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IN'l'RODUCTIOH 

OM Ootober 1, 19631 there were 18,000 oalvea and 
7earltnga in Virginia teedlota. It waa eatiaated that b7 

.'~v;~·'·""·~ ... <:'t-·_,i1i/Jl~· ~~t~~ 

Noveaber there would be 2,,000 head (Virginia Crop Reporting 
Servio•~ .~~3). Virginia teede-ra have a t'elattvel7 high 

l/;o)l,,..._.,~,P'.'''"·" 

operating co1t aa well aa a large capital inveatment in 
oattle reeding. The largest coat 1a teed, ot wh1oh protein 
1a a maJor item. Theretore, it ta ot practical and funda-
mental 1ntere•t to atud7 faotora atteoting protein ut111sa-
t1on and requirement. 

Recentl7, there baa been muoh 1ntere1t in htsh energJ' 
tatten1ng ration• tor beet cattle. Another area of intereat 
1• in high-tiber fattening rat1one, composed pr1aar117 ot 
ailage. The fattening rations oommonl7 uaed at preaent tall 
between theat two extreme• in energy eonoentration. Little 
11 known about the protein i-equireaent or ut111sat1on b7 fat-
tening ateera ted rations containing theae extreme ener17 
level•. Acoord1ng to the limited number ot metabolism studies 
•hioh have been conducted with ruminants. supplemental ener17 
do•• 1nt1uenoe nitrogen retention under eertain oonditione. 
Moat ot these experiments were conducted using wintering tJP• 

ration• whieh were.rather low in ener17 and high in tiber. 
Metabo11•• atudiea with tattening ration• are needed. There-
tore, a aertea ot metabo111m trial• were oondueted to 1tud7 
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the etreota or variation in ene?gy concentration ot a 
tattentng ration on nitrogen metabolism by ateera. 
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REVIEW OP LITERATURE 

Intlpenc~ ~ Dietat:t EnePg7 2!!. HitPogen Metabolism !!!. 
Ruminants 

As ea1.'11' as 1896 Wicke and Weiake reported that enel'g 
added to a baaal ration 1.'eeulted in increased nitrogen 

~"""'~r:'",''· retention. · The7 ted a basal ration consisting ot 800 gm. 

ot meadow ha7 plus 200 gm. ot tlax1eed (tat pa1.'tiall7 ex• 
t1.'aeted). Two 1heep received the baeal 1.'atton alone or 
with added ener!7 in the to1.'m ot 17' gm. ot etaroh, and 
another sheep 1.'eceived the basal plus 50 gm. ot olive oil. 
'.l'he obael.'Ted 1ncreaeee in nitrogen 1.'etent1on above the ba1al 
1.'atton, resulting trom ata1.'oh 01.' olive oil reeding was 0.79 
and 0.35 gm. pei- da7, i-eapeotivel7. Thi• apea or re1earoh 
was rathe1.' dormant until 19'0. 

Mitchell ~ !J:.. (lsM9) rero1.'ted an ine:reaae in nitpogen 
1.'etentton troa the da117 addition ot approx1mate17 12oor glJl:t. 

ot gluooee to high roughage beet cattle ration• oonta1n1ng 
15 and 20}C crude protein. Ho reeponee resulted when gluco•• 
additions we1.'e •de to •ix and l~ protein ration1. The 
txpepimental an1••1• were eteer calves and the basal rations 
were eompoeed or corn, cottonseed meal and t1aoth7 ha7. 

Lotg11een !! !l· (1951) reported an 1no1.'eaae in nitrogen 
retention when the non-nitrogenous total digestible nutrient 
intake ot Hol1te1n heitera was increased. The ezperillental 
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deaign waa a 2~2 ractorial, with two levels ot protein and 
two levela ot energy. The low and high protein levels were 
100 and 160,C, reapeotively, or the level recommended b7 
Mo?T1BOn (1936). The energy levels were 100 and 115~ ot 
the Morrison (1936) recommendations, reapeotivel7. The 
ration• were,eompoaed ot good qualitJ' ha7 plua a oalt 
starter. When the ca1ve1 reached 250 lb. bod7 weight a 
simple growing ration replaced the calt atarttr. H1trogen 
balance trials were conducted at 1501 200, 250 and 300 lb. 
An tncreaae in energJ" intake trom 3.2 to 3.9 lb. per da7 
ot non-nitrogenous total d1geat1blt nutrient• b7 oalvea red 
the loW•f>'!'otein ration resulted in a a1gn1t1cant increase 
in nitrogen retention trom 15.6 to 19.6 gm. per da7. In• 
oreaatng energ7 intake ot ealv•• fed the high-protein ration 
bad no etteot on nitrogen retention. 

Vaigg biological value aa a measure ot protein ut111••· 
tion W1111a•i'''tt !!.• (1953) ahowed an inoreaae in protein 
utilization when either 99 or 1~9 gm. ot ataroh were added 
to a 5; crude protein abeep ration. When th••• aame aaounta 
ot 1taroh were added to ration• eonta1n1ng 10 and 1~ protein 
thette waa no 1noreaae in biolog1oal value. The baaal ration 
waa oompoaed ot oat chatt, wheat atarch and wheat gluten. 

