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INTR0UCTION

‘ One of the chief causes of low production znd un-
proditable returns in dairying is a lack of suffieient pro-
tein in the ratione Home grown feeds are nigh in energy and
low in proteine It is therefore necessary to purchase a
high protein concentrate in order to properly balance home
grown feeds for dairy cattlee Efficient sources of this
necessary protein are found in cotionseed meal and linseed
0il meal,

Cottonseed meal athough it furnishes the cheapest
source of protein is not recommended for use in very large
amountse If fed heav{}y it is thought to produce injurye.
Cottonseed mesdl injury has been attributed to beri beri,
pyrophasphoric acid, bacteria and molds, betaine and choline,
fron deficiency, protein decomposition products, acidosis,
gossypol and lack of a faetor or factors carried by haye A
lack of a factor or factors carried by hay seems very probalbe
in view of thefact that cottonseed meal is a product of the
Southern States where cottonseed hulls have been used as a
roughage which lack a factor or factors oarried by good
quality haye Linseed 0il meal on the other hand, a Northern
product, has not produced injury because in the North a good
quality roughage has been fed,

This investiggticn is an attempt to determine whether
cottonseed meal compared to linseed oil meal could be fed as
the principal source of protein for proper growth, reproduction

and lactation of dairy cattle with a good quality hay,
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ABVIEW OF LITERATURE AND GENERXAL DISCUSSION

Home grown feeds are generally low in proteine Suffie
olent protein in the ration of dairy cattle is often & limi-
ting factor in growth and milk production. Hence home grown
feeds shopld frequently be supplemented by the use of a high
protein concentrates Cottonseed meal usually furnishes the
cheapest availablé source of a high protein concentrate but
is not heartily recommended by all authorities. It is seldom
recommended for calves and only in small amounts for lactating

COWs e
NEED OF PROTEIN IN TIE RATION

Proteins or feeds high in protein are needed in the
ration for proper growth, maintenance or weight, and milk
productions Sufficient amounts are necessary for the
efficient utilization of all the nutrients of the ration.
Protein or protein feeds also are high in phosphorous and
therefore assist in making up mineral deficiencies. Proteins
are specifically needed for the amino acids which they con~

tain,

General Need

Van Slyke (1) quotes the average protein sontent of

cows milk as 3.2 pér cent, Therefore a cow producing 40
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pounds of milk daily would be producing le.28 pounds of pro-
tein per daye. Since the animal body is unable to build up

protein to any great extent from carbohydrates or fats, it

is therefore apparent that the cow needs considerable pro=

tein in the ration for milk productions

Haecker (2) working with some 20 head of animals each
year for a period of 8 years, concluded that under ordinary
conditions, the ration of a cow should contain 1.5 units of
orude protein to one unit of protein produced in the milk,

Hills (3) in trials covering 14 years in which a large
number of animals were used, found that the low protein ra=-
tion which he was using containing 9,76 per cent digestible
crude protein was inadequate in respect to its digestible
protein content in that it did not enable a cow to produce
a full yield of milk.

Bllett and Holdaway (4) working with a small number of
cows in comparing narrow and wide rations found that those
cows on the wide ration with nutritive ratioe, 1:11, de-
ocreased in milk flow, at first rapidly and later more slowly.

Savage (5) after two years study, concluded that the
Haecker standard for orude protein requirement for milk pro-
duoction should be increased by 35 per ceente

Converse (6) got a 16 per cent inorease in milk yield
by increasing the‘protein 20 per oent and the total digestible
natrients 10 per eent over the Haecker standard using 5 cows

for 3 thirty-day periodse
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Fraser and Hayden (7) in an investigation used two

lots of 9 cows each for 131 dayse Lot I fed a ration wiih

a nutritive ratio of 1:6, produced 12,553 pounds more of
milk than Lot II fed a ration with a nutritive ratio of 1lill.
Lot I consumed 54.59 pounds of total digestible nutrients
and Lot Il consumed 71.91 pounds of total digestible nutri-
ents for each 100 pounds of milk producede The cows on this

experiment were given what they would consumee

Maintenance and Growth

Hills (3) found that a ration containing 9.76 digestible
crude protein was inadequate in its digestible protein con=
tent in that it d4id not enable cows to malntain live weight,

Bllett and Holdaway (4) found that those cows on a
wide ration, that hada nutritive ratio of 1:11, lost flesh
rapidlye

Proper Utiligation of Nutrients

Bllett and Holdaway (4) noted the low digestion co~-
efficlents on a ration with a wide nutritive ratio of 1:11.
Amsby (8) explains the lowered digestibility of

nutrients where protein is limited in comparison to the
carbohydrates, in the following manneres The excess of car-
bohydrates causes an increase in nitrogeneous exeretion
Products in the feces which accounts for the apparent

lowered digestibility of the protein part of the ration.
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The lowered digestibility of the carbohydrate part
of the ration is due to the fact that the organisms of the
rumen have an excess of soluble carbohydrates to act upone
Therefore the more insoluble earbohydrates are not acted
upon s0 that they are left for the digestive juices to act
upon and therabre may be excretede The addition of
nitrogenous material stimulates bacterial action upon the
insoluble starches, leaving less to be acted upon by the

digestive Jjuicese

Reproduction

In a study of the protein necessary for reproduction,
Bekles (9) found that the withdrawal of nutrients for growth
of the foetus could not be measured on a dry matter basis,

A Holstein calf at birth contains as much dry matter as 200
to 275 pounds of Holstein milk,

Hills (3) concludes from 14 records that foetal con=
struotion makes & small noticeable draft upon the digestible
proteln intake to & daily usage of from 0.05 to O.1 pound,
Phis may amount to 10 per cent of the entire protein intake
extending over the entire gestation period, the large part of
which, however, comes during the latter part of gestatione

Phos phorus

Prom an examination of a table compiled by Forbes (10)

1t is especially noticeable that feeds high in protein oarr&
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a high per eent of phosphorouse Proteins or protein feeds
must therefore assist in correcting a phosphorous deficiency
in dairy cattle rations,

Reed and Huffman (11) recommended the use of protein
concentrates as a source of phosphorous in Michigan dairy
rationse

It is apoarent from the review of literature that
protein or feeds high in protein are essential for the
maintenance of weight, milk, production, and reproductione
They also prevent waste of nutrients and furnish a source
of phosphoruse The need of protein for milk production
appears to be of the greatest importance in the nutrition
of dairy cattle,

Amino Acids Required in the Ration

As previously stated, proteins are needed specifically
for the amino acids which they containe The efficiency of
some proteins is limited, unless supplemented by other sources
of proteins, This is due to a deficiency of certain amine
aclds which cannot be synthesized by the animal organism,

Osborn and Mendel (12) make this statement: "Obviously
the relative values of the different proteins in nutrition
are based upon their content of these special amino acids
which cannot be synthesized in the animal body and which are
indispensable for certain distinot, as yet not oclearly de-

fined processes which we express as maintenance and repair".
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Hart and Humphry (15).in a study of the efficiency of
the prbteins of milk, corn and wheat found that the quality
of the proteln ia an important factor in maintenance and
milk production. They concluded that the mammary gland will
not compensate for deficiencies in protein structuree

In conneoction with the ability of animals to make up
these deficlencies of amino acids, Mathews (14) states:
"While it appsars that animal protoplasm has in general the
same chemical properties as plants, there is no doubt that
this power of manufacture of amino acids which is so note-
worthy a property of plant 1life is reduced certainly to a
very subordinate power in the animal, for it appears necessary
to supply most animals with ready made amino acids".

Apparently some proteins are more valuable than others
depending on their essential amino acids contente It there-
fore secms wise to inquire into the content of amino acids
carried by Linseed 0il Meal and Cottonseed Meale However,
before such a study can be of value it is necessary to know
what amino acids are necessarye. Consequently, a brief re~
view and discussion of the necessary amino acids will be
made.

Hawk and Bergeim (15) believe that lysine, tryptophane,
cyntlnb and tyrosiné are absolutely essential for normal
development, while hitidine and proline may also be necessary.

The remaining amind acids so far as known are not essential.






fyptophane

Osborne and Mendel (12) reported that fyptophane was
one of the limiting amino ucids of casein for proper growth.

Sure (16) found that rats could not synthesize tyrpto-
phane from alanine and indole. He also found that Wyptophane
was the primary growth-limiting factor in the protein of corn.

Mitchell (17) working with mice on rations composed of
isolated amino acids found that mice survived longerx if
tryptophane was included as one of the amino acidse.

Jones, Gersdorff and Moeller (18) noted the high
tryptobhano content of the proteins of o0il seeds,

Ackroyd and Hopkins (19) woxrking with rats observed
that rations deficient in tryﬁtophano resulted in a marked
loss in body weighte

sine

According to Lusk (20) lysine is present in proteins of
animal origine He also pointed out that zein the principal
protein of corn, is deficient in lysine. Lusk also stated
that lysine is the only amino acid with a straight chain
which does not form glucose,

Hart, Nelson and Pits (21) presented evidence which
indicated that the mammary gland cannot synthesize lysine

and that this amino acid is not dispensible for normal main-
tenance.,



-8 =
| Buckner, Nollau and Kastle (22) using chicks got
better growth on a diet supposed to be high in lysine
than with one somewhat low in this amino acide The grain
mixtunres used in this work were rather complicatede

However, Osborne and Mendel (23) corborated the woik
of Bﬁokner, Nollau and Kastlee These investigators working
with chicks concluded that chickens as well as rats require
lysine for normal growthe

MoGinty, Lewis and Marvel (24) working with rats on a
gliadin ration which was low in lysine found that several
amino and hydroxy derivitatives of caproic acid would not
replace lysinee Good growth was made when the gliadin
ration was supplemented with lysine or with the inactive
d 1 - lysine,

Osborne and Mendel (25) found that the addition of
lysine to a ration containing 9 per cent of the protein
edestein improved the growth of ratse

Geiling (26) found that lysine did not appeax to be
negessary for maintenance of adult mice,

quorne and Mendel (12) reported that lysine was one
of the amino acids necessary for proper growth on a ration

consisting of zein as the source of proteine

gzrosino

Since tyrosine is a oyclic compound, it is reasonable
to suppose that the animal body cannot synthesize it. Howe

ever, very little direct work has been done with this amino
acid.
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Aberbalden (27) demonstrated that tyrosine was
necessary for satisfactory nutrition.

Sure (28) working with rats concluded that tyrosine
was one of thelimiting faotors of growth with a ration
containing 9 per cent lactalabumin as the only source of
proteine

Lightbody and Kenyon (29) reported that the growth
of rats for a 12 wesk perioi on a diet extremely low in
$yrosine, was independent of the tyrosine content of the

food.

Cystine

Osborne and Mendel (30) found that tie addition of
cystine to a diet in wich casein was fed at a low level
as the sole source of pm tein, promoted more adeguate
growth than a ration of casein alone,

Geiling (26) working with mice reported that cystine
appeared to be neéessary for the maintenance of adult mice.

Sherman and Merrill (31) observed that rats fed on
whole milk powder diluted five times its weight with s tarch
and supplemented with yeast grew more rapidly when cystine
was added.

Lewis (32) found that the addition of cystine to the
dies of dogs on a low protein die% of beef heart diminished
the loss of nitrogen from the bodye This is interpreted to
be the result of a specific demand for cystine for metabolic

bPurposese
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Later Lewis (33) reported the same results when
casein was used as the source of proteine

The work of Sherman and Woods (34) showed that
oystine aided in the growth of rats on an otherwise
adequate ration in which whole milk powder was fed at a low
level,

Muldoon, Shiple and Sherwin (35) found that dogs werw
not able to synthesize cystine or cysteine under stress of
brombezene poisioning even though an inorganicec form of
sulphur was furnishede

Johns and Finks (36) stated that cystine was necessary
for prdper growtﬁ from the protein phaseolin,

Arginine and Histidine

These two amino acids are considered tégether because
they are similar in chemical structure and were considered
a3 inter changeable in animal metabolism by some of the
earlier investigators,

Ackroyd and Hopkins '19) using rats reported that when
arginine and histidine wer; removed from the diet of rats
which had previously received a complete amine acid mixture,
resluted in a rapid loss of body weighte When either arginine
or histidine were restored to the ration there was no loss
of weighte It was suggested that the body has the ability
to convert afginine into histidine and visa versa,

Rose and Cox (37) using rats as a ration of hydrolyzed
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easein from which the arginine and histidine had been
extracted, found that the addition of histidine invariably
gave an immediate resumption of growth at a normal ratee.
This showed that histidine i1s an indispensable .component
of the dietes However, when arginine was substituted for
the histidine in the ration, resumption of growth did not
$ake place which indicated that histidine and arzinine are
not mutually interchangeable in metabolismse

Later Rose and Cook (38) presented evidence to show
that arginine and hestidine aie not interciiangeable in
parine metabolism,.

It is apparent from recent investigations that
histidine is an essential amino acide However, the require-
ment of the animal organism for arginine has not been

definitely determined.
Proline

Aberhalden (39) suggests that proline is not an
indispensible amino acid in maintenance and that the
organism may be able to synthesize it from glutamic acide

Sure (40) presents evidence which shows proline is
indispensable for growth and that the rat is unable to
trangsfom pyrolidone carboxylic acid into prolines

It appears from the review of literature that the
amino éolds, tyrosine, tryptophane, lysine, cystine, and
hestidine are absolutely essential for maintenance of weight

Or for proper growth,
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Arginine and proline are probably essential,

Although the field has been falrly well covered as
to the essential nature of the amino acids Just discussed,
ons is left somewhat amiss as to what amino acids are
necessary for milk productione Since milk protein is
supposed to be a fairly complete protein food, one is
led to wonder somewhat if the amino acids necessary for

growth and maintenance are sufficient for milk production.

COTTONSEEZD LEAL versus LINSEZD OIL
MEAL AS A SOURCE OF PrROTEIN

In studying the value of a feed which is new or not
commonly used, it is a common procedure to compare i%
with some feed of similar nature in common use. 3Since
linseed o0il meal is a feed of high protein content which
is oommoni& fed it is used as a basis for ascertaining

the value of cottonseed meal as a source of proteine
Cottonseed Meal

Cottonseed meal is a high protein feed containing 37
per ocent (41) digestible protein. It contains many amineo
acids which give it a high biological value. Many feed~
ing experiments have been csonducted with this product. It
s manufactured from the delinted cottonseed as follows.(42)

Manufacture of Cottonseed Products

At the crude oil mill, the cottonseed is first run
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through revolving screens which separate out the larger
pieces of trash mixed with it, then passed over shaking
sleves and magnets, and through cyclone cleaners, to get
rid of the sand, nails, and duste Next the sesds are
fed into the delinters, where the little short cotton
hairs which the gins failed to remove are taken off, com=
pacted into a‘felt, and rolled out like cotton batting,
ready for the mattress maker or gun-cotton manufacturee
From the last of these delinters the seed goes to the
hullers, which break the hard outer coat or hull and
liberate the soft o0ll containing meats. To separate the
hulls and meats as thoroughly as possible, the material
as it comes from the hullers is run over shaking screens.
The hulls are passed through a second and sometimes a
third huller, and then through additional separators until
they come out practically free from any of the wvaluable
oil-bearing interior portione The meats when nearly freed
from the hulls are ground through a series of three or more
heavy steel rolls, and finally carried into storage bins
over the pressroom,

In expressing most of the edible 0il abroad several
g8rades are frequently made by a repressing of the same batch
of raw material. Cottonseed, however, in the United States,
a% least, 1is pressed only once, and when hydraulic presses
are used it is always heated or cooked before pressinge The

cooking is done in a shallow, steam=-jacketed pan equipped
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with a mechanical stirrer, which, as it revolves, mixes
the meats thoroughly and prevents uneven cooking. In
many mills a second pan, called a subheater, similar to
the cooker and installed just below it, serves to hold
the cooked batch until the presses are ready for ite

The type of press most commonly used in this country
in the produetion of cottonseed 0il is the steel box-frame
hydranlice It consists of a series of horizontal steel
plates set‘one above the other, and provided with closely
fitting steel sides so that the whole machine is really
a series of steel boxes without ends piled one upon the
other, the lowest box resting upon a hydraulic pistone
One after another all the boxes are charged with cooked
meats wrapped in heavy press cloths until the press is
fillede The compressed air is then turned on, and the oil
as it is squeezed out flows down over the sides of the
press and through troughs to the settling cisterne Asit
comes from the press the dark red oil contains some fine
meale Before being pumped or shipped to the refinery,
therefore, it is held in settling tanks or cisterns until
most of the finer particles have settled out,

The residue in the steel boxes, the cooked meats from
wihich the 0il has been pressed, are taken from the machine
in slabs and go on the market as cottonseed cakee These
Slabs may be cracked and the material sold as "eracked

Gake” used chiefly in range cattle feeding; or it may be
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broken into smaller pieces and sold as “"pea size" caks,
used in range sheep feedinge The finer particles are
sold as "screenings", The slabs are, also ground and the
product sold as cottonseed meale

An increasing amount of crude cottonseed o0il is made
in mills equipped with a type of continuous working press
known as the expeller, The expeller is built somewhat
on the principle of the ordinary meat grinder, and is
simply an interrupted screw revolving inside of slotted
steel barrele The ground seed enters through a hopper at
one end of the barrel, is pressed along toward the opposite
end, and finally discharged around a cone, which can be
set in or out of the outlet orifice, to give any desired
pressuree JSqueezed from the seeds by the pressure of the
screw, the 0il runs out through the small slits in the
barrel, and after settling, or better, filtering through
a filter press, 1s ready for shipment to the refinerye. The
roesidue after the oil is pressed out is sold on the market

a8 "whole pressed cotton seed"™ or "cold pressed cotton seed".

Amino Acids

A complete analysis of the essential amino acids of
cottonseed meal does not seem to bé availables

Osborne and Voorhees (43) were among the early ine-
Vestigators to report any work pertaining to the proteins
of cottonseed meale They reported a yield of 15.3 per cent
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globulin from the air dried oil-free producty with which
they workede This, however, constituted only 42.3 per
cent of the total nitrogene of the product studied, so
that globulin is probably not the only protein present in
cottonseed meals

Aberhalden and Rostoski (44) determined the mono-amino
acids of the "edestin" of cottonseed meal calculkted for

dry, ash free, "edestin" which were as follows:

Percent
Glycocoll 1.2
Alanine 440

Amino valerianic acid present

Proline 23
Glutamic acid 17.2
Aspartic acid 249
Phenylslanin 3¢9
Serin 0.4
Tyrosine 2¢3
Tryptophane present

Nevens (45) made a study of the basic amino acids
found in oottohseed meal. He analyzed for the following
amino acids expressed in percentage of the total nitrogen

in the sample.

