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STUEXES ONF DIGESTION ARD MITROGEN MATASCLISM CF BESF CATILE

PART I, DIGESTION AND NITROGEN RETINTION DATA OBTAIMED
WITH STEZUS IN UNIN3ITY THIALS



INTRODUCTION

Reliable digestion and metsbolism data can be oblained with large
animals only whel acos;ted experimental teshnicues based uponr estabe
lishod principles of animal nutrition are utilized, This is especieclly
true in the case of the ruminant because of the eomplications associated
with unusual digestive systems of these animels. ESven whem acoepted
experimental techniques are meticwWlously folliowad, the reliabdility of
the data #0 obtained is often guestioned as a result of the mormal
physiolozical variations of individual animals in different trials ead
those exipting betwean animalsg in same trial. A kpowledge of the ex»
tant of these variaticns would be of sonsiderablie value in designing
digestion =nd metabolism experiments and in interpreting the results
of such experimsnts. This knowledge would enable the investigator to
determmine the number 0f animals nesded to deteet desired dirferences
botween troatwents and to detormine the longth of esch collsetion
period, Although studies by Forbes and associates (1946) with sheep
have provided data of this type, thers has been a virtual lack of
sizilar data obtalned with besf sattle. The desirability of such data
for sppliestion to tue numerous digestion and metabolism trials relate
ing t© the maintenance of beef cattle ir Oklahoma resulted in the 0One
duoting of & series of uniformity trials with steers. The data Obw
tained in these studies have made it possidle % state the optimum
length of colleetion pericds, the minimus number of steers necded to
detect the least signifiocant difference in treatmonts, the major source
of variation, snd related fsotors controlling She success of digestion

and metabolism trials.



REVIE® OF LITERATURRE

A digeation trial repressnts am accurate accountin~ of the emounts
of feed eaten and feces excreted by an animal in a defin!ite pariod of
tizes In conjunction with the proximate chemical analysis of the feed
and feces, the data obtained in a digestion trial srovide a means of
determining the digesiibility of each putrient, From such data the
preatical nutritive valus of a ration or rouzhage can be expressed in
terms of T.D.N, and digestible protein, (Maynard, 19%)

The reliability of digestibility data depende upon factors relate
ing tn the judgment shown in the seleation of the ex;erimental animals,
the sikill with wmtioh the snimals are managed and the sccuracy of ;IO
gedure associated with the suantitative as) w0ts of the trisl. These
and other fagtors suoh as the lergth of tiwme alloted the animal for
adjustment to the ruation and enviromment, the maintenance of a 00D
stant feod intake snd the grecial considerstion necessitated by the
neture of the physiology of digestion im the species belng studled,
have besn thoroughly considersd by Armsby (1914), Benedict and Ritzman
(1918) and Forbes and Grindley (1923). The spplication of the prine
olples siressed by these sarly investigatore hag bDeap of partioulsr
importance in digestion trials wiih larze animals becasuse of the
1limited number of individuals whioh economic feasibility permits being
used in each $risle Wwhem 1t ie recalled that mGst of the publisied
digeatidility data on large animals have been obtained with three and
four animals and frecuently with only two, the i portance of zocd

sxperimantal teshnique iz clearly indicated.



Very often the urinary niteogen exeretion is determined as a
swplementary part of a digestion trial. The amount of nitrozen e
tained per day by an antral is euloulated by subtracting the mitrogen
axoreéed in the redes and urine from the nitrozen intekes Although

the pitrogen retention is not & necessary value in tbe deterwination
of digestibility, it can, after eurreeting for the nitrozen exoretion
of body origin, be used in the determinstion of the biological walus
of proteina and the met protein requirssment of enimalse The problems
involved in obtaining nitrozen motebolise data have baan considered
in detail by Mitshell (1924) (1926).

It has become apparent in rceent years that even when the bast
techni quas Of animal nutrition are epplied 1o experirents on digestion
and anl trozen metaboliam, normal physiclozical variastions of individuals
with respsct t0 tise, and between individuals at the same time, greantly
influenca the results of such experikmsnts. Variation in the phyeide
loglerl performance of individuals was realized long: ago by Benediet
and idtzman (1918} who determined the digestibility of nutrients with
two stoers fed only roughage. They reported the reap dicestion 00w
aftiol ents for each steer in 16 digestion trisle of 7 0 10 days dutoe
tion, but in the absance of sgtatistical methods no further analyals
was made of the data, The introduotion of statistics to nutrition
studles fooused attantion on the importance ¢f physiclozical waristions
of snirals in digestion and metabolism studies, Throush the appliecation
of special experimental designes 1t hss dsoome possible to aliminate

these variations, but in doing mo the efficiendy was reduced and the



eost per unit odbservetion was ovnsequently ineressed, Knowledge of
the normal variation of animale in differant trials and that existe
ing bstween animals in the seme trial could lead to the use of more
efficient sxperimental designs. (Smedecor, 1353).

It is of ocnslderable importance that a sufficient number of
animals be ussd in each treantment of a digestion trisl tw detect the
decired dirfference hetweon the msans, yot it ls esomomically unsound
$0 Use more anirals than are necessary. I an atbempt to provide
this information, ¥orbes and associatss (1946) condusted a digestion
trial with 22 shsep. From the standard error they ealoulnted the
least gignificant difterence betwoen means which could be deteotsd
with 1 to 22 shesp per treatmsnts. Although sizilar data would be
bighly beneficial in digestion and metabolis: expericonts with bheef
cattle, an exemination of the literaturs failed %0 revsal sush infnx;»
mation, For this reseon, a series of unifomm digestion and metaboliem
trials was oconducted by the Departments of Animal Misbandry and
Agriouwltural Chamicstry Ressarch of the Oklahoma Agricultural Experie

mant Stations.



EXP CRIMENTAL

A series of digestion and nitrogen balance trials was oonducted
on a group of 12 grade Horsford steers fed a ration of epproxizately
ocongtant oompositicn (10 psr cent protein) oomposed of prairie hay
supplemented with cottonseed mesl and minerals. The averace daily
intake and composition of the rations fed t© the stears in all trials
are given in Table l¢ The first trial, which was & digestion trisl
only, was conducted when tie steers were 10 moniths old and weighed
approximately 500 pounds, The seoond and tidrd trials, involving
both digestion and nitrogem retention siudies, wers condusted when
the stoers were 19 and X months old, regpectivelys Thelir averaze
waight at those ages was 689 and 1000 pounds, respoctively.

The experimental preeedurs was the ssme in sll three trials.

The animals, after being bdrouzht in from the range, were kept in pens
for a week Or more 0 pormit toelr aamﬁmt to the retion and spvirone
ments Mollowing tiis adjuztment pericd, the steers were placed in
motabolism stalls constructed as described by Briggs ond Gallup (1949)
and Nelson, Tilmen, Gallu and HacVloar (1954).

Preliminary feeding periods wers of 10 or mors days duration
followed by three siuocessive Seday oclleoction pericods. The aninale
wara fod one-half cf the ration in the moming and the remsinder in
the evaning, Samples of the preirie hay and cottonseed neal wore
taken at each fesadinze At the and of the eolleoction poriocd these

samples were tioroughly mixed and gpproximataly cne-fourth of each
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was submitted for chemical anslyeliss Refused fesds wore Pesoved from

the feedebox at the end of the collection period, dried at WP 6,
weighed and apalyzed.

Petos were tollected in troushs attaclied to the metebolism stalls

(Welson et sle, 1954} and tremsferred to overed motal cntainers.
Sampling of the feces was made once a day, atter tie evening feeding.