Fontenot!!!!· (1953).atudied the etteot ot .Upplemental 
ener!J" on n1tltogen retention ot ateer calvea red wintering 

rations. The two rations ted were oompoaed or •even pound• 
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or prairie ha7 aupplemented.wtth either two pounds ot 2o,C 
or one pound ot 4<'-' protein supplement. 'l'he two ration• 
were approximately 1aonitrogenoua. The two pound• ot ~ 

supplement, whioh increased energy intake• reaulted in an 
tnoreaae in fecal nitrogen, a decrease in urln&l'J' nitrogen 

and an 1ncr~!"~"J~ nitrogen retention. Jfitrogen retention, 
expreeaed a1 per cent ot oonaumed nitrogen, inoreaaed troa 
15.4 to 20.3~ when the added energy waa ted. 

Fontenot !1 !!· (1955) oonduoted turther atudiea with 
oalvea ted wintering ration• ot prairie bay and oot,onaeed 
•••1• alone or 1upplemented with ditterent amounts ot eere• 
loae (oora 1ugar). Three level• ot crude protein, 8, 10 
and 1~, were ted, and each ••• •upplemented with various 
level• ot eereloae. Eaob 1noreaee in eerelo•e auppleaenta• 

~::··~· .. i> .. ~.-·,•,:.· •• •• 

tion Nlulted in •n inereaaed dl'J' matter intake and towel' 
peroentage ot protein, eince protein intake, on weight baa1a, 
waa held eon1tant. IJ.'he7 tound that oerelo1e eupplementa ot 

o, 350, TOO and 1050 Ill• added to the 8- protein •~tton 
resulted in nitrogen retention• ot 6.06, 5.90, 4.7, and 
-.20 ga. per da7, re1peot1vel7. The deereaae in nitrogen 
retention troa 5.90 to 4.74 and ,.20 waa aignitioant. Bie-
logioal values were 80.0, 83.0, 85.5 and 86.5• tor the 

reapeetive eereloae add1t1ona. Supplementation ot the lo,C 

protein ratton with TOO or 1050 811• eereloat resulted in 

aign1t1cant1J inoreaaed nitrogen retention from 6.66 to 
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B.73 and T.T9 gm. per day, reapeot1vely. Biological value 
waa al•o a1gnit1oant17 1nereaaed trom 72.- to 83.5 and 
83.~, re1peottvel7. Cere~ose aupplementation ot the 1~ 
protein ration tended to improve nitrogen retention but the 
1noreaee waa not •1gn1t1cact. B1\llog1oal values were 1o· 

creased 11gnif,j.~antl7 from 69. 7 to 79. 7 and 83.~ bJ addiag 

700 and 1050 gm. ot eereloae, reapectiYel7. Nitrogen 
excretion tollowed the eame general trend• tor th• three 
protein levele. Pecal nitrogen inoreaaed and urinattJ' 
nitrogen decreased with each level ot 1ncreaaed oereloae 
intake. The inoreaae 1n tecal nitrogen waa near17 proportion•· 

al to the amount ot cereloae supplementation. Absorbed 
nitrogen values (corrected tor fecal metabolic nitrogen) 
tor a given protein intake were net attected b7 oereloae 
eupplementation. 

A •light improvement in nitrogen retention b7 the addi-
tion ot oereloee to high roughage lamb ratton1 wa1 reported 

bJ Wood• !1 !l.• (1956). The baaal ration ••• 650 Bit• ot 
chopped ttmoth7 ha7 per da7. Sofbea• 011 ••1 ••• added 1n 
autt1c1ent amount• to make tm_.ee ration• or 11 11 or 1•.~ 
erude protein. Each level ot protein waa 1uppleaented with 
o~ 25 or 50 gm. or oereloae per da7. 'l'he experimental design 

was a 3 x 3 taotor1a1 using 18 wether laaba tor aetabolil• 
and d1geat1on trials. Nitrogen retention tended to int~•••• 

. . 
•• eeHlo1e conaumption increased. but ditterence.• J'/ffe n~t 
atgn1t1cant. 
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Mat6ush1•a et al. (1957) round that nitrogen retention ; _.._.. 
••.• q,ot nlated to protein-enera ratio ot tattening•tne 
beet oat,1• ration•. In their experiaent ehoiee Beretord 

yearlings were ted three level• ot protein and t~ee or 
enettgJ" in a 3 ~ 3 tactor1al experiment uaing all poeaibl• 

eombtnatton••'"~'·Th• thrte protein level• were the MRC 
recommendattona, plu• or minus 18., and the three energy 

level• were the HRC "oommendat1on•. plus or •inu• l<>'IC. 
'l'he basal ration ••• oompo1ed ot ground •helled oora, 
mola11ee, 107bean oil meal, corn cobs and chopped altalta 

ha7. The protein and enel.'gy levels wei-e ad3uated with 

urea and 1tab111zed beer tallow. 

Wtnoheeter !1 !!.· (1957) tound that '-00 lb.· oalvea 
required 18 gm. nitrogen per day tor matntenanee. •o-r 
each thera increase in ener!J' intake at the protein main-

tenance level, they round an increase ot 0.5 gm. 1n da117 
n1ti-ogen retention·. 

