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INTRODUCT ION

#ithin the last few yesrs, the production of rendered snimal fsts
within the animal industry has crested a considersble oversupply of these
products in the United States. FEstimates concerning this surplus by 1937
are in excess of l.l billion pounds (Bwell, 1953). Accordingly, the price
outlook for lard snd tsllow has been such as to arouse considerable interest
in these products ss chesp sources of energy in livestock feeds. The
caloric value of fat in the diet is approximately two and ons-fourth times
that of either carbohydrstes or protein; snd at the present market price,
lard and tsllow are deing used ss competitive sources of energy in smany
¢omnercial rations for livestock. while ruminants seem to have lsss ability
than other ferm animsls to utilize large amounts of fat from the diet, they
are generslly capable of using more than is normally present in most rations
(xorrison, 1948). This is particularly true since the swing to solvent
extraction of many of the oil mesls produced for livestock feeds.

Feed processing and handling of livestock feeds have benefited froa
the use of fats in many ways. Reduced dustiness of feeds, reduced waste,
decreased machinery wear, and increased eese of pelleting are but a few of
the advsntages, Nutritiosally speaking, several reasons in favor of the
use of stabilized animal fats in feeds have been reported, They include
incressed feed efficiensy, improved sppwarsnce snd palatsbility of the feeds,
and incresaed vitamin stability. uanv:r, the optiomm level and value of
edded fate in the rations for ruminants ’an not well established and further
work is needed. It is known that fat ie absorbed moxe slowly from the
intestine than either carbohydrates or protein, and this mey be sn {mportant



factor in the utilization of added fat in the diet.

The use of urea as a replacesent for a portion of the protein
nitrogen in rations for ruminants has been clearly demonstrated and is now
an established practice, when price allows for competition with other high
protein sources. The mode of action of ures appeare to be a synthesis of
protein from nonepretein material by the rumen mioroorganisss, and a
digestion of these organisme farther down in the digestive tract (Reid,
1953)s Research with urea as s protein sparer has been widespresd, end
its potentisl is more closely defined than is that of added fat in the
ration. Both urea and fat are being used in seme commereial feede. It
has been shown that ursa is more efficiently utilised in pretein synthesis
with starch than with sugar. The effects of high levels of fat on urea
utilization need to be determined if they are to be used together ia
ruainant feeds.

The werk reported hereinm 1s a part of a preject designed to
determine the effect of lard, urea, aoybean meal, and 1inseed meal upon
the digestibility of ratioms and nitrogen balance by lambe. Rations
testing these faetore singularly and in combinstion were employed in en
attempt tc gain a more eonplise picture of the action sf these factors upon
the digestibility of the other nutrienta in these rations. Late-cut
preirie hay waa fed as the source of roughage since its low protein content
zoquired the use of a high percentage of protein in the concentrate portion
of the ration. The measures of perforsénce were digestidility of erude
protein, ether extract, crude fiber, nitrogen-free extract, end organic
matter of the rations, and nitrogen batance of the lamsbe involved.



REVIEW OF LITERATURE

e Yalue of Adding Fat to Rymipant Rationa

In the last few years, coneiderable research on fet ss s source of
energy in retions for liveetock has been reported. This has resulted
lergely from en oversupply of lard, tesllow, end vegetable oile end thus
hes been an attempt to utilize these surplus and "inedible” products im
livestock feeds. Fet has long been considered the most concentreted scuirce
of energy in the snismal body, but it has been only within the last few
decades thet it has been resognized as being essential for narmsl growth
and development. The importance of fat in diets of humans and many
experimental animsle hes been establishad end an extensive ascumulation of
literature hes resulted in this fleld. This zeview of literature is
confined to the work with fets in the fleld of ruminant nutrition, and ®ore
particularly the effect on growth and feed utilization.

Gatils

Some of the earlier studies on the value of edding fets to rations
fer livestock were congerned with the influence of kind and amsunt of fet
in the rations for yvung deiry cslves. Extensive work reported by
Gullickson g3 gls (1939, 1942) demonstreted the effect of various animal
and vegetable fats as substitutes for butterfat. Results of the early
triele (1939) showed s superiority of bitterfat over all the fats tested,
although cslves fed raticns containing lard made nearly as rapid gaine.
The gensral appearsnce of the snisalsysicwever, wes inferior to those

recoiving butterfet. Trials concluded in 1942 tested soybean oil, corn oil,



sottonseed oil, peanut oil, lard, tallow, and butterfat. These were fed
at the rate of 3.5 pounds to every 96.3 powds of akim wilk. Rate of gain
and general appeerance of the celves were in agreement with the former
report, and the concluaions drawn from the experiment were that fata of
enimal origin were auperior to those of vegetable origin for feeding younp
dairy calves.

Johnson gt gla (1933) fed a pelleted calf starter containing levels
of 0, 2.9, 5.0, and 10,0 percent stabilized tallow in rations to male
Helatein calves. Calves fed tallow made five to ten pereent greater
insreases in growth and feed efficiency wss also greater. The greater
incresse in growth might have resulted from the consumption of more total
digestible nutrienta which were higher £n the tallow rations, Values
edtained from blood plesms analysea of all animals indicated that carotene
and tocopherol utilization wes unaffected by the inclusion of tallew ia
the diet. Digestibility studies with aeveral of the calves, and also
laabs, showed that the added tallow decreased the digestibility of protein,
nitrogenefree extract, organic matter, and dry matter in the rations.
Celdium content of the fecea increased with the inclusion of tal low in the
rations.

iugh of the recent research on the use of surplua end waste fats
in cattle feeding has been with fettenling rations. Studies have been made
on the energy value and aceeptability by cattle of high=fat ratiens and
the effects of the high lavels of fat on the utilization of other nutrients.
Crwin gt al; (1933) used 48 yearling ateexrs to teat the digestibility of
retions containing tallow. A pelletef ration consisting of 82 percent
ground alfalfa, 11 percent cencentrates, and 7 percent tallow wes fed for



183 days. This experiment revealed that the use of tallow at the rate
of 7 percent of the totsl rations significantly reduced the digestibility
of crude fiber and dry matter.

Feed=1lot perforsance of steere fed rations containing cottonseed
oil were conducted by willey gt als (1952)e Two levels of 8dded fat, 2.9
snd 7.3 percent, were used to test the effect of different energy levals
in retions. The use of the 7.5 percent level of added fat in the rations
incressed feed officieney per 100 pounds of gain by spproxisately 13
pezeont, although there was no difference in the rete of gain or carecsss
grede of the snimals. It was noted, however, that steere fed the high
level of added fat did not possess as much fat in the rib cut and the
loin eYye muscle, but contsined s higher percentage of leen. The high~fat
zetions improved the sbeorption of dietary carotens snd tripled the lewvel
of fet in the blood. Depot body fat of snimals fed added fat st beth
levels eeoded to be more sstursted in nature than for steers not receiving
the asdded fat.

Matsushisa and Dowe (1993) replaced 350 percent of the cors with
besf tallow in rations utilizing high asounts of roughsge. Steers fed
rations sontaining tallew were heavier at msarket than weze those snimals
on control retions. Vitsmin A deficiency was noted emong the groups fed
tellow, which was attributed to the tallew being unstabilized, thus
reeulting in reneidity snd vitamin A destructions This trouble was over-
come by sdding s fat stabilizer to the ¥Yatiense H. A. Arastrong (1954)
of the Amsricsn Mlest Institute Foundation has shown that the vitaain
content of feeds is well preserved wha#i sdded fets have been stabilized.

Hentges gt gls (1954) preseated dsta covering two trisls using



waste beef tallow in fattening rations for steers. Results of the first
trial indicated thest 3.0 percent added tallow resulted in en incresse in
the average daily gain of 0.5 pounds per day over the animals fed simiier
rations without tallow. In the second trial, levels of 0, 5.0, and 10,0
percent added tallow were used. In terms of rate of gain, the 3.0 percent
ievel again gave higher values than the basal ration, while the 10.0
peroent level definitely reduced the rate of jain of the steers, Both eof
the tallowefed groups appeared to have better feed efficiensy tham did

those animals receiving the basal ration.

Cunningheas and Leosli (1934) conducted two investigstions to
detersine if lambs and kids require a source of dietary fat and attespted
to establish if the yumen of these animals could synthesize the essential
fatty acids. In the firet experiment, the anismals were atarted on a ration
of good alfalfa hay and ocats and were gradually changed ever to a fat-free,
purified diet. Difficulty was reported in getting the animals to resgh
the desired caloric intake, with sose bloating and going "eff feed"
resulting. There were, hewever, ne symptoms of fatty asid deficiensy
reported. It was thought that previous storage of lipids was sufficient
to prevent e deficiensy from being noted in this experiment.

A second experiment was conducted to test fat-free rations against
these containing lard. A synthetic milk basal ration was employed, with
25 grame of lard added per kilogram of milk and fed to those animals
receiving the fat ration. Average =1iE intake for thoee lambs receiving
added fat wss about one kilogram per day, while the intake for those lambs



on the fat-free diet sveraged 75 grsme per day. C(ambs on the fat-free
retion showed only slight weight gains, while those receiving lard made
on sverage deily gain of 119 grems. A peculiar syndrome wes noted smong
the fat=free groups fram three to asven weeks after the start of the
experiment, The animals suddenly exhibited muscular incoordination and
would collspse on the front legs, with repeated efforts to rise weakening
the animsls. Twitching ef the lega and entire bodiee and a sontinual
chewing sovement of the jews were alao noted. ODsath of these animals
usually followed within a few weeks. Young goats also showed these
symptoms, only earlier in the treatment, Thismine injections hed ne
spparent affect upon any of the symptoas. levels of 2.5 grams ef lerd O
3.6 and 3.5 grams of 1linoleic acid per kilogrem of milk was found to be
ouffieient to prevent the occurrences of the symptoms, It wes thus
ou9gested that the synthesis of the essential fatty acids by lambe and
kida from fat-free media wss prodably extremely limited.

