the placenta, In case the placenta is re-
tained more than 24 hours it will be removed by a competent veterinar-
fan, In case of an abortion a part of the placenta will de plated dy
& bacteriologist to determine whether or not a causative organism is
present,

Recovery The condition of the animal after parturition will de
carefully watched for several days. Any abnormelity in health or con~-

dition will be recorded.
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Offspring  The weight, strength, and general physical condition

of the offspring will be recorded.. at the time of parturition. The eyss
of the calf will be tested to determine whether or not the vision is im-

p.il’ﬁd .

Observations

‘_ﬂﬁh_t_ The animals in all the lots will be weighed at 10 day
periods until they are 15 months of age. After that time they will be
weighed at 30 day intervals, The weights used for computing mutrients
required will be taken from an average of three weighings taken on con-
secutive monrings of each 30 day periodes The animels will be weighed
in the morning bdefore they are fed. Increase in weights will de shown
by £raphs compared to Eckles normal,

_K_e_i_g_l_r_t. _a._‘.t_ Withers The height at withers will be determinsd every
30 days. An average of three measurements will be taken with the animal
being moved between each determination. The increase in height at with-
ers will be shown in graphical form compared to the Eckles normal,

Consistency of Feces The consistency of feces will be determined

for & 14 day period on each animal dy the method developed by Moore and
Huffman.

Health Any abnormalities in the health of the animals will de
investigated by a veterinarian and the results of his findings will de
recorded.

ngtito The appetite of the animals during fche experiment will
be watched by the feeder in charge., He will record any indication of

losa of appetite.
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Blindness The animals will be watched very carefully for any
indication of blindness, and the condition if found will be recorded
in detail,

Stiffness and Abnormalities 1.5 Galt The heifers will be obd-

served by the feeder in charge while they are in the outside yard., Any

condition of stiffness or irregularity in gait will be recorded.

Oxygen Carrying Capacity of the Blood The oxygen carrying capac-

ity of the blood will be determined on each animal every month after the
heifers are 15 months old. The gasometric method of Van Slyke (124)
will be used, These analyses will be made by the Department of Experi-
ment Station Chemistry.

Photographs Photographs will dbe made of the heifers at #ix months,

16 months, and at the time of parturition,

PROCEDURE

Animals Used

The animals were used as originally planned in this experiment,
Age

tlfhe heifers in lot I were started on experiment at eight months of
age instead of at six months as was qrigimlly planned,

M The heifers were all in good health at the start of the
‘oxpori.ment.

Choice gf_ Rations

Milk - Milk was fed as originally planned.

Grain Grain was fed as originally planned. Raw cottonseed con-
taining an average of .8 per cent "free gossypol™ was obtained for the

experiment and was used throughout.
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Roughage Bpnghage was fed as planned. The quality of the silage
fed during the latter part of July and the first part of August, 1930,
was rather poor, The quality of silage was reduced at that time dus to
a shortage in supply.

Minerals Minerals were supplied as originally planned.

Water Water was supplied as originally planned, except that from

October of 1930 until the completion of the trial, when the animals were
housed in the experimental barn annex, which is not equipped with a water-
ing system, the water was supplied in an outside tank,

Shelter The shelter used was as originally planned,

Bedding Wood shavings and sawdust were used throughout the trial
for bdedding.

Exercise Exercise was allowed as planned,

Sunlight The animals were allowed the bdenefit of whatever sunlight
there was during the time vhenvna.ther conditions permitted their deing
out doors,

Care Care was given as originally planned,

Peeding Msthod The feeding method originally planned was followed

throughout the experiment,

DATA
Feed Record

Feed Consumed The record of feed consumed by 30 day periods by

all animals is included in Tadbles I and V,
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FNutrients Required The mtrients required as computed from the

Armsdy Peeding Standard is included with the tables of feed consumed.