Si-1aaon !! !!• (1957) reported that aa d1geet1ble 
ener17 intake 1noreaaed1 ao did nitrogen retention, when 

protein intake waa adequate. The7 fed ver7 young da1'19J' 
hetters natural and purttied diet• 1n liquid ton. : · 

In ••taboltam trial• Robinson (1958) atudted the etteot 

ot ~dd1ng energy aa eo'PQ gratn or corn oil to a wintering 

ration or 3000 gm. ot prairie ha.7 plus '''- Ill• ot cottonaeed 
meal. In one ration a level ot512 gm. ot oorn replaoed an 
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taonitrogenou• a•ount of the oottonaeed .. al and 1n 
another ration 200 gm. of oo-rn oil were added to the baaal 
ration. The 1ncreasecS enet-gy rrom eon grain had little 

erteot, but the increased energy fl-om eol"n oil a1gn1ftcant• 
17 inereaeednl.trogen retention. '!'he eupplemental oorn did 

reduce ur1na~,,l)J.~rogen, but there wa1 no net 1nereaae. in 
nitrogen retention, since fecal nitrogen waa increased. 
Corn 011 alao •lightly inereaaed tecal nitrogen. but the 
larger decreaee in urinary nitrogen resulted 1n a net 
tnorea1e in nitrogen retention. 

A large deoreaee in nitrogen retention due to exoluston 

ot readtly-ava1lable oarboh7drate in a purified sheep ration 
waa noted by Chappell and 1ontenot (1963). 

Under certain oond1t1on1 energJ" aupplementtd to ru•1nant 

ration• improves nitrogen retention. The condittons •••• to 
be a rather low protein and tner8J' intake such aa a winter-
ing ratlon. In 1uch rattona the nutrient intake 11. no• 
de11gned to pl'Omote 11ax111ua pertormanoe. When oattle are 
fattened uauall7 nutrients are ted in large amount• 1n an 
ettort to obtain maximum performance. The •Xl'••iment. eou• 

~ l 
ducted with fattening t71>t rattona has shown tha• under 
theae condition• increased energy 1Gtake bad no ttfeet on 

nitrogen retention. 
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Xntluenee gt_ Dietarz Enersx S!!!. Nitrogen Metabo11•• !!!. 
~.1!.J?\!. Stomaehed Animals 

Cuthbertson and Munro (1937) fed three men· a diet Pl'O• 
v1d1ng -057 kcal. and protein in exoesa ot maintenance needa. 
Caloric intake waa reduced to 2627 kcal. per day by removing 

900 kcal. f'rom tat and 530 keal • t'rom carbohydrate. When. 

this was done tecal nitrogen decreased and ur1na17 nitrogen 

increased. Thel'f waa, however, a deereaee in nitrogen 

retention. 
Forbes and Swtrt (194~) tound that added energy greatly 

increased nitrogen retention ot matUl't rat•. They atudied 
the etteet1 ot supplementing a baaal d1et"1f1th oerelose and/ 
or lard. The tour rations fed eonaieted ot 10 gm. ot basal 
ration alone or supplemented with -.o gm. ot cereloee. 1.5 
gm. or. lard. or 1.0 gm. ot cerelose plus 0.1• ga. ot lard. 
!litiaogen retentione erpreeaed as percent ot intake were ~.o, 

20.6. 21.• and 17.9, to~ the tour rations, respeetivel7. 
For each of the three 1upplementation1, urlnar7 nitrogen 
excretioa• were reduced. Lard waa m~re etteetive than oere• 
lose ·1n increasing nitrogen retention and in decreaeing 
urina1"7 nitrogen. 

A111•on and Anderson (1~5) conducted a aetabo11•• trial 
in whioh they fed 11x adult dogs either a protein-oontaining 

or protein-tree diet• When caloric intake ••• inereaaed 

trom 80 to 100 kcal. per kg. or body weight per da7, the7 
ob1erved a deoreaee in urinary nitrogen tor both dieta. 

l 
\ 
I 



-10-

Porbea et al. (19-6) compared the relative value ot --
tat and earbohJdrate aa nitrogen aparera when ted to gl'OW1ng 

rat•. Three level• ot tat, 2, 10 and 3~ were ted 1n diet• 
that provided equal caloric and nitrogen 1ntakea. Xitrogen 
retention ••• measured by bo47 eompoa1t1on and nitrogen 
excretion data. As the tat level ot the diet 1ncreaaed and 
oarbohJdrate level decreased nitrogen retention a1gn1tioant17 
deereaaed. 'l'he1r work indicated that oarboh7di-ate ••• llO'l'• 

etteotive 1n apai-1ng pl'Ote1n than tat. 
A atud7 ot emaciated huaana who wel'e t"ecovertng troa a 

7ear ot aevere undernutr1t1on wa1 made b7 Beattie et al. 
(19'7). The aubjeeta wei-e 1n alight negative balance when 
treatment waa begun. A variet7 ot t71>ea ot diet• ot va1"7ing 
ealorto and protein contents were ted. Balanoe period• 
averaged approsimatel7 10 da7a. Aa calorie intake tnereaaed 
tr011 30 to 60 teal •. per kg. ot bod7 weight per da7, nitrogen 
retention increased linearly from -.05 to 0.25 ga. nitrogen 
per kg. ot bocl7 weight per da7. 