Percent
Arginine N 18,736
Cystine N 0.906
Histidine N 7397

Lysine N 3807
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Nitrogen expressed in percentage of the feeding stuff,

Percent
Arginine N 1.,2733
Cystine N 0.0616
Histidine N 0.5027
Lysine N 0.2688

Hamilton, Nevens and Grindly (46) report the following
analysis: (Expressed as percent of the total nitrogen)

COS olie Alfalfa Corm OatB
Per cent Per cent Per cent Percent

Arginine N 18.7% 840 8,73 11,656
Cystine N 0.943 04991  1.07 0,944
Histidine XN 7.171 3493 4,83 5480
Lysine N 4421 4,43 2e2 284

Expressed as percent of the feed

CeSelMe Alfalfa Corn Oats
Per cent Per cent DPer cent Per cent

Arginine N 1.27 0.210 0,1228 0.196
Cystine N 0.0641 0,026 0.,0151 0.016
Histidine N 0.4873 0.103 0,068 0.97

Lysine N 0.286 0,117 0.031 0,048

Nollan (47) gave the analysis of the following feeding
stuffs.

Expressed as percent of the total nittrogen

CeSeMe Oats Tankage Soy Beans
Per ocent Per cent DPer cent Per cent
Arginine N 12,77 11,42 12,34 16,92
Cystine N 2674 4448 2446 1,62
Higtidine N 7457 9,58 2,18 246

Lysine ¥ 1.94 0.00 2,60 7.02
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Jones and Conska (48) isolated two globulins from
cottonseed meal the 1 and b globulins from a sodium
chloride extract which yielded 259 and 16 percent,
respectivelye The material used for extraction was 74
per cent of the original meal, and the percent of nitrogen
extracted by the method used was only 39 percent of the
total nitrogene

Apparently all those amino acids listed as essential,
tyrosine, tryptophane, lysine, cystine ani histidine with
possibly arginine and proline, have been mentioned as
present in varying quantities in cottonseed meale

The arginine, cystine, histidine and lysine content
of oottonseed meal as analyzed by the different investiga-
tors check fairly welle Nollau (47) reported a lower
lysine and higher cystine content than the other ipvestiga-
tors, It will also be noted that arginine, cystine,
histidine, and lysine content of cottonseed meal compares
quite favorably with the amino acid content of the other
fLeeding stuffs tabulateds

Although cottonseed meal appears to be quite a compléte
source of the essential amino acids the true value as a

souree of protein should be further demonstrated by animal

6Xperimentationse

Feo ding Experiments

Rats. Gallup (49) using rats investigated the

digestibility of cottonseed meal treated in various ways,
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and fed at different levels in order to get the effect of
varying the protein intake upon the digestibllity. The re-

the '
sults by Bergeim (50) method are as follows:

Nature of Food Per Cent Average Diges- No.of
of Ration +tibiliyy trials

Cottonseed meal 25 6l.2 3

bl » 44 710 2

" " autoclaved 25 5062 3

" " " 45 64 .4 2

" " extracted 3le2 7346 2

" " " 51s8 81,2 2

" n " and gossypol 3le2 707 2

" " gossypol 51.8 75.4 2

Autoclaved seeds 40 64,0 1

" " 66 6667 2

It will be noted from examination of this data, that
in every case the digestibility of the protein was the high-
est where the larger per cent protein was feds The average
digestibility of cottonseed meal varied 103 per cent at
the two levels fede Cooking lowered the digestibility, as
shown by the fact that the cottonseed meal which is cooked
during the process of manufacture and the autoclaved cotton-
s8eed meal had a lower digestibility than the extracted
oot1;onseeds.' The pfesenoo of gossypol, a toxie principle
found in ecottonseed meal,did not lower the digestibilitye

Jones and Waterman (51) found that the addition of one
Per oen$ gossypol to the weight of protein being used in

Vitro experimentation, slowed up the action of pepsin and
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trypsin on the globulin of cottonseed meals

Nevens (52) obtained 66 percent as the average
utilisation of the proteins of cottonseed meal for growth
using three rats for two periods eaches He also noted a
supplementing effect in metabolism where clfalfa hay and
cottonseed meal were fed togethere

Osborne and Mendel (53) obtained satisfactory growth
with cottonssed globulin as the only source of protein,
Satisfaotory growih occurred where cottonseed meal was fed
as the sole source of protein at a 15 per cent level and
also when cottonseed flour was fed to furnish protein at
an 18 percent levele Good growth also occurred at a 9 per
cen% protein level from cottonseed meal, and even consider-
able growth occurred at a six per cent leveles No toxiec
effect was noticed by feeding either the cottonseed meal or
cottonseed flour.

McCollum and Simmonds (54) reported that sottonseed
flour fed as the only source of protein so as to fyrnish 6
pex ocent protein in a ration consisting of agar agar,
dextrin, butterfat and a salt mixture was sufficient for
maintenance of weight,

Richardson and Green (55), . (56) carried on quite an
oxtensive investigation with mats using cottomseed flour as
the sole source of proteine They were able to keep rats
alive from 400 to 565 days with cottonseed flour in the dies$

as the only source of proteins A ration containing 50 per |
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cent cottonseed flour, protein free milk and butterfat was
sufficient for nomal growth and development and for re-
production to the third generatione No better growth was
obtained but more frequent reproduction with lower mortality
occurred by the addition of 5 per cent casein to this dlete
The above ration contained approximztely 25 per cent protein
since the cottonseed flour used contained 51l.19 per cent
proteine A ration of 50 per cent cottonseed flour witn 6
per cent casein and butterfat without additional minerals
supported normal growth and reproduction through the second
generation although the second generation did not grow
normaelly on this diete.

Rats which received 50 per cent cottonseed <flour as
the sole source of protein, minerals and vitamines gained
and maintained body weight for 135 dayse The addition of
butterfat improved the latter ratione No toxic effect was
apparent in feeding from 45 to 50 per cent cottonseed flour
through four successive generations or during 5656 days of
the 1life of one individual,

Later Richardson and Green (57) found that an extract
of cottonseed flour fed at the rate to correspond to 50
Per cent cotionseed flour in the ration contained sufficient
water soluble accessory factors for nomal growthe They also
roported that cottonseed flour econtained a fat soluble
&8cacessory factory found in butter fat in that the fat soluble

Xt ract of sottonseed flour fed at a very high level took the
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place of butterfat in the ration,

A ration containing cottonseed flour as tne source of
protein fed at anl8 per cent level induced almost nomrmal
growth in the male and better than average growth in the
female with fairly normal reproduction, although high
mortality occurred among the second generatione Normal
growth did not occur at a 9 per cent level of protein and
very little growth at 6 per cent levele At a 4 per cent
level the rats lost in weight at first and then success-
fully maintained their weight for 50 dayse

The digestibility of cottonseed meal for rats averages
approximately 65 per cente The proteins appear quite com-
plete-since they will support growth and reproduction through
the third generation when fed as the sole source of protein
and will maintain weight fairly well when fed so as to fure
nish only 6 per cent protein in the mtione

Dogs. Osporne and Mendel (58) determined the nitrogen
balance of three dogs fed a diet consisting of 50 per cent%
cottonseed flour with sugar and lard furnishing the re-
maining part of the rations The results of nitrogen utili-
zation were as follows:

Dog 6 = 72,6 per cent
Dog 6 = 6742 " @
Dog 7 = 74,9 % @
Humans. Rather (59) ran seven'digéstion experiments
on men, three of which were with cottonseed meal, two with
cottonseed flour, and two with meate The digestibility of

the protein of cottonseed meal averaged 77.6 per cent and
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that of cottonseed flouxr 784 per cent as compared with
9646 per cent for the protein of meate

Sheep. Sinner and King (60) found that a ration con-
sisting of cottonseed meal, shelled corn and timothy hay
was superior to a ration of shelled corn and timothy hay
for fattening lambs,

Jones and Dickson (61) reported that 80-pound lambs
can bé fed more than one-half pound cottonseed meal daily
for a 70-day period with cottonseed hulls without any
noticeable ill effectse

6ray and ridgway (62) fed 65 ewes through the winter
on a ration of cottonseed meal and hulls with no ill effects
except in one case where blindness occurrede The ewes were
fed this ration from 63 to 210 dayse A

Poultry. Osborne and Mendel (23) found thaj for poultry,
cottonseed flour was a suitable supplement for the proteins
of corm glutene

Phillips (63) reports feeding experiments with chickens
in comparing the feeding value of cottonseed meal end butter
milke Thirty birds were placed in each lot with the follow-
ing rations:

‘Cottonseed meal Lot Lot on Standard Ration
Grain 10 1bs, corn 10 lbs. corn
10 1bs. wheat 10 1bs. wheat
5 1bs. oats 5 1bse. oats
Masgh 5 1bs, bran 5 1bs. bran
5 1lbs, shorts 5 1, shorts

503 1bse cottonseed meal 50 1bs, butter milk
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Average eggs produced per hen Average eggs produced per
for one year 55,69 bhen for one year 166487
Total feed consumed 50.24 lbse Total feed consumed 63.1 lbs

They concluded that cottonseed meal was worthless for
poultry since the production on cottonseed meal was only
approximately one-third as muchvas wnen buttemilk was fed.
No effeot upon the fertility of the eggs from these two lots
was noted, but the hatchability was less in the case of the
lot receiving cottonseed meals

Evidently, in this investigation the reason for the
lower egg produetion in the case of the cottomseed meal lot
was propably due to0o a considerable lower feed consumptions
Therefore, the cottonseed meal ration may have beenls ss
palatable,

The New hexico Statiom (64) reports the following
data in comparing cottomseed meal and meat scrap as a source
of protein in an experiment run for six months with twelve
birds in each lote
Pen Noe Bran Alfalfa Meal Cottonseed Meal Meat Scrap

25 3476 3476 none 2eb
26 2eb 2B 540 none
29 3¢76 3476 245 none
28 46 446 1.0 none

27 560 540 none none






Regults
Pen Noe Eggs Produced Nutrients Consumed Per Cent Nutrients
per hen used for edible
lbs,. eggs produced
26 1221 | 36478 28496
26 1336 324237 37407
29 1159 326766 3230
28 1021 300756 31615
27 1138 19,935 51676

It can be noted that pen 26 recieving 50 per cent of
the mash mtion as cottonseed meal produced the most eggs
and utilized the nuitrients consumed for edible eggs produced
most efficlientlye

Evidently, cottonseed meal proved a very good source of
protein in this experiment,

Clayton (65) presented data to show that cottonseed meal
comprising as much as 11 per cent and 22 per cent of the
mash ration of chickens was more efficient for egg production
than meat sorap fed at the same level of proteine He alse
Treported data which fndicates that cottonseed meal is good
for fattening broilers when it comprises 25 per cent or less,
0f the mash feed,

Morrison (66) fed beef scrap and cottonseed meal at the
same level in the mash of two lots of hens for six monthse
He found that the cottonseed meal lot produced the most ecgse
ﬁorz@son concluded that cottonmseed meal used as the chief
Souxrce of protein is palatable to fowls, and will produce

eggs when fed judiciouslye.
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Hartwell and Lichtenthaelexr (67) compared cottonseed
meal with beef scraps These investigators found as a feed
for fattening chicks that there was very little difference
in the gains of the chickse. However, they point out that
sottonseed meal is always consumed less readily than beef
sarape

Thompson (69) presents data which tends to show that
the addition of a mineral mixture composed of bone meal,
calcium carbonate and salt is beneficial to mashes wiere
cottonseed meal is usede

Thompson (68) reported that where a ration com posed
of a grain ration of oats and milo and a mash composed of
50 per cent ground oats and 25 per cent bran was fed to hens,
1t ocaused the appe arance of "cottonseed meal spots™ in about
8 per cent of the eggs producede

The "cottonseed meal spot" in an egg is described as a
brown spof with a reddish .tingé varying from the size of a
pin point to one-fourth of an inch in diametere This spot%
floats on the surface of the yolk and is readily seen when
the egg is candlede Fertility and hatchability of the eggs
were not effectede The health of the hens receiving this
ration remained unchangede

Cottonseed meal gan be placed in the mash fox consump-
%ion by chickens in amounts from 10 per cent to 50 per cent
wlthout any apparent 111 effects upon health. The factorx

which limits its use in some cases seems to be the lack of
palatability,
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Swine. Curtis and Carson (70) in 1892 reported that
cottonseed meal fed to hogs would cause death in six weeks.
They also reported that raw cottonseed, roasted seed, boiled
cottonseed meal and boiled seed produced the same effect,
although boiling secmed to lessen the apparent toxic effect,
They described the effects as follows: "The first sign of
s ickness, appearing in from six to eight weeks after cotton-
seed meal is added to the mtion, is a moping dullness of
4the animal with loss of appetite and tendency to lie aparte
Within the course of 12 to 36 hours, often within shorter
time, the animal becomes restlessj staggering in his gait;
breathing labored and spasmodicj bare skin showing reddish
inflammationy sight defective gnd both nervous and muscular
systems feeble and abnormal in actione The fatal cases all
show = "thumps" = spasmodic breathing and In many instances
the animal will turn in one direction onlye Those pigs,
which do not die, become stunted and do not grow".

Emery (71) placed two pigs on experimemnt: which had
been fed a ration of skim milke One pig was placed on a
ration of cottonseed meal and wheat bran, while the other
received a ration of corn meal and brane The pig vwhich
Ir9ceived the cottonseed meal andbran weighed 88 pounds a%
the beginning of the experiment and after 103 days weighed
1456 pounds, with a failing appetitee The pig receiving the
COXrn meal and bran ration weighed 91 pounds when started
and 171 pounds at the end of the experimmnt,
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Dinwiddie (72) reported that three pigs died in 38
days after receiving a ration of one part ® tionseed meal
and three parts corn chopse Each pig at the time of death
had consumed 23 pounds of cottonseed meale The addition of
turnips to the above ration had little beneficial effecte
A substitution of bran in place of corn chops proved bene-
:Eicial; Pigs on a check ration of bran one part and corn
chops three parts grew normallye A sow fed l.3 pounds of
cottonseed meal per day during the last 80 days of the
gos tation period gave birth to three healthy pigse

Burtis and lalone (73) fed weanling pigs in small
pens a ration of one-fifth cottonseed meal and four-fifths
corn meale One-fourth to one-half of the pigs died in from
five to seven weekse, In cases where cottonseed meal was
replaced after two or three weeks with corn for two or three
wee ks and this alternating method of feeding continued, the
pigs grew nommally,

Georgeson (74) placed one lot of pigs on a ration of
one-~fourth oo~ttonseéd meal and three=fourths corn meal, and
another lot on one-half o ttonseed meal and one~half corn
meale %he results were equally disastrous, the pigs of both
lots dying within three to eight weeks, the larger ones being
the more resistante In all cases, post mortem examination
revealed severs inflammation and congestion of the intestines,
lungs, and heart. The authors state, however, that cotton=
8604 meal produces very rapid gain in both pigs and large hogs

1f the feed is cuanged before symptoms appeaTe
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Goldberg and Maynard (75) reported that nine pigs
out of a lot of twelve died within eight to twelve weeks
on & ration of 60 per cent corn meal, 10 per cent wheat
middlings, 25 per cent cottonseed meal and 5 per cent
molasses with a mineral mixture ad libitume The pigs
weighed from 30 to 50 pounds each when placed on experiment.

Barnett and Goodell (76) successfully fed three hogs
for a period of 28 days on a rati.n of two parts com and
one part cottomseed meale The hogs consumed an average of
2¢3 pounds of cottonseed meal daily, with an average gain
0f 1467 pounds per daye

Warren and WWilliams (77) fed three lots of pigs for
120 days on the following ration:
Lot 1
Milo chops 8 parts, C.S.Me 1 part Ave. daily gain 0.86 1lbs.
Lot II
Milo chops 8 parts, Tankage 6 parts.Avedaily gain 1.13 lbs.
Lot III
Milo chops 8 parts, CeS.lle 5 parts,Tankage 3 partis

Ave daily gain 099 lbse.

The pigs in Lot I could not be induced to consume as
much feed as the pigs in the other lotse One pig in Lot I
died on the 70th day, apparently from cottonseed meal in-
Jury. A lack of palatability was the reason for the smaller
8ains when cottonseed meal was fede

It 18 reported from the Texas Station (78) that five
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brood sows, receiving a ration containing 15 per cent
cottonseed meal stay in good condition and produce as many
pigs as do tankage fed sows, but the pigs do not start to
grow quite as rapidly as do the tankage fed pigse 'The
following statement is made: "We have not had any toxic
condition with brood sows on pasture wiere they received a
ration containing 15 per cent m ttonseed meal eand the sows
farrow as large litters as do the tankage fed sows"., They
also note that pigs when fed free cholee with a self feeder
made good gains and showed no toxle effects when allowed
oat pasture, whereas under dry lot or unfavorable pasture
conditions the pigs will eat too much meals

Aprarently, cottonseed meal even in small amounts is
quite toxiec when fed to swine for a very long period of
timee Cottonseed meal can, however, be used to advantage
fbr a short periode Pasture, apparently, exerts some in-
fluence in neutralizing the bad effects of cottonseed meal,

Horses and lules, Bell and Williams (79) fed a grain

ration of oats, bran and cottonseed meal with oat hay as
roughage to nine work horsesgy while seven of their team
mates received a ration of eats and bran with oat hay as 8
roughagee The amount of cottonseed meal fed varied con=-
siderably, most of the animals refusing to eat more than
two pounds daily aithongh one consumed three pounds per daye
One pound per day per 1000 pounds live weight proved to be

the most satisfactory quantity to feedes Mares which were
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fed ocottonseed meel during the period of pregnancy showed no
111 effects from its consumption, nor were any ill effects
noticeable on the colts when foalede The feeding of cotton-
geed meal did not prevent the mares from becoming pregnante.
One mare on this experiment died after receiving three pounds
of cottonseed meal daily for 46 dayse Post mortem examination
disclosed an inflamed condition of the stomach and intestinese
The indications in this case were that death was due to the
oeffects of cottonseed meal on the systeme The effects were
not noticeable until too late to prevent the loss of the
animale These investigators also noted that the mares thrived
better and consumed thelr ration containing cottonseed meal
more satisfactorily after they were turned on grasse

Burkett (80) after conducting numerous investigations
on the types of rations best suited for use in North Carolina,
concluded that two pounds of cottonseed meal as a part of the
daily ration could be fed to horses and mules with satisg-
factory resultise

Curtis (8l) after completing several experiments on
feeding cottonseed mesl to horses and mules, concluded that
two pounds may be successfully supplemented in the ration
without any harmmful effectse However, if more than two
pounds daily were placcd in the ration, the feed would be
refused after some time,