Pive per sent of the dally welght of frosh foces wes stored in serowe
eap jJars in & refrigerator.
samples to inhibit bacterial action.

ol orystels wove added W these

Urine was ocolliected in 3-gallon bottles during %riel 2 and in

sllon metal ocontainers wliih wooden covers during trial & The
dally smount of urine was made up o 10 kge with woter and a 130 ml.

sarple stored in a refrigerstors In the event the deily amcumt of

urine

proevded 10 g., 1t wae nade up % A kpe with water snd a
0 pl. sspple tokens

Since the urine was exposed 0 bacterial contuminetion during
the Zd-hour colleotion, s cuestion wae ralsed regarding niteogen
losses resulting Trom ures bredkdomm. T detemine whether acldifie
sation wae neesseary, a test was conducted in whioh swples of urine
from 3 steers were divided scually botween teo Zegallon botiles sund
the urine in ons botile of emeh pair scidified with hydrochlorie
aclds After storege in open bottle for 24 hours in the Heteboliasm
Boom, the urine was snalyzed for nitmgsn. The ladk of signifieant
difference batweon the nitropen content Of aeldified urines snd nog~

soddified urines, ass shown in fppendix table F, made 1% unnedeasary

%0 scldify the urines during the Rd-lour sollection.



At the completion of each Seday oollestion perivcd, urine, feces
and refused fosd for each steer and the feed semples were presared for
proximate analys!is, ‘The fresh feves were thoroughly mixed to provide
representative samples. Triplicate 10wgm. saxples of fresh feces wers
weighed on & torsion balance for nitrogen detemmination by the modie
fied Kjeldabl method.,. Ritrocen in the urine was determined on duplicate
10wml, sezples. A mixture of snhydrous sodium sulfate and anhydrous
eupric sulphate (178l ratic) wes used as the catalyst in all detormie
nationse

The dry matter content of sach fecal sample was determined by

welghing a 00 gme ssmaple of fresh feces into a tared metal conitainer

and drying at 105° C to constant weigit, It was of interest 0 ase
sartsin the accuracy of fegal dry maiter detemminations made on duplie
eate sapples of fresh feces from four steers. The rvesults of tids
test {Appendix table Q) showed that tie difference betwoen the means
was not aignificant at the U085 level.

The moisture eontent of all feeds and alrwdry feces was detormined
by drying duplicate Zegm. sasples at 100° O for 4 hours. The determie
nations of ash, ether sxtract and crude fiber were nade scecrding to
the Hethods of Analysis of the Association of Official Agrioultursl
Chamists (1950). |

Since the standard ervor in nitrogen determinstions on triplioate
10wgm. samplas of fresh fesos 1s large beosuse of the difficulties Lbe-
vwlved in mdmanta&y mixing this meterial, it was falt that conducting
the nitrogen aaﬁéminaﬁm on the ground feces previously dried %o

gonstant weizht would eliminate ssmplins Aifficultiess Althouzh it



was realized thel deyine

05% ¢ would ceuse some reduction in fesal
nlitrogen it was felt that this loss would be less than the error ine
vwived in the sanpling of fresgh fecess In sm sitempt o decvide whether
the sampling of fresh or dried feces ylelded the more relisble rssults,
nitrogen determinations wers made On both the fresh and ovemedried
feoee of one steer, The losses in nitrogen due to drying were Wwﬁm
mately 8 per cent which is in spreamsnt w th the repori of Galluwp and

Hobbs (1944}, Losses of this mognitude excesded the error involved im
sampling fresh feces and the means were slonificantly differants The

resulte of this experisent sre shown in Table H of the Appendix. From
these rosults 1% can be conaluded thet less error is involved in nitroe

gen deteminations on fresh feces than on dried leces.



The digestibility cvefficients for dry matter, orgenic matier,
protein, etisr extrast, ecrude fiber and anitrogen~frese extract were
determined for esach steer during esch Seday colliection period in all
trialse Digestibility ewefficients for all anutrieats by each steer
during 10-day collection periods were caloulated from results obtained
during perivcds 1 and 2 Similarly the digestidbility ocoefficients
obtained in 15-day ocollection pericd were calculated from results
obtained during yericd 1, 2 aund 3. ALl digestibility cosfficients
were caleulated after correcting for any feed refusals durins a colleo
tion period.

Twelve steers were used in all periods, except the third one of
trial 3 During that period it was necessary to remove steers 55
and 57 becsuse of badly swollen hookse The data obtained with steers
2 and 57 in trial 1 were not included in the statistical treatcent
because the samples from stear 2 were lost and stesr 57 refused
exoeptionally large smounts of feod. As the result of these elisde
nations, there reamained for statistical anslysis the data obtained
thi: 10 zteers in each period of triel 1, 12 steers in each period
of trial 2, and 18 steers in pericds 1 and 2, and 10 in pericd 8, of
trial 3

The digestion efficients and related digestibility data for
individual atoers on S5-day collection periods in trials 1, 2 and 3
may be found in Appendix tables A, B and U, respsctively. Tables
B and € ocontain im anddltion to ihe digestibility data nilrocenm



balance data for individual stesrs on each S=day collection period
wWithin trisle 2 and 3, respectively, Digestion ovefficients obtalred
with individual steers on l0-day eolleetion perivds im trials 1, 2
and 2 are presented im Appendix table D. Similar duts obtained from
15-day collestion periods are pree<nted in Appendix teble R IYndivide
usl nitrogen retemtion data from 10. and 15-day collieetion pericds in
triale 2 and 3 are ineluded in Appendix table D and B

The meun digeetion ecefficients, variance, standard deviation,
and standard error for the tores Seday collection periods, the 10w
day and the 15=day evlleetion periods have been computed and are
given in Table 2 of tho texts Similar data on nitrogen retention are
given in Tsble 3

Purther statistioal treatment is confined to the digestibility
selficlents of crganic matter, prutein, and eruds fiber, and the
retention of aitrogen.s Orgazic matter dizestibility was chosen fOr
rurtiuer study rsther tan that of dry matter digestibility because
of the grester significance of the foreper in temms of enerey and the
alimination of the errors related to the exeretion of minerale into
the intestinal tract., Data oa the apparent digestibility of yroteinm and
erude fiber were included in additional statisticel analysis because of
the importunce ol these nutrients in digestidility stuidiese Crude fiber
as a fraction in feed analysis Las been criticized by Crampton and
Maynard (1938). Although this frection is supposed % contuin the
sallulose and lignin of plant tissue, lose of lignin ip crude fidber
determinstions hss beer shown by Wxon and Beatley (1953) to ammount
%0 as much ae 85 per cente It has been su-gested by Crampion and
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Maynard (1938)that the crude fider determination be replaced with lige
nin, hemicellulose end calluloze determinations, but the gvost of the
extra labor required bas prevented wide-spread adoption of this suggess
tion. The general utilization of crude fiber digestion evefficients
in presenteday digestibility data justified their inclusion in the
present study,

Statistionl analvsis of the nitrogen rotention date obtained in
trials 2 and 3 has ben confined to withdn trial treatment since the
difference in age and gize of the steers in the two trials would be
expected to influence nitrogen retentiods

The digestibility and nitrogem retention data of Appendix tables A
through E have been ocompiled in an attempt to determine the optimum
length of digestion triale, The major source of variation with trials,
the number of animale nesded to detect significant differsuce between
zeana and the effeot of slight veriatione in the cormposition of rations
used in different trials.