4 yiirg studiea with rumen microorganisms, using edded fat, hawe
also been reported. Work by Brooke gt gls (1933) indicsted thet the fat
level of the diet hed e critical effect upon cellulose dreakdown by the
microarganieme found in the rumen of sheep. The additior of 10 miligrams
of corn o0il to the hasal sedia decreased cellulose digestion five percent.
The addition of more corn oil to the srtificisl rumen continued to signifi-
cantly depreas cellulytic digeation up to 73 percente In a later report,
Brooks gt al, (1934) noted that corn oif added to e purified diet of casein,
ureas; and smmonium carbonate did not emilaify in the artificial ruwmen, but
formed a layer. Thia might be s aignifitant factor in limiting {p vitae

cellulose digeation when the fat content of rations rise above a certain



optimua level. The reduction of protein digestibility was aleo reported
in this investigstion when corn oil was added to the media. The total
number of bacteria in the rumen apparently was not reduced by the addition
of the oll, but there was a definite change in the mumber of smell rod

and cocci bacteris when fat was present.

Hele end Xing (1953), at the Iowa Agricultural Experiment Station,
presented evidence that 4,0 parcent added fat had little, if any, eflect
upon the digestibility of dry metter in rations for lambs. Corn oil,
tallow, and hydrogenated animel fat were used, esch at four lewvels, The
two high levels (8.0 and 12.0 percent) merkedly reduced the Cigestibility
of dry matter, and corn 0il was reported to reduce digeatibility to s
higher degree then did tallow. The apparent digestibility of the fats
waed varied considerablyj 92 percent for tallow, 80 percent for coza oil,
and 64 percent for the hydrogenated animal fat.

Swift gt als (1947) aupplemented rations contsining 2.8 percent
other extract with levels of 32 end 64 grame of corn oil per day. Lambsg
receiving the rationa containing 32 grams of edded fat per day had signifi-
cantly higher digestion coefficients for each of the major sutrients. The
higher level of added fat, however, reduced the digestibility of all
sutrients below that of the basal group. A similsr trial haa been reported
by Bxoods gt aly (1954). Lamds receiving 32 grams of isrd daily digested
33 percant less cellulose than did those ona the basal ration. There was
1little change in the digestibility of protein at this lc/el of added fat.
However, leambs receiving 64 grams of lerd per day digested 33 percent less
crude protein snd cellulose digestibility was reduced 53 percent. The

volatile fatty acid concentration in the rusen contents alao appesred to be



lower when fat was added to the retion. It would eppear thet differences
in the digeatibility of varioua feta and oila play & major part in the
digeatibility and utilization of rations containing large ssouats of
roughage. Factors auch ee weight, age, and length of time on experimsnt
meY also contribute to the resulta cbtained in any one trial. These
reports would seem to indicate that large amounts of fat should not be
uaed in rations high in fiber or cellulose, if maximm utilization ef theee
ssteriala are deaired.

Kamnlade and Butler (1954) uaed rendered animal fata to replace
different amounts of grain in rations for lamba. Levela of 0, 3.0, 10.0,
and 13,0 percent added fats were used. The replacesent of carbehydrates,
pound for pound, with fats resulted in higher energy rationa than that of
the bassl ration. From the results, it sppesred that edded gresse and
tallow at the 5.0 percent level prosoted aignificsatly greater feed-lot
gains and carcaas weights, Feed efficlency was slso improved by abeut 11
percent. Firmer carcasses were also noted in the lamba fed rations
containing low levels of fat. The higher levels of added fat produced
aignificantly softer body fat than the other levels, and they were
considered as being in excess of the optimux level to be used in r_\-mut
feeds.

Mason 93 al, (1935) added atabilized beef tallew in wintering
rations to pregnant yearling ewes. Levale of 4.5 and 9.5 perceat fat were
usede Feed consuaption of ewes fed tallow was not normsl and the asuthors
indicated that the added fat may have been responsibls for the unpalatable
nature of those rations. Satisfactory gains, however, wece reported for

all aninalas fed the tallow rations. Tie wool of the ewes receiving fat
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possessed more yolk and the ewes produced heavier lambs at birth, which
seemed to grow more rapidly than lambs from the control animals. The only
problem encountered in feeding tallow was that of the palatability of the
rations containing fat at the levels used. when the level of added fat
was reduced to 3.0 percent (Kercher at ale 1956), palatability of the
rations was not influenced by the added fat.

The results of several experiments reviewed herein seem to indicate
that beef tallow and lard are satisfactory energy substitutes in lamb and
steer rations, up to 10 percent of the total ration. Levela of 4.0 and
5.0 percent added fat appear to give the best and most conaistent reaults.
However, the apparent variation between the digestibility of various fats
and oils {a one factor that will influence the value of rations to which
fets are added, and further work on this 1is needed. Fata have been ahown
to increase the protein digestibility and the energy value of rations, and
this ia an important consideration in the formulation of feeds. The
depression of crude fiber and cellulose digestibility of rations containing
added fats indicate that the type of ration is a major factor in deterwmining
the success by which added fats ere utilized by ruminants. Due to the
variability of the data presented, it is clear that further work is needed
to clarify the conditions and optimum levels by which animal fats aﬁd

vegetable oils may be added to ruminant rations.
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Ihe . Yalve. of.Ureq.as. 2 Proteip Substitute ip Rations fox Ruminsnts

The use of urea to replace e part of the protein in retions fer
ruminants hes received widespread investigation within recent yeers.
Reaults have shown that urea and other non=protein, nitrogenous substances
axre utilized principally through bacterial action in the rumen. These
microorganisms possess the ability to use urea and other noan=-protein
souress of nitrogen to synthesize protein, and thus non=-protein nitszogen
begomes availeble to the ruminant largely es bacterial protein. Pearson
and Smith (1943) noted that the rate of disappearance of urea from the
rumen wes associated with e corresponding rise of emmonis, end it wes thus
suggested that urea 1s converted to ssmonia, and then synthesized by the
sicroorganisms into protein.

The amount and source of protein supplied by the ration haa dDeen
reported to be a major factor in the utilization of ures. Wegner gf als
(1941) found that rations for cattle containing more than 18 percent
protein caused a marked decreese in the utilizstion of uree. This wes
espesially true when lineeed meal wes fed with ures.

Hemilton g2 aly (1948) reported that rations sontsining 16.2 pergent
protein, of which over 60 percent was from ures, were less efficlently
utilized then thoee containing 11.2 percent proteim. HNitrogem from uree
rations, however, appeared to be es well digested es other socurcee of
nitrogen in the rations for growing leabe, provided that the protein content
of the retions did not exceed 12 percent. They elso pointed out that at
least one=feurth of the protein ecquivalent of rationa needed to be aupplied

hy preformed or conventional protein for maximum utilization ef ures nitrogen.
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Herris and Mitchell (194la, 1941b) have conducted extensive researcd
with ures and its effect upon maintenance and growth of lambe. Ory watter
and crude fiber digestibility were improved when ures was added to a ration
low in nitrogen. Urea was also shown to affect a positive nitrogen balance
in lembs previously rendersd negstive. Nitrogen frem cssein bdrought about
the eame results as did ures. Twenty-three lembs wers used in testing
the value of urea and of casein in rations designed for growth, Ratione
of 11.0 and 15.0 percont protein equivalent were used, with ures and sasein
supplying up to 30 percent of the nitrogen of the rations. Lambs fed ures
rations sade norsal or nearly normal rates of growth, and no toxicity
toward ures was noted at the levels used. The results indisated that ures
1a satisfsstory for use in rations designed for growth of lambs, provided
that the rations contained no more then 11.0 percent protein.

The most favorable reports concerning the use of urea in ruainant
rations have occurred when ures waa used as only a partial substitute for
protein. The levels of protein which have consistently prompted the beat
utilizetion of ures have been from 1) to 12 percent. Pepe 9% alg (1931),
however, reported that pregnant ewes gained more weight during gectatien
snd produced heavier lsmbs at birth when fed ures-centaining rations eof
14 percent protein equivalent than did thoee ewes fed the bassl ratioca
containing spproximately 10 percent protein witheut urea. This experissnt
did not include any protein levels between 10 and 14 percent, and ures mesYy
have been more efficiently utilized at an intermediate level of protein.

Johnson g% als (1942) used ratioms high in carbohydrates to test
the value of ures in rations of differens protein levels. Levels of protein

from 10 to 14 percent were cbtained by adding ures, soybesn meal, or cssein



to 8 6.0 percent protein basal ration. Protein levela of 13 to 17 percent
were also used in rations which contained urea or s combination of ures
and soybean meal. Urea nitrogen supplied from 40 to 65 percent of the
total nitrogen intake. Nitrogen from urea seemed to be as well utilized
ee that of soybean meal, but it wes not equal to the nitrogen of caasein.
Ures prompted greater nitrogen retention of lambs on rations centaining up
to 12 percent protein, but a further incresse in retention was noted whan
the true protein content of the rations was raised. True er preforsed
protein of high quality was thus thought to play a neceassry part in
seeting the protein requirements of growing lsmbs, since the cooversion of
urea nitrogen in the paunch did not seem to proceed at a sufficient rate
to meet the requirementa of the lambs.