Pempleton (82) carried on som® quite extensive in-

veatigations on supialementing cottonseed meal in the ration

of working mules. In one experiment, four lots of five mules
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each wers usede Lots I and II were turned out to pasture,
whereas Lots II and IV were kept in a dry lot during the
times they were no: being workede The mules in Lots I and
I were paired in teams and those in Lots III and IV like=-
wisee The rations fed Lots I and II were reversed after
150 days and continued for an additional 150 dayse. The
rations of Lots III and IV were likewise reversed. MMules
in Lot I received a ration of 10.26 pounds ear corn, three
pounds oats, one pound cottonseed meal and 15 pounds of
Johnson grass hay per 1000 pounds live weighte The mules
in Lot II received a ration of 16 pounds of ear corn and 15
pounds of Johnson grass hay ner 1000 pounds live weighte
For the first 150 days, Lot I gained an average of 60
pounds and Lgt II gained an average of 76 pouhds per mules
With the rations.reversed, Lot I gained an average of 69
pounds and Lot II gained an average of 45 pounds per mule.
Both rations were consumed with apparent relish although the
animals gained less on the cottonseed meal ration which con-
tained 15 pounds less of total digestible nutrisnts,

Lot III received a ration of 1ll.4 pounds of ear comm,
l.1 pound cottonsed meal, and 10 pounds of Johnson grass hay
per 1000 pounds live weight, whereas Lot IV received a ration
0f 13,7 pounds of ear corn and 12 pounds of Johnson grass
hay per 1000 pounds live weighte Lot III lost an average
0f 4 pounds and Lot IV gained an average of 4 pounds per

mule, With the rations reversed, Lot III gained an average
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of 7 pounds and Lot IV lost an average of 14 pounds per
mule although the animals lost some weight on the cotton-
seed meal ration which contained 2 pounds less of total
digestible nutrientse 35ix mules refused to consume more
than le1 poundof cottonsecd meal per 1000 pounds live weight,
while four took to the ration readily and would have consumed
more had it been offerede Apnparently the oats fed Lot I
and II or the pasture played some part in getiing the
animals to consume tne cottonseed meclmore readily than in
case of Lot III and IV. The health, spirit and endurance
of work and heat were the same when fed the ration of eax
corn as the sole concentrate as when fed the mtion con=
taining the cottoneed meal or the ration with cottonseed
meal and oatse

Gayle and Lloyd (83) wintered five mares weighing
900 pounda/eozcrzla ration of two pounds of corn and cob meal,
two pounds cottonseed meal, eight pounds silage, and ten
pounds of Johnson grass hay with no ill effectse

Seventeen mares averaging 1100 pounds were wintered
on a daily ration of 5.6 pounds of ear corn, 1 pound of
cottonseed meal, 8 pounds of silage and 10 pounds of Johnson
grass hay with an average gain in weight of 50 pounds,

Five colts were fed for 150 days on a daily ration of
O0¢5 pound corn and cob meal, 1 pound cottonseed meal, 8 pounds
Silage and 5 pounds of Johnson grass haye

Iweniy-four colts were successfully fed for 150 days

on a daily ration of 1 pound cottonseed meal in three different
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lots, receiving other different ingredientse Nine yearling
colts were fed 1l.75 pounds of cottonseed meal daily for 150
days with no ill effectse Thirty two=year-old mules were
successfully fed 2 pounds of cottonseed meal in their ration
for 120 dayse

It appears from the foregoing investigations that one
to two pounds daily of cotto:seed meal can be used as a
supplement in a ration for horses and mulese Three pounds
evidently produced bad effects where oat hay was used as
roughagee DPasture in one case secmed to play some part in
making cottonseed meal more palatable while in another case
oats and pasture was a factore

Cattle. ©Fraps (84) reports the digestibility of the
protein of cottonseed meal for steers and sheep as 88¢4 per
cente |

Rusk and Snapp (856) report that for steers cottonseed
meal excelled either ground or whole soy beans as a protein
supplement to a ration of shelled corn, corn silage and
alfalfa haye This test was run for 200 days.

Goodell (86) fed two lots of 8 steers each for 140
dayse Lot I received a daily ration of 5.8 pounds of cecotton-
secd meal and 78.17 pounds of silage which contained 18,37
pounds of total digestible nutrientse The average daily gain
was 1.9 poundse Lot II received a daily ration of 1l.6
pounds of velvet beans and pod meal and 72.03 pounds of

Silage which contained 21.19 pounds of total digestible

natrients, The average daily gain was 1.59 poundse
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In three other lots of steers, each animal consumed
6429 pounds of cottonseed meal per day for a period of 108
days with no ill effects, Each lot received a different
type of silagee

Pempleton and Goodell (87) successfully fed 120
steers an average of 5.24 poundé of cottonseed meal in
experiments covering four years with an average of 114 days
in each feeding periode

Emery and Kilgore (88) in 1895 fed four steers laxrge
amounts of cottonseed meal with no percepti:ble effect on
the health of the steerse Steer number one fed 92 days,
consumed an average of 92 pounds of cottonseed meal, 1l7.2
pounds cottonseed hulls, gained 150 pounds per daye Steer
number two fed for 92 days, consumed 18 pounds cottonseed
meal and 1546 pounds cottonseed hulls per day, gained 155
poundse Steer number three fed for 135 days, consumed an
average 0f 9,6 pounds cottonseed meal and l4.1l pound cotton-
seed hulls daily gained 185 poundse Steer number four which
was fed for 135 days, consumed an average of 83 nounds
cottonseed meal and 12,4 pounds cottonseed hulls dsily,
gained 240 poundse

Gully (89) after considerable work using a large number
of animals, recomnends the use of cottonseed meal and cotton-
seed hulls for fattening cattlees

Captain Wright (90) fed 2,000 head of steers a ration
of 8 pounds cottonseed meal and 25 pounds cottonseed hulls

with hay onoce per week. The steers varied in weight between
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850 and 950 pcunds when the feeding period started, and when
sold weighed between 1141 and 1690 poundse The average gain
for one month was 75 pounds. Three animals died. The cause
of dgath was attributed to pleuro pneumoniae

Forst and Varley (91) attempted to produce mastitis by
feeding cottonseed meal for a six month periode They began
feeding at the mate of 6 quarts of cottonseed meal per day,
and gradually increased to 10 quarts per daye Ten quarts of
cottonseed meal welghs apjproximately 15 pounds. -Ilay was used
as roughagees At the end of the period the animal failed to
show any ill effectse

McNutt (92) placed on experiment two lots of calves
ranging in age from five to ten months, with six animels in
each lote Lot I received a grain mixture of corn, oats, and
wheat brane Lot II received a grzin mixture of cottonseed
meal, oats and wheat brane EFach lot received the same amount
of corn silage and haye In Lot II four calves under ten
months of age made no gain for the first two months, and
appeared unthriftye The other two calves in this lot which
were ten months of age made good gainse The calves in Lot I
gained normallye The results tend to show that cottonseed
meal should not be fed to calves under ten months of agee
The qﬁality of hay used in this experiment was not mentioned.
This same investigator fed a bull calf cottonseed meal with
skim milke At first one-fourth pcund was fed, and the amount

was gradually increased until the calf received one and one-
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half pounds dailye The calf died 71 days after the feeding
of cottonseed mcel had startede

Emery (71) rerorted that three calves which were fed
cottonseed meal; skim milk aend hay died at 60 days of agee
One ate sand while another had convulsionse The cause of
death in two of the calves was thought to be due to the
cottonseed meal which .as fed.

Rust (93) reports observing peculiar toxic symptoms
in draft oxen which were receiving two pounds of cottonseed
meal per daye He describes the condition as follows:
"Edematous swelling appeared at the extremities, the appe-
tite being undisturbeds In latexr stages weakness of the
hind quarters appeared and in single animals disturbances
of equilibriume Four of of fifteen of the affected oxen
showed disturbances of visione Apparently, they became
completely blind as was evidenced by their grouping gait and
colliding with other animals and surrounding objecise Exam=
ination of the eyes revealed no special lesions except
marked protrusion of the eye ball and abnormal enlargement
of the pupile The most severly affected animals were slaugnter
ed and the remainder recovered afier the adiministration of
laxatives and alteration of the diet including discontinuance
of the use of cottonseed meal,

Bautier and Larsen (94) report having recorded a number
of poisoning cases of calves directly traceable to the cotton-

seed mecal eatene
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Dinwiddie end Short (95) fed two 400-pound Jersey steers
a ration of co t4onseed meal and cottonseed hulls. The cotton=
seed meal was fed at the rate of 2 pounds a day at the begin-
ning and increased to four pounds during the second month,
After 70 deys from the time the experiment started there was
a loss of appetite, and a loss of weighte The gait of the
animals was unsteady and reelinge The defect of locomotion
appearing in &ll four limbse Blindness occurred, and one
animal diede The erythrocyte count of the animal which died
was 3,400,000 per cubic mm with the hemoglouvin at 50 per cente.

Moore (96) placed three lots of heifers on experiment
with five animals in each lote A summary of feed consumed
and milk produced for the first 180 weekswag as follows:

Average daily per cowe

Grain
CeSelle Wheat L.0.Me Corm Chops Rice Bran
Bran
Lot I 4,86 1.62 0.04 0.08
Lot II 511 0465 0,91 0,14
Lot III 351 0.40 0.86 0.16
loughage
Rice Hay Ce.Se Silage Green Milk Produced
Polish Hulls Feed
Lot I 0.06 9,18 292 279 13,7
Lot II 003 0622 15,2 022 0e62 14,3

Lot TII 0,05 64,01 6.09 3019 11.7
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The feed consumed and milk produced for the lest 140
weeks ran practlcally the same as for the first 180 wecikse
Breeding data was given as follows:

Times Bred Cczlves Dropped Lionths between calving

Lot I 56 22 14
Lot II 41 24 13
Lot IIIX 29 24 12

There were 14 cases of garget in Lot I.

There was 1 case of garget in Lot II.

There were 2 slight cases of garget in Lot III.

In Lot I one cow lost two quarters of her udder and
two cows lost one quarteres

In Lot II one cow lost one quarter of uer udders

Lot I had taree cases of retained afterbirth.

Lot II had one cese of abortione

One calf was born dead in Lot I, and anotner was weake

The investigators conclude from their results that the
feedinz of 5 pounds of cottonseed meal/ggi gﬁg great length
of time is inJurious to the dairy cow causing inflammation
of the udder, difficult breeding and retention of the after-
bixrthe Mention is not made as to whether the cows of each
lot were kept together or separately.

Coombs and Curtis (97) carried on extensive investiga=-
tions using cottonseed meal as the principal concentrates
Their results will be discussed fully in the latter part of
this thesis.
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Apparently cottonseed meal furnishes a good source of
protein for dairy cattle but if fed in large gquantities for

a long period of time, it produces injurious effectise
Linseed 0il Meal

Linseed 01l meal (o0ld process) is a high protein feed
containing 30.2 per cent (41l-a) of digestible pro tein.
Very little work has been reported upcn its amino acid con-

tente It 1s used and recommended as a feed for 2ll classes

of live stocke

Manufacture of Linseed Products

According to Henry and Morrison (41-b), linseed oil
qésll is the by-product of flaxseed from which the o0il has
been extracteds The o0il is extracted by means of two
progcesses, the ™old process"” and the "new process".
Practically all the linseed oil meal used in the United
States is manufactured by use of the "0ld process"e.

By the o0ld process the flax seeds are subject to a
heating, crushing and pressing process in the extraction of
the oil,

By fhe new process the flax seeds are heated and
Crushed and the o0il extracted by the use of napthae The
new process oil meal contains 3 per cent more erude protein
but 2,9 per cent less oile The protein is slightly less

digestible by the new process and the feed as a whole is
less palatables
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Amino Aclids

No anzlytical work as to the amino acid content of

linseed o0il meal seems to be availablee

Feed ing Experiments

McCollum and Simmonds (54) working with rats, used a
ration of 14.3 per cent flasxseed oil meal, 2 per cent agar
agar, 75 per cent dextrin, 5 per cent butter fat and 3.7 per

This ration contains 5 per cent protein, all
Five of six

cent saltse.
of which is derived from the flaxseed o0il meal,
rats in this lot lost weight steadily and died within three

to four monthse In a ration similar but containing 6 per

cent tdwl protein from the flaxseed o0il meal, there was a

slow decline in weighte A ration of 8 per cent flax seed

protein just served to maintaln body weighte

These investigators conclude theat, when taken as the
sole source of protein, the proteins of flaxseed are of
distinctly lower value than are those of wheat, maize and

oat kermelse.
Little need be sald concerning feeding experiments

carried out using linseed o0il meal. It has always proven

Of great value as a supplement to ration for most all types

Oof livestocke.

Henry and Morrison state (41l=c): "Linseed o0il meal

s one of the most popular dairy feeds and is excellent for
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horsese It is one of the best protein-rich supplements
for fattening. cattle and sheep, and gives good results with
swine when fed in a proper combination, but it should not
be fed as the only supplement to pigs not on pasture".

Bull (98) states: "Linseed cake or meal is one of
the most valuable and useful by-productse It is not only
very high in feeding value but unlike cottonseed cake meal,
1t is a safe and usually a profitable feed with any kind of

animals."

Feeding Experiments where Cottonseed
Meal and Linseed 0il Meal have been
Compared Directlye.

Ratse McCollum and Simmonds (54) found that it re-
quired 8 per cent flaxseed protein to maintain body welght
in rats, whereas only 6 per cent cottonsecd meal protein was
required for maintenance of weighte

Bethke (99) fed two lots of six young rats each the
following diets:

Lot I Lot II
Lingeed 0il meal 30 Cottonseed meal 24,2
Corn starch 59 Corn starch 6448
Salt mixture 4 Salt mixture 4.0
Crisco 5 Crisco 540
Cod 1liver oil 2 Cod liver oil 240

Vitamin B was supplied by Oe5 gms of Brewsxr's yeast
fed separately to each animal dailye The test continued
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for 15 weekse

Food Intake Protein Intake Gain in Gain per
15 weeks gram of

protein
Grams Grams Grams Grams
Lot I average 1,110 113.4 151.0 1,32
Lot II " 1,175 119.7 15049 1.26

'This investigator reported that proteins of linseed
and cottonseed mesl were equally efficient for growth of the
rat when it was fed on a 10 per cent protein basise No
difference in the behavior of appearance of the rats were
observed,

Bethke also ran metabolism trials on rats with the
nitrogen lavel at 2.7 per cent. The dletsused were practic-
ally identical with the avove rationse An average
digestibility of 85.68, and a biological value of 70.83 for
the protein was obtained for linseed oil meal on six rats
run on two trials eaches The metabolism period lasted seven
dayse In like trials conducted for cottonseed meal the
average digestibility and blological value of the protein
was 83.57 per cent and 72.2 per cent, respectively.

Sheep. Carmichael (100) reports that a lot of forty
wethers receiving a ration of—five parts corn and one part
cottonseed meal made grecater gains than a lot receiving a
ration of five parts corn and one part linseed oil meal.
Clover and alfalfa hay were used as roughage,

Mumford (101) reports that for sheep a ration of shelled
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corn, linseed oil meal, and clover hay produced an average
daily gain of 2.52 pounds, while a ration of shelled corn,
cottonseed meal and clover hay produced an average daily
gain of 2.42 poundse. There were twenty animals in each lote.

Poultry. Bethke (99) reports that for growing chicks
cottonseed mcal protein seems to be superiorto linseed oil
meal proteine However, for more mature chiciks there was
little differencee.

Swine. Bethke (99) fed three lots of five pigs each

the following rations for 132 dayss

Lot I Lot II Lot III
Yellow cormn 73 778 73
Linseed oil meal 25 CedeMe 2062 CeSeMe 25
Mineral 2 ' 2 2
Average daily gain 0.82 0.46 0.52

One pig in Lot I died on the 120th day. Another one,
toward the end of the experiment, was inclinded to go into
convulsions when disturbede In Lot III two pigs died, one
on the 67th and the othexr on the 78th day. All lots were
kept on dry lot. Young rats onidenticalmtions reproduced
on all three rations with a high mortalitiy rate of the
younge There was no discernable difference in growth between
the two lots of ratse

Horses and lules. Kennedy (102) fed one horse each of

three teams on a ration of 77 parts corn, 15 parts oats and
8 parts o0il meale To the other horse of each pair of the

three teams he fed a ration of 70 parts corn, 15 parts oats,
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and 6 parts cottonseed meale Both lots received timothy
hay as roughagee The feeding period lasted for 154 days,
during which time the horses were worked 132 dayse. The
lot receiving the linseed 0il meal ration consumed 17.39
pounds of grain and 14.51 pounds of hay per daye The loi
receiving the cottonseed meal ration consumed an average of
17.77 pounds of grain and 14.76 pounds of haye The lot re-
ceiving o0il meal gained 64 pounds while the lot receiving
the cottonseed meal rativn gained 83 pounds during the 154
days that the ration was fede The authors state: "Cotton-
seed mezsl gave somewhat better results on the whole than
0il meale The ration o ntaining it was fully aspalatable
and as efficient in maintaining weight and health of the
horses, was less laxative and a little cheaper. The results
indicate that a pound of protein in cottonseed meal was fully
as efficient as the same amount of protein in o0il meal."”
Cattle. Kennedy and Marshall (103) in a steer feeding
experiment fed two lots of steers, for a period of 94 days,
a ration of 25 pounds.of corn meal and 4 pounds of linseed
0il meal per steer psr day to one of the lots, and to another
26 pounds corn and cob meal and 2.6 pounds cottonseed meal
Per daye iheat straw was used as a roughagee The animals
in the lot fed cottonseed meal were suddenly affected, three
0f them dying, and the rest going blind and refusing to eat,
4 post mortem examination revesled the fact that the stomachs

Were greatly inflemed, being red and blue in color. The
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investigators state: "VWe can say without any hesitation
that cottonseed meal can pe fed with safely to fattening
cattle when clover hay and shelled corn are used in
connection with‘it."

Bethke (99) reports the following data obtained for

two lots of seven beef calves each fed for a period of 280

days.
- Average Daily Feed Consumption and Gain
Lot I : Lot II
672 pounds corn 604 pounds corn
0¢71 pounds L.O.lle 0e64 pounds Cedelie
4,12 pounds alfalfa 3671 pounds alfalfa

4,86 pounds corn silage 4.41 pounds corn silage
l.7 pounds gain 1.66 pounds gain

The same amount of feed required per unit gain was
slightly less for Lot II. No unfavorable effects were
noticed in either lot,.

Smith (104) fed two lots of steers for twenty weeks
with ten animals in each lote Both lots were fed 10 per
cent of the grain mixture as either linseed 0il meal orx
cottonseed meale Corn was used for the remaining part of
the grain mixturee Corn stover, was used as roughagee The
lot receiving the linseed 0il meal mixture made the larger
gains, although the difference was small. The cattle con-
sumed about eight pounds less of the cottonseed ratione

Garlock (105) relates a study of experimental results

obtained in 27 trials conducted at the Missouri, Iowa, Kansas,
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Nebraska and Pennsylvania stations, in which cottonseed meal
and linseed o0il meal were compared &s supplements to rations
of fattening cattlee He found that in six tests the lots
which were fed cottonseed meal made larger daily gains, and
in 23 of the trials the ones which received linseed oil meal
made the larger gainse The fact that in some trials cattle
receiving cottonseed products as a supplement mads larger
daily gains than the ones fed linseed o0il meal, and in other
trials the lots fed linseed oil meal made larger daily gains
than those receiving cottonseed meal indicates a considerable
variation in the quality and palatability of these supple-
ments.