Benditt !1 !!· (19'8) round that aa calorie intake ot 
7oung protein depleted rats 1noreaaed tr• 15 to 35 keal. per 
da7 nitrogen retention 1noreased, when aeaaured •• change in 
bod7 oompoa1t1on. A turther 1noreaae in oa1or1o oonauapt1on 
had no further benet1o1al etteot. All rata received 1.56 
gm. ot protein per da7 plu• va1'71ng level• ot destrin. 
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A atud7 by Swanson (1951) on protein-depleted rat1 
ted a pttOtein•tree diet showed benet1o1al ettecta ot a 
high-tat diet. Six-month-old rate were ted protein-tree 
diet• which were 11ooalor1c, but oontained either a high 
or low level ot tat. When ealorio intake waa 100 w 15-
ot normal, rata ted the low and high tat diet• loat the 
aame amount ot nitrogen. When oalorio intake waa reduced 
to 5~, the rate fed the low-tat diet loet nearl7 twioe aa 
much nitrogen aa those on the high-tat diet. At 25- calorie 
intake, rate ted both dieta lost oonaiderablt nitrogen, but 
rat• on the low•tat diet lost muoh 110re. 

Adul' dog1 conaum1ng 3.82 gm. ot nitrogen (troa oa1etn) 
per da7 per aquare aeter ot bod7 aurtaee ahowed a gradual 
1noreaae in nitrogen retention when ealorio intake waa 
tnereaaed tro• 2860 to •aoo kcal. per da7 per aquare meter 
ot 'bod7 aurtace (Rosenthal and Allison, 1951). The added 
calories were moatl1 trom oarboh)'drate, aa tat level waa 
aa1nta1aed at 5~ ot the total calorie level. 

Munro (1951) made an extensive review or •he literature 
pertaining to protein-ener~ relattonabipa. Be conolvded 
thatt (1) a change tn energy intake. •t either carboh7drate. 
tat or aloohol ha• an etteot C3ld" nitrogen balanc•J (2) at 
lea1t part ot the aparing aotton or earbohJdrate depend• on 
it• being ted along with the d1etJ and (3) oarboh)'drat• baa a 
apeeial role in ooneerv1ng endogenoua protein, tor it reduces 



-12-

nitrogen output or tasting antmala whereas rat generally 

does not have an ettect until body stores are depleted. 

Sibbald !!, !l· (1956} measured nitrogen retention or 
rats ted two 1son1trogenoua diets ot d1tterent energy value. 

In one diet 1°" ot the cellulose waa replaced with an equal' 

weight or suoroae to give a high and low d1ge1tible energy 

diet. The diets were ted !!!!.:!lt· but protein intake was 

nearly equal. The subat1tut1on or sucrose eaused a decrease 

in urinary nitrogen trom 505 to 408 mg. and an inereaae in 

nitrogen retention trom 10o8 to 1122 mg. during a 7-day 

period. They attributed 6~ or the variation in nitrogen 

to variation in digestible energy intake. 

Morimoto !1 !l.(1961) studied protein-energy inter• 

relationships in laying hens. 'l'he7 determined nitrogen 

balance, and measured protein recovered tn eggs. As the TDN 

to crude protein ratio ot the teed 1nol'eased# nitrogen reten-

tion and nitrogen recovered 1n the eggs 1nereaaed. 

No d1tterence in protein dige1tibilit7 or nitrogen reten-

tion waa tound b7 Lowerr !!]. !l· (1963) from 1ncreaa1ng the tat 
content of dieta or young piga. Three-week-old pigs were ted 

purified diets containing casein, dextr1n, cerelose, oorn oil, 

cellulose, minerals and vitamins. Corn oil content was 3, 
13 or 2~. It replaced an equal weight or cereloae, so the 

energy density or the ration 1noreaaed with increasing tat 

content. A ration containing 5- casein waa ted at 5- ot 
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bod7 weight. la the corn oil level 1noreaaed from 3 to 13 
and 23"• ener17 intake 1noreaaed trom 1135 to 1329 and 1'07 
koal. per da7, reape1tivel7. 

, I ' 

Wo•~•r• uaing 11mple atoaaohed an1malahave gtnerall7 
shown decreased nitrogen excretion and/or inoreaaed nitrogen 
r•tention when tner17 was added to ration• ranging.tu protein 
trom none to tatrl7 high levtll. The conditions tor inoreaa• 
ing nitrogen balance• do not •••• to be •• or1t1eal •• the7 
are to• rua1aan te • 



Meehan1•• gt Protein Sparing Action 5!t, Supple•ental Enersr 

Larson and Ohaikott (1937) reported that tor extra ear• 
bohJdrate to have a nitrogen-eparing action it 11Utt be fed 
within tour houre betore or atter the meal., The7 alao 
reported that the oloaer to the meal the oarbohJdrate waa 
ted, the greater the etteet;. 'l'hei conoluded that carboh7 ... 
drat• .-~at be preaent conourrentl7 with active J)!'ote1n 
metabolism tor it to ettect a nitrogen &paring aet1on. A 
aumma17 ot several experiments eonduoted on human• b7 
Cuthbertson and Mun~o (1939) ahowa that a mixed diet sup-
ported nitrogen equilibrium, but when carbobJdrate waa ted 
at a aeparate time troa the reat ot the diet a net loaa ot 
nitrogen ooourred. The d1eta were ot eiatlar COllPOl1t1on 

except that; carbohydrate was ted 1eparatel7 in one. One 
diet waa ted at approximatel7 8100 A.K. and 12100 noon. The 
main part ot the other diet waa ted at theae ••• timea, but 
th• carbohrdrate part waa ted at; •100 and 10:00 P.M. These 
workers also reported that there waa not a substantial dit• 