Futrients Consumed The amount of nutrients consumed is included

with the above data in Tables I to V. Digestible crude protein and net
energy values from Armsby's tables were used in computations of mutri-
ents consumed except in the case of raw cottonseed meats, In the case
of the raw cottonseed the digestible orude protein value was obtained

dy maltiplying the nitrogen found on analysis dy 6,25 and taking 70 per
cent of the protein as digestible, (Henry and Morrison (123b)). A value
of 17,156 per cent orude digestible protein was thus obtained, The net

' energy value was assumed to be approximetely 115 therms, considering the
raw cottonseed meats to contain 36 per cent 0il which was found to dbe the
case on analysis,

Per cent of Raw Cottonseed lsats in the Ration The per eent of

raw cottonseed meats in the ration computed on the amount of dry material
in the ration for each 30 day period after the animals in lot I were
placed on trial is shown in Tables V to VIII.

dmount of Gossypol Ingested The amount of gossypol ingested with

the raw cottonseed meats by the animals in lot I is included in Tables
Y to VIII, Computations of the amount of gossypol ingested is on the
basis of the average per centage of gossypol found in samples of the raw
cottonseed meats used, This amounted to 8 per cent,

Per cent _o£ Gossypol in the Ration The per cent of gossypol in

the ration of the heifers in 1ot I is included with the above data,
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Milligrams of Gossypol per Kilo of Body Weight The milligreams

of gossypol per kilo of body weight per day is included with the above
data.

Reproduction

Oestrusl Periods The occurrence of the first oestrwl period is

recorded and each consequent period is noted in Table IX for all of the
animals in all lots,

Breedirg_ Data The dates on which the heifers were bred is in-

cluded in Table IX, None of the heifers in either of the three lots
have freshened at the time that them data were assembled, hence the ob=
servetions eovering parturition cannot be included.

Observations

Weight The weight of the individual animals in each lot, taken
by 30 day periods compared to the Eckles normal, is shown in graphs I to
Ve The weight by 30 days periods 1s also shown in tabular form in Table
X.

H_cig_hl _a._t_ Withers The growth in height at withers of all the
animals in the three lots compared to the Eckles normal is shown in
graphs I to Vo The height at withers taken by 30 days periods is also
included in Teble X,

Consistency of Feces The consistency of feces of the animals n

the three lots over a period of 14 days is shown in Table XI.

Health The health of the animals in all of the three lots was

good throughout the experiment, There was no apparent difference in
health of the animals in lot I as compared to the two check animals, They

have maintained a good condition of flesh since the start of the experi-



ment, and it was impossible to find any evidence of malmtrition in their
gensral appearance,

gpet;to The appetite of the two check animals in lot II and lot
III was good throughout the experiment except for ons instance when G 17
went off feed for a period of a few days, Its appetite returned to normal
without treatment, however, and it has contimmed to eat normally,

The heifers in lot I have had a fairly good appetite during the ex- |
perimsent but have on & few occasions gone off feed, It was found impos—
sidble to feed as high a level of raw cottonseed meats as was originally
plammed, because the unpalatable nature of the meats caused the animals
to eat them sparingly on several occasions,

Blindness There wag no indication of impaired vision in any of
the animals used in this investigation,

Stiffness and Abnormealities _g Galt The animals in lot I have

shown no stiffness in their Jjoints, no swelling in their legs, nor any
noticeable abnormalities in gait at any tims during the experiment,

Oxygen Carrying Capacity of the Blood Tadble XII shows the oxygen

carrying capacity of the dlood as indicated by its hemoglodbin content
for all of the animals on experiment.

Photographs The photographs of the animals taken at the start
of the experiment and at 15 months of age are included in plates I to
VIII.
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EXPERILENTS WITH RATS

While a very marked species difference is known to exist in sus-
ceptibility to gossypol poisoning, as has been previously pointed out
it was thoucht desirable to study the effects of gossypol poisoning on
rats, using raw cottonseed meats from the same lot of material that was
used in feeding the dairy heifers, The toxicity of the raw cottonseed
meats could thus be compared to a known valus, for raw cottonseed kernsls
as well as gossypol have been fed to rats by several investigators,

It is also possible in working with rats to study the antidotal ef-
fect of various supplements to a basal ration which conteins a sufficient
amount of gossypol to be injurious to the health of the animals, The
amount of time and expense connected with such an Mstigation in large
animals practically prohibits the use of dairy cattle,

The object of the feeding trials with rats was to check the toxicity
of the cottonseed meats used in the ration of the dairy heifers by feed-
ing the material directly and by isolating the gossypol from it and feed-
ing it in an otherwise normal diet, It was further desired to study the
effect of various supplements to the basal diet used in protecting the

animals against poisoning from gossypol.