Michels (106) fed a group of four cows for three 24-
day periodse During periods I and III a ration was fed which
congisted of 10 parts wheat bran, 10 parts cottonsecd meal,

5 parts corn meal and 5 parts linseed o0il meale During the
period II the grain ration differed in that 10 parts linseed
011 meal were fed and only 5 parts cottonseed meales Production
during period II was 2,294 pounds milk and production during
periods I and III was 2,331 pounds of milke The cottonseed
meal appérently gave slightly larger returns than the linseed
0il meale These investigators also fed cows a grain ration
composed of one-third cottonseed meal during the month pre=-
ceding calving, with no 11l effects. The cows received a
liberal amount of corn silage during the time these observa-

tions were mades
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Hart and Humphrey (107) in meking a study of the
protein of gluten feed, 0il meal, distillers grains and
cottonseed meal for milk production as a supplement to the
proteins of corm meal, corn silage, a1 d clover hay found
that the protein feeds under study were of practically
equal valuee The protein feeds in this investigation
furnished 40 per cent of the protein ratione The total
protein intake constituted about 12 per cent of the dry
matter of the ratione

Later, however, Hart and Humphrey (108) found that the
proteins of cotonseed meayﬂfgggrior to the protein of dis-
tillers grains, gluten feed, and oil meal with a ration of
corn meal, alfalfa and corn silagee These investigators,
however, did not explain why the per cent of digestibility
was so low for all of the rations fed.e It is apparent from
these investigators that cottonseed meal and linseed o0il
meal are quite comparable as a source of protein formost
animalse However, in some instances cottonsecd meal seemed
to possess poisonous propertiese It has been shown to

produce injury in swine, horses and cattle.

POISOLIOUS EFrECTS OF LINSEZD OIL
MEAL AND COTTONSEED 1EAL

Since ocottonseed meal has in some cases proved in-
Jurious to certain classes of live stock, a consideration

a8 to the causes of such injury will be made.
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Lingseed 0il Meal

Almy and Robinson (109) reported that linseed oil}
meal when fed to trout proved injurious, which they concluded
was due to hydrocyanic acide The trout became blind; turned
black, and dled.

Henry and Morrison (41) state that there is an enzyme
in flaxseed which may produce the poison prussic acide Tuis

enzyme, however, 1s destroyed by the heating process in both

methods of manufacture.
Cottonseed lleal Injury

Cottonseed meal injury has been attributed to several
causes, namely, beriberi, p}'?rophosphori.c acid, betaine and
choline, bacteria and molds, iron deficiency, protein de=
composition products, acidosis, gossypol and lack of dietary

factor or factors carried by haye

Beri Beri. Rommel and Veeder (110) produced what they

termed beri beri in pigs by feeding a ration of nine parts
steamed polished rice and one part tankage. They produced a
Similer disease in pigs fed five parts cottonsecd meal and
five parts corn meal which they attributed to a deficiency
Ssimilar t0o beri beri in man.

However, Withers and Carruth (111) could not sub-
stantiate the work of Rommel and Veedere. Pigs to which they
fed a ration of cottonseed meal supplemented witah milk and
green feed, died, whereas pigs lived on cottonseed kernels

from which the gossypol had been extracted with ether.
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Bechdel, Eckles, and Palmer (112) report that the
requirement of the dairy calf for vitamin B is either small
or this vitamin is synthesized by the animal since calves
did not develope beri beri on a ration of corn gluten meal,
commerclal casein, cane sugar, rice, pearled hominy, corn
starch, and dried sugar beet pulpe |

Richardson and Green (57) found that cottonseed mesal

contained a considerable amount of water soluble vitamin.

Pyrophosphoric Acid. Crawford (113) reports that an
extract of pyrophosphoric acid from céttonseed meal was
toxiec to rabbitse He concludes that the cause of cotton-
seed meal injury is due to a salt of pyrophosphoric acide

Rather (114) found that the inorganie phosphorus con-
tained in cottonseed mezl was less than 5 per cent of the
total phosphoruse

Anderson (115) presents evidence waich tends to show
that the extract used by Crawford was similar to paytic acid.

Withers and Ray (116) were unable to substantiate
Crawford's results when they fed rabbits tie extract used
by Crawford at the same rate the animals would consume if
fed cottonseed meal,

Wessles (117) was also unable to substantiate Craw-
ford's results.

 petaine and Choline. Maxwell found (117) the propor-

tions of choline and betaine in cottonseed meal was, choline

175 per cent and betaine 82456 per cente
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Ritthausen and Jeger (118) found betaine in the ex-
tract of cottonseed, but doubted if it existed as such in
the seed, They thought that it was probably a decomposition
producte

Bahm (119) obtained cholin from cottonseed.

Wethers and Prap (120) found 0.28 per cent of betaine
and cholin in cottonseed meal. The proportions isolated
were betaine 79 per cent and cholin 21 pexr centoe

No evidence 1is available to show that either betaine
or choline form the toxicfactor in cottonseed meale

Bacteria and Molds. Voelcker (121) observed that moldy

and heated feeding cakes, when fed in large quantities, were
injurious to cattles

Koenig (122) reports that bacterial decomposition
products of cottonseed meal are not poisonous.

Kopf (123) found several microorganisms in cottonseed
meal, one of which (B. vernicosum) was poisonouse

Edgerton and Morris (124) re-orted that fermented
cottonseed meal was less toxie to guinea pigs than un-
fermented meal, Sterilized meals, which were inoculated with
several types of fungl which cause rot in cotton balls in the-
field, caused very little increase in toxicity when fed to
guinea pigse

Dinwiddie and Short (125) found that fermented meal was

no more or less toxic than unfermented cottonseed meals,
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It therefore, seems that the action of bacteria and
molds upon cottonseed meal plays no part in its toxicitye.

Iron Deficlency. McGowan and Crichton (126) attri-

buted cottonseed maal injury to an iron deficiencye The
pigs from sows which were fed cottonseed meal and several
other types of meals, developed spasmodic breatning and

were pale in colore The feeding of forty grams of iron
oxide to the sows alleviated the conditione The hemoglobin
of pigs from sows which were fed iron was 60 to 80 per cent,
and the erytlmwcyte count was 4 to 6 million per cubic mm. of
bloods Pigs from sows which did not receive iron had a
hemoglobin reading below 50 per cent end an erytarocyte
count below 3 million,

Dinwiddfe and Short (95) noted an erythrocyte count of
3,400,000 in a steer which had been receiving a heavy cotton-
seed meal ratione

Robexts (127) reported that cottonseed meal had little
effeot_upon loweriﬁg the per centage of hemoglobin or the
number of erythroeytes in swinee

According to Withers and Brewster (128) ironacted as
an antidote for cottonse:cd meal injury im rabbits.

Withers and Carruth (129) reported that iron salts
had a beneficial action in preienting cottonseed meal injury
‘inswine in that much larger quantities of meal were consumed,
better gains made, and death postponed.

Gallup (130) concluded that iron salts delayed the

effects of cottonseed meal injurye
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Apparently, 1t is questionable whetier or not
cottonseed meal causes an anemic conditione It does, how-
ever, seem apparent that iron aids in preventing cotton-
seed meal injurye.

Protein Decomposition Products. Bahnsen and Hutchins

(131) state the following: "It is a universally recognized
fact that toxins are produced in destructive tissue changes,
and it is chemically accepted that such toxins, unleas
eliminated are capable of and »rove to destroy the living
organismse In view of these considerations it is our

opinion that fatal cottonsecd meal feeding is a manefestation
of perverted metabolism and is not due to any specific poison
in cottonseed meal,”

Priemann (132) says: "The symptoms of poisoning which
result from feedingAcottonseed meal are said to be dué t6
‘ptomaines which have a neurin andmuscarin like actione The
ptomaine substances are probably formed from the nitrogen
components of the 1ecitpen.in the meal'.

Dinwiddie and Short (125) state: "It may ve noted
finally that the ill effects from the feeding of cottonseed
meal may be due to a prolonged avsorption of poisonous
products generated in the digestive tract by decomposition
and putrefactive changes peculair to this feed",

Aaron (133) statess "In the breaking up of protein
by the putrefactive process, a number of substances which
have a toxie and injurious effect upnn the body are produced.

The best known of these are skatol, indol, and phenol",
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There seems to be no supporting evidence to the theory
that cottonsesd meal injury is due to protein decompostion
productse

Acidosis. Forbes (10) reported the excess of acid over
bases in cottonseed meal was equivalent to 77 cc of normal
acid in 100 grams of cottonseed meal.

Wells and Zwing (134) found an excess equivalent of
8.21 cc of normal acid in coticrseed meale However, work
carried out by Wells and &wing did not substantiate the
theory of acldosis as a cause of cottonseed meal injury in
swine.

Gossypole Xunlmenn (135) in 1861 vhile attempting to

recover fatty acids from the "degras" or "foots" of cotton-
seed oil purification found in the residue after distillation,
8 substance to which he gave the formula C 17 H24 04 and
called it "cottonseed blue”,

Marchlewski (136) in 1899 isolated a yellow substance
from the "foots" of cottonseed oil which he called gossypol
because of its phenolic propertiese It was 1solated as an
acetate,

Withers and Carruth (137) in 1915 isolated a substance
from cottonseed kernels similar to the substance isolated by
Marchlewski.

" Withers and iay (138) reported having fed cottonseed
meal to rabbits from which they had evidently extracted the
gossypol with gasoline and ethere The extracted meal was

mach less toxie to rabbits than untreated mesl,
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Carruth (140) reported that raw kernels contained 0.67
gossypol. Cooking caused the ether soluble, and oil soluble
gossypol to be changed to a substance no longer either oil or
ether solublee The substance is termed d-gossypole A quan-
tative and quelative method for determing the gossypol con-
tent of cottonseed meal is also renorted.

Carruth (141) later reports the emperical formula of
gossypol as C3p Hza Og or 030 Hzo Oge This investigator
also reports that in the cooking process evidently the toxic
substance gossypol is converted to a less toxie substance,
d-gossypole He reported that very little gossypol was fbund
in samples of hot pressed meale

Sherwood (142) anslyzed the gossyrol and d-gossypol
content of forty North Carolina cottonseed mealse Of these,
four were made by the open kettle method, twenty-two by the
continuous cooker prdcess, and four by the cold press or
expeller processe

Gossypol D-gossypol
Expellerxr 0.02 to 0,102 per cent 06335 to 04505 per cent
Open ketitle 04021 to 0.15 per cent 0¢544 to 0,963 per cent

Continuous
cooker 0007 to 04228 per cent 06,633 to 1.076 per cent

Approximately 75 per cent of the gossypol present in the
cottonseed kernels 1is, therefore, converted in the munufaciuring
process to d-gossypol which is less toxice.

Clarke (143) reported that the molecular fomula of

gossypol was Czp Hgg Oge Also of the eight oxygen atoms in
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gossypol, two have been shown to be present in carbonyl
groups, whereas the remaining six have been shown to be
present as hydroxyl groupse Two of the hydroxyl groups
behave diffcrently from the remaining four, being much
more acid and requiring drastic treatment for the hydrolysis
0of their acetyl derivitativese

Leter Clark (144) reported that rats receiving twenty
mge or more of gossypol per kilo of body weight injected
into the intra peritonezl cavity died in from 20 to 13 dayse
Clark makes the following statements relative t0 gossypol:
"The condition of gossypol, when cottonseeds are trecated with
heat, appecars to change in form in the molecule, possibly due
to oxidation or hydrolysis, however, d-gossypol has never
been isolatede On the other hand, hot aniline extraction
of cottonseed meal gives a crystalline material having the
general - appe arance of di aniline gossypole The substance
has been considered a derivative of d-gossypol, known as
aniline d-gossypole Aniline d-gossypol and dianiline
gossypol, which is obtained by condensing gossyrol with
aniline are identicale This evidence indicates that the
gossypol molecule had undergone no chemical alteration such
as oxidation or hydrolysis as sugjgested."™ He proposes that
the gossypol, during the heating process, is brought into
contact with the o0il, protein, possibly condensing with free
amino acids forming a substance similar to di-aniline
gossypole The material is thus rendered physiologically

inerte The word "bound gossypol" is suggested instead of
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"d- gossypol”e
Gallup (145) reported that autoclaving cottonseed meal
made cottonseed meal a safe feed for swinee, Untreated
cottonseed meal proved toxic even when supplemented with
calcium carbonate yeast and butterfate The samec held true
for albino ratse
Withers and Carruth (146) reported that raw cottonseed
kernels containing about 0.6 per cent gossypol were highly
toxio to rats, whereas ether extracted material proved non-
toxioc to ratse The exiract proved toxice.
Bdgerton and Morris (147) reported that heating cotton-
geed meal reduces its toxicity.
~Schwartz and Alsberg (148) reported the gossypol con-
tent of some varieties of cottonseed meal as follows:
Trice 0.41l1 per cent
Lone Star 0,518 per cent
Duranéo 0,984 per cent
Egyptian 14180 per cent
These investigators found a parallelism between the
gossypol content of the seeds in toxicity for rats which
received adequate dietses They also found that the cotton-
gseed from the Atlantic Coast states contained more gossypol
than that from the South Western statess
Schwartze and Alsbeig (149) later reported that seeds
from the Jouth Eastern states were high in toxicity and
those from the Pacifie Coast states were still hig..er. They

also reported a high correlation between the oil and the

gossypol contents There was considerable variation in
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gossypol content within the same variety of cotton growm
during different years. They concluded that weatuner,
cultivation, and locality are probably greater factors
than varietye.

Edgerton and Morris (147) also noted variation in
toxicity of the same variety grown on the same fisld, but
during different yearse

Osborne and llendel (53), Richardson and Green (56),
and Nevens (50) fed cottonseed flour to rats witih no toxie
effectse

Apparenily, gossypol is toxie for pigs and ratse There
is nodirect evidence that it is toxie for sheep, horses, or
cattles During tae process of manufacture a large part of
the gossypol i3 made less toxice The gossypol content varies
considerably according to locality and climatic conditionse
This probably accounts for the variation in toxicity of some
meals and for the different .results obtained by the different
investigatorse.

Lack of Dietary Factor or Factors Carried by Hey. Reed,

Huffman and Addington (150) attributed the cause of cotton-
seed meal injury to lack of a factor or factors carried by
good quality haye. These inwvestigators were able to produce
a condition 1dentical with that caused by feeding cottonseed
meal and commonly called cottonseed meal injury, by feeding
eorn, dlstiller'é grain, and corn gluten to two male calves
which received wheat straw as roughage, ad libetum.

Huffman and obinson (151) were unable to raise calves

on concentrateswiere ro:ghage was 1ot fed, even though a
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large number of supplements were tried.
Davenport (152) and licCandlish (153) reported similar
findingse
Jells and &wing (134) produced cottonseed mezl injury
by feeding digester tankage wiiich, theyAconcluded, indicated
that 1if cottonseed mcal is fed in a restricted ratiom and in
large quantities, theo ration will injure and kill pigs even
though it should contain no specific tozic substances
McGowan and Crichton (126) produced in one case an
injury in pigs by feeding EZarth nut mesal, middlingse. Locust
bean meal also produced the same effecte
Combs and Curtis (97) placed on experiment five lots
of five animals each, ranging in age from six months to one
year, using the following rations:
Lot I Cottonseed meal
Cottonse<«d hulls
Lot II Cottonseed meal (1/2)
~ Crushed Corn (1/2)
Cottonseed hulls (1/2)
Lot III Cottonseed meal
Cottonseed hulls (1/2)
Corn Silage (1/2)
Lot IV Cottonseed meal
Copps r sulphate solution
Cottonseed hulls
Lot V Cottonseed meal
Cottonseed hulls (1/3/)
Beet pulp (2/3)
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Coneentrates we.e fed at the rate of one pound daily per
100 pounds live weight,.
Roughage was fed ad libetume

All animals in Lot I died within 82 to 226 days after
starting experinente

In Lot II two animals died, in Lot III, one, and in
kLot IV, twoe

Blindness, weakness, abortion, dead, and weak calves
occurredes The exporiment was finally discontinued.s It is,
however, interesting to note that in Lot II none of the
animals receiving corn silage died.

The work of Combs and Curtis (154) at the North
Carolina Station was continued by several different investi-
gators through the years 1922 to 1927 with rations similar
to those above, similar results were obtaineds In 1923,
(155) the rations were susplemented with 5 to 10 per cent
alfalfa in the form of mezl, with the result that two living
calves were produced, Spasms and convulsions did not occur,
Other supplements, such as casein, yeast, butterfat, cod-
liver oil, steamed bone meal, and precipitated chalk were
reportedas being triede

In 1924 (156) mineral salts added to the rati.n of
cows whose roughage was cott nseed .. ., hulls, and grain
made up entirely of cottonseed meal, were of no benefit.
Calves .ere born prematurely, and even though some gestaticn
perlods were normal, the calves wers weake The addition of
small amounts of other supplements, which were described in

this report as "certain other substances", proved to be
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highly beneficiale The following statement is made:
"where cottonseed meal and hulls have been supplemented
liberally with corn silage and cracksed corn, the cows re-
ceiving this ration have not been able to give birth to
normal calves and milk normallye But with the addition of
small quantities of certain other spbstances to the rations,
these cows have given normal calves and have milled well
above the gtate average."

Calves could not pe raised from the nilk of the ex-
perimental cows, excepting where the cows were receiving a
supplemente

In 1925, (157) a very interesting fact was mentioned
as follows: "Approximately five years ago twenty head of
cattle on heavy cottonseed meal feeding, kXept on a lot of
four acres of ground, produced apparently normal living
calvese In this lot these - cows had access to small amounts
of grass which they kept clipped shorte This herd was later
moved to a small closely fenced lot where no green grass was
obtained with the astonishing result that abortions, dead,
underweight calves and living blind calves were obtained."

It was noted that water soluble B, fat soluble A, and calcium
Showed beneficial results when all are supnlied in the ration.
In 1926 (158) four lots of cows which were fed a
concneirate ration of from 50 to 100 per cent cottonseed meal
Wilth a good roughage have reproduced nommallye Four groups

OFf cows were placed on an experimant with wheat straw as
Toughage, and using the following concentrates in each of

the four lots:
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Lot I Cottonseed meal

Lot II Linseed o0il meal

Lot III Peanut meal

Lot IV Soy bean meal
A1l animals regeived minerals,

In 1927 (159) the roughage was changed in the above
lots to beet pulp and cottonseed hullse All animals in all
groups reacted similarlye

T.+0o animals out of each lot died, and =11 out of Lot IV.
The addition of cod liver oil alleviated the deficiencye
gsymptoms of the remcining animalse

In another group of cows, those animels receiving the
poorest quality of rough ge failed to respond as did those
where alfalfa hay was usede

Wells and Ewing (160) conducted studies with pigs wvhich
indicated that an indequate diet produced cottonseed meal
injurye DPigs were fed the following rations.

