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1.

INTRODUCTION

Until recent years, cottonseed meal was the most importent vegetable pro-
tein supplement used in livestock feeding. During the last two deeades soybean
producte have become more and more importent for this purpose until today they
seriously rival the cottonseed producte and even some of the well-knoun protein
supplements of animal origin.

The first eottonseed oil produced in America was experimentally extracted
in 1768 (Mscy, 1921). The British Government offered prizes for oll and cake
production in the British West Indies in 1783 and the South Carolina Agricul-
tural Soeclety offered similar prigzes in 1785. A patent for a cottonseed oil ex-
tracting process was granted to C. Whiting in 1799 and a small amount of cotbton-
seed was erushed by Benjamin Waring of Columbia, South Carolina in 1802. A
patent was issued in 1819 covering the use of cotionseed cake as cattle feed
(Macy, 1921). A small smount of cake was evidently being fed to eatile by
1829, but Bailey (1948) quotes figures that show that as late as 1890 a very
large part of the cottonseed cake produced was used as fertiliser, It wes well
established as a livestock feed by World War I and has continued to the present
to be a source of income to the cotton producer as well as a good source of pro-
tein for the livestock feeder.

The soybean is one of the oldest crops known to man but is relatively new
to Ameriecan agriculture. Markley (1944) quotes Morse and Cartter as stating
that a reference to soybean is found in & Chinese manuseript written in 2838 B.C.
Evidently China is the original home of the soybean but it has migrated to
practically every country in the world. There has beem much interest in its
production in Burope and the Oriemt for human food but in the United States
most of the soybean products have been used industrially and as livestock feed.

The first soybeans to be processed for the oll and meal were imported
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LITERATURE REVIEW

Soms trouble was experienced when cottonsesl products were first used as
livestock feeds. Macy (1921) quotes Voelker as observing injurious effects
from cothtonseed meel in 1859 and the same author gives Kmhlman credit for the
discovery of a toxic yellow dye in cottonseed. This dye was crystalliszed by
Marcklowskl in 1499 and was named "gossypol" by hinm,

Osborns and Mendel (1917) found eottonseed kernels to be toxle to rats.
The toxic substance could be extracted by ether. Stean treatment of kernels
destroyed the texie effects. Wide wariations in the walue of the product due
to variations in the length of the heating period were noted, Gallup (1928)
reported that 1 per cent of gossypol in the ration was fatal to rats, Cock-
ing destroyed the toxic properties of the meals bub auboslaving elther seeds
or meals lowersd the digestibility. Robison, at the Ohio station destroyed the
taxic factor in cottonseed mesl by codking with stean under 14 pounds jwressure
for one hour, Feeding the mesl with 2 per cent of iron sulfate or feeding the
meal with tankage would prevemt death lossos In swine (1939, 1948). At the
same ststion Gerlaugh (1940) found no differcnces in gain of steer calves fed
eottonseed meal with iron salts in contrast to similer enimals fod the meal
without the salts.

Lyman, gt al (1944) develcped & heat processing method that produced
cottonsesd meal eontaining only 0,02 per eent free gossypol, as determined by
a colorimetric test. This meal was non-boxic to guinea pigs and geve good re-
sults when fed in a fatbening ration o hogs for 90 days.

Heat Treatmont

The effect of heat trestment on soybean meals has stimilated research in
several laeboratories. This work became espeeially important as soon as solvent
extracted meal appeared on the market in large quantities. Studies were made
on solvent process meals and on hydraulie and expeller process msals, and the



effect of various heat tbeatments on each of these meals was noted.

Osborne and Mendel (1917) found that when raw soybeans were fed to rats they
were unpalatable and would not support normal growth. The meal was not improved
by cooking in dry heat but cocking in a steam bath for four hours produced a
meal that supported good growth. A sample of commercially processed meal pro-
duced results that were practically identical to those of the autoclaved meal.