Animals Used
The rats used in this series of trials were aldbino and piedbald ani.
mals, No animals which were known to be cross bred were used in any of

the trials,
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Age The animals were started on experiment when they were approx-
imately 28 days of age, Up to the time that they were 28 days of age
they had been left with the mother and were allowed to eat the same sim-
ple ration which she received,

Weight The animels averaged from 50 to 60 grams in weight when
started on the trials except in the case of series I in which heavier
animals were used. In each series the lots were so arranged that the
average weight of each lot was nearly the same as the average for all
of the lots,

Sex Both male and female animals were used in these trials, ¥hen-
ever growth weights were compared animals of the same sex were used, A4ll
g€raphs showing increase or decrease in weight will be labeled with the
sex of the animal,

Mansgement

Cages Used Wire cages about 10 inches in diameter and 12 inches

high with screen bottoms which allowed the feces and urine to pass through
were used in all of the trials,

Mathod 2_{ Feedinjg Feed was kept before the animals at all times,

No attempt was made to measure accurately feed consumption but the appe-
tite of the animals was observed by the relative emount of food eaten
daily and by the tendency of some animels to waste feed when the appetite
became impaired.

Water Distilled water was kept before the animels at all times,

Diets Used

Series I This series was run to check the toxicity of the ration
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which was being fed to the dairy heifers on the trial previously reported.
The possibility that alfalfa hay carried a factor or factors which might
alleviate the injurious effects of gossypol was studied, Raw cottonseed
meats taken from the sams lot of feed as that fed to the dairy heifers

was used as 25 per cent and 50 per cent of the diet, The diets used were:

G 4 G5
raw cottonseed meats 25 raw cottonseed meats 25
alfalfa meal 20 Yyellow corn 73
yellow corn 53 steamed bone msal 1l
steamed bone meal 1l salt 1
salt 1l
G 6 G 7
raw cottonseed meats 25 raw cottonseed meats 25
rolled oats 73 alfalfa 20
steamed bone meal 1 rolled oats 53
salt 1 steamed bone meal 1
salt 1l
G8
linseed o0il meal 25
alfalfa meal 20
rolled oats 53
steamed bone meal 1

salt



[l
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Series II This series was run to determine the effect of feeding
cod liver o1l and lerge quantities of yeast with rations containing .2
per cent and O,1 per cent gossypol acetate., The basal ration used was
assumed to be adequate for good growth and the supplements added were in
excess of those demanded for an adequate diet which contained no toxie
substances,

G ¥ 1, Positive control - basal diet
yellow corn 44

whole wheat flour 40

alfalfa meal 4
casein 10
Ca 005 1l
salt 1l

G W 2. Negative control
Basal diet plus .2 per cent gossypol acetate
G ¥ 3. Negative control
Basal diet plus o1 per cent gossypol acetate
GV 4.
Basal diet plus .2 per cent gossypol acetate plus two per cent
cod liver oil,
G W 5.
Basal diet plus .1 per cent gossypol gcetate plus two per cent
cod liver oil.
G W6
Basal diet plus .2 per cent gossypol acetate, 15 per cent whole

wheat replaced by 15 per cent yeast.
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GW7,

Basal diet plus .1 per cent gossypol acetate, 15 per cent whole

wheat replaced by 15 per cent yeast.

Series III =~ This series was a study of the effect of yeast, cod
liver 0il and butterfat when added to an adequate dist in alleviating
the toxicity of gossypols Baw cottonseed meats containing approximately
+8 per cent gossypol were used at various levels,

G Cl., Positive control = basal diet

rolled oats 84
casein 10
alfalfa meal 4
Ca Cos 1l
NaCl 1l

G C 2, Negative control
rolled oats 74

raw cottonseed 10

casein 10

alfalfa mesal 4

Ca Cog 1l

NaCl b
G C 3.

Diet G C 2 plus 2 per cent cod liver oil
G C 4.
Diet G C 2 with 10 per cent rolled oats replaced by 10 per cent

powdered yeast.



G C 5. Negative control
rolled oats 69

raw cottonseed meats 15

casein 10
alfalfa meal 4
Ca Cog 1
HaCl 1
GC 6.