Feed fed in grams per kilo of body weight.

Pig I C.S.lle 25, starch 6, sugar 2.3°,skimmilk 5 cc.

Pig IV Gluten flour 125, starch 6, sugar 2.39,skimmilk
5ce (died)

Pig V Digester tankage 18.5, starch 6, sugar 2.3°, skimmilk
5ce (died)

Pig XI C.S.Me 22.5,starch 6, sugar 23°, whole milk 70 cc.
gained weight

Pig XII Gluten flour, 12.4, starch 6, sugar 2439, whole
milk 70 cc, gained weight

Pig I was removed from experiment in order to avoid
deathe The addition of whole milk appeared to make the
ration more adequates

The Texas Station (78) reported a beneficial effect
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of pasture when cottonseed meal was fed to brood sowse

Bell and W/illiams (79) reported itnat mares tirived
better and consumed their ration of cottonseed meal more
satisfastorily on pasturee

A lot of mules fed by Temperton (82) which were on
pasture part time consumed their cottohseed meal ration
more readily tihan a lot of mules uvhiich did not have access
to pasturee.

Frost and Varley (91) fed a cow approximately fifteen
pounds of cottonseed meal per day for six months with hay
as roughage with no ill effectse

Apparently, from the results of the avove invesiigators,
one would co:iclude that green pasture, butter fat, cod liver
0il, and a good quality of roughage carrimsome factor which
prevents cottonseed meal injurye This injury can also be
produced by other concentrates, such as linseed oil meal,

80y bean meal and peanut meal,

L R

COSTIVE EFFuCT OF COUTONSEZD 15
Consistency of Feces

It is a common impression among dairymen and investiga-
toxrs that cottonseed meal is costive when fed to cattle in
Ve xry large amounts and especially when fed without silage.
Lingeed 0il meal on the other hand is considered laxatives
Ac cording to Henry and Morrison (41-d) cottonseed meal is
Congtipating and should be fed with laxative concentrates

SQch as linseed o1l meal, wheat bran or with succulent feeds
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such as silage or rootse

McCandlish (161) stated that cottonseed meal has a
constipating effect and so should be fed with such laxa-
tive feeds as linsesd o0il meal and brane He also stated
that it was excellent feed for cows on pasture as its
constipating action counteracts the effect of washy grasse.

Eckles (162) stated that cottonseed meal is somewhat
constipatinge . ~He stated that cottonseed meal has a
costive actions

However, Ewing and Wells (163) stated that cottonseed
meal in small quantities seems to produce a normal feces,
but when it was the sole ingredient of the ration, the bowel
action became slightly laxativey probably due to the oil
contente.

Curits (164) reported that cottonsecd meal is an ex-
cellent laxative for horses and for this reason it is de=
sirable to feed with corne

Jones (61) observed, in fattening tests for 90 days
with lambs, a élight tendency toward laxativeness in mos%
of the testse

Wright (90) fed 2,000 head of cattle and noticed the
manure becoming abnormally soft when feeding 8 pounds of
cottonseed meal and 25 pounds of cottonseed hulls per day
with hay once a weeke If the manure became abnormally soft
the hay was increasede

It is quite apparent that the evidence concernig the

°0£3tiie effect of cottonseed meal is conflictinge
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Rate of Food Passage

Another possible means of studying the costive
cheracter of a ration is by mezns of 3he rate of food
pPassagee.

Reed, Huffman and Addington (150) obtained the rate
of food passage by feeding sudan III to heifers fed cotion-
seed meal compared to linseed oil meale The flirst and last
appearance of the dye was determined by studying the filtered
ether extract of the feces. All the dye passed through the
heifers receiving linseed o0il meal in 52 hours and 35 minutes.
All the dye passed through the heifers receiving cottonseed
meal in 48 hours and 20 minutes showing that cottonseed meal
was not costive in comparison to linseed oil meale

Fish (165) fed 6 grams of sudan III in 250 grams of
butter and found the first appearance of the dye in the feces
16 to 17 hours after feeding and the last appearance from 48
to 92 hourse

Ewing and Smith (166) fed rubber discs to steers and
slaughtered them. They céncluded that with a normal ration
the average specific time reguired for the passage of the

feed residue probably varies between 72 and 84 hourse
EFFECT CF FEZDILG COT.ONSELD IZAL ON THZ UDDER

It is a common impression among dairymen that cotton-
seed meal when fed heavily produces mastitis.

Loore (96) reported mastitis and loss of quarters of
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cows fed a heavy cottonse:d meal ration,whereas,little
trouble occurred in anotiher lot not receiving cottonseed
meal in the ratione He did not state whether the animals
of these lots were kept together or separatelye

FPorst and Varly (91) in an attempt to produce mastitis
in a cow fed from 6 to 10 quarts of cottonseed meal per day
for six months with no ill effectse This is approximately
9 to 15 pounds of cottonseed meal dailye

Copeland and Olson (167) working with normal cows ree
ported that milk drawn from each guarter of the udder of 40
cows gave an average bacterial count of 1,541 per cc of milk,
Eztreme bacterial counts ranged from 0 to 347,000,

Harding and {Wilson (168) observed from an examination
of 1,230 gsamples of milk from the udder of 78 normal cows

gave a count of 428 per cc of milk,
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GZUEZRAL DISCTsSsICT OF REVIEY 0F LITZRATUZE

Linseed o0il meal and cottonseed meal are concentrates
high in proteine Protein is one of the necessary constitu-
ents of a dalry ration. TFroteins are specifically needed
for the amino acids which they containe Cottonseed meal
contains all the xnown essential amino acidse However, the
amino acid content of linseed 0il meal is not knowne

In feeding experiments the proteins of cottonseed meal
were very efficiente The proteins of linseed oil meal in
feeding experiments wers also efficient, althoughr when fed
at a low level the proteins of cot:onseed meal were superiore.

In feeding experiments where cottonseed meal and lin-
seed oil meal have been compared cdirectly, the proteins of
beth were about equal,

However, cottonseed meal produced injury in some cases
when fed to hogs, horses and cattlee The most probable cause
of this injury seems to be gossypol and a lack of a dietary
factor or factors carried by haye Since "cottonseed meal
Injuzy™ has been produced by otiier concentrates than cotton-
seed meal it seems probable that for dairy cattle the cause
of ¥his injury is the lack of a factor or factors carried by

hay,



BAPEZLILLUTAL 0K
Object

Cottonseed meal fuimishes a cheap source of protein
for dairy cattle rationse It has not been used extensively
because it has seemed %o produce injurious effects with
several classes of livestocke

The obJect of this experiment is to find out if
cottonseed meal can be fed to dairy cattle for growth,
reproduction and lactation as the principal source of pro-
tein in an otherwise adequate ratione

In this study cottonseed meal has been compared to
linseed 0il meal since linseed oil meal is a much used and

recommended source of protein for dairy cattlee
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OXIGINAL PLALN CF XPLRINLHT

Procedure

Animals Used.

Previous Higstory. The animals used in this experiment,

G-1 to G-~10 inclusive, are the same as thoée used by Le. He
Addington as reported in his thesis for a lasters Degree in
1927 on "Cottonseed leal as the Principal Source of Protein
for Dairy Heifers". Theyconsist of ten healthy Holstein
heifers divided into two lots of five animals eache. They
have received cottonseed meal and linseed o0il meal respec-
tively since three months of agee The female offspring of
these animals will also be placed on experiment at birth

in the same lots as their dams and continued in a manner
similar to the dams, making the problem include the second
generation, Male calves will be kept ninety days and then
taken off the experimente.

The heifers in Lot I which includes the animals odd
numbered, have received cottonseed meal as the principal
sourge of protein. Those in Lot II which include the even
numbered animals have received linseed o0il meal as the
principal source of protein.

These animals received linseed oil meal or cottonseed
meal and skim milk to furnish the amount of protein necessary
for growth according to the Armsby Standard from three to

five months of agee After five mo:.ths of age they received
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linseed o0il mesl or cottonseed meal sufficient to furnish the
entire requirement for protein according to the Amsby
Standarde They received all the silage and timothy hay they
would consume since being placed on experimembe They were
given sufficient corn in the mation to properly balance the
required therms energy necessary, which were not furnished
by the timothy nhay, silage or either the cottonseed neal or
linseed o0il meal as the case happened to bee

The concentrate part of the ration was supplemented
with two per cent steamed bone meal and one per cent salte.

The helfers were paired so as %o be equal in as many
respects as possible, In most cases the smaller animal of
each pair was placed in Lot I so that this must be kept in
mind in the interpretation of datae

Ho blindness, convulsions, stiffening of joints or any
ype of abnormality has been observed. Both groups made
normal growth with cottonsecd ezl and linseed meal as the
principal source of proteine

8 The paired groups of heifers range in age from

12 to 20 monihse The female offspring of these animals will
be considered as placed on experiment at bighe The male off-
Spring will be used on the experiment until ninety days of
agee

Inheritancees A comparative chart and discussion of the

inheritance of the aninals will be fuinished as evidence of

the similarity in breeding of the animals,
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Choice of Rations

Milk, The ofispring of both lots will receive the
mother's milk from the pail until forty-five days of agee
Prom forty-five days of age to one hundred fifty days of
age they will receive siim milk in amounts up to twelve
pounds per daye

Grain. Lot I will receive sufficient co ttonseed
meal to furnish all the protein necessary for growth,
maintenance, and lactatione Lot II will receive linseed
01l meal in similar amountse.

The requirements prior to parturation for both lots
will be calculated according to the Armsby Feeding Standard.

After the first parturation the requirements for both
lots will ©be calculated according to the Savage Standard.

At any time vhen the cottonseed meal or linseed oil meal,
silage, and timothy hay do not meet the reguirements for
therms energy as required by the Armsby Standard, or furnished
the total digestible nutrietns as reguired by the Savage
Standard, this deficiency will be supplied by ground corne

. The offspring of the animals of both lots will receive
whole corn and oaits until ninety days of age when they will
receive the rations composed of the same feeds as thcir dams
recelved after ninety days of agee

Roughagee A good quality of timothy hay, grade high No.
2 as to0 color and purity will be fed in whatever amounts the
animals will consume. It will be the objest to get the

animals of both lo%s 4toconsume as much hay as possible, 1In
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any case wlere bad effects of feeding either linse d oil
meal or cottonseed meal are noticed, the amount of hay will
be increased and silage reduced. The offspring of the
animals of both lots will receive as much timothy hay as
they will consume from time of birth,

Corn silage fed the main college dairy herd will be
usede The animals in this experiment will be fed as much
silage as they will clean upe. Iiowever, the azmount of silage
fed will be sacrificed 1in order that the animals will
consume all the hay decmed necessarye The offspring of the
animals of both lots will reccive silage after ninety days
of age or as soon thereafter as the fecder in charge believes
they will take it readilye

Mineralse Two per cent of special steamed bone meal
and one per cent salt will be mixed witi tie cottonseed meal,

linseed 01l meal, and ground corn usede

Management .

Wateres The animals will receive water once daily until
parturations After parturation they will be placed in
Stanchions furnished with drinxking cups. During the latter
part of the lactation period some of the animals in which the
DProduction is quite small will be returned to the method of
watering used previous to parturatione During the dry period

they will be watered as before parturatione
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Sheltere Until parturation time the calves will be
kept in thé experimental barne. Calves will ©be kept in box
stalls until the& vecome large enough to be tied in modified
Graves stallse After parturation they will be sineltered in
the main dziry barn of the College until the latter part of
the lactation periode.

Beddinge Wood shavings will be used throushout the
experiment for beddinge

Caree .:ile the animals are at the experimental barn
they will be under the care of a competent feeder in charge
of the experimental barne While the animals are in the main
dairy barn thcy will be under the care of the herdsman in
chargee

Feedinz Methodse iWhile the animals are at the experi-

mental barn they will be fed twice dailye Silage and grain
will be fed in the morning and hay at nighte During heavy
milk production the animels will be kept at the main dairy
barn where tiey will be fed grain according to tiie number of
times they are milked per day. Silage will be fed twice
daily and timothy once daily, at the night feedinge

Milzinge After freshening all animals willbe miliked
three times daily for five months, after which they will be
milked twice dailye. While the animals are in the main deiry
barﬁ they will be milked by a DeLaval mil:iing machine and
stripped by hande hile at the experimental barn they will
milked by hande All animals will be dried up approximately
8ixty days before the time calcul.ted for the following

parturatione
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Body weights to be used in Calculation of Rationse, =xailons

to be fed each succeeding month will be calculated every
calendar month and as near the first as possibles TUp to
the first parturation of the animals the weight used in cal-
culating the ration to be fed will be that taken for three
consecutive days at the beginning of each month. The adjudged
theoretical gain for the ensuing month will also be added to
the weight in the calculation in order that the animals will
be receiving sufficient nutrients at the end of tihe calendar
monthe After calving the actual weight at the beginning of
the calendar month will be usede The weight of milk to be
used in the calculation will be the average of tihree to four
days previous to the time the calculation is made plus five
pounds in order to insure sufliicient nutrients for the en-

suing monthe

Collection of Data

Reproduction Data.

Qegtrum Periods. The dates of oestrum periods of all

animals on this experiment will be notede
Breeding Data. A complete record of all breeding dates

wWill be kepte

Base of Parturatione Note will be made of the ease or

trouble with which parturation is accomplished by all animals
at calving timee
Placentae Tiie placenta will be examined for any ab-~

normal conditions by a competent patholo~ist of the Depart-
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ment of Bacteriology.
Recoverye. Note will be made of ths recovery of the
animal from the effects of calvinge.
Uddere Observaticns of the udder at czlvin: time will
be made in order to detect any abnormalitye.

Colostrum, Samples of colostrum will be taken by a

competent Bacteriolosist of thae Department of Bacteriologye
The types of bacteria in “he colostrum will be determined.

O0ffspring. Note will be made of the apparent strength

of the calves imrediately after beiny droppede Observations
will be made to determine wvhether or not the calf nas nornmal
visione All calves will bc weighed before suckinz or as

soon after birth as possiblee

Lactation Period.

Milke A complete dcily milk record of each animal will
be kept.and sumacrized by thirty day periodse The milk re-
cords will start on the fourth day after calvinge. The milk
will be weighed with a Chatillon spring sccle.

Butier Tate A test by the Babcock method for the per
cent of butier fat in each animal's milk will be made every
month from a composite sample of tw days mllke The butter
fat produced will be calculated according to tnirty day

periods and placed in table forme

Feed Records.

Feed Consumede A daily record of 211 feed consumed will

be kepte This will be sumned up by thirty day pcriods and
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placed in table form,.

Nutrients Recuired. The nutrienis re_uired by itnirty

dey periods for growth, maintenance, and mllk sroduction
will be calculated according to the two feecding svandards
being used, and placed in table forme The average wesight
to be used for figuring nutrients resuired for each thirty
day period will be calculated from the monthly weight re=-
cordse The avcrage daily production in pounds Zor the
pcriods will Dbe used in calculating thc nuirients requirede

Nutrients Consumede The nuitrients consumed will be

calculated from the average daily consumption of each thirty
day periode This willbe placed in table form for the pur-

pose of corparisone

Qbservations.

Jeicht. All animals willbe weighed every ten days until
fifteen months of aze, afier vhich they will be weighed every
thirty days for three consecutive dayse Graphs af growth in
weight will be prevared of all animals arranged in pairs and
compared to the Eckles Normale.

Height at Jithers. lMeasurements of the height at withers

will ' be taken every calendar mouthe Graphs will be prepared
of all animals arranged in pairs showing the height at withers
compnared to Zclitles lNormal,

Consistency of Feces. Observations of the hardness and

softness of the feces of both lots of animals will be made

each month since cottonseed meal is supposed to be costivee.
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Rate of Food Passazee An Attempt will be made to

measure the length of time reculred for food to pzss through
the digestive tract of the two lots of animels since cotton-
sead meal 1is supnposed to be somewhat costive and linseed
0il mesal laxative,.

Bacterial Flora of the Uddere 3Since cottonsecd mecl is

believed to cause udder trouble, & study of the udder flora
of the two lots of animals will be made.

Condlition of Coat. Condition of the coat of the animals

in both lots will be observed each monthe.

Length of Haire Observations of thelength of nair for

both lots will be made each month by measuring with a small
pair of caliperse The hair will be taken from the right side
in the triangular space between the hip bone end last rib.

Double Thickness of 1Iidee The double thickness of hide

of all animals will be measured each month with a small pair
of caliperse The measurement will be taken from the middle
of the lengih of the last rib on tine right sidee

Looseness and Pliability of Hidee Observations of the

pliability of the hide will be made each month by mezns of
feeling and stretching the hide covering the ribs.

Healthe Observation will be made each month of the
general health of the animals of each lote

Apretitee Observations will be made each moiith of the
appetite of each'animalo

Condition of Flesh. Observations will be made each

month as to the flesh carried by each animal,
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Licee Observations will be made eaci month For the
presence of licee
Sheddinge Obsérvations will be made each month for

the amount of shedding.

Blindnesse Note will be made of any blindrness vihich

may occur during the course of the experimente

Blood Countse ZErythrocyte and Leucocyte counts will

be made of cows and caclves at calving (imee ther counts
will be made on the cows at 120 and 270 days after calvinge

Blood Testse All animals will be bled each month for

abortion testse These tests will be made by the Dcpartment
of Bacteriology.

Photographse ?hotographs will be taxen of covis and

calves at calving time, of calves ninety dajys and fifteen

months of agee

2410CEDI.S

Animels Used

The animals used in this experiment were as planned,
except that twelve other herd enimsls were used in an ex=-
psriment for testing the difference in consistency of feces
between cottonseed meal and linseed 0il meal.

Eight heifer calves of the second generation vere alse
placed on tuls experiment. The numbers given these heifers
are as follows: G-1l's czlf, G-1l1l; G-2's czlf, G-12, G-5'g
calf, G-13; G=6's czalf, G-14; G-7's czlf, G-15; G-10's calf
G-16; G-B's culf, G-17; and G-4's calf, G-18e No experimen-
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tol data relaiive to G-17 and G-18 is given because tiney
are only a few months olde The heifers were placed in the
same lot as the d=zmse It so happens that all odd numbers
are in Lot I and &1l even numbers in Lot II.
Age
The age of the aninegls used in this experiment was

as plannede

Inheritance.

The similarity of inheritance of the anincls used in
this experiment is very close as given in Table :ZXI. OZight
of the animzls, G-3 to G-10 inclusive, were sired by tihe
samne bulle Aninel G-1 and the dem of G-10 were also sired
by -he same bulle The damns of G-3, G-4, G-5 and G-6 were
sired by the szme bull as well as the dams of G-7, G-8, and
G-9+ Animels G-7 and G-8 are twinse The milk records of
the dams of the aninals used varied from 7,343 pounds to

9,440 poundse

Cnoice of Rations

Milk

Milk was fed to calves as planned except those calves
from animals calving the second time were not fed the
mother's milk for the first 45 days. This proceedure was
discontinued since no 111 effects were noted from the first
calving,
Grain.