Malysis of the digestibility date waes first drected toward deter
mining whether the variations in digestion scefficients by the same steers
in different periods was greater tham that by different steers within the
sape pericds Ani analysle of variance wes made on the digestion cefficie
ents of orgenic matter, protein and orude fiber obtained in the Seday
oollection jeriods within each trial. The results cf these analyses are
shown as "Three S-day periods” in Table 4,

Variation in digestibility of organic matter by the same steers in
different perfods was less then the variation among steers witbin a perfod

in trials 1 and 33 the reverse was true in trial 2, Variation in protein
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digestidility by the sasme stesrs in different periods exceeded that
between animals within a ;ericd in all three trials. Variation in diges-
tibility of erude Piber by the same stezers in different periods was less
tian emong ateers in the saxe period in trial 1; the opposite wae true in
trials 2 and 3. Frox the fact thet in six of tie nine analyses of vari-
sncs differences betwesn the same stasre in different periods was greater
than ithose among stoers within the same pericd, it would appear that

these differanoes wiioh appeared in S-day pericds witihin trials are
ganerally csharactaristic of the pgpuletion. In ap attempt t0 substantiate
this oonolusion, an analyeis of variance wag made for the digestion coeffi.
olente of the ihree nutrients ¢btained in all Seday collesetion jerlods.
The sources of wariance analyzed were trials, pericds within trials,

trial x period interastion and error. The results sre pummarized in

the first section of Table 5. Of intereat are the signifiocant differences
betwasn pariods within trials. This and the within trial data previously
presented is understocd $t¢ woan that the variation im physiclogieal pens
formancs of an individusl ze mapifssted in digestibility date iz gronter
than the variation between individusls withia the same period. This
leads to the conolusion tiat B=day ocllection pericds are noct long emough
to permit a true sampling of the population.

Since thers ware siznificant differances in the digostibility dmta
obtetned in S-duy oollesction periods within the same trial it was of
intereest to deturmine whetier there were siinificant differences in the
digestion oefficients obtained in 5-, 10=- and 1lS5.day ocollection pericds.
fesulte of varisnce anaiyses are shown opposite the itum "3=, 10~ and

15«day pariods™ in Table 4. These results indisate that adgnificasat



*T2AnY §UB0 200 T 4% JUNDLITURTG 4
oA 3080 Jol § 94U JURRTJTUBYG o

L™y w'T

81 ELEE S ;
16%8 "t 1 potasg gpoteed Lup-gy puw o7 III
99% ge% 54 4 Joaay “
SR #$8%T 1 potasg eporaad Lep=pr pue ¢ IIT
¥ 1T AT e ] 42 2033%
#9498 e ¥9%0 8 potaed » \,
Jo ysfaey  spolaed Aep-~gy pme OT '&  ITX
90% 8% 82 Lo%s i3 ELEE |
2426°65 Wlutsr »R2* 18 9849 g polasg gpotaed fepeg eeayy 11X
S0% 00*Y ie% £9%0 8¢ xozay
5] Y LA 14 9%e*T 2 votred ‘
Jo gyBuery  vpotxed Lepegy puws OT '3 II
06*1 99% P17 £g ] o | |
W PO, Shg 252 "2T 2 BpOTXRS gspotaed Avpeg eeay;  II
s e ™ 42 FOXaF
wm..m ol s 2 potsed
3o qgPuey  opotaed Aepe~gT Vs OT *¢ I
e8°3T 96*c T 43 Ioxay
83°C A g£10%0 2 gpotaeg spotred Lepeg woayy X
ﬁmﬁwm TueN m@g@ WEOW  G4URLG UeeW saunbe ueow
13 e g8, pha Wieq 030 JO 403406 OJUGHA0 wHopeeay  Goanog
wioxs W Jo £31TI0 19865 D Jo Jo

43 Y10 19009 guexeddy L3 T Rasedwg §§m
; maﬁm m&@%ﬁ% L % ﬁmﬁ ZHL mm 7 E ﬁﬂw %@% o




Table 5, SUMMARY OF STATISTICAL ANALYSSS OF DIGESTIBILITY OF UGANIC ¥A/THR, PROT:IN AND C:UDE FIBIR

Dogrecs Digestibility Apparent Mgestidility
of of dizestivility of
Apslysis foures freedon orgenic patter of protein orude fiber
Mean square Eoan scuare  mean square
Seday collection  Trial (ags) 2 349, 60%* 100, 76** 185, G1%*
pericds, All ,
trials, Periods withip trisls (age) 2 9.90* 33, R 54, 02¢*
Trial x period interaction 4 9,82 2, 64* 8.0
Brror 91 3028 3:90 S.99
10=day oollection Trial (age) 2 38, 8% 38, 56%* 0,07
periods, ALl
trial se Error 27 Se 86 %7 458
Covarience analyels Rrrors of estimate
(1) of 10wday Trial (aze) 2 5473 e X0 2.34
collestion pericds.
All trislas, Error 26 7.18 Bel6 .18

* sionifiosnt at 5 per cent leval,
** Syonifioant at 1 por cent lavel,

(1) Digestibility of nutvient as a fumation of the protein contemt of the ration,

4T



variations do not cecur in the case of vrganic matter digestibility.
Bignificant variations do sceour in the divestion ecefficiemnts of protein
and crude fiber in most inctances. Altbough differences were significant
in oopparisons of Se and 10= deay digestibility date, these diffsrences
were no longer significant when comparisons were made of the data obtained
from 10~ and 1Seday collection periods, 'The results of tnese comparisuns
are shown ae the last two items of Table 4. Thus, it can be concluded
that 10-day collestion periods are of sufficient leazgth to reduce the
variaticn of individusls with regpect tc time 10 the ;oint where it is
ot significantly different at the 5 per cent level from the variation
botween individuale,. The results of analyses of variencs of nitrocan
retention date which also mipesrs in Table 4 favor the same oonclugionss
The age of the stesrs wae cuite different in each of the triale.
This raised the guesticn wiether the digestion oefficienis obtained
in one trial would be significantly different from those cbtained in the
other twp triuls, Phile it 1ls porelivle that emvironmentul factors could
cause slgnifiocant differences in the physiclogical perfomance of sieors
1n trials conducted months apart, it ie unlikely that tiis was the case
bacauae of the uniform manmgement &he stesrs reseived turcughout the
entire expsriment inocluding the tine between trisls, Any differences
in digestibility data obtained in the three trisls were therefore assumed
to be due 1o differmuces in the age of the steoera. The coefliclents of
digestibility of organie matter, nrotelin and crude fiber obteined with
the same 10 steers in a lOwday collection pericd ip esch trial were sube
Jested to analysis of variance, The results of these analyses ure givem

in the second seution of Table B. The reswlts sbow significant difTecences
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betwoen trials in nutrient digestibility. Before accspting these trial
dirferences as being due to age of steers, 1t was thought adviszsble to
determine whether these differences were related tc differences in the
protein ocontent of the vations. OGallup and Brigas (1948) reported e
correlation of U.92 between the a parent digeetibility of protein amd
the perecenteage vrotsin of the ration and easloulated the regression eguation
of the sppareut digestibility of protein as a function of the protein
ocontent of the retlon. Hlaxter and Mitchell (1948) showed a regression
t0 exist between the apperent digestibility of protein and the percants
age of protein in the ration wher the latter is 5 per cent or mors. The
digestibility of organic matter and erude fibesr wuld 2l=0 be expected
to be positively correlatsd »ith the persentage of ;rotein in toe ration.
The sversge proteln oontent of the raticms ingested by the steers in
trials 1, 2 and 3 were 9.7, 9.9 and 9.1 per cent respsctively. Althowgh
these differencss in the protsin scntent of the ration are not large,
it was oonsidered sdvisable to oorrect for any effeet of rugression by
subjecting the date t0 an analysis of covariance., The resulte of these
analyses are presented in the last swtiank of Table 5. It is apparent
from these regults that the trial diffocence: in digestibility of ihe
nutriente is not the resilt of differences in age or envirunmsntael
fastors, but resulted from differenses in protsin content of the rations.
The cost of experimsntation is ralated t0 the degres of precision
with whioh data are obtsined. If tae preglsicn of the rethods used is
insdescuate to datect the desired experimental differences, a totsl
financial loss results. The use of oxpensive methods ylelding data

whose precision 1s greater than that recuired is likewise eoonouically



wmround, Since the avoidanee of thege ol roumstances in digestion and
nitrogen trials with beef cattle 1e deeiradle, ap attempt wae msde to
deturmine the number of animals required to deteot di fferenses due to
troatment.