/ 

terence between night and da7 ur1nar7 ni~rogen excretion tor 
either •1xed or aeparate oarbobydrate reeding. 'lhe7 aug-
geated that this waa ••1denoe or an endogenoua sparing ot 
protein. t'he7 tu'il.ther 111ggeated that thf earboh)'drate 
sparing mechania.. •1ght be l111ked to an observation aade 
'b7 IC'reba· (1935) that deaaination bJ liver al1oea 11 inhibit• 

td by the presence or eaa117 oxidised oompounde auoh as 
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laetate,~uvate and aucc1n1c ac1d, but not by glucose. 

Inei-eaaed glucose does contribute, however, to the auppl7 

or easily oxidtzable substances when it is oxidized by 

the body. 

Geiger !1 !1· (1950) reported th.at protein depleted 
rats had a nitrogen retention ot 2768 mg. over a 12-day 

period when the7 were ted a basal diet. When the carbo-
.i hJ'drate portion was tetl at\: separate time nitrogen reten• 
·~ 

t1on dropped to 1521 mg. These workers auggeated that car• 

bohydrate has some phy11o1og1cal function which increase• 

or enhances ett1c1ency ot utilization or d1etarr amino 

aeida.. Geiger (1951) baa shown that eugar eaten with the 

diet delays the diaappearance ot protein and its cleaved 

products trom th• digestive tract, and tat has a more pro-

nounced etteot on the disappearance. Thia decrease 1n 

absorption rate ma7 benefit ~he animal'• body b7 supplying 

the building materials at a rate at which more or them can 

be uaed. Thus1 fewer amino actds are deaminated and excreted, 
and a higher proportion or them are retained. According to 

Geiger another poae1ble mechanism is that carbohydrate may 

supply materials tor eyntheats or nonessential amino acids. 

Munro and Naismith (1953), in an ettort to at11d7 the 

etteet or energy per ~e, fed carbohydrate or rat in the 

morning and the re1t ot the diet in the evening. This was 

done to minimize the interaction between carbohydrate and 
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protein within the digestive tract when ted at the eame 
meal. The7 fed rata rations containing equal amount• ot 
pi-ote1n or no protein# •1th ener17 level• ranging t'rOll 850 

to 1700 kcal. per square mater of bod7 eurtace per da7. When 
the protein-free diet was ted. 1ncreaa1ng caloric intake b7 
addition or tat to the diet bad no ettect on nitrogen balance 
ot the rats. Increaaed ·carbohydrate reeding oauaed an 
increased nitrogen retention 1n a curvilinear ra1hion up to 
1200 kcal. ot energy intake. Additional earbohJdrate wae ot 
no tui-ther benefit. When the diets contained adequate pro• 
tetn. both carbohydrate and tat addition• oauaed inoreaaed 

nitrogen retention 1n a linear taahion with lner••••• 1n 
energJ" intake. This led them to oonolude that protein 

•etaboltam 1a in a state or dJnamio equilibrium with en••l7 
intake. 

Munro .!.t !!,. (1959) attempted to elucidate the ••ohan1•• 
ot the prote1n-apar1ng action ot carboh7drat1. Tbe7 tound 
that teeding gluocae to rat• tor 2' hour• 4eoreaetd urina~ 
nitrogen. The apared nitrogen was not ator1d in the liver. 
ae total liver nitrogen alao decreased. In turther expert• 

·\J·-h-;.:., 
aent• the7 showed that (014) leuc1ne uptake b7 muaole pJ'tote1a 
was increased l hour atter glucose was ted and that (s35) 
methionine and (cl-) gl7oine uptake increased in two houre. 
They etated that this does not det1n1tely mean that protein 
170thea1a had been increased. They concluded, atter 
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reviewing several papers, that the action ot glucose on 
'blood amino aoida ia through insulin. The7 proposed the 

tollowing theoityt InorealMd carbohydrate admintetratton 
eausea increased seoretion ot insulin whieh in turn eausea 
an increased uptake ot amino acids b7 the musolt. Thi• 
1ncnased amino aold uptake by the muaole lower• blood 
amino actda and consequently there 1a a deoreaae 1n urea 
production b7 the liver. and thua 1 a Pl'ote1n-aparing aotiof>. 