Wilgus, gk al (1936) reported thet no significant differences existed be-
tween meals produced by the three different processes but that the amount of
heating each meal was subjected to affected its nutritive value. The most effi-
clent meals were produced by heating expeller meals at 140 to 150 degrees C., and
hydraulic meals at 105 degrees C. The usual commercial practice of heating sol-
vent meals for 15 minutes at 82 degrees C., also produced a satisfactory product.
Haywerd and co-workers (1936) found that meals manufactured by all three pro=
cesses gave good growth if treated with heat at high temperatures. Ground soy-
beans or low temperature reals gave poor growbth when fed to rats even though
they seemed palatable and were consumed in large amounts, Mitchell and Beadles
(1937) heated soybeans for ome hour under 15 pounds of stean pressure and raised
the coefficient of digestibility of protein from 78 to 83 and the biologleal
value from 49 to 67 when fed to rats. They concluded that heating the beans made
eystine more available to the animal's digestive system. Johnson and co-workers
(1939) used several solvents in exbtracting soybean oil meal. Nonme of the solvents
seemed to affect the nutritive value of the meal. When meals were autoclaved
rwlqmmlsoawc.,wwwmmdﬁmmma
greater percentage of the sulfur in the meal was retained by the rat after it
was digested. Bird and Burkhardt heated meals produced by all three processes.
Hydraulic meals could not be improved by heating but expeller and solvent meals
showed response to various amounts of heat. All of the meals could be over-
heated and such overheating decrsased the mutritive value. They advised heating
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at 20 pounds pressure for 2-1/2 mimutes far poultry feeding and further stated
that the nutritive walue could be decreased by & temperature of 128 degrees C.,
bub not by a temperature of 104 degrees C. In two experiments with lambs,
Miller and Morrison (1944) found the protein in raw soybesns to be 91 per cenmt
as digestible as the protein in either hested or unheated solvent processed soy-—
bean oil meal, The solvent meals had biologleal values of 62 and 63, the heabed
meal having the higher valus,

Caskey and Knapp (1944) developed a method of deteeting insdequately heated
meals that depended on a test for the presence of urease in the meal, Bird and
Burkhardt confirmed the valus of the test bubt found it to be ineffective in
detecting overheating,

Hayward and Hafmer (1941) conducted a series of parallsl experiments with
chicks and rats, using raw and autoclaved beans, They eoncluded that heating the
beans affected the digestibility of the sulfur-eontaining amino scids and that
adding 0.3 per cent cystine or 0.3 per cent methionine to raw beans gave as
good results as auboelaving, The effect of adding methionine was greater than
that of adding systine, Auboolaved beans were better ubilised with either animo
aeid added than were the raw beans with both amino acids added. The conclusions
were that raw soybeans eontain a sub-optimal quantity of methionine and a defi-
ciency of eystine. Evans and MeGinnds (1946) advised autoclaving meals at 100,
110 ar 120 degrees C. for optimm results in poultry feeding. They found the
methionine and eystine in the meal less avallable if heated over 120 degrees C.
Adding 0.2 per cent methionine to raw meal gave approximately the same results
as heated meal, Similar response was observed in the chicks fed the raw meal
and in those fed overheated meal. In a later test (1947) these workers cone
Tirmed their previous results and also reported a high correlation between in
Yitro digestion of the meals by a selution of trypsin and erepsin and the actual
digestion of the meals by the chisk, Frits and co-workers (1947) fed turkey
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to the meal before autelaving gave even more complete destruction of lysine.

Evidence of additional facters being involved was presented by Patton
and co-workers (1946). The addition of 1.20 per cent Di-methionine to a
ration of corn and heated solvent soybean oll meal did not glve as good growbh
in chicks as adding a small amount of fish meal to the dist. The conclusion
drawvn was that some obther factor was needed to give good growbth on a corn-soy-
bean oll meal ration and that the need of this factor might be a peculiarity of
this diet only.

4 trypsin inhibiting subsbence was extracted from raw soybeans by Bowman
(1944) end Han and Sandstedt (1945). It was derived from aqueous extracts of
mmwammmagwm It was found to be inactivated by
treatment with 45 per cent alechol, or by sutoelaving either the meal of the
extract, Klose, Hill and Fewold (1946) reported the extraction from raw soy-
~ beans of a substance that retarded the growth of rats. It was assumed by Ham
and Sendstedt that the trypsin inhibitor was also a growth inhibitor. Ham,
Sandstedt and Mussehl (1945) conducted an experiment with young chlcks that ex—
tended over a 15 day period. They found the trypsin inhibiting extract re-
tarded ehick growth when added to a ration eontaining protein from either
animal or vegetable sources, but that a ration eontaining soybean oil meal was
affected more than a ration with protein from animal sourees. These Nebraska
workers suggested that the inhibitor made methlonine less awvailable to the chick.