To asacwplish this, the digeetibility snd nftrogen restention data
of the 1l0-dey collection period in trial £ were selected for further
enalyeis. These data were pelagted because 12 steers wers used in the
trial, tie proteirn content of ths ration (9.9 per cent) wss hichest of
all trtals and tuere were no fa«d rsfueels, As shown in Table 2, the
mean digestion cocefficiente for orgarie watter, protein and srude fiber
vwers 65,0, 53.7 and 6% 7, respectivaly. The wariances for the digesti-
bility of organic mattar, protein and 2rude fiber were 0.72, 0.8% and
1.57, rezpectivsly. The standard srror for eash nutrient was them oale
sulatasd for 1 to 12 steers, From the strndsrd srror the laanst z2ionifle
san? diffcrence bdetwecn the means wae oulculetad for each nutriant.

The results of these caloulations sre shown in Table 6.

In Table 6 the least cignificant difference betwe:n means ie an
approximation of ths diffarence which pust axist batwean digestion o0-
afficients ir order for this difference t¢ be gigznificant at the B per
pant laeval wisn a givan number of staers are subjected t© two treatments,
From the data in Tmble &, 1t 1e apperent that the variscticn in the
apparent digsstibility of zroteln requlvrers 2 srester number of enirale
o detest siznificant diffarerces ther {e regquived for compariAons ine
volvinz orgenic mutter and omde fiber, In the care of mpparent digesti.

bility of protein, whichk in thie trial had a mean of 5.7, it 18 evident



Table 6, NUMBER OF STLERS REQUIRED TO DETZOT THE LEAST SIGNIFICANT DIFFER:NGCE
: (5 PER CENT) BETWNDN THE MEANS OF OO @/PIOTANTS OF INGESTIBILITY
OF HUTRIINTS AKD OF NITRUGIN RETENTION®

_Omgenio mavter —Emtels [z 2) Crude fiver B irosen rotantion o
' Least ' sast Least L

giguifiocunt sizniff cant signilicant slgnificant
Yo, of Standard difference Standard differe=noce Stendard differance Standard difference
stzers error Dotweeh means orroy between means erxor _ betwean means error  betueen mesns
1 0. 80 23 2,09 Be 4 1o 25 309 2,98 He3
2 0,57 1.8 l.48 46 0.88 28 8,09 6ud
3 0&“ ) 1&4 l.m. Z? 0073 2e2 1,'?1 Be 3
4 0.4 1.2 104 32 0,83 2,0 1e48 4 b
5 0s38 .1 097 340 0,56 1.7 1,83 4l
é 0.32 1.0 0.85 2,8 0.8 1+6 .42 38
4 00 0.9 Oe &0 25 0,48 1.8 led2 50
] 0,28 0.9 O 74 BeS [+ I 73 ded 1,08 Se 3
9 0,26 OuB 0® 2,2 0e42 1.3 O 99 %l
10 Qe 28 OB Qs 66 2.1 Qe 40 le2 Ou94 29
11 Q.24 Oe? 0463 2,0 0,38 1.2 0.9 2,8
12 0.23 0.7 0,60 1.9 Oe3? 1.1 0,86 29

#*Caloulated from the results of Trial II, perivdes 1 and 2, 10 day collsetion.



that 1f four stosrs are used in sach treatcment the di ffersnce betwean
the mans will ds siznificant {f 1% axcasds 3.2. The limits beynd
which Affferengs would de detoctad wsuld be 0.5 an:i 56.9. An increase
in the nwmbder of 2iaers %0 12 por treatmant only narvow the limi és,
fle8 %o 55.6, 20 {¢% would gppoar that the use of four stesrs per treat.
ment would detcot diffoerencs of practical waluss It is interesting

to note how Loy cnimals would de requirsd to0 deteset M fferenuces in
organrie mattor dizestibility. One gteer per treatment wowld purmit
detaation Of emallor giznifisant differences between trostments than
would four sgtesrs in trisls in whick aprarent digestibility of protein
was being determineds Im trials in whickh crude fiber digestibility
was of firet ooncern, tw steors per troatment would permit detection
of di“ferenges of abcut the rome magnltude as would be detected with
four stesare per tresiment in ths cuase of the spparent digestibility

of protein,.

It »ill be obgorved in Table 3 that aversge nitrogem retsation
for the 10~day oollestich sericd in triel 2 wes +4,82 with = variance
of 8 ™. The uss of these values pemmitted the calsulstion ¢f the
lenat significant diffscrence whioch can be detected for a given number
of auixsls but the csceffioient of veriztion is o large (46 per cent)
thet the differsnces betwesn trestmant must be very laige 10 De sighife
1oent. Prom the dets of Table 6, 1t appeere that a signiflicant
difference in nitrogen rotention could be detected with four sheers

only 1f the difrersnce due tc troatmert differed by 2s Euch us 46 gm.



Three digestion and nitrogen wetaebolism triasls were oondueted
with 12 steers at the ages of 10, 19 and 30 montos. They were fed a
maintenanos type ration of mlatiﬁ}.y gonetant corpogition. Hach
trial oonsisted cf a 10-day praliminary vericd and three successive
Swday oolleetion periodss The digestibility ccefficients of dry
matier, organie matier, protein, ather extract, erude fiber and nitro-
ganefree extract were determined for sach steer in each Seday wllede
tion seriod. Digestibility eosfficlants were Similarly determined
for 10« and l5-day collsetion periodse The mean, verisnes, stendard
devistion and standard ervor of the digestidility ovefficients of each
mutrient by the steers on the thres Seday perivds, tie l0wday snd the
15=day periods were determined in each trial. The mean, variance,
standard deviation sad gtendard ereor for nitrogen retantion by stears
on tie three Oeday pericds, the 10-day and the lS5eday pericds were
determined in two trials.

Statieticsl anslysie of digestibllity data was confined to those
nutrients having the greatest physiclogicel significsnce in the
ruminant, namely, organiec matter; protein and crude fidber, Statistiocal
anslysis of nitrogen retention date was limited to within trial come
parisops because of asge and weight dlfferopces of anirals between
trials.

Analyste of wvariance of digestibility coefficlients obtained from
all Seday colieetion periods pointed to significant diffsrences between
trialz and betwean noviods withdn trials. The analys=is of variance of
the digestibility coefficients obtained in a l0-day ocolleetion period

in ench trial indlecated that nigily signifioant differemnces exist



between trislss COovariance analyeis rsvealed that tLese differences
were dus t0 amall differences in protein contsnt of the ratfoms in
different trials.