McNaught and Smith (1947) pointed cut that when protein ef low
eolubility was fed in rations, the production of ammonia from theae rations
wss amall, resulting in more favorable conditions for the utilization of
ures nitrogen. It would seems that, on s competitive baais, nitrogen from
feed protein is more readily accepted for converaion into bacterial protein
than is the nitrogen from ures. The suggestion was presented that excessive
amcunts of readily available or highly soluble forms of protein appeared
to 1iait the production of ures protein by the microorganiems.

Burrougha gt ale (1931), from ip yitrg atudies, reperted that urea
utilization wes greatest in the absence of other nitrogencus sateriala and
that highequality proteins permitted greater utilization of the nitrogen
from urea than did lowequality protoino;‘ Caaein, zein, gelatin, fish mesl,
soybean meal, linseed meal, and cottonseed meal were the principal sourcee

of protein teated. It wes thought thit ‘the microerganisss of the rumen
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have a definite requiresent for ammonia derived from simple nitrogenoua
substances such ss ures. The emnonia=-producing feature of proteins
appeared to be the chief factor interfering with the utilizatioa of urea.
This work would indicate that a considerable portion of the protein
utilized by ruminants is of microorganiemal origin derived from asmonias
and noneprotein materials.

Harris gt a1, (1943) used metabolism triasls to test the effects of
urea in rations for steers. Biological value of urea was found to be 34
percent while that for soybean meal was over 60 percent. This emphaaizes
the importance of considering biological value ss well as the digestibility
of protein in rations containing urea.

Brigge 9% als (19¢8) reported that ures nitrogen was highly
digestible when measured by its decreaeing concentration in the rumen, but
that lambs were apparently less efficient in its utilization than for
nitrogen derived from conventional forms of protein. Storage of nitrogen
in the animel body decreased when urea formed more than 50 percent of the
total nitrogen of the rations. Lower levels of urea, 4.0 pereent te supply
25 percent of tha total nitrogen, promoted digestibility of rations and
nitrogen storage by lambs to about the ssms degree as cottonseed meal.

Belssce (1954) compared urea nitrogen with that of soybesan meal,
linseed meal, cottonseed mesl, and corn gluten meal in ja yitrg studiss.
Urea as a eole source of nitrogen showed higher levels of cellulose
digestion than did the protein meale. lowever, starch had been added to
the urea rations to compensate for the nitregen-free extract frection of
the protein meals used in comparison with urea, and its influence upon

cellulytic digestibility may have plar.i s signifisant part in the results.



Men urea was used in combinstion with the protein meals, in lil nitrogen
equivalent mixtures, the amount of urea nitrogen utilized wse consistently
greatsr than when urea was fed alone. This incresse in urea utilization
wae paralleled by an increase in the digestibility of cellulese, thus
improving the efficiency by which rations high in roughage were digested.

The emocunt and source of energy supplied by the ration seems to
play an important part in the utilization of urea. Plerce (1951) and
Belasco (19%9) have demonstrated that relatively smell smounts of atareh
will increase the efficiency by which urea ia utilized. Milla gt al, (1942)
auggested that the action of starch on urea utilization was that of an
ensrgy aupplier to the microorganisms, engbling them to build new pretoplasm
in which nitrogen from urea is incorporated. McDonald (1952) reported
atarch to be an energy-ylelder to help fscilitate the utilisation of essonia
by the microorganisms.

Ariss gt 3ls (1931) also reported the effect of smounts and scurces
of enexrgy on the utilization of urea. Cellulose, dextrese, corn gebs,
20}88009, gucrose, and corn starch were the principal factors tested in the
A0 Yiirg atudies. Results indicated that emell amounts of readily svailsble
cerbohydratea aided cellulose digeation, which in turn increased the
utilization of urea. On the other hand, large esounte of starch inhibited
cellulytic digestion.

The use ef sugars end molasses as energy aupplesents to retiona
containing urea has not resulted in consistent findings. aills ¢t als (1944)
reported a decided increaae in urea utilization with the addition of atarch
to rations for heifer calves, but that corn melssees and cane molasses were

infericr carbohydrates for the stimuledilon of protein ayntheais from urea.
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It wes also believed that small amounts of insoluble, fermentable carbo-
hydrates or insoluble protein esre necessary prerequisites in rations for
maximum utilization of urea nitrogen. Arias g% al, (19%1) reported
beneficial effects upon cellulose digestion when sugars were added with
urea to in vitro rumen flasks. Culbertson et ale (1950) reported that
molasses had no beneficial effect upon urea utilization after the first
few weeks in rations for fattening yearling steers.

Nitrogen balance and digestibility trials with steers were conducted
by Bell e% 3ls (1951)s Yellow corn, sweet potatoes, milo, barley, cane
molasses, and combinations of corn and molasses were the verious sources of
carbohydrates used in the formulation of the rations. Rations of about 8.0
percent protein consisting of prairie hay, protein supplesents, and the
different sources of carbohydrates were supplemented with ures to give 11,0
percent protein equivalent. In these trials, urea had little or no effect
upon the digestibility of nutrients other than protein. Nitrogen retention
wes improved significantly when urea was added to the basal ration, with
a greater improvement noted when it wes sdded with corn than when added
with cane molasses.

The work ss reviewsd herein seems to justify the use of urea as a
partial substitute for dietary protein, although the limits of its addition
have not been clearly set forth for all clessses of ruminants in peat
atudies. In view of these conflicting results on the utilization of ures
by ruminants, further work considering its value and action within the
host seems justifiable. Since the amount. and source of energy in rations
plays an important part in urea utilization, the effect of lard as used
in the experiment reported in this theats asy reveal sa important effect
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upon the uss of urea in high-enexgy rations containing added fats and oils.

This does not appear to have been studied up to the present time.
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in growing lambs than the other meals testeds but the differencea were
emall and nonsignificant, resulting in the same relative efficlency being
given to soydean and linseed meals in rations for lambs.

Willman pt g1, (1946) reported that lambs fed linseed mesl aa 8
protein supplement to rations consisting of corn and corn allage were amuch
easier to keep on feed than were lamba fed soybean meal. A higher percentage
of roughage offered wes consumed, although there wes no difference in the
average rate of gain batween the groups. The net value of the meele
sppeared to be the ssme when used as supplements to make up 10 and 11
percent protein retions.

Trials have also been conducted to measure the effect of processing
upon the utilization of the common oil meels being used in ruminant feeda.
Mller and Morrison (1946) indicated there was no apparent differencs in
the value for sheep of oil meala made By the hydraulic, expeller, or solvent
processess and that heat treatment of soybean meal resulted in no appreoiasble
improvement in the protein content of the meal for use in lamdb rations.

They did suggest, however, that the difference in fat content in the meals
wee apparently more marked in its effect than the digeatibility of protein
alone.

Theee and other experiments indicate that soybean and linseed meals
have about the same reletive value ss protein supplements te low protein
rations for sheep. tHowavar, it wes thought that the type of pretein supple-
ment might have some effect on the results obtained with the addition of
laxd and urea, and thua the two kinda of higheprotein supplementa were
included in the study of the problem as -presented herein



METHODS OF PROCEDURE

The experiment reported herein wes conductsd during the spring end
sumser of 1993, It wes designed to detereine the effect of added fet and
ures on ration digestibility and nitrogen balance using sheep as the
exporimental animals, Two basal rations were fed. Seoybean meal was the
high-protein ingredient uned in one end linseed meal in the other., Open
kettle~rendered laxd was the source of fat. Lard and urea weze added
alone and in comdination to each basal ration. Of particular interest in
thias experiment wsa what effect the added lard would have on the utiliszstion
of ureas.

Twelve wother feeder lambs, ehowing s predoninance of Rembouillet
breeding,; were used in the experiment. These animals were college stock
ebtained froa the Antelops Range Statioh during October of 1934, and they
averaged epproximately 65 pounds upon arrival at Brookings. The snimals
were Roused in s basement experimentsl rooms until completion of the
experiment, After arrivel, they were put on a ration compeosed of prairie
hay aimilar to that fed in the experimentsl rations and suffieient conoen=
trate to provide a ratiom slightly in excess of meintenance until March 15,
1933, ODuring this periocd, the lamds were weighed periocdically to cheek
the growth ef the lambds. On Usreh 13, the lambe were allotted to the
treataents and the trials degun,

The roughage used in the experisint was a late=cut prairie hay,
predominately western wheatgress. Thia hay wsa harveated after frost
during the conth of October 1983 near Midland, South Dakots, and was stored
in a closed loft in the experimental building, Tha hay wes chopped befozxe
being given to the aniaals to reduce asorting of the roughage and to meke
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weighing and feeding easier. Concentrate mixtures conteining approximstely
19 percent protein were fed with the hay at a rate to give a protein
peroentege of about 11.3 in the total ration as fed. The prairie hay
comprised spproximately 50 percent of the ration on a dry basis. It wes
used in this experiment to provide a roughage low in protein that was
suitable for testing the various protein aupplements. The protein content
of the hay varied from 4.42 to 3.12 percent during different periode of

the experiment,

The animals were fed rations of the same protein ccatent to insure
as little variation in this nutrient as possibles« The object wss to
determine the effect of urea, lard, and a combination of urea and lard on
the nitrogen balance and digeatibility of rations containing soybean seel
or linseed meal. Ths protein content of all rations was caléulated at 11.%
percent, although the rations consumed varied from 11,0 to 12,3 peroent
protein on a dry basis. 7This was due to fluctuations in the protein soatent
of the lste-cut prairie hay between periodas molsture content of the
rations as fed, end to some feed refusal,

Soybean msal end linsced meal used in the triala were of solvent
procesa, containing approximately 44 percent and 36 percent protein,
respectively, The fat added to the rations was kettle~-rendered lard, which
was added to the concentrate portion of the ration at the time of mixing.