Kunitz (1945) erystallized the trypsin inhibitor aud showed that it was of
a protein nature, It was soluble in dilute acid, dilute alkall and in a salb
solution,

MoGinnis and Menzmies (1946) discovered that digesting raw soybean flakes
with papein for 14 hours at 37 degrees C., gave as good growth as autoclaving
the flakes 30 minutes at 120 degrees C. When the flakes were both autoclaved
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and digested with papain chicks gained slightly faster. They concluded that
either autoelaving or digesting with papain was effective in inaetivating the
Two Indian investigators, Desilkachar and De (1947) conducted an experiment
comparing papain digested meal with an undigested control. They could find no
significant differences between the two and coneluded that all proteins in the
meal were affected by the trypsin inhibiter, not just the methionine containing
fractions. It was also concluded that other substances in raw soybeans besides
(1948). He prepared a highly purified solution of the trypsin inhibitor from
soybesn flakes digested with papain and a similar solublon was precipitebed
from the undigested soybean extract with acetone. The acetone solution inhibited
chiek growth while papain solution did not. Gerry, gb al (1948) also reported
a growth inhibiting substance present in unheated soybean oil meal fed to chicks,
They stated that the addition of Dl~methionine to the ration gave only slightly
greater growth and that females were affected more by the factor than were males.
Borchers, Ackerson and Sandstedt (1948) reported that the trypsin inhibitor
did not compete with trypsin for the subsirate bul rather that the inhibitor
neutralized the trypsin. Autoelaving for 30 minutes at 15 pounds pressure des-
troyed the inhibitor. The urease test of Caskey and Knapp, previcusly mentioned,
was found to be ineffective in detecting the loss of action by the inhibitar,
as 45 per cent of the inhibitor remained after the meal gave a negative urease
test. Borchers, Ackerson and Mussehl (1948) got adverse results from meal
autoclaved /4 mimites as advised by Clandanin and stated that meal should be
autoclaved at least 20 mimutes at 15 pounds pressure if the trypsin inhibitor
is to be inactivated. They suggested a test for the presence of the inhibitor
as a means of detecting inadequately heated meal. They explained the difference
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per cent dieb.

Other workers have failed to find any differences in diets of varying fat
content, Kammlade and Mackey (1925) conducted two three-momth experiments in
different years on fattening lambs comparing ground soybeans, whole soybeans,
cottonseed meal, pressure process soybean oll meal and linseed meal as protein
supplenents, The dally gain in all Jois over both years varied from 0.2 lb,,
t0 0426 1b. In fattening steer tests, over a tlwee-ysar period, whole soybeans,
(Skinner and King, 1927). These same workers reported later that steers fed
cobtonseed meal slightly outgained those fed whole soybesns (1929). Momroe and
Krauss (1940) fed dairy cows rations with fat verying from 2.8 per cent to 9
per cent of the ration, No differemces in elther milk or butterfat production
were observed due to fab conbent in any of the rations., Schubert and Wells
(1940) replaced solvent extracted soybean oil meel with ground soybeans in a
dairy ration, The original ration contained l.3 per cent fat and the experi-
‘mental one 475 per cent fat, No change was noted in milk fat content or in
the total production of milk after ome month on the experimental ration, Davis
and Upp (1941) conducted a series of experiments with growing chicks and laying
hens on diets free from fat and the same rations with graded amounts of fat
added. Slower growth resulted from the fat-free ration bub at maturity all
the birds were the same weight. Egg production was uniformly high on all diets,
fat free as well as those with fat, but low hatechability was reported for all lots.
Russell, Taylor and Walker (1941) reported lowered production and loss in body
welght of hens on a low fat ration. ; '-

Caleium and Phosphorous Conbent

Protein supplements may be good sources of minerals in animal mutrition.
Morrison (1948) gives the average calclum content of soybean oil mesal as 0429
per cent and that of cottonseed meal as 0.20 per cent. OCottonseed meals are
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mich richer in phosphorous as they average l.0 per cent as compared to an aver-
age of 0,66 per cent for sqybean meals, As most of the phosphorous is in the
farn of phytin, Spitser end Phillipe (1945, 1945a) fed seworal rats dists high
in soybean oil meal to mee if the phytin phosphorous in the meal could be
utilized, They reported that the phosphorous was readily awmilable for growth
and that methods of preparation or heating the meal did not affect the avalla-
bility of the phosphoarous.
Solvent Versus Pressure Process lMeals

Since solvent processed soybean oil meal and solvent procsssed cobionseed
neal have become comercially awilab,e numerous workers have canducted expari-
ments to compare the relative feeding wiluss of solvent and prussure process meals.
Obher workers have compared cottonseed meals with the saybean meals.