'l'wo poas1ble explanation• or the prote1u apartng• 
aeohani•• result tram the limited number ot atudtea that have 
been .made. One 1a the po1•1b111t7 that both carboh7drate 
and tat elow down d1ge1t1on and absorption ot proteins. 
'l'hla may allow absorption to proceed at a rate more com-
patible with the rate ot ut11tzat1on within the body, and 
prevent wastage ot amino acids. Tht$other txplanatlon 1a 
groa•l7 dettned aa some aort ~~ endogenous action ot elJ.ll'bo• 
hJdrate which pl"omotea uae ot abto?btd amit'lo aetcla, One ve17 

, ' 

plau•iblt·explanation ottered tor thia endogenous aetion 
1• that an increased insulin secretion promotes uptake or 
aaino aolds b~ the oell•• eapeo1all7 muscle cell•. 
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Ettect .2!. Energ1 Level .2!!.. Digestibility 1!!. Ruminant• 

Wiek• and Weiake (1896) in their erper1ment with two 
aheep obeerved a decrease in crude protein and erude ttber 
d1ge1tton and an inereaae in dr7 matter and nitrogen-tree 
extract (NPE) d1p1tion when 1tareh wa1.added to a·baaal· 

ration. When olive oil waa added the onl7 ohangea were a 
alight tno"Pe••• 1n crude ttber and a decrea1e in NJIE dig••· 
'1on1 (one sheep was fed olive oil). 

Mitohell !! !!· (19,0) ted -00 to 500 lb. beet oalvea 
basal ration• ot corn, eottoneeed meal and t1moth7 ha7, 
containing 6, 10, 15 or 2~ orude protein. When the baaal 
rat1on1 were aupplemented with 1200 gm. ot gluooae P•r da7. 
crude fiber digestion dropped trom 39.9' to 29.T'-· Addi• 
tioft ot glucose to lamb rations had a e1m1lar etteot ··accord• 
tng to Hamilton (19'2). Bia basal ration waa oo•poeed or 
ingredient• 11m11ar to thoae ot Kitchell !1 !!• (19-0). 

Switt !1!1· (19'7) etudied d1geat1b111t7 in ruminant• 
•• atteotad b7 the proportions ot various nutrients. The 
baaal ~ation waa altalta-timoth7 hay1 corn meal and ao7bean 
oil ••al. Seventy-two gm. ot supplemental ataroh or cere-
loae eauaed a deereaeed apparent digeat1b111t7 ot protein 
and crude fiber, and inoreaaed digestion ot HP!. Corn oil 
added at the rate or 3' gm. •lightly increased crude protein; 

crude ttber, HIE and energy d1geat1b111t7. Increasing the 
aupple .. ntal corn oil to 68 gm. reveraed the trenda and 
d1geatib111ttea were greatly deoreaaed. 
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Bunoughll !1 !1• (1949) obaened a eign1tioant deorease 
in roughage dry .. tter d1geat1on b7 ateer• when atai-eh was 
added to rations, with the roughage portion eon118ttn1 ot 
either ooi-n ooba or oorn ooba plus some altalta ha7. When 
altalta haJ' alone was •taPPl••nted •1th atareh there wae · '''·"'" 
no deereaae in digestion ot altalta dPJ' matter. 

Williama !l !!· (1953) have ahown that a decrease in 
rumen bacteria population• occurred when 1taroh wae added 
to a 5 01' lOJ' onde protein ration. On a 1~ protein 
ration there was no ertect. 

In the experiment• or Pontenot !1 !l.• (1955) at Okla• 
homa, cereloae ••• added to beet steer wintering ration• ot 
prairie ha7 and va17ing level• of cottonseed meal to obtain 
8, 10 and 12!' ePUde protein levela. Cereloae additions ot 

3;i,. 700 and 1050 gm. to the~ protein rat1on1.~ad or 700 

and 1050 gm. to the 10 and 12" ration• resulted in deoi-ea1ed 
apparent d1gest1b111t7 ot crude protein and crude-t1b"i-··and 

1nerea1ed digea;ton ot NPE. In each oaae th• 1n1t1•1.addi-. 
tioft ot ••reloae had the moat pronounced ettect. The7 
toand no d1tterence in tttUe d1geatib111t7 or protein within 
a protf tn levels so the deoreaae in apparent orude protein 
d1ge1ttbtltt7 was apparently due to increased .. tabolie tecal 
n1ti-ogen. 

Dige1t1on trials ••ing 18 wether lamba wer• ooaduoted b7 
Woode !! !!• (1956). 'l'he baaal ration conaiat•d or 650 p. 
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or chopped timothy hay. Thie was supplemented with Ta?T1ng 
levels or soybean oil meal and cerelost. Additions ot 25 

and 50 gm. cerelose 11gn1t1cant17 increased NF! dtgeat1b11• 

1t7# while only the higher level or cereloae stgn1f1cantly 
decreased crude protein digest1b111ty. 

Matsushima !.t !!.· (1957) reported that d1ge1tibilit7 
ot crude fiber in beet steer fattening rations deoreaaed •• 
ration groes energy content was increased by incorporating 
beet tallow. 

In an Oklahoma experiment in which 3000 gm. of prairie 

hay plus -54 gm. cottonseed meal were ted. supplemental 
energy 1n the torm ct corn grain or corn oil aign1ticant17 
decreased crude f'iber digestion (Robinson, 1958). 'l'he oorn 
grain decreased crude protein digestion but corn oil did not. 
Corn oil decreased NFE d1geat1on but corn grain 1noreaeed 1t. 