The rations were mixed in a tank type mixer at the begimaning of every
preliminary pericde The lard was melted in a force~draft oven et 70° C

and added to the concentrate aixture while the miwer was running. This

produced rations of uniform aixing, and no tendency toward lumpiness was



noted. The lard was stabilized with butylated hydroxye-anisole, a
coamszcial antioxidant, before being added to the concentrate portion of
the rations. The amounts of the various ingredients used in the

concentrate portion of the rations are given in Table 1.



Table 1. RKind sad Amnmt ef Iagredients Used im the Concantrats Kixtures Fed ia the Digestion Trisls (Farvest).

Soybean Rations m'm_ﬁmnd Rations
1 2 3 4 ) 4 T L B
JIngredients ___________Desal  Ures  lard  Uressiarpd Basal Urea F o B TR —

Ground shelled corn 79.2 891  67.6 T1S 74.1 87.4  61.6 75
Soydesn meal 18.1 6.2  20.6 9.0
Linseed msal 23.2 8.2 7.0 11.2
Urea 1.8 1.8 1.7 1.8
Lard 8.8 8.8 8.7 8.8
Bone mesl 1.0 1.2 1.0 1.2 o4 1.0 v 1.0
Limsstone o4 ot
Trace-einersliised salt 1.7 1.7 2.0 1.9 1.9 1.7 1.9 1.9

®  Each retion supplemented with 20 grass "Nopesy” Type III vitamia A 0 fuxnish 2,000 Ue Se Pe umits
of vitamin A per poud of concentrats feed.

4% Each ration suppletsoted with 2.29 grass Dawe's Dry D, to furnish 200 Us.Se Pe units of vitamin D
psT pound of cancentrate feed. 9




A total of four metabolism trials were conducted. Each trial
consisted of a preliminary period of approximately 30 days and the
collection period of seven days. The long preliminary period was uvaed to
facilitate transfer of rations between lambs from one period to another ee
that no carryover effect would be messured. At the end of each preliminary
period, the lambs were placed in metsbolism crates similar to those
reported by DuBose (1954). A seven~day interval between the preliminary
period and the collection period was provided te accustom the lambe to the
metaboliem crates. At the end of this interval, the lambs were weighed
and the actual collection begun.

The lambs were fad twice daily throughout the experiment with equsl
anounts of feed being offered in the morning and afterncon. Feeding
schedules were so arranged that feeding was done as soon after 8100 Ae M.
and before 5:00 P, M. es was possible. During the preliminary periode, all
animsla were fastened for about three hours at each feeding to allow time
for complete consumption of the feed. The concentrate portion of the
rations was fed on top of the roughage to induce consumption of the hay,
which wss relatively dusty. Between feedings, the lambs were allowed to
exercise in e pen on a well drained floor with ground corn cobs as bedding.
Water was available to the lambe at all times except during the time allotted
for the consumption of the ration.

The rate of feeding to each lamb was 300 grams of feed twice dally
per each 100 pounds of body weight, based upon the initial weight of the
animals taken just prior to the start of the experiment. The rate ef
feeding was incressed 5.0 percent of the total ration, dry basis, at the
beginning of each successive pericd. .[his was done to compensate for the



inoreass in weight among the animals during the periocds and to eliminate
favoritisam toward those lambg whoss rate of gain was high for the
preceeding period. Weights of the anisals were taken at the beginaing of
esch preliminary and collection period. Some of these weights are shown
in Table 2. All ths lambs were gaining weight during the experiment.



Table 2. Weight of lLasbs at the End of Bach Collection Period(Pounds).

Digestion Period and Dete of Weighing

kg
No. 15 16 28 12 £
4 78.5 88.0 96.0 103.0 108.0
2 91.0 92.0 102.0 103.0 114.0
3 78.0 82.0 90.0 92.0 95.0
I\ 96.5 103.0 108.0 115.0 120.0
5 81.0 89.0 93.0 100,0 107.0
6 T7.5 81.0 85.0 &.0 91.0
7 82.0 88.0 92.0 100.0 108.0
8 69.0 92.0 100.0 108.0 1.0
9 18.0 84.0 90.0 97.0 103.0
10 91.0 94.0 102.0 109.0 117.0
11 88.5 86.0 95.0 101.0 10k.0
12 70.5 71.0 80.0 86.0 94.0
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Consumption of the concentrate portion of ths ratioa during the trials
appeared essentially complete. However, hay waa refused by acme anissls in
all perioda. Hay refused during the collection periods was placed in
individual containers until the end of the pericd. Thia hay wes then dried
at 100° C for four days in a force-draft oven and then weighed to determine
the weight of orts on a dry basis. Samples of the orta wers then finely
ground in a Wiley mill and saved for chemical snalyves for meisture, protein,
ash, ether extract, crude fiber, and nitrogen=free extract. Three semples
of the hay and each concentrate were taken on separate deye and treated in
8 aimilar manner as the orts. Complete records of feed offered and refused
were kept during the entire course of the investigation.

The total collection method was uased in determining the nutrients
excreted in both the urine and the feces. Feces were collected in canvas
bage attached by harness to the animals. The bags were emptied once each
day and the total weight of the feces recorded. A 3.0 percent ssmple of
fecee from eagch lamb was taken at each weighing and frozen in a glaas jar
until the end of each period. The samples were aubsequently removed,
thawed, ground in a meat grinder, and repreaentative portions were sent to
the Experiment Station Bilochemistry Department for anslyses.

Urine was collected in large-mouth, glass containers fitted with
wide funnels. Theae containers were placed underneath the metadolism
crates to collect the urine. The urine waa preserved with a 30 percent
sulfuric acid solution, 50 ml. being added to the urine bottles each day.
Total volume of the urine wass recorded each day, and a 10 percent volume
sample was saved from each animal and kept refrigerated until the end of

each period. Samples were then submitted to the Experiment Station



Blochemistry Departaent for analysis of nitrogen. Coefficients of
apparent digestibility for crude protein, ether extract, crude fiber,
nitrogen-free extract, dry matter, and organic matter, and nitrogen
balance were then calculated in the conventional ways.

The trials were set up factorially so that the intersctions
between treatments could be measured, as well as the main effects. Soybean
meal and linseed meal served as whole plota with urea and lard as split
plots in the design. A total of eight rations were offered during the
experiment. Each ration wes offered twice, with rations 2, 3, 5, and 6
being offered in periods 1 and 3, and rations 1, 4, 6, and 7 being offered
in periods 2 and 4. Each of the four rations offered each period was fed
to three animals, meking a total of six lamba receiving the seme treatment
during the experiment. The only restriction placed upon the design of the
experiment was that no lamb would receive the same treatment twice through-
out the trials. The design of the experiment and the rations received by
each lamb are given in Table 3.



Teble 3. Design of the Digeetiaon Trials.

Digestion Puriods

Soybean liations

Linseed Rations

1 Soybean-Urea Soyvesn-~-lard Linseed Basal Linseed ~Urea-Lard
Lasd mmdars 6,06, 11 b, 5, 12 3, 7, 10 1, 2, 9

2 Goybesn Basal Soytesn rea-lard Linseed-Urea Linseed=-Lard
Lasb mmbeare 2,3 1 5 8, 9 b, 6, 7 1, 10, 12

3 Soybusn-{rea Soybemmn-1lard Linsssd Basal Linsecd-{xea~lard
Lasb mmbders 2,7 10 1, 3,9 6, 8, 11 b, 5, 12

b Soybean Bmsal Soybean-Uroa-Lard Linssed-lirea Linsecd~dard
Lasd mmbere S, 8, 12 T, 0, 11 1, 3 9 2, M 6




RESULTS AND DISCUSSION

Summeries of the feed consumption and coefficients of spperent
digeatibility by lambs on eagh ration are presented in Appendix Tables
1-V1II. Results of spparent digestibility for es¢ch nutrient tegether with
the statiatical snslysis for that nutrient will be pressnted separately
herein. Analysis of variance was the stetistisal method esployed te
deteruine significance of the reaults. The effests of pericds end proteins
wore tested for statistical significence with error A, which was the
periode x protein interaction. All other effects and interacticns wwre
tested by error B, which was the resainder. In the stetisticsl analysis,
the ters protein has been used to indicete the linseed mesl and soybean
@eal trestments.

The sverage feed consumption and weight gains of lembs fed late~gut
praizdie hay and various concentrstes are presented in Tables 4 and 5. The
variastion in average weight for the groups on the various treatments wes
due primarily to differences in initial weight of the animals, snd the faot
that each lamb did not receive all treatments. The sverage deily gein for
each treatment group showed uniformity between the groups fed retions
oontaining lazrd. Their average daily gain wae from 0,12 to 0,13 peund
while those groups fed rations without lard gaimed slightly less. All
geins were rather emall and include the time the lambs were in the metaboliea
cretes. while the differences in rate of gain are nonaignificant in these
triale, the results might indicate that under feed-lot conditions, the

effect of lard might promote a aignifisant incresse in sverage daily gain,
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Teble 4. Awverage Feed Consumption and Weight Geins of Lamde Fed Late-cut
Prairie Hay and Various Soybean Concentratea.

Soybean Soybean Soybean Soydesn

Basal Ures Laxd  Urea-lard

Rumber of lambe 6 ) S 6
Ave initial weight, 1lbs, 92,3 88.6 86.8 95.9
Ave daily gain, lbs. 0.16 0.10 0e13 0.13
Ave daily dry matter fed, gms. 934 888 830 948
Ave daily rations consumed, gas.