Hale, (1930) found that cobbonseed meal could be used to supply as mich
as 9 por ocent of the probain in swine rations, but that such a ration did not
give as good gning as one in vhich tankage was the sole protein supplement.
Robison (1934) found that cottenseed meal could supply 10.5 per cont of the
protein in swine rations without 111 effects. This same author (1939) reperted
that pigs fed expeller cottonseed meal reached mariet weight 71 days earlier
than similar animals fed hydraulic cottonseed moal. The mortality rate was
also much lower in the expelier meal fed group. Robison (19438) reported good
gains from swine fod on solwent process meal but stated soybean meal was super—
ior unless iron sulfate was used to supplement the cottonseed meal. There were
no deatha due to feeding the solvent meal,

Garrigus and co-workers (1946) conducted digestion trials with steers and
laxbs fod solvent and hydraulic cottonseed meals. No significant differences
betusen the two meals were noted; both were palateble and gave efficlent gains
at the lewels fed.
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Robisen (1930, 1941) found both expeller and hydraulie process soybean oil
meals supericr to either raw or heated solvent ;rocess soybean oil meals as
supplenents in meins fabtening rations, Hydreulis prossssed meal gave somewhad
faster gains than expeller meal. In two feeding trials, Dohstedt, Fargo and
Hayward (1935) reported results with hogs thet were similar to thoss of Robisen,
using meals from all thwee jrocesses. Vestal and Shrewsbury (1937) did not
canfirm these resulis as they found solvent meal to give faster and more effi~
clent gains than expeller meal when fod o hogs. Ihe expeller msal appeared o
be more pulateble when fod to awine.

Rusk and Smapp (1937) reparbed that beef calves made nore efficient gains
oo solvent meal but that expellor meal was more palatable. The calves made
equal gains for the different meals,

Various workers have tested soybean meal against cobtamseed meal in live
stock rations. Hoss anxl co-workers at the Gclahona station found soybean pellets
a more effective supplement than cottonseed cake in winter rations for steers
(3947). Haywang (1947) at Arisona, compared solvent cottamseed meal, hydreu~
lic cottonsoed meal, and expeller soybean meal as the main protein supple-
ments in poultry laying rations. The rations also cantained either 3.7 per cent
£izh moal ar 4.5 per cent meat scrap, Hyiraulis cotbtonseed meal gave slightly
higher ogg yrodustion but results fron all three rations were very similar,
Cox (1948) at Kansas, reported an experiment with lambs using a ration of corn,
alfalfs hay and Atlas allage, Three lots of 30 lambs were redivided into three
mdhlﬂuﬁ.ﬁamvmthﬁ-ﬂ. Goe group of
each 1ot was fod ame of the supplements %o be tested. Cobbtonsced meal, solvent
process saybean oll meal and expeller process soybean oil meal were the supple-
ments used. The average daily gain for all lots was 0433 1be, 0435 1bs, end
0,36 Ib., in the arder named. Cox (1949) reported some trouble in keeping the
lambs on the soybean meals "en feed®. Briggs, Gallup and Darlow (1946) fed soy-



130

bean oil meal, cotionseed meal and peanut meal to steers and reported that the
nitrogen storage from all three meals was approximately equal. The digestion
coefficient for the nitrogen of the cottonseed meal was 89.2 and that for the
soybean meal was 91.3. Briggs and associates (1946) fed the same supplements to
eight lambs and got substantially the same resulis as in the steer experiment.
Briggs, Gallup end Hatfield (1948, 1949) conducted digestibility experiments with
steers comparing four meals, solvent and hydreulic cottonseed meals and solvent
and expeller soybean oil meals. They reported that soybean meals gave higher
apparent protein digestibility than eottonseed meals but that the emount of
nitrogen stared from all rations was very nearly the same, All meals were
palatable at the levels fed.



1. To deboraine the relative walue of hydraulic and solvenmb process
cobhonseed meal as o supplenent to nodntenance and fetioning ratlons for

2« 7o debermine the relative wolue of oxpeller and sclvent process

&z

soybean oil weal os o supplenent bo mainbenunce zad fatbening rabious for

-

3¢ o dotornine the relative walue of goybsan oll meal and colionoosd

& o

meal ag the proboin supplement in malndenanes and fobboning retlms for



15.