Grain was fed as plannedes

Roughage
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Roughage was fed as plenned.
Minerals.

Minerals were fed as plannsd.

lianagement
Was was supnylied "as planiede.
Shelter
Animzls were sineltered as planned.
Bedding
Wood shavings were used as planned.

Care

Animals were cared for as pleanicd.
Feeding Yethods.

Feeding methiods we.e carried out as planned excepd
that while animals were in the main dairy barm they were

fed timothy hay twice a day to induce them to consume more

haye
Hilking.

Milking was carried out as planned.

Body weights used in Calculation of lations.
Body weights . .. used in the calculation of the

ration were figured as plannede
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Reproduction Record

Lot I Cottonseed lleal

Animal Hoe G-1
Observations to first calving
Date Age Oestrous Cycle
Born 11-13-25
Placed on experiment 118 deys

1st oestrum neriod 10-16-26 337 %

2nd " " 12~ 3-26 385 " 48 days

3rd " " 1-13-27 426 " 41 "

4th " " 2- B-27 447 " 21 " Bred
5th " n 2-21-27 465 " 18 " "
Calved 11-23-27 740 "

Observations at calving time
(a) Base of Parturation

This animal had 1ittle tro.ble calving except that
it was necessary to pull the czlf because of its large size.
The presentation was normal,

(b) Dlacenta.

Placenta game away in four hourse Approximztely one-
half of the placenta in the non-gravite horn ceme away with
the maternzl cotyledons still intacte Therewere also a few
inter placenial areas of attachment but this is also cuite
normally found in first calf neiferse The placenta was Vvery

heal thy .
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(c) Recovery

This animal recovered in a very normcl way from the
effects of calvinge.
(d) vUdder

The uddexr was much softer tnan normelly found in heiferse
There was very litile hardness, congestion or swelling of
the udder.
(e) Colostrum

q-arters one and four showed some blood, stapiiloccus,
2lbus and a 3Bacillus Abortus like organisme
(£) Offspring

The calf (female) was very strong and activee. It was
able to get up for the first milke No blindness observed.
Teight 90 poundse.

Observati-ns first to second calving.
Date Age Oestrous Cycle
1st oestrum period 1-21-28 799 days
2nd " " 3= 2=28 840 " 41 d=ys Bred
Examined 2-29-28
Uterus normal, ovaries did not scem to be aciive.
=xamined 5-19-28 Pregnant
Calved 11-28-28 1111 days
Observations at calving {ime

(a) Ease of Parturation

Calved about two hours after labor stzrtede It was
necessary to pull the calf.
(b) Placenta

The placenta was not expelled immediately. Some of it

Was retained until the sizth day afier two treatments with
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0:le Two days after she had supposedly clezned some Very
bloody and putrid materizl was passed wnich ap-eared 1o be
some more of the plecentae. Condition hecalihye.
(c) Recovery

This aninal remained strong and healthy tut continued
to dischérge material from the vagina for about 70 dayse.
(d) Udder

Udder d4id not harden up in the usucl manner and did
not get very large in size.
(e) Colostrum

- Straphloccus in a2ll four quarierse

(£) Offspring

The calf (male) was strong and active at birth. How-
ever the calf died after 48 hours due to Bacillus Coli in-
fection wiiich was prevalent in the experimental herd at that
timee The calf was injected imuediately after delivery with
antil vihite scour serume The dcm was washed off with pinol
solution before she was placed in the west room of the experi-
mental barn to calve wihere no cows had calved before. o
blindness observed. 'Jeight 87 pounds. Time carried 271 days.

Post lortem Examinatione Drs. Scholl and Meyer.

Subcuteneous Tigsues. Illegative

Arrangement of Organse. Ilormal

Peritoneum, Spleen and Pancrecs. Illegative

Stomach and Intestines. The abomasum contzined abundant

rather yellow curd and fluid .:ich was Very sour smelling.
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There was conzestion of the mucosa and considerable excess
muacuse The intestine contEned some jJAlow fluid and sihowed
considerable con-estione

Liver and Luncs. S.iowed some congestion and some

he:norrhagee

Diagnosise. oepticenia

Observati-ns second to third calving.
Date Age Oestrous Cycle
1st oestzrum period 1=-26-29 1170

2nd " " 3=29=29 1232 62 days Bred

Aninal G-s
Observations to first calving.
Date Age Qestrous Cycle
Born 1-10-26
Placed on experiment 4-10-26 90 days
1st oestrum period 3=16=-27 420 "
2nd " " 4-3-27 448 " 18 days Bred
Calved 12-31-27 720 "
Observations at calving time
(a) Bast of Parturation.
This animal had 1little trouble calving although it was
necessary to pull the ca2lf. Normal presentatione
(b) Placenta.
The placenta came away of its own accord in from four to
five hourse Condition = not examined.

(c) Recovery

This aninal recovered in a normal menner.
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(d) vdder

The udder appeared to swell up in the usual way
although the hardness did not disappear uniil the twentieth
day after calvinge
(e) Colostrum

Straphloccus and Streptoccus in left front cuarter
and Straphloccus in left rear guarter.
(£) Offspring.

. The calf ( a male ) was strong and active. It apneared
to pe normal in every waye No blindness observed. :ileight
87 pounds. Time ca.ried 272 dayse

Observations from first to second calving.
Date Age Qestrous Cycle
1st oestrum period 1-28-28 748 days

2nd " " 2-17-28 768 " 20 days

3rd " " 3-8-28 788 " 20 "

4%h " " 3=27-28 807 " 19 " Bred
Examined | 7-9=28 Pregnant
Calved 12-27-28 1082 "

Observations at calvihg time.
(a) Ease of Parturation
H Posterior presentation so that it was necessary to
pull thé calf.
(b) Placenta.
| Placenta came away in about three hours after calving.

Condition - healthy.
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(¢) Recovery.
This animal continued to disclarge considerably
for about sizxty days after calving as shown by abnormmal
excretions from the vaginae
(d) Udder.
Udder had considerable congestion but did not seem
to be abnommal otheriviisee
(e) Colostrum.
Sample not obtzined.
(£) Offspring.
| The calf (female) was strong and normal at birth. No
blindness observed. 'eight 82 poundse Time carried 275 days.
Observations from second to taird calving,.
Date Age Qestrous Cycle
1st oestrum period 3-12-29 1166 days Bred

Animnal G-5
Observations to first calving.
Date Age Oestrous Cycie
Born 1-21-26
Placed on experiment 5-1-26 89 days

1st oestrum period  2-20-27 385 "

2nd " " 4-1-27 425 " 40 days

Zrd " " 1-24-28 455 " 20 " Bred
Calved | 1-24-28 722 "
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Observations at calving timee
(a) Ease of Parturatione.

It was necessary to pull_the calf. Normel presentatione

(b) ©Placentae

| Placenta came awviay in four hourse Condition - healthye.
On each of three or four placental areas there were six to
twelve villl which were calcifiede
(c) Recovery.

Recovered 1in a normal wéy after calvinge
(&) Udder.

Udder contained the usual congestion commonly ob-
gerved among heiferse The hardness disappeared by the
fourth daye
(e) Colostrum,

| No sample talkene
(£) Offspring.

The calf (fenale) was normal and actives This czlf
had an exceptionally slick apjrearancee It appeared to iave
a lot of oll in the coat of haire No blindness observede
Jeight 87 poundse. Time carried 277 dayse

Observations from first to second calvinge
Date Age Oestrous Cycle
1st oestrum period 2-10=-28 739 days

2nd " " 3-10-28 768 " 29 days

drd " " 4-21-28 8l0 " 42 " Bred
ath " " 6=-31-28 850 " 40 " "
Examined 12-1-28 Pregnant

Calved 3=5=29 1127 =
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Observations at calving timee
(a) Ease of Parturation.

Calved some time during the nicht. Apparently normzle
(b) Placenta,

Pasged placenta during the nighte Condition - nornsal.
(c) Recovery.

. Recovered in a normal mennere oJhowed some discharge
for about‘two weelkSe
(d) vUdder.
- Had a little congestion but no more than normal for
a freshening covie
(e) Colostrum.

Left hind éuarter was gargetye Strephloccus in right
front quartere <Streptoccus in right rear and left front
quarterse )

(£f) Offspring.

The calf (male) vas gtrong and able to get the first

milke INoraale No blindness observede Jeight 95 poundse

Time carried 278 days.

Animal G-7.
Observations to first calving.
Date Age Qestrous Cycle
Bom b5=21-26
Placed on experiment 8-18-26 89 days
1 st oestrum period 8-3=27 439 "
2nd " " 8-24=27 460 " 21 days Bred

Calved 5=«21-28 730 "
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Observations at calving timee.
(a) Ease of Parturation.

It was necessary to pull the calf. A normal presentation.
(b) DPlacenta.

The placenta came away in five hourse Condition was
very healthye
(¢) Recovery.

~ Recovered nornally from the effects of calvinge
(d) vader.

The udder was congested the usuzl amount for a freshen-
ing covie
(e) Colostrum,

No organisms ldentifiede
(£) Offspringe.

The calf (female) was quite small but was strong and
normal in every viaye iJas able to get the first milk without
alde TNo blindness observed. ieight 63 pounds. Time carried
270 dayse

Observations from first to second calving.
Date Age Oestrous Cycle
1st oegstrum period 8-13-28 814 days
2nd " " 9=4-28 836 " 22 days
3rd " " 11-27-28 920 " g4 " Bred

Examined h 2=2-29 Pregnent
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Animal G-9
Observations to first calving
Date Age Oestrous Cycle
Born 9=3=26

Placed on experiment 12-6-26 94 days
1lst oestrum period 10-31=27 426 "

2nd " " 1-1-28 485 " 60 days Bred
Tzamined : 3=-23=-28 Pregnent
Calved 10-2-28 760 "

Observations at calving time.
(a) Zase of Parturation.
Calved in a normcl manner.
(b) Placenta.
 Passed placenta in four and one-hzlf hourse
Condition = healihye
(¢) Recovery.
" Recovered in a nomal waye 3howed some discharge for
a snort period after calvinge
(d) Udder.
 Udder seemed cuite hard and swollen but the swelling
digsappeared in 20 dayse.
(e) Colostrum.
Ho sample talen.
(£) Offspring.
. The calf (female) seemed nomal in every way et birth
and was able to get up and get the first milke, However, the

calf died in 48 hours after birth evidently from Bacillus
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Coli infectione No blindness observede. .eight 75 pounds.
Time carried 275 déys.
Post Mortem Zxamination.

Subcutaneous Tissues and Arrangenent of Orsanse Iloracl

Peritoneums 3light congestion.

Spleen and Pancreas. llegative.

Stomach and Intestines. The abomasum conitzins some

rather sour smelling curded milz, some grey material and
much mucuse The small intestines siows considerable councestion,
espedizlly in the lower parte

Liver. Negative, except for some evidence of degenerative
ciangese

| Xidneys. Negative, except for some congestion of the

medullaee |

Urinary Sladder and Geaital Organs. Negative.

Pleura and Lungse The pariental pleura sinowed maried

congestion and numerous hemorrhagese. Tiiere was much fibrinous
exudate present and much adnesion noiede 2Pleurisy was very
generale On the right side, all the opical, cardiac and
azygous lobes showed late gray state of hepatizatione. Some
small necrotic areas were notede The znterior tiaird of the
diaphragmatic lobe was very similar. Lhe rest of this lobe
showed o011y a small part of open tissue, the bulk showed
hepatization in the red and early gray stagese It had the
appearance of a broncho=-pneumonias On the left side, all

the apical and cardiac lobes shomd solidification, in the

gray stagee A small part of the diaphragmztic lobe showed
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gray hepatization with necrotic foci. Seve_al ratier large
areas of red hepatization viere also noted.

Porecardium cnd Meart. Illegative

Diagnosis = Pleuro Pneumoniae.
Obscrvations from first to second calvi - ge
Date Age Osestrous Cycle
1st oestrum period 2-3=29 884 days _
2nd " " 3=1=29 913 " 29 days

Lot II Linseed Oil 1feal

Animal G=2
Observations to first calviag,
Date Age Oestrous Cycle

Born 11-12-25
Placed on experiment 3=-11-26 119 daoys

1st oestrum period 6=-21-26 221 7

2nd " " 7=14-26 244 " 23 days
Zrd " " 8-20-26 281 M 37 "
4th " " 9-7- 26 299 " 18 "
5th " " 9-27-26 319 " 20 "
6th " " 11- 4-26 357 " 38 "
Tth " " 11-25-26 376 " 19 "
8th P " 12-11-26 394 " 18 "
9th " " 12-29-26 412 " 18 "
10th " " 1-17-27 431 " 19 "
11th " " 2-22-27 467 " 36 ® Bred

12th " " 3=19-27 492 " 26 "
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Ezamined 5-26-27 Pregnant
Calved 11-26-27 744 days
Observations et calving time.
(a) Ease of Parturation.

This heifer had little trouble calving except that it
was necessary to pull the calf because of its large size and
the dam being only = heifere It was necessary to push the
calf back at time of parturation and get one front oot
started out .hich was bent back at presentation.

(b) Placents.

Cleaned within four hourse Condition = hezalthye
(¢c) Recovery.

Recovered in nornal nanner.

(d) vudder.

The udder apyeared to be normcl at calving timee The
usual swelling and hardness was present but disappeared by
the end of the fifth day.

(e) Colostrunm.

Bacillus Collil in right and left Lhind quarterse
(£) Offspring.

The calf (female) was sirong and active at birthe No
blindness observede :Jeight 92 poundse Time carried 277 dayse

Observations first to sewm nd caiving.

Date Age Oestro..s Cycle
1st oestrum period No date noted
2nd " " 2-9-28 819 days
3xd " " 2-20=-28 830 " 11 days Bred
4%h " " 3= 2=28 841 " 1"

5th » " 4-6- 28 8756 " 35 "
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6th oestrum period 4-29-28 890 days 14 days Bred
Examined 7= 9-28 Pregnent
Calved 11-22-28 1106 "
Observations at calving time.
(a) East of Parturation.

This animel calved witaout assistancee. The celf was
found in *the gutter in the morninge
(b) Placenta.

Placenta came away in about three hourse Condition =
normale There were two cotyledons in the dorsal cervical
region vhich presented no hezlthy villi, all being short
tufted and of a grayish opaque color.

(c) Recovery
| Recovered in a noraal manners
(d) vdder
‘ The udder showed very litile congestione It softened
up affer milking begane
(e) Colostrum.

o microorganisms founde

(£f) Offspring.

| The calf (male) was very strong at birthe Obtzined
colostrume 1lo blindness observede This celf died a2t 48 hours
of age due to Bacillus Coli infection. G=9's, G-1's and one
herd calf died from this infection in the same manner at
about the same timee ™Tihis calf was injected three hours
after birth with anti ihite scour serume. ‘leight 88 poundse

Time carried 276 dayse
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Post llortem Examination by Drse. 3holl and lleyer, of the
Deparimaent of Animal Pathologye

There was some evidence of degenerative change in the
liveres The iidneys sihowed conrestion and some evide:ce of
cloudy swellinge There was some curdled milix in the abomasum
and the mucosa showed concestion and numbrous smell hemnorrhagese
The lungs showed maried congestion and numerous small
hemorriagese INo pneunonia was notede There were nany
subepicardizl hemorrhages.over tie heart.
Cultures. Be Coli was cultured from the liver.

Diagnosise Be Coli septicsaniae.

Observations tf rom second to tuird calving.
Date Age Oestrous Cycle
1st oestrum period 12-17-28 1131 days

2nd " n 1-18-29 1163 " 32 days
3rd " " 3= 5=29 1209 " 46 " Bred
Animal G-4.

Observations to first calving.
Date Age Oestrous Cycle
Born 12-28=25
Placed on experiment 3-31-26 93 days
1st oestrum period 2= 8=27 407

2nd * " 3-18-27 445 " 38 days
3ra " " 4~ 4-27 462 " 17 n Bred
4th " " 4-23-27 481 " 9" "

5th " " 5-12-27 500 " 19 © "
Calved 2=12-28 776 " '
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Observations at calving timee.
(a) ZEase of Parsturation.

It was necessary 1o pull the czlfe Normel presentatione
(b) DPlacenta.

Placenta came away in about four lours. Condition-
healthye
(¢) Recovery.

This cninmel recovered in a very nommeal waye
(d) Uddere

The udder saowed considerable congestion but could not
be congidered abnormale The swelling secmed to extend all
along the abdominal walle Tuis condivion disapreared by the
elightecnth daye
(e) Colostrume

Streptoccus was isolated from the left rear quarter.
(£) Offspring.

The czlf (male) was fairly active at birthe It was
able to get on its feet andiursees This czlf was not gquite as
lively as i1t should nave beene Iio blindness observede
Jeight 79 poundse Time carried 276 dayse

Observations from first to second calving.
Date Age Oestrous Cycle
1st ocestrum period 3-15-28 808 dzys

2nd " " 4- 6-28 830 " 22 days
5rd " " 4-28-28 852 " 22 "
4th " " 5-19-28 873 " 21 " Bred

5th " " 7- 2-28 917 " 24 " "
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Examined 12-1-28

Czlved 4-15-29 1204 days
Observations at calving time.

n

(a) BEase of Zarturaiione

ty

It was necessary to pull the calfe Normal presentation.
(b) DPlacenta.

Placenta came away In about seven to eight hourse
Condition « healthye.
(c) Udder.

The udder contzined somse hardnesslbut not more than
nornale
(e) Colostrun.

Incompletede.
(£f) Offspringe.

The calf (fenale) was very strong and active at birthe

No blindness observede .Jeight 81 poundse Time carried 287 dayse

Animal G-6
Observations to first calvinge
Date Age Oestrous Cycle
Born 4-16-26
Placed on experiment 7-19-26 94 days
1st oestrum period 6=4=-27 414 "

ong " " 6=25-27 435 " 21 days
Zrd " " Tew 8=27 448 " 13
4th " " 7-15-27 732 " 7o Bred

Calved ' 4-18-28 732 "
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Obssrvations at calving tine.

(a) Ease of Parturation.