Ory matter 908 14 806 901

Cxrude protein 108 97 96 108

Ether extract = 2 67 ™

Nitrogen-free extract $32 526 439 478

Cxude fiber 17 1% 138 163

Orgenic metter 834 81l 740 828

Protein in ration conaumed, X 11.9 1.1 11.9 11.9




Table 3. Average Feed Consumption and Weight Gains of Lambe Fed Late=cut
Prairie Hay and Various Linseed Concentrates.

Linseed 1linseed Linssed Linseed

Basal Ures Lard Urea=lard

Rumber of lambs S -] 4 6
Ave initial weight, lbe. 89.2 94,4 93.3 88.1
Av, daily gain, lba, 0.10 0.11 0.13 0.12
Ave daily dry matter fed, gms. ess 926 932 em™
Ave daily ration coneumed, gms.

Dry metter 685 8ss 897 621

Crude protein 106 102 111 101

Ether extract 28 4 ™ ™

Nitrogen=free extract 326 321 460 437

Cxude fiber 162 168 173 143

Organic matter 815 795 819 )
Proteis in caticn consumed, % 12,0 11.6 12.4 12,3




Feed consumption during the first period of collection wes egeen~
tially conplete for all of the lamds. In the succeeding periode, howsver,
some lambs began to refuse feed. Moat of the trouble was encountered with
lambe 2, 3, and 6 which refused a large amount of feed in all perieds
after the first one. For this reason, the date obtained from these lambs
during the periode of high feed refusal ware cmitted, resulting in unequsl
mmber of lembs between the different treatments.

Spece was not available to permit the inclusion of all treatasats
in each period. In the design of the experiment, the overall effecta ef
soybean meal, linseed meal, urea, and lard were to be measured with 24
lambs esch. This nuaber wss thought to be sufficient even with the sbove
1imitetion and also the fact that each lamb did not receive all treatmsents.

Excluding the lambs mentioned above resulted in the following
numbder ¢f lambe in each groups basal, 113 urea, 103 lard, 93 end ures~
lard, 12, The design of the experiment did not parmit one to determine
if the lard rations were unpalatable to certain lamba or if these lambe
were not good experimental animesls for use in metsboliam crates. The
dats in Tables 4 and 5 de show that feed consusption by the remsining
lambs was quite similar in the various groupa. Therefore, one cannot
cenclude that the rations with urea or lard were unpalatable at the levels
used in these experiments. The lambs were fed a given quantity of feed
per unit of dody weight which acsounted for the differentes in amount of

feed offered.



Digestibility of FProtein

Coefficients of apperent digestibility of protein by lambs fed
late=cut prairie hay and various concentrates are presented in Table 6.
The statistical analysis of the data ie shown in Table 7,

The apparent digestibility of protein by lambs receiving linseed
@8l rations was slightly higher than for lambs receiving soydean meal
rations, with the greatest differences occurring between the basal groups.
However, this effect was statistically nonsignificant end indisated that
the txo protein supplements were adbout of equal value es measured by the
apparent digestibility of protein. This agrees with other work cited
previously.

Digestibility of protein in both the soybsan and linseed rations
weXe slightly lower when urea wee preaent., This was true in the presence
or absence of lard. However, this reduction wee quite emsll and was not
etetistically significant. Embry and Gastler (19%5) reparted there were
no differences in digeatibility of protein in high-roughage rations for
salvea and lanbe when corn and about 4 percent urea was ueed to replace
eh equivalent amcunt of protein end total digestible nutrients from soybesn
mesl. On the other hend, Reid (1933), after e review of the literature on
urea feeding, concluded that the value of urea in fattening rations for
cattle and sheep was less well establiahed than for wintering rations for
these species and for feeding dairy cesttle. The rations used in the
experiment reported herein were fattening-type rations for lambs. The
results indicate emall, if any, influenc® of urea on apparent digestibility

of the protein in thass rations.



Teble 6. Coefficients of Apparent Digestibility of Proteim by Lasbs
Fed Late-cut Prairie Hay and Various Concentrates.

-Sebags Zaflens. . . S—
—banal Ures lard Ures-lard.

94.8 375 67.3 6.8

63.2 99.2 9.9 65.6

56.3 6l.4 62,2 62.3

63.9 60.9 62.4 63.2

98.3 60.9 69.0 64,6

62,7 709

Ava__ 39,9 29:2 0.2 £8.0
-hinsesd pations. . . -—
— T Ures lard Breachard

65.5 62.4 63,7 69.4

63.9 63.4 69.6 60.2

99.2 36.9 67.% 64.1

62,7 61.3 65.5 60,7

61.9 62.0 69.9

62.0

7 < 8.2 §7.1 8.7
g ——

61.8 60.2 66.7 65.3




Table 7. Analysis of Variance of Digestion Coefficients fer Crude

Protein.

Source of Variation Degrees of Freedoa

Mean Square F Yelues

Periods 3 393,637 3.31

Protein )| 34,3728 3.19

Ezror A (Pericds x Protein) 3 10,7630

Ures 1 6.6904 «20

Fat 1 28,3168 7.93¢
Protein x Ures 1 9.0106 13

Protein x Fat 1l 11,6888 3

Periods x Protein x Split Plot 12 2,3148 07

Errer B (Remainder) 18 34.3109

# Significant at the SX level.



Coofficients of spparent digeetibility of protein by lembs fed
the rations conteining lard, with or without ures, sesmed to be aleerly
supericr to the other rations. Average digeatibility figures ef the
rations contsining lard were 66.7 and 65.3 percent as compared te 60.2
end 61.8 percent for the basal and ures retiecns, respectively. This
offeet 1a in agreesent with other work ¢ited in the Review cf Literature,

Apparent digestibility of pretein wes only elightly less in the
ures~lerd rations as campared with those eontaining laxd slens., This
slight depression sppeared to be dus to the effect of ures, since the
same depression occurred in rations which did not contain lexd.

A primary object of this experiment was to determine the effest
of added fat on the utilization of urea. Reference has been made in the
Review of Literature to the difference between atarch and eogar ia wres
utilisation, dut the effect of fat sppeirs not to have been studied. TMiie
1a en importent problem, singe fat and urea are sometismes used together in
commersial feeda. These reaults indicate that the impruvamsnt in protein
digeatibility of the urea-lard ratione over the ureas ratiots was due te
the effect of the laxde T™he lard improved epparent digestibility of protein
in retions with and without urea to about the sase degrees indicating that
lard had ne apeeific effect on the digeatibility of ures nitregen.

Rissasikility.of Hther Axtzast

Digeetibility of ether extract in ratiens containing high levela
of fat will have an important influence cn the energy value of the rations.
Various kinds of waste fats sppeer to vary widely in their digestibility.
The coefficlants obtained in thia experiment for apparent digeatibility of
other extrast by the laabs ere presented in Table 8. The atatistical



analysia of ether extrast digeatibility by lambs fed late-sut pralrie
hay and vazicus concentrates is given in Table 9.

A comparison of digeation coefficients obtained with all ratiens
not containing lard revealed s high degree of variability in the digeet~
ibility ef ether extract. ihen lard was included in the ratioms, coeffi~
clonts of digestibility were found to be sore uniform, and there wes no
significant difference between the linssed and soybean rations.

The effect of urea upon the digestibility ef ether extract wee
found to be dependent upon the type of protein auppleseat veed. Urea
asppoared to increase the digestibility of ether extract when uvsed im
sombination with aoybean meal, and to depress the digestibility when used
with linseed meal. This interaction was aignificant at the 35 percent level.
The overall sffect of urea showed s emall gain over the control greup, but
thia was nonsignificant. A slight depredaion in digestibility was meted
when urea and lard were fed together over that when lard was fed slone,
but againm this wes not significant.

The edded lard wea highly digestible by the lambs, and digestibility
of ether extract of rations containing lard waa increased by more than 40
peresntage units over those rations not receiviag lard, This imcrease was
highly significant. Conaidering the emount of ether extrast soneumed
multiplied by the percent digestibility ef each retion, lembe receiving
lard rations epparently digested approxisately 40 grame sere ether extreet
per day than did those lambe on the bassl and urea rations. This weuld
meen a higher saloric intake for these animala and would tend to explain
the alightly higher average daily gaine in weight that cecurzed within thase

groups even though feed consumption wap slightly less.



Table 8, Coefficients of Apparent Digestibility of Ether Extract by
Laabs Fed Late-cut Prairie Hay and Various Concentrates.
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Table 9. Analyala of Variance of Digestion Coefficienta for Ether

Extract.

Source of Variation Degreea of Freedom

Periods

Protein

Error A (Periods x Protein)
Urea

Fat

- e W e W

Protein x Urea
Protein x Fat 1
Periods x Protein x Split Plot 12

Error B (Remainder) 18

® Significant at the 5% level.
#* Significent at the IX level,

73.3976
180,8019
17789.,7636
406,8596
297.3783

70.1085

2,58
23,73

5,80

4,24
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Digestion coefficients for ether extract were slightly higher for
the linseed than for the soybean meal rations when lard wes present.
Averages of aoybean and linseed rations not containing lard were 3%.1 and
27.6 percent, respectivsly. In the presence of lard, corresponding valuea
were 70.3 and 74.4 percent, reapectively. However, this interaction was
not significant, although variation between the protein supplements was
apparent,

These results show that the lard was highly digestibles and when
added at the rate of about 5 percent to the total ration, considerably
higher digestion coefficients for ether extract were obtained. The
addition of highly digestible fat at this level would result in a ration
of greater energy value unless depression in digestibility of other
nutrients occurred and was great enough to offset this increase. A slight
isprovement in digestibility of protein féllowing the addition of lard

has been reported in the previous section.