Two experiments were conducted in making this study, The same lambs were
used in both experiments and the chemlcal analyses of feeds, urine and feces
were made in the same way for both experiments. The experiments differed only
in the rations fed and in the metabolism cages used. The first or maintenance
experiment, was conducted in the swmer of 1948 and consisted of trials 1 through
8. The second or fattening experiment was conducted along similar lines execept
for the addition of corn to the rations and the use of a newer type metaboliam
stall developed at the Oklahoma Station, This experiment ineluded all trials
from 9 through 18 and was conducted in the winter and spring of 1948-1949.

Eight crossbred wether lambs of similar type and weight were used for these
experiments, The animals averaged approximetely 58 pounds each at the start of
the first experiment. In this experiment each lamb was put on a preliminavy
feeding period while confined in a small pen without access to any feed other
than the experimental ration. At the end of this period each lamb was trans—
ferred to a metabolism cage. The cage used was of the false bottom type de-
seribed by FParbes (1915) but was slightly modified to accommodate sheep instead
of swine. The cage had a coarse wire mesh bobtom with a removable sereen of
finer mesh directly underneath to receive the feces. The urine went through
both sereens into the funnel at the bottom of the cage, where it drained oubt inbo
a large wide nmouthed glass conbainer of two liter capacitys. The urine and feces
were collected daily over the ten-day collection period. Each lamb was changed
to a different ration as soon as it came off a collection period, so that each
lamb would reeeive each of the four rations abt some time during the experiment.
Bach lamb was welghed at the beglmming and end of each trial.

The lambs were handled in exactly the same mexmer during the second experiment
except for the use of the new type metabolism stalls for colleetions. These
stalls were of the type developed by Briggs and Gallup (1949) and were for two
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lanbs. The stall, with stanchion ab one end, was wide enough for the lamb to lle
down comfortebly but narrow enough to eliminate umecessary motion. The urine
was collested by means of a large (12 ineh) funnel that was fastened under a
coarse screen wire sectlon of the stall floor. From the fumnel the urine drained
into a two liter glass container. In this new type stall the feces were collected
in a metal gutter-box fastened to the rear of and flush with the floor of the
gtall, The gubber-bex could be easily removed for cleaning, Since the stanchions
in the stalls could be moved either forward or backward to aceammodate lambs of
different sizes, the urine and feces losses were held so low as to be considered
negligible.

In both experiments the lambs were fed twice daily. One half of the daily
ration was fed in the morning and one half in the evening., During the first
experiment the lambs had fresh water bafore them in the cages at all times. In
the second experiment all lambs were watered at least twice dally while in the
eages and had fresh water before them at all times during the preliminary
feeding period.
| Before the start of eaech experiment, all feeds to be used were secured,
thoroughly mixed and enough set aalde for the entire experiment. The prairie
hay used in both experiments was from the same lot. It was chopped and thor-
oughly mixed before the cxperiment started. The corn used in the second experi-
ment was purchased locally and coarsely ground (eracked). Due to an error in’
caleulation, the corn was consumed before the end of the second experiment bub
it was replaced with similar grain for the last four trials. The same protein
supplements were used in both experiments and these were analyzed at the start
of each experiment and were checkod thereafter. A composite sample of the prairie
bay was obtained for chemical analysis by taking a small sample of hay from each
feeding during a trial and combining the samples at the end of the trial, All
foed was stored in a dry place during the emtire study.
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baining soybean meel, This equalized the
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meal vebtions to tho sams level ag thab

neals. sse roblons wero also supplomented with salb. In trdals © Ev wrough 13
epch len® receiwved dally 14 prans of lodized salt and 7 grams of Cla(.eOg Laeh
lawb also received 300 I.U. of vitumia U dadly in Ghe form of 0,75 grain of ool
liver oll.

“The uwrine and feceg woere collecved daily. The urine was thovroughly nixed
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feces sample was obbained in the save vay. The wrino sauple wes kepo slishily
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M.AJP. Buildd Ivorydale, Gineinnebl, Ohio.
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swpevyvision of De, W, B Gallup., Duplicste

samples were usel  in all determinsdions and the proxiants apalyses wero made
as speeifisd b the A.0.4,0.« (1940). Hitrogen doherminabions were mede by bhe
Kjeldahl method., ALl daba wore trested stabistlicenlly by the svalyasic of

yerisnce method deseribed by Snedecor {(1945).
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GBEPERTMENT 80O, 1

Thic exporinent was designed o compare the two cobtongeed meals with
each obhsr and with bthe tuo soybean meals vhen used as the paln protein supplo-
monte in maintenance roblong for lambs. The exwperiment exbended from July 18,
1948 until Hovember 3, 1948. This poriod wes the tims from the beglnming of
the first collechblon periocd until the ond of the last collection peried in the
experiment. 4 fev days were taken ab the begianing of the oxporiment to lob

vhe lamba becoumo sscustomed 4o the rationg, bub these were not ineluded in the

s

tize guoted.