Anslysie of digestibility ocoefficients obtained in three Seday
gollaection periods within trials indiecated a grseater variation between
different periods than betveenm individuels in the seme pericds This
variation was reduced whap Se, 10« and lSeday pericds witain the same
trial were asnalyzed. With the exception of erude fiber digestibility
in trial 2, any variation betvesn -, 10~ and iS5eday pertods was
aliminated in a subsequent cowparison of l0- and 1l5-day oollestion
periods, Likewise significant veriation in nitrozen balanoce data
was allminsteds On $ois basis lUeday collieotion periode are reeommended
for studies of digestibility and nitrozen rotention in steers.

Proz the digestion and nitrogen balance data cbdained in trial
2, the least siznificant differsnoe betwean means which could de

deteoted with 1 to 12 snirels per troatment was determined,



LITERATURE GITED

Armaby, He Po 1914 The Principles of Anisal BHutrition. Jrd Ed. John

Benediot, ¥, ¥, and B. Ge 4 tamsne 1923, Undermutrition in steers
ia velation © astabolism, digestion and subsequent alimentation.
Carpnegie Institute of fHashington, Bashington, D. ¢

Briggs, He Mo and &, O, Gallup. 1949, Metaboliam stalls Por wethers
and steers. Jours Api. Soi. 831473,

Crampton, & W. and L. As Maynard, 1938 Helation of cellulose and
lignin ccntent to the nutritive value of aniral Poeds. Jour.
Hutr, 15:385,

Forbeg, H Bs and He Se Grindleye 1923, On the fommulation of metiods
of experinentation i apimsl producticvn. Eat'l. Hes. Souncil
Bulls 33

Yorbes, Eu Be, He Fo Rlict, 2. ¥ Swlft, ¥ He Jomes and Vo Fe Scithe
1946, Variation in determination of digestive capacity of sheep.
Jour, Ani. S@il B 95 Pe

Gallup, W, D and C. S, Hobbe. 1944s The desiccation and anslysis of
feoes in digestion experimants with stesrs. Jour, iAni. Sei.
3326,

¥itchell, He H, 1526 The detemmination of tie prodeln requirecents
of fara anlsals and of the protein value of farm feods and rations.
Hat*l, was. Council Bull. 55,

Bitohall, H. 4, li44s The svaluation of feeds on the bamis of digestible
and mebabolizedle nultrisntz. Jour. Ani. Soile 13189,

¥oxon, b» L. apd O« Go Bentley. 195%. Some disorepancies In AcleAeCe
srude fider snd S.FeE. valuss in moughszes. Jour. Ani. Sols
12892%.

Halson, A. B., 4, D, Tillmen, ¥, M. Gallup and #. M¥aoVicare 1954,
Apodified metabolism stell for stoers. Joure JAnil. Sole 13:8504.

Official Methods of Analysis. 19850, Assooiation of Official Agricultural
Chemists, ®ashington, D. &,

Snedecor, G. %, 1953, Statistical Methods. 4th Bd. The Jowa State
Gollege Prese, Amee, I0usm.






[ 3 A %8 '™ eae Tebe
999 08  PWS L'SS  TIoVE
9% =S8 IWS I8 1
U T'CC B LG8 e
€69  £%08  ¥°BE  T1°SC  TeWE
gL  8%G GBS £%E 6%
PUOL E%S 468 TUS 16N
B%9  6WS  0°09 9%uS 16w
§%9 8%G P98 8°C e
9% 398 9%39  T° _ 1eve
8%s [d ] €99 6% WU
g%s  3%we 6% 8% W
$%98  B°T  3°090 O0%S LS
£%C  0°6  9%E  B"e Wi
GBS  4%08 9T BWC M
§%¢  9%08  B'68 8'98 448
0°8  $%ES PP S'WC e
0°TC 288  9%S TS w.Es
9%0  9°8%Y  9%E 68 4

ﬁi trEexsee

ﬁl‘&iiﬂi&aﬁkﬁﬁﬁtﬂﬁl

S8382u3835RBIR8YBRIY

Z*%Yy - ¢*39 g%es Ghet vammes
e =
%58 1*2c o ad . 6*cE e 9% ®
iy 9% ZYen L B tin YBYL 9 ™
S P'9T UG ¥9e We¥E 29 .
Le%ag - Ak 141 P F At %e e k] ®
= 8'19  8%S  6%®s 298 v @ o«
LB*8E 0*2% 1*5¢ w0 2% SO o5 "
AT Al Z*og ol 1] a%g 5% £ e B
46°S8 G'F  9°%8 <98 6%C  weve g8 .
mﬂﬁw L%y 2*1% L% &*09 wdu.m 1 48314

J00a9%e (gd *0%N) J043uW  Jeqsod g&ﬁ YoN  poRed
usPous Iy § gﬁ N u&ﬁm mﬁ»mﬁm mwﬂmwnm Laq knwwMu F0035 meﬁ
— ; e

oL YSa0TE & NOTIoE 7100 IVG § N0 Saiis Nm mﬁ@w% N 40 LLTTia1dce0Ig



gi
i
i

PR REREEE L.

3
8

w;%
@#w
» "9

1&

Er2oeRERERR B

:

TR REEERENEEESE

awinstu&txliﬁ

3]

‘*Q*ﬂ!ﬁ**ﬁﬁ@ﬂﬁ*i***!&ﬁi

3
1

~ 0
.mntnrnu#&sw‘?urc**u»&twa

*®EEEESERS

L I

38314

fug g



sEeeneEEREE|ldEEEDRERRER|
&

3
$

S 34 2285848835 "RIBE8YESSS"238dSS

e EDEEERES

¥



&g 989 109 L'is V6w b o] %8 e
Yo'P8 B°TS  €'29  £%%6  S°08 G009  4%9S LW
YL  4°BS  9%99  P'TE %05 209 898 4PWe
6  O'T9 B9  9%BF 8%y 8°09  ©%G 99
TIE 9%9 4%99 T8 T%WS 69 g'88  4o¥9

™" 9°19 999 e L% L 2] 0% 919
va*¥6 0% vEe 038 o'er 1°88 0%8 L¥¥e
Y4 "6 o*os  T%e 0%% AR 488 8'%s Lv99
%4 %6 6*es %99 8'9% 8408 0*08 2%98
%8 A% 9% 5 8%y L85 8 L9998
#4986 »%@ g9 8'ey g e R o 9% LY

: 4 g8*0e 9*eg £ %90 9259

IiI

12 S%8 899 8'18  &Ov
; S*6% A4S E%%9 29 D
g*99 4*89 9%  €'S8  £'S9  £%9 IVY
Z*99 B8%89  6°T8  £°%8  $°S9  £°T9 ITH
P99 T'99 6P B'08 9% P'TI ITW
: 44 6%:o £"29 2y

O%US TWO AW 6T 4% LT ST
6% 4%9  9%®F  0"SE  §"9% PR 3T
T°99 T'99  9%9%  @%g  2°%9 6°0 2T
%9 4%99  0%P €SS 269 TWY I,
368 9%99  3%9%  3%E  B%e 800 BT