Digestibilisy of Crude Fiber

Coefficients of apparent digestibility of crude fiber by lamba fed
late~cut prairie hay and various concentrates are given in Table 10. The
statistical analysis of the data is presented in Table 1l.

Average digestion coefficienta for lsabs on the linseed and soybean
baasal rations appeared to be quite similar and there was no significant
difference between the two rations due to the type of protein supplesent
vused.



Table 10, Coefficients of Apparent Digestibility of Crude Fiber by
Lambs Fed lats-cut Prairie Hay and Various Concentrates.
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Table 11. Amalysis of Variance of Digestion Coefficients for Crude Fibar.

Source of Varistion Degrees of Freedom Mean Square F Valuss

= = —

Periods 3 87.2291 2,09
Protein 1 23346 <06
Error A (Periods x Protein) 3 43,737

Urea 1 70,7102 2.92
Fat 1 356.1842 14,7108
Frotein x Urea 1 6.4792 27
Protein x Fat 1 29.9289 1.24
Periods x Protein x Split Plot 12 1.7300 «07
Error B (Remainder) 18 24,207

#+ g5ignificant at the 1X level.



The overall treatment effect of urea upon the digestibility of
crude fiber was nonsignificant, although there appeared to be some depression
when urea waa added with aoybean mssl. Embry and Gastler (1933) reported
similar digestion coefficients for crude fiber with rationa containing
soybean meal and soybean meal with 4.0 percent urea.

The addition of lard to the rations produced a highly significant
effect upon the digestibility of crude fiber. Llard depressed crude fiber
digestibility by approximately 6.0 percentage units when compared with the
basal rations. The average digeatibility for the lard and urea-lard rations
waa about the same. There was some difference between rations with aoybean
and 1inseed meal, but thia «3* not statistically aignificant. The deprese
sion of crude fiber digeatibility by adding fats to rations haa also been
reported by others (Brooks g% alss 1933y Brooks gt gl:, 1954y and Erwin
oL 8lss 1995). Thus the use of added fate to rations for ruminants becomes
a matter of practical concern particularly with high=roughage rations,
since the digestibility of crude fiber is more important with rations high
in roughage than with those high in concentrates. The levels of fat ueed in
ruminant rations will slso be an important conaideration, as showmn by the
work of Swift gt al, (1947), Kemmlade and Butler (1954), Hale and King (1933),
Msson gt al, (1933), and Xercher gt gls (1936).

Rigestihility. of Nitrocen—-free Extract

The influence of added fat upon digestibility of the nitrogen=-free
extract portion of the ration ia an important consideration since it may
affect the energy value of the ration. Coéfficienta of apparent digeatibility
for nitrogen-free extract by the lambs are preaented in Table 12. The
statiatical analyaia of the data is given in Table 13,



Table 12. Coefficients of Apparent Digestibility of Nitrogen~free Extract
by Laabg Fed laste=cut Prairie Hay end Varicus Canaentrates.
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Table 13, Analyeis of Variance of Digestion Coefficients for Nitrogen-
free Extract.

Source of Variation Degrees of Freedom Mean Square F Values

Periods 3 83.1831 12,020
Protein 1l <0396 <01
Error A (Periods x Protein) 3 7.0856

Ures 1 19.1392 1.87
Fat 1 134.1787 13,1204
Protein x Urea 1 «3730 «06
Protein x Fat 1 +0854 0l
Periods x Protein x Split Plot 12 7963 «08
Errer B (Remsinder) 18 10.2300

* Significant at the 3% level,
#» gignificant at the 1X level.



Coefficienta of digestibility of nitrogen-free extract between the
lambs fed aoybean meal and those fed linseed mesl were aimilar and quite
high values were obtained. Urea also did not affect the digeatibility of
nitrogen~fres extract. Averages of the overall treatment effecta in
caaparing the basal and urea groups were 70.9 end 70.7 pergent, respectively.

Lard significantly depreesed the digeatibility of nitrogen-free
extracte This decreese in digestibility was rather saall as compared with
the other aignificant effects within the experiment, but was found to be
aignificant at the 1.0 percent level. Average digeation coefficienta were
68,3 and 66.4 percent for lard and urea-=lard ratione, respectively. Thees
averageas were 2,5 and 4.4 percentage unita under those odtained from rationa
not containing lard. It appears that lard decreased the digestibility of
nitrogen~free extract in both typea of protein rations to asbdout the seme
extent, Although the urea-lard rations gave fower averegea of digeetibility
than did those rationa containing lard alone, this effect was nonsignifisant.

Rigestibility of Qrganig Matter and Jotal Digestible Mutrients

The rations containing linseed and soybean meal were quite similar
when measured by digeatibility of the various nutrients. Ures did not have
sny aignificant effect on digeatibility of the rations. On the other band,
_adding fat at the rate of 5 percent of the total ration increased sppareat
digeatibility of crude protein and ether extract, but decreased digestibility
of crude fiber and nitrogen=free extract. The met value of the edded lard
will depend largely upon the digestibility of the total organic matter and
the total digestible nutrients in the ration. Coefficients of spparent
digeatibility of organic mstter by lambs fed late-cut prairie hsy and



various concentrates are presented in Table 14. The statistical analysis
of the data is shown in Table 15. Total digestible nutriente have been
oaloulated and are presented in Table 16.

Only very small differences existed in the eomparison of the digest-
1bility of organic matter between rations and none of the differences were
statistically significant. This would be expected in view of the previ-
ously presented results except in the case of restions ¢ontaining laxd. In
the rations with lard, apparently the increese in digestibility of ecrude
protein and ether extract just about balanced the édecrease in digestibility
of crude fiber and nitrogen=free extract. This resulted in digestible
arganic matter being nearly equal in the rations with and witheut lard.

There seemad to be no consistent trend in the totsl digestible
nutrients content of the linaeed and soybean meal rations, with or witheut
urea and larde The averages for all rationa with linseed meal was abeut
the asme as for those with scybean meal. The values for the rations with
urea mexe aleo quite similar to those without urea.

Added lard resulted in an increase in total digestible nutrients
over othor rations not containing larde Since high-energy products such
as lard contributes approximately two and one-fouxrth times the energy value
of protein or carbohydrates, this effect wes considered to be pormal in
.. view of the fact that total digestible organis matter was essentially the

same in all retions.



Table 14. Coefficients of Apparent Digestibility of Qrganic Mstter by
lambs Fed Late-cut Prairie Hgy end Varicus Concentrates.
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Table 15. Analysis of Variance of Digestion Coefficienta for Organic
Matter.

—

Source of Variation Degrees of Freedom Nean Square F Valwes

Periods 3 30,0438 4.34
Protein 1 0189 «00
Error A (Periods x Protein) 3 7.7929

Urea ) § 16,7679 2,24
Fat 1 7.8 297
Protein x Urea 1 220 «03
Protein x Fat 1 «0046 «00
Periods x Protein x Split Plot 12 8102 o1l

Error B (Remainder) 19 7.4896
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Table 16, Totsl Digestible Nutrients by Lsmbs Fed Late=cut Prairie Hay
and Various Concentrates.
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The results of the experiment show that rations containing linseed
meal or soybean mesl were adbout equal for fattening lambs when messured by
digestible organic matter snd total digestible nutrients. Substituting
urea snd corn for psrt of the high-protein ingredient did not significantly
affect the digestibility of the rations. Apparently urea wes utilized to
sbout the same degree with either linseed or soybean meal.

Adding lard did not affect the digeatibility of organic metter, but
the added fat gave the rations s higher vslue in total digestible nutriente.
The practical value of adding fats to rations for fattening lembs will
depend largely upon the compsrstive price with grains as a source of energy.
The increase in digestibility of protein send improvement in mixing and
handling qualities of the feed may be given some extra value.

Nitrogen_Dalanee Iriale

In order to obtain nore information concerning the effect of laxd
snd of linaeeéd mesl and soybean meal on the utilization of urea nitrogen,
nitrogen balance trials were conducted in conjunction with the digestion
trials. The data for the nitrogen balance trials are presented in Tables
17 and 18 and the statistical snalysis is shown in Table 19, Data for
lambs during periods of high feed refussl (discussed previously) were

omitted from thies phase of the experiment also.



Table 17. Nitrogen Metabolism Data for the Individual Lambs on Soydean Retions.
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Teble 18. Nitrogem lgtabolism Data for the Individusl Lambs on Linseed Rations.
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Table 19. Anaslysia of Variance ef the Nitrogen istabolism Data.

Source of Variation Oegrees of Freedem Mean Square F Valves

= — - —_

Periods 3 143.93 2,84
Pretein 1 83.37 1.8
Error A (Protein x Periods) 3 30,61

Urea 1 70.37 2,29
Fat 1 75.49 2,46
Protein x Ures 1 9.21 2,97
Protein x Fat 1 oo L
Periods x Protein x Split Plot 12 18,97 62

Error B (Remainder) 18 30.74




Differencea in the aversge weight of lends between groups mey be
explained on the basis of perioda in which each treatment was studied.
Rations 2, 3, 9, and 8 were offered in periods 1 and 3. The average
initial weight of lambs fed these rations would be less than for those
fed retions 1, 4, 6, and 7 in periods 2 and 4, aince they gained some
woight during the long prelisinary perioda.

Feed=consumption data for the lambs show scae differences. The
variation was the reasult of differences in initial weight of the enimals,
end the aubsequent feeding to all animals on a standard baais per unit of
body weight. Since the amount of feed fed daily was raised 5 percent
with each successive period of the trials, averages of the data from
periods 2 and 4 would be alightly higher than for perioda 1 and 3. Actual
intake of protein was also affected slightly by these factors. However,
uniforaity between the treatments was conaidered good.