Diet G C 5 plus two per cent cod liver oil

GC7,
Diet G C 5 vitﬁ 10 per cent rolled oats replaced by 10 per cent
powdered yeast

G C 8.
Diet G C 5 with 15 per cent rolled oats replaced by 15 per cent
powdered yeast

GCS9.
Diet G C 5 with 10 per cent rolled oats replaced by 10 per cent
butterfat

G C 10, Negative Control
rolled oats 64

raw cottonseed msats 20

casein 10
alfalfa meal 4
Ca 005 1l

KaCl 1
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G C 1l.
Diet G C 10 with 10 per cent rolled oats replaced by 10 per cent
yeast,

G C 12,
Diet G C 10 with 15 per cent rolled oats replaced by 15 per cent
yeast,

G C 13.
Diet G C 10 plus two per cent cod liver oil, After one week on this
diet the animals were changed to a diet in which 15 per cent rolled
oats was replaced by 15 per cent yeast, Two per cent cod liver oil
was added as befors.

G C 14, Negative control
rolled oats 59

raw cottonseed meats25

casein 10

alfalfa meal 4

Ca Cog 1

NaCl 1
G C 15,

Diet G C 14 with 10 per cent rolled oats replaced by 10 per cent
yeast.
G C 16,

Diet G C 16 with 15 per cent rolled oats replaced by 15 per cent

yoa-ato
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Collection of Data

Weight The animals were weighed individually when they were
placed on experiment and were weighed every seven days thereafter as
long as the trial was continued,

Growth The emount of growth measured by increase in weight from

week to week 1s shown in graphical form in graphs VI to XXX11I.

Health The growth curve has been used entirely as a measurement
of gossypol injury, although there have been other indications of poison-
inge Loss of appetite has been one of the first indications of injurye
At high levels of intake the injury was acute and death resulted before
other symptoms set in, Where chronic injury developed, there was usually
extreme ix:ritability. An emaciated condition developed accompanied by a

loss of hair on the neck and shoulders,

Determination of Gossypol in Samples of Cottonseed Meal and
Raw Crushed Cottonseed Meats

Collection o_f Samples Five southern oil companies located at various

places in the southern states collected samples from the regular mill
run of the 1929 crop, Twelve samples of cottonseed meal and 12 samples
of raw crushed cottonseed meats, ready for the cooker were collected in
the Spring of 1930, The samples of meal and the sample of meats are not
in all cases from corresponding "batches™, The analysis of the samples
was made in the summer of 1930,

MNethod _g_f; Analysis The samples of raw crushed cottonseed meats and

cottonseed meal were ground finely enough so that the material would
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pass throush a 10 mesh sieve. The gossypol content was determined by
the aniline method of Carruth (103).

FPifty grams of the material was extracted with ethyl ether in a
continuous extractor, of the Soxhlet type, until the distillate was per-
fectly colorless, The ether was then driven off and the 0il which re-
mained was diluted with three volumes of petroleum ether and thoroughly
mixed, This solution was allowed to stand in cylinders until the ine
soluble resinous materials settled out. 4 75 per cent aliquot of the
liquid was removed from the cylinder and placed in a small precipitating
bottle, Three cubic centimeters of aniline were added and the material
was set aside for two weeks to allow complete precipitation to take place.
The precipitated Dianiline gossypol was recovered on & gooch crucible,
washed tMrc')ughly with petroleum ether and dried at 100° C. The weight
of the Dianiline derivative multiplied by 775 was taken as the amount of
gossypol present in the aliquot of the oil, i'he amount of gossypol pres-
ent in the cottonseed meal and in the raw corushed cottonseed meats was
expressed in terms of per cent by weight.

Results The data recorded are shown in Table XIII.