Whiting and Slen (195S) with ewes and Whiting !1 !l· 
(1959) •1th lamb• obaerv•d a1gn1t1cant decreases. in erude 
pi-otein and crude fiber d1geatibi11t7 when d1ge1tibl•,ener17 
intake waa increased. Alao there were 1nerea1ea in dr7 
matter and energy d1gest1b111t1e•. 

Chappell and Pontenot (1963), using p'Ul"itied ratione, 
tound that a ration devoid ot readily available earbob.Jdrate 

had a much higher cellulose and elightl7 higher erud• protela 
d1geat1b111ty than a ration containing ataroh and •ugar. Whea 
starch and sugar were included in the ration, organio matter 
and drJ' .. tter d1geat1bil1t1es were greater. 



Moa~ experiments with ruminants ha•• shown that in• 
oreaaed oarboh7drate intake reaulted in deoreaaed apparent 

d1geat1on ot crude Pt'ete1n and Ol'1ld• fiber. 'D1geat1on.ot 
NIPI generall7 iucreaaed with 11t,1• change in d1geat1b111t7 
ot d1'7 matter and organ1o matter. !ner17 added aa tat 
tended to decr•aae orude fiber and HJE d1geat1cn •. 



OBJECTIVES 

!he aain ob~eotlve ot thia esper1ment waa to atud7 the 
etteot ot ener17 oonoentration ot a fattening ration on 

nitrogen aetabo11•• ot eteera. ·~•o, the etteet on the 
':r 

dtgeat1b111t7 ot the various teed eonatituenta wa1 atudied. 

EXPBRDIDTAL PROCEDURB 

Six yearling Angu1 1teer1 were ted three fattening 
rattona ot d1tterent ener17 ooneentratton in a ••r1ea ot 
three metabo11•• trial• laating trom Ma7 11 to Jul7 31, 
1963. The esper1 .. nta1 dea1gn eon111ted ot two randoml7 
1eleoted 3 x 3 lattn 1quarea. 'l'he steer• were kept in tal1e 
botto• .. tabol1•• •tall• which are mod1t1oat1ona·or the stall 
deaoribed b7 Nelaon !l !!· (195,). Eaeh trial eonaiated ot 
a lO-da7 pre11ainar7 period followed b7 a lO-da7 oolleot1on 
period. In aome oaaea onl7 a T-da7 oolleotion waa possible 
beoauae 1woll•n and tender l•s• aade it neoeaaar7 to reaove 
eteera trom the .. tabo11•• atalle. The ateera were tamed 
and allowed to adJuat to the ••tabol1•• atall• several weeks 
betore the .t1r•t trial waa started. At the end ot trials 1 
and 2 the ateera wei-e placed tor approz1matel7 one week in 
box stall• bedded with ao1at aawduat. 

The tattentng ration• were eompo1ed ot •helled 7ellow 
oorn, oo~ oobe, eottonaeed meal, 1°" gra11 ha7, mineral• 



and vitamin•. A vitamin A and D PPemix wa1 added to euppl7 
30.000 and.3750 I.U. per ateer per day, reapect1vel7. 
Ration oompos1t1ona are presented in Table 1. 

Table 1. Compoe1t1on ot the Ration• 

Ration 
Energ level 

Pereent oompoe1t1on Gr••• ha7 Corn eob1 
Shelled eOPn 
Cottonseed meal 
Detluorinated rock 

phoephate 
Ground limeatone 
Trace a1nera11aed salt 
Vitamin A• 
Vitamin Db 

Peroen' ohemioal compo11tton 
Dry mattei-
Cnde protein 
Ether ext-raet 
Crude tibei-
Hitrogen tree extract 
Organ1o matter 
Aah 

ICoal. groae energ;r/gm. 

D•l 
Low 

10.0 
38.0 
30.1 
20.1 
o.6 
0.1 
0.5 

+ .. 
90.--12.18 
2.18 

20.71 
51.50 
86.58 

3.86 
•.022 

a 227,000 I. u. per 100 lb. or teed 

b 28,375 I. U. per 100 lb. ot teed 

D-2 
Medium 

10.0 
2-.9 
-~.l 1 .2 

0.5 o.a 
0.5 ... 
+ 

90.35 
12.51 
2.62 

16.2-. §5.02 6.50 
3.84 
3.999 

D•3 
B1gh 

10.0 
11.5 
60.3 
16.3 
0.5 
0.9 
0.5 ... • 

' 89.99 
12.29 
2.96 

10.75 
'60.16 
86.1? 

3.8 
3.9-2 

The shelled corn and ooi-n cobs were varied to provide 

three ene-rg7 level• or approx1matel1 62, 67 and ~ oalculated 



total digeatible nutrtenta (TDH) on an aa-ted baa1a. An 
att••P' waa made to equalise orude protein (12.,,C), ealoium 
and phoaphOl"QI eontent•. 'lraee mineralised 1alt waa in• 

oluded in all rations at the 0.5- level. In order to 
enaure un1tora1tJ ot the •1xed teed• among trial• a 
auttioient aaount ot 1helled eorn, corn oob• and graaa 
ha7 tor the three trtala were 1nd1v1dual17 ground in a 
h•••r mill through a 3A inch aoreen, and 'be total aaount 
ot a given teed waa •ixed prior to the beginning ot the 
esperimtnt. The rations tor individual triala wer• atxed 
just betore the par,ioular trial atarted. 