¥eight gaina for the lemzbs during the nitrogen balance triala have
been presented in Tables 17 and 18, These data repreasent the total gain
for each lamb over the seven-day collection periode The majority of lambs
made acme gain, with variation between groupa being emall. A few of the
leabs lost weight during the time they were in the metabolisa crates.
However, losses in weight were small and not mush significange should be
attached to these weights, aince they represent only a short period of
time. Reference ia made to the weight gains of lambs in Tables 4 and 3,
which are averagea for each group of lambs during both the preliminary
and collection perioda. The datas in these tehles show that sll lambs were
geining in weight during the period they were féd each ration,

The nitrogen metabolisa data were cearrected for metabolic fecsl
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nitrogen, using the method as presented by Blaxter and Mitshell (1948).
Endogensus urinary nitrogen, teken to be 0.035 grems of nitrogen per kilo-
gres of body weight, as given by Embry (1930), was also calculated.
Coerrection for these two fractions gave essentially the same zesults es
presented for the uncorrected data, although balance figurea were maine
teined et & higher lewel. Therefore, only the uncorrected dets are
presented,

The daily nitrogen intake by lambs on linseed restions sveraged
slightly higher than for those lambs on soybean retions. There wes uni-
formity between groups, however, with the lower averages in most casee
reeulting chiefly from the size of the enimals and the periods in which
these rations were offered. These factors have been discussed in the
previous sections,

Averages of fecal nitrogen excretion per doy were very similar for
the soybean and linseed rations, with and withcut urea and lard. Ures
nitrogen appeared to have no influence on ths ascunt of fecal nitrogen
excreted with either the linseed or soybean rations. Llard, however,
sppeared to reduce the amount of fecal nitrogen exsreted by the lambs.

This effect was alao noted when urea and larxd were fed together, but appeared
to bs due to the sction of larde Llard resulted in s significent improvessnt
_in digestibility of protein but the type of high~protein ingredient and

urea had no effect on digestidbility of protein. (See section "Digestibility
of Protein® for a discussion of this.)

Values fer urinary nitrogen excretion showsd no ¢onesistent Gends
due to the treatments, but the values were somswhat veriable, However,
these differences were not evaluated stetisticelly, except as they sffected
the nitrogen bslance,



Averages of nitrogen balance by lambs were conaistently higher for
linseed than for soybean rations, with the exception of those conteinimg
ures alone. The difference in favor of linseed meal wes the greatest
between the basal groups. The amount of nitrogen excreted in the feses
and urine wes Quite aimilar for the two high«protein ingredient gxoups.
The elightly greater intake of nitrogen by the lambs fed linseed meal
resulted in the higher balence figrres which were not statistically
significant.

Nitrogen balance was lowest when the rations contained ures with-
out larde The differences batween the urea and other groups wae more
prooungsd with the linseed meal rations. However, individual variation
was grest and the nitrogen balance for the urea grcups was not significently
different from the others.

Lard did not result in any significent change in the nitrogen
balanse of lambs. Comparison of lambs receivimg rations containing laxd
alone sgainst those receiving the besal rations did not rewveal any
{ispereant differences in nitrogen balsnce.

Rations containing both urea and lard gave nitrogen balance values
similar to those for lard without urea. The percent of consumed nitrogen
retained was higher than with the rations containing urea d>ut no laxd.
This seamed to euggeat an improvesent in the utilization of ures nitrogen
in the presence of lard. Hewever, the isproveasnt was primsrily due to a
reduction in fecal nitrogen and an improveesnt in digestibility rather
than a change in the utilization of the digeated nitrogen.



SUMBIARY ARD CONCLUS IORS

Nitrogen balance and digestion trials were conducted during the
spring end aumner of 19995, uaing 12 wether lambs a total of 4 Sollection
periodse Comparisons of soybsan masl and linsesd meal es the higheprotein
ingredients in the concentrate portion of the rations were studied. The
offects of added lard ee an energy substitute, nd urea as a grotein
replacement in rations ware also investigated. 1azd and ures were tested
slone and in coabination, with the effects of linseed mesl, soydean mesl,
and lard upon the utilization of urea nitrogen being a mejor objective in
the study of this problea.

A total of eight concentrate rations, sontaining approximately 19
percent protein were fed with equal emounts of late-cut prairie hay to
provide rations of about 11.5 percent protein equivalent, on e dry basis.
Four rations were offered every other pericd to three lambs each, so that
six lambs received each 6f the treatments during the course of the trisla.
All lembs were fed individuelly twice daily at the rate of 500 grams per
100 pounds of body weighte A five percent increase in feed waa provided
each auccessive period to compensate for growth of the animals.

Coefficients of apparent digestibility of each mutrient, and
nitrogen metabolism dats mere the messures of performance of the enimals.
Poor feed consumption en the part of three of the lambs during the latter
periods of collection made it necessary to exclude their data from the
results obtained.

from all results, there appeared to be no difference in the digest-
ibility of nutrients in rations containing soybean mesl or linseed mesl
for growing and fattening lamds. Digestion coefficients for the nutrients



did show a slight advantage for linseed mesl, but this waa small and
nonsignificant.

Urea, added at the rate of 0.9 percent of the total ration, did not
seem to affect the digestibility of crude protein, crude fiber, nitxogen-
free oxtract, and organic matter. There was a difference, howsver, in the
digeatibility of ether extract when urea was incorporated in the rations.
This difference appeared as 8 significant protein x ures interection.
¥rea ingreased the digestibility of ether extract in the soybean meal
rations, but decreassd the digestibility of ether extract in the linseed
rations. This effect was significent at the 5 percent level.

Urea proved to bo a satiafactory source of protein under the
conditions of these trisls. Important considerations in its use in retions
for lambs are its coat as a source of protein, the protein level of the
ration, and the level of urea used to aupplemsnt: the conventional protein
in rations.

Five perceat edded lard in rations for lembs significantly increased
protein and ether extraat digestidility, but depressed the digestibility of
erude fiber end nitrogen-free extract. However, there was no effect of
lard on the digestibility of total organic metter. Apparently, the increase
in digeatibility of crude protein and ether extract was great ancugh te
offeet the depression in crude fiber and nitrogen~free extract digestibility.
This resulted in rations about equal in digeatible organic matter, but the
higher level of fat in the Yations contsining lazd gave them a higher
ehergy value.

There appeared to be no difference in digeetibility of nitrogen from
ures when the rationa contained linseed meal or aoybesn meal. This indicatea
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that the two high=protein ingredients have abeut the same value as protein
supplemsnts when used with urea for fattening lambs. lard improved the
apparent digestibility of protein e¢f rations containing urea, but to
about the same degree as for rations with no ures. Apparently, lexd had
no specific effect on digestibility of urea nitrogen.

The nitrogen balance data did not show any significant differences
betmeen the various treataents. The dats wes somewiat variable and rations
containing urea without lard gave the lowest values for percent of consumed
nitrogen retained. Nitrogen in rations containing beth urea and laxd
appeared to be retained better than the nitrogen in rations with urea but
no lard. This improvemsnt appesred to result from an incresse in digest-
ibility of protein when lerd was added to the rations.

From these results, it appears that lard is a satisfactory feed for
fattening lambe when used at levels up to 3 percdant of the total ration.
Laxd used in this experiment waa highly digestible and no doubt this weuld
be an impartant fector in the comparative value of other fats with lard,

The practical value of adding lard to rations for fattening lambs
will depend largely on the comparative prioce with grains as a source of
energy, and upon the type of rations being feds The decresse in digestibility
of crude fiber may limit the value of lard in high roughage rations. The
ingrease in digestibility of protein end improvesent of handling and mixing
qualities of the feed will give the lard some extra vslue. Adding lard
to the feed appears to have no special effect on the utilization of uxrea
aitrogen,
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APPEEDIX TABLES X
Feed Cansumption and Coefficients of Apparent Digestibility for Lambe

Fed Late~cut Prairie Hay and Soybean Basal Ration,

Lasb tter Fod Dry Matter Dry Crade e Grganic
No. Way e  Refused Matder Protein Extract Fiber M. F. E. “Matter— T. D. K,
Onge Gms. Ome, Ong, ___Ones __ Gue,  OGes, __ O»g, Gms, Gns.
Pere. 2
2 3444 3401 484 6441 719 186 1207 3919 5926 41%5
3 2952 2979 -— 5930 ¢54 167 1120 3499 3442 3861
11 3120 3158 -— 6274 604 177 1184 3703 s78 3930
Por. 4
s 3329 3432 —— 6761 852 169 1297 3874 6212 6D
8 67> 87 621 6841 889 188 1253 3966 6293 3997
12 2906 2989 - 5895 742 165 1133 <14 ] 5416 3623
Coe lﬁl L, : e e - —
F 4 4 :i :n; . m;m mni E4
Pn. 2
2 64.5 54,8 13.7 63.2 75.0 67.8 64.5
3 66.2 63.2 40,9 63.7 3.7 69.4 65.1
11 64.2 %8.3 25.2 57.1 74.2 67.3 62,6
Per. 4
) 53,8 56.3 21.6 52,8 62.4 58.4 54.4
8 $8.4 63.9 28,5 453 66.6 60.9 87.0
12 62.6 62,7 33.1 58.1 70.4 65.6 61.4




APFERDIX D\ELES 11

Feed Consumption and Coefficients of Appareat Digeatibility for Lambs
Fed late-cut Prairie Hay and—Suybesn—ures Ration.