The praivie hay used was of good qualiby, 2 lighdt green color and of unle
fornly lou wrobein conbenbt. It had boon sbored in a dry, well ventilated place
for at least one yeor and the molsbture counbent of the hay was probably at a
adnimut, The hoy wes chopped and thoroushly mized several times before the
experinent sbarted. Ib was stored as before im a well ventilated dry plsce.

411 rations fed and all materisl exereted {fecss and urine) were choid ‘-ﬂ«?ﬁly‘
analyzed, From the figuves oblzined, the apparsut coefficient of dipestibility
for ebher extracht {(fat), protein, fiber, nitroges free extract and organic
mebtor were detormined for sach lomb on esch robion., Bach lawb's retendicn of
nitropen from each ration {fod was also conpubed. The amount of nitrogen re~
bained and the sppavent cocfficient of digestibility for probeln in each ration
wero the stopndards by whieh bhe ndtropon ubilization of the rabions wero judged.
The rabions fed arve presented in wable 1 and the chexical sorpoaition of the
foeds is given in taoble 2. Approxinately 00 psr cent of the nibreogen inlele

from e:uch vobion was furnished by the protein supplenent.



TABLE 1. Deily Allowance of Feeds used in Digestion and Nitrogen Utilizatien

Ration Ration Ration Ration
Foed R FT T (A 2D
Prairie 92.89 572 572 o7 51
cotbonseed maal 92.77 84
Solvent ea&twno:ﬂ:d glzlg. 87 N
sﬁmt 8 meal 92,29 67
TABIE 2

Food
Prairie hay 1 3.91 2.55 33.04 52.53
£ " 2 3.91 2.55 33.0,  52.59
. " 3 404 : 31.93 53.87
pL Y % 3.96 2,56 333,  52.88
. . 5 .00 2,47 .51 52,00
. ow é 4,08 2.82 32,18 53,90
£ ®» 7 4e04 240 3,91 50,88
Nl sebsanset apid o Pric 637 7 35
Cc . . . .
Solvent cottonssad moal 18 43.33 3.0 L %%
Mm’ odl meal 18 53.27 0.7 5.02 33

4
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This experinent was desizned to debtermine the relative value of the tue
cotbonseed menls and the two soybean oil meals when used as probedn supnle-

ot

E’

3 in 2 coomonly used lou probein fabtbening ration for lambsz, ALL protein
meals uged in this experiment wore Iron the samg lots as the meals uge’ in
the Tirst aamzefimci ihe Uiffereonces in chenleal anelyses were snsll. The meals

wore added do the valtiong aecording Lo Lthe protedin conbont ond enough of each

meal was used in the reblon te forndsh approximatsly & per cent of the tobtal niiro-

gen intake of the raotion. This wog also ths caese in the first or malnbeonance

experiment except for the lorger poreentage of probein furnished by the meals i

15

that superiment.

The hay fed in thic emperiment wag from the same lob =s that used im the
painbenance exporiment and was hendled la ewactly the sane way before and dure
ing the eoxperiment as the hay used in the carlisr exneriment,

The experiment exbendsd frow Decembor 23, 1948 until April 9, 1949. Thess
dates were arrived ab in tho same way as in dho Uz*wmi: m«:perim@nf‘a and tins

takon Yo accusbon the lambe to the roblons was nob Included in the experisental

The same evcefficlents of digestibility were couputed ag in the fivsh
experinent sud tho same criberia of nitropen utilizetion were use’ as before
The rations fed srs given in dable 3 and the chewicnl couposibion of the rabion

consbituents is mresentad In tabl. 4.



TABIZE 3. Daily Allowance of Feeds Used in Digestion and Nitrogen Utilisation
Studies fox lembs in Exveriment 2.