3
P
s
1B

Er R EEREREEE R
£
* o
o
@
39
234

%ﬁ 490 %%  oom  sm mem ﬁ 304

6S*96 €86 66 $%80 T'W m_ﬁ g% (9%
628 BYG PY'T?  S'98 €S e'8S  9'G8  O08YE
BEHS G058 6°99  6"8  'Te TS T'®S  0Eve
@%8 T'EC 09 8% 4T 6"  2'9 o9
6258 88 T'G9 96 3% P09 »%s  (8e
WS 9SG US98 ¥ME  9%E  G'%E S
€S 6%8  6%9  6We  E%WE  0%S  yhE 9w

g 3 £%s TS 08 PES

ﬁﬁ“%3%3@@@£$WW$$$$@®§§S%ﬁ“%%8%%@%%3%

Hoi§uegea WeCOXs 1
weFoas 1 15088

PR Y



B8¥°0¢ 600y  L89s  Zove 189 .m.@w AN 2 )
828s  TIUY  SMZ  L6VE Z'10 4 TR 1, - w99
8L %6+ 20%% 2642 L9%6 0*ss u»ﬁ vy 301 o2 89
24 %+ ﬁ@ oWZ  94'Z6 4°00 9%9 S8 96 oM 99
8S°TTl¢ 8% 865 G2*¥6 6%29 €%9  8°| 928 @ v I
£8%9+  OC'BY  PEE  46"E T°08 0%9  c'8F 16y ...
4L*9e 15%9% gWe  46%98 8%8 L' 8°9v 908 L 2]
ST+ PIOP  BBLT  LE™E 0%°08 8%9 §*26 6*0S WSS
ﬂ.x.., BUy 20 LEYE 8*'® ﬁumm g%®r g'm w8
%+ oSy oLz 64°06 4700 6%9  T'08 g8 o
By AT IE % ) mu 0%9 a%€s 0%y 798 » wm
%ﬁ‘ 6T 3WT . 0%3 9%9  v9FY T . 99
9+ 66°® 8091 s SO 8% e YR . g9
vo%E 8997 . £*99 269 8%y  £'% . €9
P63+ 9IS PLOT " 2'99 999 ™ 4% » ™
7%+  ¥ee oY » 6%9 oL  8%P 238 . o0
A 8z s 4991 . g% g'89 2% s . & I
W as'm oY » 6%9 3w 6%y 58 s ag
gc e 29%ee BUT » 2% 8%9 8%¥ 48 ™ e
- BT%Ce form et ﬂ %9 1%9 1y 6°%G . €5
ﬁm* A Y ¢ 8% 849 29y &m » 8
89%+ 4 * 63 22 S 899 9°60  9%6y 98 SOV
% ; i R ; & mm
. . oo
29
™
o I
gg
4]
gg
1

: __ues . 1.3 1 Fih 1 h
TTTE XNV 8 T SUOIFAS VROILOE TIOD AVO~GY RO SLi5is f.mm mmmﬁm% m@@a& v m«,ﬁmmmm &0 ALII6 (en DI




*3 wemy.aw deq

Lapuegeny TEENY oYU3 JO Woox WMETTogBem oyy WY $€T130q UoTTeS-g pexsddojsun UY sanoy %g Iof w&k@@mﬂ

88 %92 2668 uesy
90~ 4 %8 e
‘o~ 9%¢ ¥*¥¢
90~ L e 8°ce
eeom e vees

s M W W O O®m ®

3*0e 446 6°es
»*o~ Voo 0*ov
“Tue *Tar -5

eouee 33 1 " 0L aed § i@ Of 900 N | "o etduwes
_____Sujan peTJipioB-ugy ST POTITRIOV S—

TNIEN NI NiDOBLIN 40 ANACOEE NO NOILVOLAIOIOV 40 dOuddd 5Hi 4 o Tued




eARY GO0 ¥ LU0 TN 400 @8juoTTMD UWeesleq LOMBISIITD -@ﬁﬂ = »_
S80%0 ‘2oxa0 pavpuURy

"
;&
'y

N

“p Deg@e Be G Be

$PUTCIBII W asqywm Aag eam3s Yog wqagen ge00] gIsIy o

R JIVISH O § (B0T IV BT 0 SHBT TRiE WO B0VH BHOLTVNDUS 0 PRIV A0 YD ST4eL



SRADT SO0 48 UL JTD AU TITURTS

HBE% = §

$0°0 *aox30 paepWELg

‘ BET*0 ‘eowmanA POTOOS

I80%0 ‘oueen Wweeageq Mw&&uﬁwﬁm
et
Trep el ¥ ouy Aq SUCTHRUTIIOLSD esfeus UT §8STH4U0 oyl BT pesn sEm Joddep *usFory U o3 peziyeme
eson geve] eume oyl Jo soTdune wexSeg euruw Huppulx® pus Iuphlap etV CUOpRUTMNeeD Wlarim

30J Woiny oxes polisd UOTILHTIO0 ARp=wpT ¥ Uo Je9gs euo ®OIJ #ese) Yeesg JO SoTluse mmaBeny UWeAO T .

970°0 + 929°Y P0%0 ¥ 48L°T wmey

a%@n%gﬁms& STRq 20310E AID 0fF POJOAUCD
PewIp Sede) JO Jus4u0d WOTOII NN P06 WEOIJ JO (URLN00 UWeToxg Tl

SHOHA edNn WOLd I DORLIN &0 ATSAODRY iy MO 'D gdOT LV OMIAMD 40 Jiudl: und 'H otqey



STUDIES ON DIGESTION AND NITWOGHN MITAROLISK OF BEZP CATHLE
PAIT I, THR DEFEMIRATION OF THE iWTABULIC TSCAL NITRUGEN OF STE::S



In spite of the importance of the metabolic nitrogen of the

fecosz in deteminations of She Srue digestibility and biological
value of protein, there sve very few published values for the petoe
bolie fesal nitrogen excretion of beel cattle. The determination
of this fraction of the total fecal nitrogen exeretion presmnts =
many difficultics and is pubject %0 sush ervor that most workers
with dairy helfers. Altlough 1% wes felt improbsble thet signife

are content w use a velue obtained by Deaneo

en the metabolic fecal nitroe

icant dirfferences would be found betwe
gon of beol and dairy cattle, the desirebility of knowing the Bmage
ni tude of thie frection of the fecsl nitrogem of bDeel catile waus
thought %0 Justify toe experimentation neoded for its determination.
In the ccurse of this study an opportunity wes teken o aseertain
whether s differencs exigts bedwoen the netabolie feoal nitrogen
value obtaloed by feeding a loweproteln ration and thet resulting
from the application of vegrecsion analysis 0 the dats from
peveral digestion Srials.



LITERATURE REVI ZW

The nitrogen of the feces contains in addition t0 undisested
food nitrogen, a fraction originasing in the budy wiich is referred
%0 as metabolioc fecal nitrogen. Thie fraction is Mpriﬂ of
nitrogencus coxpounds of the digestive juioces, sesretory produets
such =g the bile pigments, and abraded cells of tie gastroe-intes-
tinal mucosa. M tchell (1924) (1926) has stated ti.at the most
izportant {actors determining the amcunt of metsbolic nitrogen
axerated in the feces are the amount of dry maiter consued =snd the
concentration of indizestible nonenitrogenous material in the ration.
Sehnelder {1934} has scown that the metabolic fecal nitrogem of rats
1a dependent in part on the body size of the animel apd upon the
quantity and fiver content of the ration. Altlough resognizing the
existence of a constant fraction of the metaboliec feeal nitrogzem
which 15 dependent upon body size, Hlaxter and M tchell (1946} 00ne
dluded that this frection ie small and not s zajor considersiion,

&8 it is included in the ratio sxpressing grams of fecal nitrogen
per 100 grams of dry matter ingzosted.