It was necescary to pull the calfe. Iornal presentation.
(b) Placcontae

The placenta came away before moraning, tne aninal having
calved some tinme during the nighte Condition of placenta veas
nomale
(¢) Recoverye

This coww recovered in a normel way and was active
im:ediately after calving,
(d) Uddere

The udder contained considerable swellinge. The swelling
exvended forward along thé underline. The hordness diszappeared
in tan dayse.
(e) Colostrum,

Streptococcus in 211 four quarterse
(£) Offspringe

Cz1lf (female) was normzl and very lively. No blindness
observede .eight 79 poundse Time carried 277 dayse

Observations from firgt celving to second cslving.
Date Age Oestrous Cycle

1st oestrum period 5-17-28 764 days

2nd " " 6~ 6-28 781 " 20 deys

3rd " " 6-26-28 801 " 20 "

4th " " 8-11-28 847 " 46 " Bred
5th " m 10-15-28 912 " 65 " "
6th " " 11-14-28 942 " 50 " "
Examinad 2= 2 =29

Pregnant,
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Animal G-8
Observations to first calvinge
Date Age Oestrous cycle
Bom 5=21-26
Placed on expcriment 8-18-26 89 days
-1t oestrum period 7=25-27 430 "
2nd " " 8-15-27 451 " 21 days Bred
Calved 5-18-28 727 "
Observations at calving timee.
(2) Ease of Parturations
It wias necessary to pull the c:lfe A noxmsal presenta=-
tion except that one foot was bent back so that it was
necegsary to ~ush tune c&lf back in order to get the other
foot started.
(b) Placenta.
The placenta came away in five hourse Condition - nommeal.
Only the gravid horn was examined., Absoluiely no indiceations
of disease,.
(c) Recoverye
Recovered in a normal manner from the effects of calvinge
(d) TUdder.
. The udder contained the usual congestion common to
neifers with some swelling along tire underline.
(e) Colostrum,
Streptococ. us found in the right nind quartere.
(£) Offspring.
The calf (male) was sirong 2t birthe No blindness

observede ‘eight 80 pounds. Time carried 276 days.
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Observations from first calving to second calvinge.
Date Age Oestrous Cycle
1st oestrum period 8=5-28 806 days
2nd " " 11-26=-28 919 v 113 dcys Bred
3rd " " 1-21-28 975 " 56 " N

Animsal G-10.

Opservations to first calvin-~.

’ Date Age Oestrous Cycle
Born 10=5-26
Placed on experiment 1-5-27 92 days
1st oestrum period 2=-13-28 493 ™

Bred
2nd " " 3-4=-28 513 " 20 days "
Bra " " 3-20-28 529 " 16 " "
4th " " 5-8-28 578 " 49 ™ b
Examined’ 7=9-28 640 " Pregnant

Calved 12-9-28 794 "
Observations at calving timee

(2) Ease of Parturation,

It was necessary to pull the czlf. I1lowever, it
offered very little resistance.
(b) Placenta.

The placenta was exzpelled about three hours after
calvinge The condition was healtuye
(¢) Recovery.

Recovered normclly,

(d) Uddere.
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The udder was not exceptionslly herd or inilamed.
(e) Colostrume
No sam»nle tzkene
(f) Ofispring.
The cz2lf (female) was normel and active a.: birth,.
The calf wes injected three no.rs after calving with anti
wiide scour serum and removed from the dam twelve iours
after calving to be raised by the Udanl systeme No blindness
observede ‘eight 88 pounds. Time carried 281 days.
Observations from first to second calving.
Date Age Oestrous Cycle

1st oestrum period 12-20-28 805 days

2nd " " 1-22-29 828 "
drd " " 2=11-29 858 " 20 days
4th " " 3=25=29 900 " Bred

Discussion of Renroduction.

The reproduction records of bot. lots is summarized in
Tables XZXI and XXXJI. One calf in Lot I was quite smzll
whlch was probably due to inheritance since the calf's dam
was also the smallest aninal in both lotse The weights of
the caelves from Lot I compare favorably with those in Lot II.

The loss of three calves, two in Lot I and one in Lot II
can in no way be attributed to the effects of the rations
upon the dams since the calves were strong and active at birth.
Apparently a very virulent type of acillus Coli was present
in the herd at the time these calves were affected.

The heavy feeding of cottonseed mezal has not caused

difficult breeding nor reteniion of placentas,
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There was apparently little difference in favor of

either lot from the standpoint of reproduction,

Lactation Reconrds

Milk.

Milk records for all animals by thirty-day 2 riods will
be found in Tables ZVIII to XXX, inclusive. Animals G-1 to
G-5 1nclusive have completed the first lactation. The total
milk produnced the first lactation period by znimals G-1, G-3
and G-5 in Lot I, fed cottonseed meal was 9,958, 10,286 and
10,897 pounds of milk respectively. While animals G-2 and G-4
in Lot II fed linseed 0il meal produced 6,340 and 12,102 pounds
of milk respectivelyes Animals G-1 to G-8 inclusive have com-
pleted ten monthse The ten months milk records of the cows in
Lot I fed cottonseed mezsl and the cows in Lot II fed linseed

0il meal is as follows:

Lot I Lot II
Pounds of milk for 10 months Pounds of milk for 10 months
G-1 9,846 G-2 6,340
G=3 10,231 G=-4 11,088
G=5 10,099 G-6 7,854
G=7 7,529 G-8 9,240
Butterfat.

The butterfat produced by thirty-day periods will be
found in Tables XVIII to XX inclusivee The ten months butter-
fat production of the animals in Lot I fed cottonseed meal

and in Lot II fed linseed oil meal is as follows:
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Lot I Lot II

Dounds of butterfat for 10 monihs Pounds of butterfat for 10 months

G-1 3133 G=2 235.7
C¢=3 559.6 G-4& 407.6
G=5 346.0 G-6 273.4
G="7 277.1 G-8 Z29.6

The average percent of butter fat in the milk of Lot I
was 3443 per cent, and for Lot II 3.6 per cent,

Discussion of Lactatisn Records

One animal, G-2 in Lot II, nrved to be a rather low
producer. ohe produced o:ly 6,340 pounds of milk and did not
milk a full ten monthse Tinis low production is probably due
to inheritance. Two animals in Lot I and one in Lot II made
better than 10,000 pounds of milk for the first lactation.

There is apparently little di fference between the two
groups from the standpoint of milk and butter fat production,
2lthough Lot I which received cottonseed mesl has a slight

advantage.
Feed Records

Feed Consumed.

A complete record of feed consumed by tairty-day periods
by all animals in this experiment 1s contained in Tables I to
XX inclusive,

Poed consumed by £ll aninals to calving is found in

Table I to XVII inclusivee.
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Peed consumed by all animels from first to second
calving is included in Tables XVIII to XIVII inclusive.
Tables :ZVIII +to I inclusive includes feed coirsumed by
three animals which have calved the second time.

Nutrients Recuired

Nutrients reguired will be found in the same tables
as those in which feed consumption is tabulatede

Nutrients Consumed

Nutrients consumed will likewise be found in the same
tableg as those in which feed consumed is tabulatede

Discussion of Feed Records

An examination of the tables shows that animal G-1
consumed an average of 7.1l pounds of cottonseed meal daily
during the first lactatione Animal G-3 consumed 7.4 pounds.
Animal G-5 consumed 7.3 pounds. These amounis of cottonseed
meal are several times more tiian the average feeder would
use to supplement a ratione

The feeding of such large amountis of cotionseed neal
is not in harmony with the common opinion that not more than
two to three pounds should be fed to dairy cattlee

Excess protein consumed by both groups is approximctely

50 per cent more then the requirements for the Savage Standard.

Observations

'.lrﬁiﬂto
| The growth in weight of the two lots of znimsls up %o

first calving Is shown in Graphs I to .VII inclusivee The
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growth in waight of each palr is compared to Ec.iles HNoraal.

In every case the animal in the lot fed cottonseed meal
weighed less than the paired animal in the linseed oil mezl
lote It must be remembered %tnat in every ccse the snzller
animal of each palr was placed in the cottonseed meal lote.

All the first original animals, G-1 to G-10 inclusive, are,
however, above Zc:les Nommal from 18 montis of age to calving
timee

Aniéals G-11 to G-12 2nd G-14 are also above Zckles
IHoraale The remaining animals, G-13, G-15 and G-16 are below
Sekles Ilormel zlihough most of the other animals were also
below Eckles Ilormal at this age. Table IXXIV shows. the growth
in weight of G-1 to G-10 inclusive by six month periods up to
36 months of age compared to &ckles Normal at 30-months of age.

Apparently there was littlec difference in growth by weight
between the two lots of animalse. However, there was a slight
difference in favor of Lot II.

Height of Jithers.

The growth in height at withers of the two lots of
animals up to first calving is shova in Graphs I to VIII in-
clusivee The growth in height at withers df each peir is
compared to Eckles Normale DPractically all animals of the
original group exsept G-7 were normal in héight at withers
at first calvinge

Table XXXIV shows the growth i height of witiiers of
animals G-1 to G-10 inclusive by six moniths periods to 36

montas of agee.
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Apparently tihere was little difference between tjne
two lots in growtia in height at withers, elihough the
animals in Lot II may nave a slight advantage whiich may be
explained on the basis of individuesl variation.

Consistency of Feces.

o previous attempt lics been made expsrimentally to
study the costive or laxative effect of cotitonseed meal.

Consequently, an attempt was made to compare the eifect
of cottonseed meal und linseed o0il meal upon tihne consistency
of feces by feeding various amounts of each with and without
silagee |

It was thought that tue consistency of the feces siould
be measured by some meciiinical means in order to avoid personal
prejudice and variation in judgment. Consequently, the
followin~ mecnenical metnod was usede

The feces samples were taizen immaediately after‘evacuation
and as near ine same hour each dcy as possivle. The samples
were placed in a sixz inch evaporating dish and pressed down
just sufiiciently so as not to allow any opcn air spacese (See
Plates I and II) The feces were then leveled off even with the
edges of the dish with a smooth sticke A wooden bszll approxi-
mately three incines in diazmeter with graduations about its
circumference was gently placed in tihe middle of the dish,
Bach graduation was czlled a degree wiaich read from 15 to 45
degrees. A 500 gram weight was placed on top of the ball,
wanich was flattenede The distance waich the ball pressed into

the feces was determined by the graduation of degrees on the
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on the balle In other words, the softer tie feces, the
farther the bzll sank and tiie greater the reading in degrees
and visa versae.

Using the¢ netiiod as described, the consisteuncy of
fecas of 4 groups of zninsls was determined. The consistency
of feces of zninicls G-1, G-3 and G-5 in Lot I and aninals G-2,
G-4 and G-6 was deteimined for a 10-day periode The observa-
tions were taizen during a period of heavy milk production and
congecuently the animzls uere being fed cotionseed meal and
linseed 0il meal cuite heavilye They wore 24 to 30 munths of
agee The resulis are shown in Table XIIXV and Graph IX. The
anincls ia Lot I received 7.8 pounds to 9 pounds of cottonsecd
meal and the animals in Lot II received 6 to 12.6 pounds of
linseed 0il mecal dailye The results show very little
difference in the consistency of feces of the two groupse.

The consistency of feces of animals G-7 and G-9 of Lot
I, and G-8 and G-10 of Lot II was determined for a 1l0-day
poriod. These animnals had not yet freshened and were re-
éeiving 2e4 pounds of cottonseed mezl and 3 pounds of linseed
0il meal dzilye. The results are s.owmn in Table X2UVI and
Graph Xe.

The results secured in the fi_ost two groups of animals
indicated that there was practically no difference in the
consistency of feces ol cattle fed on cotitonseed neal or
linseed oil meal along witi silage and timothy hcye. Since

succulent feed, such as gilege, is recarded as having a
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laxative e“fect, six mature cows were plzced on an experiment
to determine the effect of feeding cottonseed meal and lin-
seed oil meal witirout silagee.

A group of cows were divided into two lots oI three
animals eache. The cows in both groups received 4.5 pounds of
ground coxrn, 4.5 pounds gro nd oats each, and all the Vv imothy
hay which they would clean up in addition to the protein
concensratee.

The anizials in Lot I, numbers 158, 179 and 150, received
in addition, nine pounds of cottonseed mezl deily, vhile those
in Lot II, numbers 225, 226 and 217, received nine pounds each
of lingseed o0il mezl dzilye A seven day preliminary period
was allowed, durinz which time the silage was replaced by
timothy haye The consistency of tne feces excreted by the
groups was detexmined daily for six days, after wihich the
animals in Lot I were fed nine pounds of linseed o0il mezl and
those in Lot II were fed nine nounds of cottomseed meal dailye.
Two days were allowed Zor the change from co ttonseed meal to
linseed 0il meal and vice versa. The consistency of the feces
from both groups was tiien observed dcily for sixz dayse

The affect of these feeds on the consistency of the feces
is shown in Table XXVII and Graph XIe It is apparent that
there is but little difference netween the consistency of feces
of animals fed cottonseed meal and lingeed oil meale It is
also of interest to note in Table XXXVII that the clange from
cotton.eed meal to linsecd 0ll meal and vice versa failed to

produce a disturbance in the digestive tracte These aniials
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were not accustomed to having cottonseed meal in their ratione

The results ob4ained in the first and third groups of
animals indicczted that the heavy fesding of cottonseed meal
did not affect the consistency of feces any more thcn the
heavy fecding of linseed o0il meale However, there was a
possibility that t..e heavy feeding of coitionseed meal caused
an irritation in the digestivetract wvirich resulted in a soft
fecese In order todetemine the effect on the consistency of
feces of feeding a small amount of cottonseed meal and lin-
seed o0il meal without silage, six anlaels were placed on ex=-
periment.

Tne cattle in Lot I, numbers 202, 194 and 1-B were fed
two pounds of cottonseed mesl, three pounds of corn and ozats
dzily with timothy hay for roughagee The cattle in Lot II,
numbers 153, 173 and 2-B received two pounds of linseed oil
meal in addition to three pounds of corn and oats daily with
timothy liaye

A seven day preliminary feecdihg period was sllowed,
after which, the consistency of feces was determined daily
for elght dayse Animals in Lot I were tihen fed two pounds of
linseed o0il meal in place of cottonseed meal, and tiunose in
Lot II were fed two pounds of cottonseed meal in place of
two pounds of linseed oil meale Thése cnanges were made in
one daye Observations were made d=ily on the feces for eight
days thereaftere The resulis are shown in Table XXXVIII and

Graph XII.
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The method ol judginz tue consistency of feces by
physicel appearance depends largely on the judgment of the
investizatore The use of a wooden vall with graduations to
measure the depth into wihich the bcll sinks into diffcrent
feceg wiien a 500 gram weight is placed on it is & superior
method of measuring the consistency of various fecese

Heifers which .were raised on cotionseed mezl as the
prinecipal source of protein from taree m.nihs oi age have
excreted, for more tuen tvo years, feces vnlcn are just es
soft as tiaose excreted by animels raised on linse.d oil nmecl
for the same periode In this investigation, the zmount of
cottonseed ieal or linseed oil mezl did not afiect the con-
sistency of the feces,

Then silage wviag left out of tire ration and cottonseed
mcel and linseed oll mezl vwicre fed at the rate of nine pounds
per day, no difference could be siiovm in the consistency of
the fecese A sudden change from cottonsecd meal to linseed
0il mezl feeding, and vice vairsa, had no apparent effect on
the consistency of the fecese Cows .hich were fed only two
pounds of cottonseed meal or two pounds of linseed o0il meal
daily excreted feces of about the same consistency. Anwment-
1y uiie levels at which cottonsecd meal was fed in these
rations had no e ect on the comsistency of feces,

Rate of Food 2assace.

To measure the rete of food passage in cattle it is
necessary %o feed some substance and detect its first and

last appareance in the fecese It is therefore necessary to
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find some subs:ance winich the animal does not digest or absorb
and one iiich does not afiect the digestive system.

Ferric ozide was considered suitable for this pu_posse
because it is very insoluble, and because tiere is such a saall
amount of iron in the feed wnicn cattle consume, so that eny
raise in the amo nt of iron in tie feces could easily be de-
tected by chemiccl anslysise

The animals used in this experiment were G-5 and G-7 in
Lot I and G-4 and C-6 in Lot II. Animals G-5 and G-7 recoived
23 pounds of cottonseed meal per dey and G-4 and G-6 received
3 pounds of linseed oil meal per daye They also recei&ed what-
ever silage and timothy hay toey would clecn upe These animals
were from 20 to 24 months of age wien this experiment was rune

One hundred grams of ferric oxide was fed in the morning
mixed with the grain and silagee Sumples of tiie feces‘were
collected and tne time of passagec notede These collections con-
tinued for apnroximately 70 hours after tie iron oxide was fede

Analysis for the iron content of the feces are shown in
Table XXXIX.

The first appearance in the feces of tiie ingested iron
oxide of aninals G-5 and G-7 in the lot fed cottonéeed meal was
11 hours and 45 mnutes, and 11 hours and 30 minutes, respective-
lye The iron first apneared in the feces of animals G-& and
G-6 fed linseed o0il meel in 12 hours and 30 minutes and 12
hours, respectivelye

The iron excretién reached the peak in animsls G-5 and

G-7 in 25 hours and 30 minutes, and 24 hours and 45 minuies
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respectively, after the iron oxide was fede In Lot II the pesk
of exeretion occurred in animal G-4 31 hours and 10 minutes and
in G-6 31 hours after being fed.

Samples evidently were not talken for a sufficient length
of time to measure the complete lag since considerable iwn re-
mained in the feces after 70 hourse, The lag, however, was con-
siderably longer than that obtained by Reed and Huffman and
Addington (150),

It secms Quite apparent from this investigation that
cottonseed mzal is not costive in comparison to linseed o0il mesl.
The results tend to show that cottonseed meal is more laxative
than linseed 0il meale However, insufiicient numbers of =nimals
were used to warrent a very definite conclusion.

Bacterial Flora of the Udder

Bacteria in milk from each animal in both lots was
determined over a period of six mouths. Samples were taken for
three consecutive days each month at the evening milking. The
milk of each animal was drawn into a sterile tube in approxi-
mately equal amounis from each quariere

One ca of milk was then pippetted in 9 cc of sterle
physiological salt solutione One cc of this dilution was then
plated in dduplicate using nutrient agar. DPlates were incubated
for 48 hours at room temperature and then incubated for 48 hours
at 37° centigrades Results are shown in Table LIL.

Apparently all bacterlial counts were within a nommal
range with the exception of one animal, G-3 in Lot I, which

had a rather high cownt. An examination of themilk from the
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separate quarters revealed a high count in one cuartere. Lowever,
“his cow has never siovm zny sifns of mesiitis. The aniucls in
both loss nave been free from this disease =ltho .gh aninmcls of
the experinental nherd have had nastitise

Tests for the reduction of llethylene blue were also run
for two months as showm in 7abvle ILI... It was appazrent that
the type of orsunisms present in tihe udder flora of the aninzls
used in tils investigation did not affect tne imepning quelities
ol the milk, so thai these tests were discontinued,

Condition of Coat.

Obsexrvations on the coat were made as planned. Iesults
with tie original ten animcls of this experiment are saown in
Table “TII... In Lot I tiie observutions "sleek"™ was nade 39
times; "vory sleek" 9 timesg; "fairly sleek™ 65 times; "fairly
rough" 35 times and "roush"™ nine timese In Lot II "sleek" was
observed 28 times; "very sleek" 3 tinmes; "fairly sleek™ 66
times; "Ifeairly rough'™ 39 {times and "rougn' 9 timese Apnarently
there is 1ittle difference between the two groups in this
respect.