Because of the fact that the cottonseed msal samples analyzed were
not from the same "batch™ as the raw cottonseed meats no attempt has been
made to correlate éossypol content in the finished meal with gossypol con-
tent in the original seeds, However, a close observation of these data
indicates that there is probadbly a relationship between the gossypol con=
tent of the finished meal and the conditions under which it was processed,

The mill using cottonseed meats having the lowest gossypol content of any
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analyzed, furnished samples of meal having a higher gossypol content
than the average of msals from all of the mills,

It will be observed that none of the samples of cottonseed meal
analyzed had a gossypol content of more than five one hundredths of one
per cent and there are but eight samples having a gossypol content over
four one hundreths of one per cent, This consistently low goésypol con=
tent in samples of meal from various regions and different mills indi-
cates that there is almost no possibility of getting a lot of cotton=
seed meal that will contain more than asix per cent of the amount that
has been present in the raw crushed cottonseed meats which have been fed

without injury to growing dairy heifers,

Discussion of Experimental Results

4 study of Tables I to V showing feed consumed, mutrients required
and nutrients consumed shows that the animels in lot I, G 20, G 21, and
G 22, received less digestible protein than the amount required accord-
ing to the Armsby Standarde During several thirty day periods the de-
ficiency in amount of protein as compared with the requirement was cone
siderable, This deficiency in amount of protein was due largely to the
fact that the heifers would not eat a sufficient amount of rew cotton=
seed meats to furnish the necessary protein, The raw cottonseed meats
were unpalatable having a rather bitter residual taste and bveing very
high in oile The energy furnished by the ration fed to the animals of
lot I was above the requirements during most of the thirty day periods
included in the experiments, The rations of the heifers in lot II and
lot III furnished an excess of protein and a small excess of energy

throughout the experiment,
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Despite the fact that the heifers in lot I received less digestible
protein than those in Lot II and lot III their growth was very comparable,
4All of the heifers were below the Eckles normal in weight and height at¢
withers during a part of the growing period. At two years of age, how=-
ever, all of the animals were normel or above, as compared with the Eckles
standard, and there was no significant difference bvetween the heifers of
lot I and the two check animals in growth,

The ration of the heifers in lot I contained on the average from 20
%o 25 per cent raw cottonseed meats during the experiment as Tables VI,
VII, and VIII indicate, This amount of raw cottonseed meats represented
tpproximtely o2 per cent of gossypol in the ration, The amount of gossy-
pol in the ration was three times the amount found to de toxic to rats
by Schwartz and Alsberg (90) and four times that found to be toxic to
rats by Clarke, yet the heifers showed no indication of injury. In view
of the fact that rats were found relatively much less sussceptidble to gos-
sypol poisoning than rabbits and swine, this level of two per cent of
gossypol in the ration of growing heifers indicates a very high species
tolerance for gossypol.
| On the basis of milligrams of gossypol per kilo of body weight con~-
sumed daily the heifers in lot I had a lower intake of gossypol than was
found to be the threshhold of toxicity for rats by Schwarts and Alsberg,
The average for all of the heifers in lot I throughout the experiment was
31.8 milligrams of gossypol per kilogram of body weight, which is about
one-half the amount found to be toxic to rats by the above cited experi-

mentors,
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There was no significant differences between the heifers in lot I
and the two check animals in the oxygen carrying capacity of the blood
as indicated by its hemoglobin content,

In the experiments with rats series I, a diet similar to the ration
fed the heifers was used in which a 25 per cent level of raw cottonseed
meats was used, As graphs VI to IX show, the rats lost weight steadily
and died in from 10 to 28 days or were killed because of their extremely
emaciated condition, A diet high in vitamin A (G 4 and G 7) showed no
superiority over one low in vitamin A (G 6) 1njlessening the injurious
effects produced by the cottonseed meats, Vitamin A was furnished by
alfalfa hay which was used as 20 per cent of the diets of G 4 and G 7,

The failure of the heifers to show any injury in response to high
gossypol feeding may be accounted for on two premises, PFirst, that in
the digestive tract of the ruminant conditions exist such that gossypol
is not absorbed, or if it is adsorbed, is changed chemically so as to be
less toxic, or second, that the gossypol intake per unit of body weight
was not high enough in this experiment to reach the threshhold of toxic-
ity. In view of the fact that swine, rabbits, and guinea pigs are pois-
oned by very small quantities of gossypol per unit of body weight and be-
cause there are not clear cut cases of cottonseed meal injury in ruminants
which can be directly traced to gossypol poisoning it seems quite likely
that the failure of the heifers to show any injury from gossypol feeding
is due to conditions along the digestive tract, peculiar to the ruminant,