Bytrienis Coneumed
Lamb Rry Natter Fed Dry Satter Dry Craie Ether Crude (rganic
Ro. lhy Cone. Refused Matter Protein Extract Fiber Neo Fo Eo Matder T. Do No
Sap, Ges, Ses, e, T Oese Gme, Ons, S, Sng,

Per. 1

6 2740 2721 261 %200 979 176 876 3214 4845 3074

8 3146 3132 — 6277 683 214 109% 3845 5839 3898
11 2909 2890 3795 632 198 1011 35349 5390 3740
Per. 3

2 3542 3595 2325 4812 498 203 939 278 4418 2942

7 3186 3237 coo 6423 720 261 1178 3733 5892 4120
10 3542 33595 19 7008 ™ 286 1290 4074 6432 4104

: nte of A _m%um;x
T e G

Pers. 1

6 38,9 979 27.6 37.7 71.6 62,2 $9.1

8 61,6 61.4 29.8 49.6 713 64,7 61.5
11 63.6 60,9 %0.0 53.7 73.0 67.1 64.5
Pere 3

2 60.2 46,6 579 99.1 68.1 63.3 6l.1

7 6307 55.2 56.2 57.4 7208 66.8 6‘.1
10 %9.0 60.9 52.1 952.2 66.1 62.0 8.6

1)



APFENDIX TABLES III

Feed Cansumptian and Coefficients of Apparent Digestibility for Lamhs
Fed Late-cut Prairie Hay and Soybean=lard Ration.

-

=

i e it

Lamb Ory Matter DOry Crude Qrganic
He. Refused Matter frotein Extract Fiber N, Fo Eo Hatter— T. D. No
Guge _ Gos, Gms y Gug Gmse __ Guge __ Ong, Onse Ong, [« T

Mo 1

4 3399 3437 $83 6255 756 552 1020 3470 %708 4417

5 2887 2893 -_— %760 667 478 1005 3164 %315 3
12 2488 =02 -_— 4589 37?7 414 er2 2740 €602 3374
Per. 3

1 3047 3050 234 5862 699 ~9 1080 3140 %3349 3903

3 3034 3087 2642 3429 42 291 %99 1789 3107 2537

9 3034 3037 ™ 5333 668 42 293 2061 4863 3459

%IM?.&WM&#
K4 4 4

Pere 1

4 63.3 69.9 7040 49.6 725 68.0 70.6

3 60.6 62.2 65.3 49.2 68.4 63,7 6546
12 62.1 69.0 720 %51.9 67.7 655 67.6
Paxe 3

1 62.3 6703 7‘08 “.3 68.6 65.0 “06

3 7043 67.1 79.5 54,2 7846 72.4 74.0

9 99.6 62.4 76.6 47,0 65,0 62.4 64.8




APPENDIX TARLES IV

Feed Consumption arxd Coefficlents of Apparedt Digestibility for Lambs
Fed Late-cut Frairie Hay and Soybeam—uxwe-lard Ration.

Dry Mattsr Fed Dry Matter  Dry Crude M Grganic

oy Comg. Refused Matter Protein Ne Fo E« Matter T. D. N.
g, Gmg Gogo m__ga.._h_.em Omg o Gnes  Guse

kl’.

S 3068 3080 128 5993 689 486 1099 32Z7 S450 3997

8 3366 334 &3 6666 760 %33 1237 3589 6117 4307

9 2952 2936 287 5601 646 450 1025 30> 5146 3692
Fez.

7 3367 3397 — 6764 812 593 1289 3520 6210 4132
10 3739 3766 87 6917 847 620 12682 3606 m‘ 4469
11 3406 3622 914 3913 767 1011 3110 4125
Tficlonts of A
3 e -idclents.of Acegrent. Diasstibility T

Pere

) 63.4 63.8 56.5 38.6 71.2 66.4 66.7

8 60.7 62.3 64.7 51.7 67.4 63.4 64.6

9 6l.4 63.2 64.7 49,7 7061 64.7 65.9
Per.

7 55,7 65.6 5.7 €4.6 57.3 875 61.1
10 %8.6 64.6 T9.6 44,9 63,7 6l.1 64.6
11 62.8 705 9.9 49,95 67.2 65,6 69.8




APPENDIX TABLES V

Feed Coagamption sad Cosfficlents of Apparea® Digestidility for Lambg
Fed Late—cut Prairie flay and Linseed Basal Ration.

Lamb Nettar fgd Dry Metter ~ Dry Crads W Qrganic
NO. AC.

oy Refused Matter Protein Extreet Flbar N, Fo E. Matter T. D. Ne

Per, 1
3 2 733 — S485 658 171 954 3318 SO 3491
7 2092 5 -— 5771 63 180 1041 3692 S344 3782
10 3209 97 — 6406 76 199 1159 3876 3931 4066

Pexe 3
é 3021 3059 2330 3750 952 78 450 237 366 2328
8 IS 307 89 6871 829 18 12N 3990 a9 6049
1l N» 3246 — 6485 TT™ 174 1193 3744 3890 3841

3 gsmﬂn? .An?m& z

Fere 1
3 63.0 85 3.0 5649 T0e7 66.1 63.6
7 64.8 68.9 32.8 57.6 732 68.2 655
10 63.4 62,7 10.6 34.2 74.6 66.9 63.5

Pere 3
& 63.9 3.0 22.1 3740 74,9 66.7 62.1
8 99.8 99.2 40,2 527 68,2 63.0 58,9
1l 59.9 61.9 54.0 50,3 68,1 63.2 59.6




APPENDIX TABLES VI

Feed Conmumption and Coefficlients of Appmrent Digestibility for Lambs
Fed Late=gut Preirie iay and—tinssed-area Ration.

ﬁﬂ%ﬂuﬂg
Ether Qroanic

Ko. Hay ° Refused Mstter Prot%ein Extrsct Filbez K, F, E. Hatter T. De Ne
Snge _ GOnge ____Gos, Gage_Ges,  Onge Gume  Omae Ovs;  Ohga

Pez.

4 3638 3660 — 730 790 209 1364 4370 6733 4621

6 2928 20 918 35 o8B 14 8l6 3048 €92 3033

7 3094 3124 — 6218 673 178 1160 3721 3B 3882
Peze 4

1 322 329 1® 6415 T84 162 137 3676 9565 3620

3 3214 3281 714 3780 “3 62 ™m 2!39 3467 226

9 3214 3281 »" 997 117 3602

s S s S S

Per,

0“.—? N h

64.6
62.0
63.4

9843
63,2
9.6

63.4
5649
61.3

62.4
69,7
62,0

2069
1647
22.3

14,6
-Z.O
30.8

9.1
34.4
56.3

33.6
66.9
34.0

7.6
723
733

654
66.9
67.1

67.8
654
66.8

61.6
65.6
62,7
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APPRMDIX TABLES VII

Feed Conmumption and Coefficlents of Apparent Digestibility for Lambe
Fed Late=cut Prairie Hey and Linseed-lard Ration.

Nutrients Congymed
Cruie xrganic

Lesb  [zy Nattsr Fed Dry Netter ~Bry  Grde
%o. Hay Cong. Refueed Matter Pxrotein Extract Fiber M. F. E« Xatter T. D. N.
L Pa—— T Gas. L P— Gms, Gng. ___Gne, __Gus. Gnsy
Per,

)| 2965 2950 — 5914 T3 497 1197 3013 5309 3862
10 44 3433 — 6877 841 578 1344 3804 6266 4600
12 2667 2657 — 3324 651 447 1041 n3 4851 7N

Pez. 4

2 339 3174 2656 Sm7 620 40} 1014 2615 4651 3312

4 3969 4003 972 7000 898 390 1290 3642 6420 4781

6 3188 3219 2470 3933 540 368 620 2108 3633 2465

immsm?_xi.qm;m%mhm%
X X
Pezxe

1 60,0 63.7 71.8 50.8 65.3 62.8 64.8
10 61.9 675 T2.4 47.8 70,0 6.l 66.9
12 61.9 65.9 73.2 50.8 69.3 9.2 67.1
Per.

2 60.3 650 5.9 56.9 63.1 63.0 655

4 62.7 69.6 81.5 47.3 67.7 6.1 68.3

6 94,7 64.2 T.7 Zl.2 62.1 $8.0 627




APPENDIX TABLES VIII

Feed and Cosfficients of Appereat Digestibility for Lambe
Fed Late-cut Prairie lHay and Linspwd-aree~lazd Ration.
Lanb  Dry Metter Fed Ory Mettsr  Ory Crade eﬁ Q'udo Qroanic
No. m Conc. Refused MKatter Protein Extract M. Fo E. Matter T. D. M.
Guse Guse Gmg o Snge . Gmse Snse m s L Pa— TS

hr. 1

1 265 5 L & 5448 649 301 969 2913 5031 3621

2 3209 (] 1143 9234 673 342 7] V4p 74 4864 3636

9 792 162 N 5419 631 SC3 F' o) | 2902 3007 3832
Pez. 3

4 In7 3786 926 6618 842 992 1123 Bla 6071 €92

S 3148 3168 -— 6316 162 533 1140 330 sm 4070
12 2742 764 60 5446 35

—Couff of. igeatibil
T R ey

Pere 1

1 60,8 69.4 66.8 4.9 67.1 63,7 66.5

2 61.6 68.2 .6 44.0 67.7 64.8 69.9

9 63.9 69.9 77.9 %0.6 69.4 66.8 70.7
Pez. 3

4 60.0 64.]1 T4.9 38,9 68.9 63.2 66.4

) 98.7 60,7 75,9 46.8 64.8 61.7 64.4
12 57.4 62.0 74,2 8.8 61.6 60.3 63.1
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