Length of Ilair.

Observations on length of hair were made as plunnede
Results of thesc observations are s..own in Table ZTLIII . Chere
appears to be little difierence between the two lots in this
respecte

Double Thiclmess of iide.

Linseed 0il meal is used extensively by showmen %o produce
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a thin loose ildes Observations on do ble thicizness of uiilde
were nade as planiecde Results of thesc observations ars shown
in Table XLIV o There appears to be little discermable
difference between the two lots in this respecte

Looseness and Pliability of Hide.

Linseed 0il meal is used quite extensively by showmen as
a part of the fitting ration for the purpose of malring tie iiide
loose and pliavle. Observations on looseness and pliability
of hide were nade as planned, Ilesults of tihese observations
are shown in 7able XLV .

Little difference can be discerned between tie %o lots
in t:iis respecte
Eealth.

Obse_vations were made of tﬁe heclth of the animals as
plennede All animels remained in good hceelth throushout the
experiment, Tihe heelth of G=1 and G-9 in Lot I was noted, as
fair, instead of zood at seversel observasion timese The health
of G-4 in Lot II was also observed as fair for three observa=-
tions. The reason for such observations was because the aniuels
were milkinz very heavye
Appetite,

The cppetite of all animals remained nomal at all times,
alfhoa;h occassionally an aninal refused feed wanich occurs
annong normal caivtle,

Condition of Fleshe.

Observations of the candition of flesh were nade as
plennede Results are tabulated in Table TILVI .+ There wes

very litsle difference between the t.i0 lots,
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Lice

Obse:vatiqns for thie prese'ice of lice were nzde as
plannede ILice were found in a few cases during certzain
seasons of tie yeare The lice were not nrevalent in one
lot =ny more tian in the otihers
Shedding.

Observations for tiie suiedding of lielir was nade as
plannede Results of these observations are saown in Tatcle
YLVII o Ilo parvicular difference could be noted in either

gToupe

Blindness.

o blindness was observede in cither groupe

Blood Counts.

Erytarocyte and lsucycyte counts were made by the
standard method of countinge The resulis are shown in fables
XLiX and L.

Aprarently all aninals remained noimal in tneir erytiirocyte
counts However, %the leucycyte count seemed to run hich in a
great many cases of boil lotse This condition will be inves-
tigated furthers

Hemoglobin.

Hemoglobin content of tiie blood was also chieczed each
aonth by use of the Tallquist Lemozlovin scalee The resulis
are shown in Table L. . The results show that none of the
animals of either group were below nommzl,.

Blood Tesis

Blood samples were talien each month for abortion tesise.
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All aninals remnzinsd negetive tnroushout Jais experimente

Photographs

Photographs were talzen of cows and ceclves at freshening
to show the strength and size of boih cows and calvese, DIlates
IIT to ZCIVIIe Phtogsrephs were also taiten of the calves at
90 days of age to show grwoth and healthe Ihtographs of e2ll

neifers were taken at 15 monihs of agee
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GENEAL DISCUSSION OF EXPBRIM:EITAL Bs5ULTS

Cottonseed meal and linseed meal were compared by feeding
two lots of animalse Linseed oll meal was used as a standard
of comparison against cottonseed meal since linseed oil meal
is considered as a good safe source of proteine Cottonseed
meal is considered as a good source of protein but not a safe
feed to use in large amounts or for long periods of time.

In this experiment cottonseed meal was compared to lin-
seed o0il meal starting with heifer: calves at 90 days of age
and continuing through lactatione The ration was supplemented
with corn,.silage, a good quality timothy hay, bone meal and
salt. 'Whole ground corn was also fed at various times &s a
source of energye

The growih, reproduction and lactation of the two groups
were about equal when the factor of inheritance was taken into
considerations Both lots consumed approximately 50 per cent
more protein than was reguiired by the Savage Standard,

Cottonseed meal has been considered as & costive feed. In
measuring the consistency of feces and rate of food passage
these investigations do not confirm the idea that cottonseed
meal i3 costivee The method used in determining the rate of
food passage indicates that the lag of food is lénger than
previously reported by other investigators.

Cottonseed meal is belisved to cause mastitise No
mastitis was noted in either lot and b;;terial counts of the

udder flora revealed normal counts for the cows in both lots

with the exception of one animal in Lot I. This condition,
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hosever, oIten occurs in norazl catsle ot affected with
mastitise In obhservations wiich werc made upon tne condi;ion
of coat, loosencss and pliability oI hids, hexlth, appetite,
condition of flesh, lice and shedding, no particular differeice
could be ascertained betwcen tie t.0o groupse In measuring ihe
length of hoir and double ihiciness of hide, taerce was no
diflerence between the two loise

Erythocyte counts wers made waich revezled that &ll
aniazls remained nommcle The leucocte count secmed to be
abnomazlly high in both lotse This condition may be associzted
with heavy fecdihg of conceuntrates and should be investigated
further.

Taere was no nanifestation of cottonseed meal injury in
any of the aninals at any vime during tiais investizaticne
Cottonseed meal was fed in amounis %0 furnish all the required
protein in the fomm of cotionseed meale Two and four tenths
pounds vere fed up to first celvinge s much as 1ll.7 pounds
were fed to one animel for a short period of timee Three of
the animals in Lot I consumed zn average of firoa 7.1 to 7.4
pounds of cotionseed neal daily from first o second calving
witn no ill effectise

The sympioms of cotionseed meal injury have been produced
by some investizators by feeding concentrates otiier than
cottonseed mezle This would seem to elimincte the factor
gossynol as a cause of cottonseed meal injury to cattles

Apparently "cottonseed mesl injury™ in cattls is dune to
a lack of factor or factors carried by nuye A good qu lisy hay

was fed throughout this experimente
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SULZZATY
le Cottonsecd meal wien compered to linseed o0il mecl
furnished a zood scurce of nrotein for growth, reproduction
and lactaivione
2e As nuch as 7.1 {0 7.4 pouﬁds average daily of cottonseed
neal were fed on an adeguate rati n throusgh the Iirst lactation
witn no apnpnparent injurye
Se Costonseed nezl iriry is probably due to a lack of factor
or facitors carried by haye
4o Cotionse:zd mealcdid not nmwve costive to dairy caitle wiien
compared to linsecd o0il meal in rations with and witunout coxrn
silagee
Se The heavy fe:ding of cottonseed meal 0 daixy cowis did not
produce magiitise
6be There wags no aphreciable difference in the effect of cotton-
seed neal and linseed oil meal upon tie condition of coat,
length of hair, double tiickness of iride, looseness and »liability
oX flesh, and siieddinge
7« The heavy feeding of cotionseed meal had no effect on the
erythocyte count or per cent of Xemozlobin of tie blood of

dairy catilee
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TABLEXXXIX

Rate of Food Passage

Lot I Lot II
2e4 1bse CeSelMe daily
G=5 G=7 ‘o G=-4 Fos0
Time Fe O Time Fe,0 Time e
after 23 after 2~3 after 273
feeding feeding feeding
iron . iron iron
Hrse Min Per c¢te Hrs.l’in Per Ct, Hrse Min DPer Ct,
7 45 0,06 6 45 0.081 5 0,065
10 0.08 9 45 0.082 6 45 0,065
11 45 0.154 11 30 0.193 9 45 0,065
12 30 * 13 0.232 12 30 0el1ll3
14 30 14 55 13 40
156 16 30 14 50
16 35 18 30 16 50
18 20 19 30 21 30
18 45 21 356 202 22 30 1,42
19 356 23 20 202 25 20 1.83
21 35 1.56 24 45 2013 26 35 2,10
24 20 2,00 26 30 20006 28 25 2010
26 30 2,40 27 40 2,01 31 10 2092
26 35 2¢14 28 26 1,88 33 2672
27 35 228 33 l.77 36 3b 1,98
29 10 228 36 40 1.56 40 30 1,99
30 20 220 38 20 42 ,
33 25 1,99 40 30 44 1.56
36 35 42 48 15 0.78
37 456 44 50 30
40 47 62 30
40 30 48 5% 0.62
41 49 15 61
42 56 64 45
44 56 30 68 2b 06340
47 62 30 0.7
48 64 45
50 45 67 0e¢b
53 71 30 0.356
56 30
59 30 0.544
64 45
68 0.426
71 30 0,401

3 1bse LeOeNe dally

G-6

Time Fe503
after 2
feeding

iron

Hrs QMino Per Cte

[ )
6 156 0,062
9 10 0.064
12 0,911
13 45 *
15 30

22 256

24 50 1l.56
27 30 2426
31 234
33 2b 2,16
37 356 1l.82
40 30 1.63
43 060

56 45 0,838
62 35 0,684

66 45 0.504
70 45 0.4

* Only those samnles were analyzed which would determine
the starting palht, high point of iron exceretion,
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TABLE XLII

Condition of Coat

ot I C.S.M,

Lot II L.O.Me

G-8 G-10

G-l G-3 G-8 G=7 G-9 G-2 G-4 G-6

Date

R R R mu Bl B R AR

R Bl R R Bl el REE R0l
Ponuonb bR EE R Rkl lnukRPunlal
Rl B R R R R E R nn REREEREE

R R B R R R n R REREEEELE

CEERRER RN mm Bl HEEAAERER
Rl Rl R n Rl PREERREER
AL T AT T 11 A T 3l A L

PSP R R SRR Py f ]

T 12 AL AR R Y 1 12 A 1R 1AL
‘6656“%%777777”7m7 a @© (] “““999
R EESRELREEERPREERS SRRRREEENAY
AR LIRS AR EIA S bbb EEERSE

P~ Fairly R « Rough S - Sleek

V - Very






- 187 -

TABLE XLIII

Length of Hair in Milimeters

Lot I Lot II
Date G-1 G-3 G-5 G-7 G-9 G-2 G-4 G-6 G-8 G-10
3=17=26 21 20
4-19-26 22 30 36 32 35
5-13=26 32 25 24 40 28 32
6=-19-26 24 30 18 26 30 30
7-19-26 23 19 21 22 23 25 25 23
8=31-26 19 19 19 19 26 26 19 18
9-27-26 18 33 25 25 28 19 29 25
10-29-26 22 30 30 40 40 40 45 40

12-6-26 45 40 30 40 30 40 35 50 38

1-8-27 48 33 40 33 27 47 24 34 45 30
2-7-27 50 38 35 556 40 32 35 40 60 25
3-8=27 35 40 28 45 50 35 30 40 45 256
4-6-27 28 30 26 35 3b 30 24 30 30 22
b=-7-27 26 22 26 28 25 32 23 30 18 30
6-7-27 26 21 24 20 2b 26 28 20 24 28
7-15-27 28 18 15 23 28 28 18 22 22 24
8-22-27 17 13 22 22 18 20 20 25 23 25
10-11-27 31 19 29 25 23 27 18 23 35 25
12-1-27 35 32 31 33 26 40 28 35 456 30
1-17-28 35 32 25 30 35 30 18 30 36 30
2-15-28 20 15 25 25 28 18 20 26 28 2b
8-10-28 19 14 14 14 24 19 18 12 16 21
9-~21-28 15 14 16 10 =24 22 9 12 19 22
10-16-28 26 20 23 26 25 33 26 19 27 20
11-14-28 29 20 20 32 29 31 29 29 29 28
12-12-28 26 22 22 26 28 33 2b 26 37 24
1-23-29 24 25 23 25 25 27 256 29 29 27
2=-20-29 20 22 20 25 27 22 28 23 20 26
3-20-29 18 22 24 22 27 24 24 21 23 23
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Double Thickness of Ilide in Milimeters

Lot I C OS OI\:.

Lot II L.O.ki.

Date G-1 G-3 G-5 G-7 G-9 G-2 G-4 G-6 G-8 G-10
3=17-26 4.3 74

4-19-26 5 4 7 5 4

5=13-26 6 4 5.5 7 5 4

6-19-26 6 6 b5 8 6 5

7-19-26 8 7 & 4 9 8 5 4

8=-21=-26 8 7T 6 4 9 9 6 4

9=-27-26 9 7" 4 9 7 6 4
1829-26 9 O { 5 11 8 5 6

12-6-26 10 8 8 6 4 10 10 7 6

1=-8-27 9 8 9 6 5 11 9 7 8 4
2=7=27 11 9 8 6 6 11 10 8 7 5
3=-8=2"7 11 9 9 7 6 11 10 9 9 5
4-6-27 12 9 9 7 6 12 10 10 8 6
5-7=27 11 10 11 8 8 13 11 11 10 6
6=7=27 11 7 10 8 7 11 9 10 11 6
7=15-27 12 11 10 10 11 12 10 12 13 8
8=22-27 11 10 11 10 10 13 11 9 156 8
10-11-27 12 12 13 11 9 13 12 13 13 10
12-1-27 12 11 10 11 11 12 11 9 14 11
1-7=28 12 10 10 10 11 12 10 10 11 9
R=15-28 11 10 10 11 10 11 9 11 12 11
8-10-28 9.8 9.5 9 9.5 11,8 10,5611 11 13.5 10.5
9-21-28 12 10,5 10.7 84,5 12 11,5 11.2 10,2 12 11
10-16-28 10.5 10.5 9,5 10,5 11 10 11,5 10.5 13.56 10
11-14-28 11,6 10 10 11 1 1065 11,5 11,56 13,5 10
12-12-28 12 9 10.6 10 10,6 10 1145 11.5 1346 846
1=-23-29 11 10 9 10 96 10 10 11,5 11 11
2=20=29 11 9 8 10 10 10,6 10 11 13 11
3=20-~29 10,5 10 9 9.6 11 9,5 10,6 10 11 10.56






TASLE LV

Loosensss and Pliability of Hide

Iot II L.OJM.

Iot I C.S.M,

G=10

G=7 G-9

-5

G-1

Date

S=12-26 FL & P
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TABLE XLVI

Condition of Flesh

Lot IT L.0.:,

G-2 G-4 G-6 G-8 G-10

@) S o
GGGGFGGGGFFGFGGGGGGGGF

&)
SOV OORDBEHODDBSBSVBSHBDBB G

&
DS BTOFSBLSHDBBLBBBSBBBBB O

& &
GGGGGFGGFGFGGGGGGGGGGGFFFFFGGG

(&) O SS
DOV UERODODHORMODODDODBDURDDBOEPOBOSOD K

Lot I CeSelie

G-l G-3 G-5 G-7 G-9

Date

(&) (&)
BABOBOD O Ry ey g O o D O Pey By By oy By By
4] (&)
CCHHODVLVBVLVOHODDBIODOHODBDBO >
(LRI LE LR AT LN LRGN L EL R CROR RO LN LG CROR LN CR N <
(&)
FEOCODOSOROGDODROFVDODDBOOOHODODOOHRSOODO KKK

(&) Ay &
FHOODBDODODHOSOFRODFHDDOBVUSODD OO OO KO EE K

3=17=26
4-19«26
5-13-26
6-19-26
7-19-26
8-13-26
9-27-26
10-29=26
12-6-26
1-8=27
2=T7=27
38=27
4-6=-27
5=~7=27
6=-7-27
7-15-27
8=~22=27
10-11-27
12-1-27
1-17-28
2-15~-28
4-20-28
5-10-28
8-10-28
9-81-~28
10-11-28
11-14-28
12-12-28
1-23-29
2=-20-~29
3-20-29

V - Very

F- Fairly G- Good

P « Poor
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Showing Apparatus used to determine
Consistency of Feces

Plate II

Showing operation of Determining
Consistency of Feces.
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G-1 and calf at first calving.
Principal source of Protein - Cottonseed leal

PLATE IV
: 60 80 100 120 140, 160 180 220 240

G-1 at 43 months of agee This znimel consumed
an average of 7.1 pounds daily of cottonseed
meal during first lactation.

260 280
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PLATE V

G-2 and czlf at first calving. Prinecipal
source of Protein, Linseed oil meal.

PLATE VI

L 20 40 60 80 100 120

g
=

- ;

L[]
’F

G-2 and calf at second calving.
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PLATE VII
:7 20 "k 60 104 120 140 160 =
i~ & fl

G=3 and calf at first calving. Principal

source of Protein, Cottonseed lleal

PLATE VIII

G-3 and calf at second calving time.
Consumed an average of 7.4 pounds of
Cottonseecd lMeal during the first lactation.
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PLATE IX ¥

G-4 and calf at first ealving. Principal
source of Protein, Linseed 0il Neal

PLATE X

G-4 and calf at second calving.
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PLATE XI

5 = >
by '
180 —
E : r‘ -
=
- 4
.
p1120

]

G=-5 and celf at first calvinge Principal
source of Protein, Cottonseed lieal

PLATE XII

20 40 60 80 _10C 120 140 6w

140

20

B
i

100§

. %0 S R e

G-5 at second calving. Consumed an average
0f 73 pounds of Cottonseed lleal during
first lactation.
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PLATE XIII

80 100 & 260

G-6 and czlf at first calvinge Principal
source of Protein, Linseed 0il Meal.

G-6 at 38 months of age.- Has not calved
second time.
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PLATE XV

220

=y

G-7 and calf at first calving. DPrincipal
source of Protein, Cottonsecd lleal.

PLATE XVI
0 0 100,120 10 Y gd 25 o 240 . 24
fit .
|
2 .8
o o S
x|

G=7 at 37 months of age. Has not calved
second time.
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PLATE XVII #

. »- A'_‘_ - 00 12 149, 220 240 260
160 :
140 1= = oL
< ~ e
it

’
e

G-8 and calf at first calving. Principal
source of Protein, Linsced 0il Meal

PLATE XVIII

G-8 at 37 months of age. Has not calved
second times



G-9 and calf at first calving. Principal
source of Protein, Cottonseed lieal.

A

G-9 at 33 months of age. Has not calved
second time.
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G-10 and calf at first calving.
source of Protein, Linseed 0il lleal.

PLATE XXII

Has not calved

G-10 at 32 months of agee

second time.
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PLATE XXIII
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G-11 or G-1 's first celf (female) at
3 months of age.

PLATE XXIV
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G-11 at 15 months of ages -Principal source
of protein, Cottonseod leal.
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PLATE XXV -

G-12 or G-2's first calf (female) at
3 months of agee
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G-12 at 15 months of age. 2Principal
source of Protein, Linseed oil lieal.



G-3's first calf (male) at 3 months of age.
PLATE XVIII

G-4's first calf (male) at 3 months of age.




- 222 -

PLATE XXIX
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G-13 or G+5's first calf (female) at 3 months
of age.

PLATE XXX

G-13 at 15 monihs of age. Principal
source of Protein, Cottonseed lleal
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PLATE XXXI -
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G-14 or G-6's first calf (female) at 3
months of ages.

PLATE XXXII
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G-15 or G=7's first calf (female) at 3
months of age.



PLATE XXXIIT

G-8's first calf (male) at 3 months of age.

PLATE 2OXIV

G-16 or G-10's first calf at 3 months of age.
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PLATE XXXV

G-17 or G-3's second calf at 3 months of age.
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