What these conditions may be cannot readily be suggested.
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The results of gossypol analysis on samples of cottonseed meal which
show a consistently low content of gossypol in the real from various mills
indicates that there is practically no possibility of the dairyman getting
a meal which contains enough gossypol to be toxic to dairy cattle even
though it be fed in excessively large emounts,

Throughout the experiment the feces of the heifers in lot I were mmch
harder in consistency than those of the two check animals, Whether or not
this difference is due to the presence of gossypol in the ration is not
known but it seems likely that the condition causing the hard consistency
may be associated with the presence of a large amount of cottonseed oil
which with its predominance of fatty acids of high molecular weight may
upon saponification form heavy soapy material that tends to make hard well
formed feces,

This condition which arises from the feeding of raw crushed cotton-
seed meats having a high oil content may in part explain why cottonseed
meal has in the past been considered costive although its effect as has
been shown by Huffman and Moore is actually laxative,

The results with rats, series II and series III, indicate clearly
that where gossypol is fed at a comparatively low level but at a level
which still causes injury, the addition of yeast as 15 per cent of the
diet decreases the injurious effect to such an extent that the animals
grow normelly, Cod liver o0il used as two per cent of the diet relieved
the injury to a lesser extent but the beneficial effect did not appear
t0 be permanent,

The effect of yeast cannot be attributed to bolstering a vitamin B
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deficient diete The diet used in series II and series III was probably
not deficient in vitamin B, The effect of yeast on the infestinal tract
is far reachings It is well known that it changes the intestinal flora
and in the review of literature it was pointed out that it is beneficial
in oountera.lcting the injury occurring from the feeding of high protein
diets which cause intestinal putrefaction with consequent formation of
ptomaines, It was also shown that it is effective in counteracting the
toxic effect of 180 amylamine in the diet, The mechanism of its bene-
ficial effect has not been explained in these cases nor cen it bde ex~
plained in this connsction but it seems likely that its effect is re-
stricted to conditions along the intestinal tract,

The temporary beneficial effect of cod liver o0il in relieving the

injurious effect produced by gossypol feeding cannot readily be explained.
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Summary

l. Raw orushed cottonseed meats (gossypol content eighi: tenths per
cent) were fed in amounts verying from 20 to 25 per cent of a ration
containing silage and good quality hay without producing injury in grow-
ing dairy heifers. No lameness, swollen legs or impaired vision re-

sulteds The hemoglobin content of the blood was not dacreased,

2. Gossypol analysis of cottonseed meal samples showed that a maxi-
mum of ,05 per cent gossypol may normally occure This is but six per
cent of the amount present in the raw crushed cottonseed meats used

in the experiment,

3¢ The feeding of raw cottonseed meats to dairy heifers resulted in
the formation of hard well formed feces, an effect distinctly differ-

ent from that produced by the feeding of cottonseed meal,

4, Rats died in 10 to 28 days when fed a diet containing the same proe
portions of raw cottonseed meats that were fed without injury to heifers,

EQuivalent amounts of crude gossypol acetate produce similer results,

Se The addition of messive doses of yeast (15 per cent) to a diet con=
taining an injurious amount of gossypol, alleviated the injurious effect

and allowed for practically normal growth in ratse
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Table XI. Consistency of Feces of the Heifers in all Lots for a

Fourteen Day Period

Lot III Lot II Lot I
G 16 G 17 G 20 G 2l G 22
Date Linseed Cottonseed Raw Cotton Raw Crushed Raw Crushed
0il heal Meal seed Cottonseed Cottonseed
March 29 +65 ¢80 ¢35 030 25
30 ¢85 ¢50 ¢50 25 20
31 «60 «55 ¢35 025 . o5
April 1 ,90 +80 030 ¢30 015
2 55 55 «30 e25 o15
3 70 «80 040 25 «20
4 70 «70 035 o25 «40
5 «40 ¢50 45 «35 020
6 ¢80 o70 ¢65 «30 «30
7 1.10 «70 «40 «30 30
8 +80 ¢65 «40 35 20
9 «70 «55 *35 «30 «20
10 «65 040 «30 e25 20
11 1,00 065 ¢45 «40 35
Ave, for
14 deys 0743 «632 «396 eR93 0239
Ave, for
Lot I «309
Standard
1.5 very soft +75 average
1,25 medium soft «50 medium hard
1,00 soft ¢25 very hard