L e
&

Hydraulic cottonseed meal
Solvent cottonseed meal

Expeller soybean oil meal
Solvent soybean oil meal

Chemical Composition of Dry Matter (Percent)
Fiber

AR AR N AT TSI SO o

Erotein Fak, NS o -
5.02 274 34..07 51.21 93.04
5442 287 34434 50.17 92.80
5.10 247 35453 50.33 93443
5412 2.46 36,01 49448 93.07
5.35 2.75 31,06 54,401 93.17
5.03 247 33.77 52.47 93.34
5.30 2484 34.58 50.51 93.23
5.7 2.95 34406 50424 92.99
5.74 2.95 34406 50424 92.99
5.60 2.95 32.76 51.60 92,91

10.47 2476 1.87 83442 98.52
9.65 5.02 2.03 81.71 98,41
9.9 4,461 1.86 81.93 98.34

4546 5495 8.08 33.82 93.31

430?6 2088 12.02 %.45 93011

51426 4e97 546 31.58 93.27

54,496 0.47 5.05 32.70 93.18

<4



RESULTS AND DISCUSSION

The coefficients of digestibility for crude protein in the rations cone
taining the soybean oil meals averaged much higher in both experiments than did
the corresponding coefficients of the rations supplemented by the cottonseed
meals, This is shown in tsble 5. The soybean oil meal ratioms CC and DD had
coefficients of 61.0 and 6l.4, while the cotbonseed meal rations AA and BB
had coefficients of 54.6 and 54.3 In the second experiment the coefficients
for the soybean oil meal rations GG and HH were 69.2 and 68.0, while the figures
mmmmmmumnmnﬁmweaa.mwm
vas highly significent (at the 1 per cent level) in the first experiment and
significent (at the 5 per cent level) in the second experiment.

The digestibility coefficient for ether extract was much higher for the
press extracted soybean oil meal ration than for the solvent extracted soybean
oll meal ration., A difference also existed between the hydresulic process and
solvent process cotionseed meals but it was much less than waes the case with
the soybean oll meal rations. The solvent process soybean oll meal ration had
a lower coefficient than any of the other ratioms. This was true in both ex~
periments. In the first experiment the coefficlents of digestibility of ether
extract of rations AA and BB averaged 57.9 and 50.0, whils the sams figures for
rations CC and DD were 51.9 and 41.6, These differences were highly significant.
The same coefficlents for the rations fed in the second experiment were 78.5
and 75.6 for rations EE and FF respectively and 74.8 and 73.0 for rations GG
and HH, These differences were not significant.

Crude fiber had a lower average digestion coefficient in the second experi-
ment than in the first. The digestion coefficients for erude protein, ether
extract, nitrogen free extract and organic matter were all higher in the second
experiment (rations EE, FF, GG and HH) than in the first(rations AA, BB, CC and



TABIE 5. The Average Appercnt ion Coefficients of Nutrients and the Total Digestible
Content of Bach Ratlon Fed Lauba.

Solvent soybean oil meal 63.0 73.0 6.2 86.4 80.8



25.

DD). The computed total digestible mutrient values (TDN) of all rations in the
second experiment were much higher than the corresponding values in the first
experiment. Although differences among rations in both experiments existed,

the only significant differences found were those that have already been stated
for crude protein and ether extract.

The data on the nitrogen retention of the different rations containing each
of the four meals are presented in tables 6 and 7. All data from the mainten-
ance rations are in table 6, while table 7 contains the data computed fram the
results of the fattening rations. The data given for each lamb are the averages
camputed from the composition of the ration, urine and feces over the ten day
collection period.

The nitrogen content of the different rations varied slightly but these
differences were not important because of the small amount of the total inbake
that they represented. There were rather wide variations in the percentages of
nitrogen retained from the four rations in the first experiment but these differ-
ences were not significant. There was very little wvariation in the percentages
of nitrogen retained fran the rations in the second experiment and these differ-
ences were nob significant. The amount of nitrogen retained fram the solvent
meal rations was slightly larger in all cases than the amount from the pressure
process meals,

There was no evidence of harmful effects due to feeding any of the meals
in either experiment.

Only two of the lambs failed to gain weight in the maintemanse experiment
and all lambs made very satisfactory gains in the fattening experiment. The
gains in welght in both experiments were given in tabls 8, ALl of the lambs ate
all of the feed offered in the first experiment but some trouble was experienced
in keeping all animals on feed during the second experiment. Some feed was
refused from all of the rations but more animals refused feed from the hydraulie



TABIE 6, The Average Daily Nitrogen Retention of the Maintenance Ratiomns for
Lanbs in Experiment I.