Iumerous attempts have been nade t0 determine by feeding
mtroganwfroe rations, the xetabolic nitrogaen of the feces of
several species of aninels. It is less difficult % detemine this
value in man, mouce, rat and swine than in ruminants betause simplew

storach anirnale can be fed nitrogen~fres dists witiout tse gecurrence



of a drastic abnormal physiological state of the digestion mechani sm,
8ince nitrogensfree diots ae wnpalatable, M tchell and Carmen (1924)
bave found it expedient t0 add t© such diets a small amount of 2 COme
pletaly digestible protein. Such addition dves not inersase the
fesal nitrogen exerstion., The aucgess of this method in the detove
mipation of feocael nitrogen of eudogensus ovrizgin of simplewatomach
snimale 15 attested to by the rather alose sgreement of many reorts
in the literature for each s.ecios.

In sharp contraet to tne sizpleestomach animel is the ruminant,
The A rficudty szsociated with deturmining the netabolie feeal nitos
gon of ruminonts is indiocuted by tie limited pumber ol ocbservations
that have appoared in the litoratures The meoture ruminant, de endent
ap it i@ upon the bicchanical aotivities of Siie mumen baoteria fur
ths digestion of complex carbohydrates and synthesis of nutrients
and growth factors, ie not in a nommal physiologieal state on =
witrogom-ree rations The inability o control the feed inteke of
sheep and cattle, due @0 the low palatability of nitrogon-free
rations, has forced rost investigators 0 use loweproteln rations.
It would appear that feeding sufriciont -waitities of lowepzotsin
rations eontaining a high pereentage of rouzhage would persit normal,
though reduced, bactorial activity. This would be cuite different
frox tie complete onange of flora thal wuld be ex ected on feeding
i trogenefres, purified rations.

The use of lowepru:tein rations has esnabled investigstors %
obtain estimuted values for the meteiolic fecal nitroren of sheap,

which sre in general agruement., Turk, MWrriscn and Maynard (193)



found Q.56 g#me Of nitrogen per 100 gm. of dry matter inteks, wiich
compares Lavorably with tis value of 0.55 reported by Miller and
Morrison (1939), aad Harris and Mitchell (154l). Sotola's (1930)
value Of Ce65 seans t0 be high on the basis of tie above rasul tes
Recently Barxter and Mitohall (1746) obtained a walue of 0.55 through
the use Of a lowepruteln rationm and a rogression method t0 be dise
cussed later in this paper,

A similar value for the metebolic feeal nitrogen of cattle can
not be aceepted with ecnridence becauss of the marked varieilon in
reported values and the limited pumber of animsls used in most
studies. OSwanson and Herman (1943) fed a loweprotein ration (I.588)
0 2 dairy heifers and found the feeal nitrozean exeretion par 100
ghe Of dry matter intske t0 be 0.53 gme These Memurli woders ade
sapted $hls as the metsbolie feoal nitrogean without scocunting for
the undigested porticn of tiie incested proiein. Likewlise, Hutchinson
and Morris (1336) interpreted the focal nitrogen exeretion per 100
am. of low-protoin ration as beins the mstebolie feoal nitrogen.
Their values, obtained with three dsiry oows, without svrrectinz for
undizested dietary protein, were 0,48, Uudd, and 0.48 gm. Pucther
di segroament iz seen in the reported value of 0,63 obtained by
Stesnboak, Nelson and Hart {1915) with dairy oslves, and the value
of 0,33 obtained by Morrie and Wright (1935} with one eteer.

Studies by Mukherjee and Kebar ({1943) emphasize tae error result-
ing from toe use of metabolic fecal nitrogen walues obtained with

loweprotein rations. These wrkers showed that manually separated



fibers from the feses of cattle fed lowprotein rations contained
betwean 8 and 12 per cemt of tihe total nitrogen of the feces. Thelr
rations, containing between 0,58 asnd 1.05 per cent protein were lower
in altrogem than those used by Swamson and Herman (1943), snd Hutehinson
and Morrie (1935), ‘The presence of undigested protein in the feces
sight have contributed to the high values for metaboclic feasl ni trogen
reported by the latter two groups of wrkers. J(orrected metabolie
fecal nitrogen values Obtained by Mukherjee and Kehar on two breeds of
Indian cattle fed "nitrogen-free® (0,080 N), and twc lowenitrogen
ratione (0.09 and 0,1%) were 0.33, (.38 and O.44, but differsnces
batween these values were not signifiecant.

In a comparison of diffevent methiwdas of detarmining the metaboliec
fecal nitrogen Kehar snd Mukherjee (1949) utilized a regression method
proposed years befors by Titue {1927). Titus plotted the rfecal nitrogem
exoretion per 10U gm. of dry matter intake Of steers agniust the protein
eontent Of tueir rations and found s linear relationsihip over the range
of 5 to X per cent protein. The rations wera composzed of varylnz ;o=
portions of alfelfa and paper pulp. Titus did not feal Justified In
axtending the line from 8 per cent protadn to the intercept at zero
per cent t obtsin tue true metabolic fecal nitrozen.

Boesbardt and Barneig (1946) in studies with mice cbserved a
signifieant differense between the metabolic fecal nitrocen obtained
by feeding a nitrozen-free diet azd by ragrou%m methods It would
appear from thelr results tiat in the mouse a"j‘nitmgan-rma diet dee
presses the nitrogen metaboli=zm %0 suoh an extont that the metabolie

fecal nitrogen is reduced, Such a depression is spparentiy not a



differances betwean the metabo

L1 fecal nitmgen obtained by feeding

Ktohell (1946) with sheep fatled to find signifieant differences

batwecn resitlts obtained with & loweni trogen ration and by regression

analyeis,

In the follosing section of tils tiesls, & value for the metadolic




ral

In an attempt to determine the metabolie fesal nitrogen of besf
gattle, six tweysareold grede Hereford steers wers Ted a lowprotein
ration (2,58 + 0, 0™} eosposed of prairie hay, starch, dextrose and
minerals. The average daily inteke snd ehemical corposition of the
ration esaten by each steer during the smtire lé-day wlleetion pericd
is presented in Teble 1. The aversve weigit of the steers is given
in Table 2+ After the steerz had become adjusted 1o the feeding
regimen, they were fed the loweprotein ration during a 1l0e-dey prelism-
inery pericd followed by four suscessive 4=day collieotion pericds.

The type of meteboliar stalls, the mamner of «llecting Poves
and urine, the sampling Of feeds and rofused feeds, and the snalytical
progedures wore the same as thuse Gged for toe wmiformity trisls

reported in Part .
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RESULTS AND DISOUSSION

Data on dry maiter intake and fecel nitrogen excretion for each
steer during essch 4~day oollection period are given in Teble 2. The
mean fecal nitrogoepn exeretion per 10U gm. of dry matter intake wee
0.527 # 0.0L7 ge To socept this value as the metadbolic fecal altro-
gem would be Yo sesume 100 per cent trus digestibility of the wetion
protein. Mikherjee and Kehar (1949) however have shown such an assumpe
tion %o be invalid for wieat straw rations. In feeding wieat straw
rations oontaining only O.56 per cent and 1,08 per cent protein to
Indlan catile, these investigalors recoversd sufficisnt Wgwﬁ@
fiber in the feces t© account for § per cent and 12 per cent, rospede
tively, of the tolal feosl nitropen, Since the prairies har-starebhe
dextrose ration fed in the present experiwent contained Z.% per cent
protein, it wuld seem loglcal t© scpume that the uwndigested feed
protelin in the feces would mount o at lsast 1B per cent of the total.
On this baglie, 1f 5 cwrrection of 15 per ecent 1s subtraeted from the |
total feeal nitrogen the recsinder will be the metsbolioc feeal niteozen.
Thies resuinder is 0,448 gu. of nitrogen per 100 gm. of dry patter
intake.