«15 exceedingly hard
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Table XII. Hemoglobin Content of the Blood of All the

Animals for Last Nine lionths on Experiment

Animal Animal Animal Animal Animal

G 20 G 21 G 22 G 17 G 16
hemoglobin hemoglobin hemoglobin hemoglobin hemoglobin

per cent per cent per cént per cent per cent
8- 6-30 77.8 82.9 792 7546 80,7
| 9~ 830 74.4 71.5 6348 74,6 82.7
10-15-30 55,0 7947 7346 73,3 81,0
11-19-30 8644 8042 8l.2 91.0 8547
12-11-30 84,6 90,0 8847 89,7 101.1
lel4-31 8605 8645 99,0 9067 9645
2=11=31 89,1 87,0 85,0 8845 94,7
3-11-31 89,0 778 81.9 95,3 7340

4~-24-31 8649 9246 92,6 9642 90,9







Table XIII,.

Per cent of Gossypol in Samples of Cottonseed

Meal and Raw Crushed Cottonseed Meats

117

Sam- Per cent of

Sam- Per cent of Gossypol

Region from which ple Gossypol in ple in Raw Crushed Cotton-
Samples were Obtained No. Ce Se My No. seed Msats
North Caroling 1l 00244 1l 621
" » 2 00139 2 0560
" " - 0233 3 815
" " 4 +0155 4 +681
" " [ +0159 5 +684
" " 6 #0025 6 592
" " 7 0223 7 840
" " 8 +0195 8 +664
" » 9 «0154 9 o764
" " 10 +0218 10 o871
" " 11 0239 11 859
" » 12 00250 12 661
South Carolina 1S 00415 13 807
" " 14 00375 14 778
hd " 15 00293 15 716
" " 16 00202 16 0749
" " 17 #0191 17 836
" " 18 #0326 18 768
" " 19 0295 19 o782
" " 20 20 o779
" " 21 0239 21 ¢696
" n 22 «0288 22 o847
" " 23 00425 23 «804
" " 24 0435 24 761
Mississipp 25 #0301 25 0657
" " 26 0254 26 «607
od " 27 00344 27 0763
" " 28 28 o711
» » 29 00321 29 «676
" " 30 #0381 30 0642
" hd 31 «0R95 31 o723
" " 32 0202 32 0643
" " 33 Trace 33 592
" " 34 «0392 S4 575
" i 35 00414 35 730
" " 36 0245 36 +658
Oklahoma 37 0158 37 585
" 38 0169 38 0497
" 39 00162 39 500
" 40 0230 40 o541
" 41 00248 41 636
» 42 42 585
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Table XIII,

(Continued)
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Region from which

Sam- Per cent of Sam- Per cent of Gossypol
ple Gossypol in ple

in Raw Crushed Cotton-

ngg}ec were Obtained No, Ce S. M, No. gseed Meats

Oklahoma 43 +0096 43 +620
" 44 Trace 44 602
» 45 «0211 45 568
" 46 «0204 46
" 47 +0263 47 «542
bt 48 48 «612

Texa 49 «0447 49 0343
» 50 +0499 50 263
" 51 «0472 51 0357
v 52 52 342
" 53 «0368 53 0277
" 54 «0316 54 280
" 55 «0379 55 «304
" 56 «0428 56 0231
" 57 0335 57 o245
" 58 «0396 58 eR46
b 59 «0344 59 «301
” 60 Trace 60 o242
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: Plate I.
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Animal G 20 at Start of Experiment
Ration - Raw Cottonseed Meats,
Timothy Hay, Silage and Corn,

Plate II.
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Animel G 20 at 15 Months of Age.
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Plate III.
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Animal G 21 at Start of Experiment
Ration - Raw Cottonseed Meats,
Timothy Hay, Silage and Corn

Plate IV.
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Animel G 21 at 15 Months of Age
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Plate V.
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Animal G 22 at Start of Experiment
Ration - Raw Cottonseed leats,
Timothy Hay, Silage and Corn.

Plate VI.
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Animal G 22 at 15 Months of Age
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Plate VII. .
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Animal G 16 at Three Months of Age

Plate VIII,
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Animal G 16 at 15 Months of Age.
Ration - Linseed 0il Meal, Timothy
Hey and Silage
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