Ration lamy Dietary N Urinary N Fecal N BExcreted N Retained £N
. Ho. _Gu, G, G, Gz, Gu. _ Rotained
AA 135, 8.9 3.5 4.l 7.6 1.3 6

1355 9.0 3.7 3.8 7.5 1.5 o7
1356 9.1 345 3.8 73 1.8 19.8
1357 9.0 3.7 el 8.0 1.0 11,1
1358 8.9 4s0 3.9 7.9 1,0 1.2
1359 9.0 3.1 he2 7.3 1.7 18.9
1360 8.9 342 ;g ;:% 1.4 15,7
Average &g 3.7 4.0 7.7 g:; pVAVA
BB 135, 8.8 3.8 440 7.8 1.0 1.4
1355 8.8 440 4e3 8.3 0.5 57
1356 8.8 3.6 3.9 7.5 1.3 1.8
1357 8.8 3.8 bel 7.9 0.9 10.2
1358 8.9 3.2 3.6 6.8 2.1 23.6
1359 8.9 3.2 4.0 7.2 1.7 19.1
1360 8.7 25 4o 6.7 2.0 23.0
Uoo 2.8 sl 3.9 12 9.9 Jﬁ_
Average 8.8 3.5 4.0 7.5 1.3
cc 1354 849 4Le7 3.1 7.8 1.1 2.4
1355 8.9 Lok, 35 7.9 1.0 1.2
1356 8.8 ) 3.1 7.7 1.1 12,5
1357 8.9 Lo 34h 8.2 0.7 7.9
1358 8.9 4e3 3.2 7.5 14 15.7
1359 8.8 343 3.8 X1 1.7 19.3
1360 8.8 beols 346 8.0 0.8 9.1
1400 9.0 2l de3 Lol ﬁ
Average £.9 4e3 3o 7.9 13.5
DD 135, 8.7 3.6 3.2 6.8 1.9 21.8
1355 8.7 440 3.3 7.3 1.4 16.1
g 8.6 bo2 342 Td L.z 1200
35 8.6 4e5 3.5 8.0 0.6 9
B o M oM B 0B 2
= 8.8 :;.!3‘ ?L.g 6.6 2&? 25.0
Average gg' 3.9 3.3 ;:g 1.5 %-2



TABIE 7, mmwnmmammmWM
in Experiment 2.

Ration Lanb Distary N Urinary N Fecal N Excreted N Retained £ N
o, o, Lo, Ga, Gty Giie Gn, _ Robained
1355 13.4 649 6.0 12.9 0.5 3.7
1356 16,0 648 5el 11.9 4ol 25.6
1357 13.6 6.3 5.3 11,6 2,0 1L.7
1359% 15.2 7.2 4e5 11,7 3¢5 23.0
1359 15.2 8.0 L7 12,7 2.5 1644
1360 1542 36.8 gﬁ‘ 1.8 344 22,4,
Average -ﬁ:g 7:% 5¢2 12,2 ﬁ %2
¥ 1354 16,0 75 Sedy 12,9 3.1 1944
1355 1ol 5ol 6.2 11,3 3.1 2.5
1356 15.1 8.2 55 13.7 1.4 9.3
1357 15.9 649 640 12,9 3.0 18.9
1358 16,0 649 640 12,9 3.1 19.4
1359 16.1 545 549 1.2 4a? 292
u]'*ég 15.9 z.g 543 14.1 1.8 11.3
Average Jﬁﬁ 7.0 567 12.7 2.9 ﬁ
GG 1354, 15,9 7.8 lee5 12.3 3.6 22.6
1355 15.7 7.4 4T 12,1 3.6 2.9
1356 15.6 6.4, 6e2 12.6 3.0 19.2
1357 1.8 77 L8 12,5 2¢3 15.5
1358 15.6 8.8 L'l 13.5 2.1 13.5
1359 15.7 75 Sel 12,6 3.1 19,7
-'I&ug‘ 15.1 z:g 43 12.2 23 15.2
Average 15.4 7.8 ﬁ %6 ﬁ— %
HH 1354 U8 843 46 129 1.9 12.8
1355 15.9 7.8 53 13.1 2.8 17.6
1356 15.8 6.8 540 11,8 460 2543
1357 12.0 545 AN 10.1 1.9 15.8
1358 15.2 75 La2 1.7 3.5 2340
1359 15.7 844 bools 12.8 2.9 18.5
e 15.7 Vol ﬁ 12,4 ?i:i 21.0
Average 15.1 5-4 L8 12,2 249 19.2
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