It ig of interest to note that if the fecal nitrogen velue of
04550 veported by Sevanson and Herman (1947) is ocorrected for 12 per
cant undipested nitropen 1t Dotopes U467, wiich is pnot signifiowamtly

difrerent from the value of (=448 obtalned in the present erperiment.



Table 2, DIGESTIRILITY AND MEPABULISE DATA OUTAL GITH STEas FiD A LOWPROTIIN ATION

Average Dry k 4 by Foonl ; Yooal B Adfusted
Steer m@@&a matter Hay in wﬁ«&& mwgmﬁ gﬁnﬁ dry  Pecal per 200 gm. M.mgﬂ;

ht mwﬁ&ﬂ ﬁmﬂm@m
LB

04527 % 0.0L7 04820 & 0,017




The lack of information on the validity of sz regression method
for the detemuination of tis wetaticlic feocal nitrogen of cattle has
prompted further investigation. Por the regreesion method of deterw
mination 0 be considered velid it shculd ylald values wiich do not
differ significantly from thwee obtained by feeding a loweprotein
ration snd ecrreeting for updigested feed nitrcgens T oOupare the
value of O.448 with that obtalned by regression, dats were cwmpiled
from digestion trials oconducted with zteers fed ireirie hay rations
of inereasing protein ovntent. In these trials tuere was a total
of B7 oollection pericds inwolving 24 grade Heraford stears ranging
from 10 months tc 2 years of azes The composgition of the rations is
presented in Table 3. The nitrogen metebolismm data are given in
Table 4.

The velues fur altrogen exerstion per 100 gm, dry matter intske
were plotted agalnst the pereentage protein in the ratiops. The re-
sults are sivwn in Yige 1. The slope of the regression was found to
be 0.042. Since the mean protein content of all rations was 840
peor cent and the mean feeal mitrocen exerstion per 10U gme of dry
mattor intske wns U.667 gm., the rugression eguation is Y = 0,4 ¢
0.042x, Stabticstical data are given in Tuble 5.

In Figure 1, the line sxuressing fecal pitrogen exorstion per
100 gm. dry matter intske interespts the Y axie {0 par sent protein)
at 0,34 At this point the gtandard error is 0.036. At S.4 per sent
protein, fecal nitrogen exoretionm per 100 gme dry matter inteke is 0,663,
with a standard error of 0.008. Thus as X approaches ¥, the mesn of the

protain inteke, the standard error ¢f Y decrsases markaedly.
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LRERD FOR FICURE I

¥ean Mean of Y
Data from Number protein fooal N per
Point trial er mnﬁam‘t 100 gme dry
Dmbey Bumber : §.9% 1o bor inu Adfusted Y
, ‘ e e
)} I and X 1z Sedd 04580 : 0,009 5‘5&& 0,008
2 Vi1 32 Ge X 04583 3 0,050 0,5% ¢ 0,013
3 1I 12 8,40 0.638 & 0,012 04867 ¢ 0,008
4 IIIIV and V34 9413 00 722 ¥ 0,004 0s877 ¥ 04009
5 VI, IX u e 75 0, 729 & 0,056 a‘m? 0+011
6, VII 8 11.80 0s 941 ¢ 0,028 e C.O0LY
? Loweprotain '
ration 23 04527 & 0,017

1. Mot included in regression aenalysis.
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To determine whether tiue values of Y obtained at zeso and a$
2,58 per cant protein in this regression enalysis differ significantly
from corresponding Y values obtained by feedinz the low-protein ration,
the varisnces were pocled and subjested to statiztical analysis. The
portinent data of this analysis are givem in Table 6. At zero psr cent
protein ths difference between ths mean obtained by regresasion and that
obtained by feodinz tihe low=prctain ration and eorrsoting for undigested
nitrogen was D448 « 04314 or.134, The pooled variance was 0120 and
She standard error waas 0,028 hence, the differance between the means
wag Tound %o be highly siznificant. It must be conaluded that the
value for metabollc feasuzl nitrogen obtained by regression anzlyela,
0e14, was significantly lower than the value of 0,448 obtained by
Peadin: a loweprotein ration and ocorresting for 15 per eent undigested
£83d nitrogen in the feces. At the 2,58 per cent lavel of protein
intake, the differsnca batwsen the neans was 0,527 « 0.432 or 0.095,
with a standiard error of 0.028., This difforence between the noans
wag found to be siznifisant at the 5 per cent leval.

In delerminling the metabolioe fesel nitrozem by regression anslysis,
the mean per cemt srutein of the ration remalius so !dzo t.at, unless
it i8 pocesidle to inalude cev:ral loweprotein ratiouns, at zero per ceut
intake tis sitandard error becoriss very large. In tha sresent experie
ment ia whiah tle ~oean per aeat protain of the ration was 8,40, the
standard ervor for uetabolic fesal anltrogen was twice as large as
that obtained by feading a loweprotein ration and cocrasting for un=

digested fead proteine
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Although there was a signifioant difference between the metsbolie
feoal nitrogen value obtained by regreesion anslysis and that cbtained
by feeding s loweprotein ration and eorrecting for undigested dietary
sltrogen, it is inposeible, on the basis of available infommation, %0
aseertain whioh velue 1s cworrests The value obtained by the former
mothod {8 lower than most published values; but, it should be noted
that the assumed 15 per cent undigested feed nitrogen in the feces
of stears fed lowsprotein ration may de mush tco smsll.

It s sppavent in the digestion studies of Swanson and Herman
{1943} with dairy heifers that the digestibility of crude fiber of
wheat straw is markedly reduced in lowsprotein rations. The effect
of undigestod fiber is to incresse the bulk of tie feoes and theredy
inerease metabolic fecal nitrogen. Further, the reduced digestibility
of crude fiber has the effect of making the protein in the roughage
less readily awailable for digestion and ebsorption. GSuch undigested
protein appears in the feoes. It iz quite pussibdle that the undigests
od protein of the prairie hay of the present experiment might exceed
the gonservative 15 per oent estimated on the basis of the report by
Mikherjse and Kehare If the cuantity of undigested fead protein
comprised as nueh as X per cent of the total fecsl nitrogen sxcre~
%ion onu the lowprotein ration, then oorreoting for thies guantity
would ylald & metabolic fecal nitrogen walus which iz not signifie
cantly different from that obtalned by regreseion analysise It wuld
sppear advisable, however, to defer decision as % the metlod of detere
mining tie metabolio feoal nitroren until additional informatiion is availe
abiﬁ on the true digestibility of protain of loweprotain highe-rouwshape

rations.



The total fecxl pitrozon excretion of tweyoupeold stesve fed

e pruirie hayestarchedextrone rotion cutaining 2.5 per cent protein

was 0527 # 04017 g per 100 gm. of dry matter intske. To obtein
a pespure of the netabolie nitrogan, the total feeal nitrocen was
sorrected for 1ts content of dletary nitrogsm on the assmption
that 15 per cent of the nitrogen in the hay was undigesteds. The
resul ting value was (u448,

Regression analysis of feosl nitrogen per 100 ge. dry matter
intske of steers fed higherotghage rations containing increasing
amounts of srotein (535 10 1l.80 per cent) was found to yleld
valuss of zo1o and 2.58 per cent protein which were sisnificesntly
lower than those obtained by loweprotein feeding. The uncertainty
associated with the extent of wndigested fecal nitrogen in the
feces of steers makes it impossible % stats which method ylelda

the more relisble value for motebolie fecal nitrogen.
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