Eaeh 1teer received 6000 gm. ot ration da117 during 
eaoh trial, one•halt ot which waa ted at 7100 A.M. and one• 

halt at 5200 P.M. Water ••• available at all ttmea except 
during the reeding period whioh uauallJ lasted 2-houra tor 
eaoh teed1ng. At the beginning and end ot each trial the 
steers were weighed 1nd1vidua111 arter an overnight ah.rink 
trom teed and water. 

The teoea were colleeted in aetal pans, p1eked up aev• 
era1 tillea each da7 and plaoed in ttghtl~ covered metal eane. 
A metal tunnel, placed under a metal grid on the tloor ot 
the .. tabo11•• stall, directed the urine into plaatie Jug•, 

where tt ••• collected. The teee1 were weighed one• da117 
and a 5- aample taken. The urine wa1 diluted to a definite 
m1n1w• weight once da11,- and a 1$ sample talcea. Peoe1 were. 



preaerved with thJIDCl and 1utt1t1ent aulturie acid (1 to 
1 •1th· water b7 weight) was added to the urine sample• to 

maintain a 1lightl1 aeid pH. The tecea and urine lampl•• 
••r• kept under rttr1gerat1on until anal715td. Ration• 
••H' aaapled at eaoh·teed1ng during the prel1•1na17 and · " 
eoll•et1oa per1ocla. 

reeda and teoea were anal7zed tor crude tibtr b7 the 
••thod ot Wh1tehou•• !1 !l.• (19'\5). t11'1ne waa anal7&ed 
tO? nitrogen. and teeda and teoea were anal7s•d tor d1'7 

•atter, orude protein. tthelt extraot and aah aoeord1ng to 
the aethocl• or the A.O.A.c. (1955). Oros• ener17 ot teeda, 
teeea and urine ••r• detera1aed in a Parr ad1abat1o OX7gen 
bomb oalertaeter. The urine waa prepared to• enero deter• 

ainatton bJ dr71ng in a forced air oven at 1••• than 90° c. 
The energJ lost upon drying waa eorrected tor b7 th• method 
ot Sw1tt and French (195-). 

Methane produet1on waa oaleulated us1ng th• tot'1111la ot 
Swift !l !1• (19.IUJ). Metabo11o teoal nitrogen and endogenoua 
urine~ o1trogen were calculated using the tol'llUlat developed 
b7 Swanson and HeruTJ' (19'3). '?he value ot 0.53 p. nitl"ogeft 
per 100 gpama ot d197 .. t•er 1ngeate4 ••• uaed to caloulate 
.. tabo11o teeal nttt-ogen. To oaloulate endogenoua nitrogen 
ihe to11ow1ng tonula wu uaeda N • .712 x·-2.:; JI ••t•11• 
to grams ot endogenous nitrogen and X to bod7 weight in kg. 
B1oloaioal value was calculated uaing the Thomaa-111tehell 
tornlas 



B1olog1eal value • 

• intake •(teoal K - .. tabolio teoal H) 
. . . - .(v1ftan W, • endognogs lf} · , .• x 100 

H 1ntakt • (tecal If • Mtabolie. teeal lf) 

R reteP• to grams ot nitrogen • 
.. ) ' 

!he da•a ••~ atatiatioallJ ana11aed bJ the an&1J81• 
ot var1anoe method ot Steel and Torrie (1960). 



RESULTS AND DISCUSSION 

During trial 1 teed tnta~e or one ateer ted ration 

»st waa ••l'J' low. The ateer waa not uaed during this trial, 
.i:/":')"f'~.•~ !-'; ~. .... ' 

but waa replaeed b7 a a1•llar ateer tor trial• t and 3. 
'l'heretore, there are Qnly tiv• obaervation1 tor each item 

Ma~ured tor ration D-2. The misting value was replaoed 

tor atat1at1oal anal7•1• by the method ot Steel and 

Torrie (1960). 
Energy utilisation data are preaented in Table 2. A 

atat1atioal 1ummar7 1• pre1ent1d 1n Appendix Table 1. 'l'hette 
wae a detinite linear increase in the energy available to 

the ateera aa 1nd1oated by the d1geat1blt energy data. 

D1geet1ble entr!J' or the low, medium and high energy ration• 
increased 11near17 (P < .01) from 113J, to 116.ft. and 1222 

keal. per lb. ot teed, reapeotivel7. Data tor .. taboli•• 

able energy and TDK ahowed a1m11ar li~ear ohange1 aa the 

digestible ener17 data. 

The actual TJ)H value• were approxtmatel7 58, 60 and 

6~ tor the low. medium and high energy ration•. reapeot1ve17. 
Tbe oaloulated values based on ehem1oal anal791a ot the 
experimental teeda, end digeetion coettioiente trom Morrieon 

(1959) were 62t 67 and T~, reapectivel7. !here 1• a large 
diacrepano7 between ealoulated and ob•e~ed va1u-., and 1t 

increases with increasing energ}' conoentratton. '!'here 

' . 
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ta no easy explanation for this discrepancy, but it needs 

turther atudy .. 

Table 2. Digestible and Metabolizable Energy and 'l'DN 
Content or the Rations 

-·-..... 
Ration D·l D•2 D•3 
Energ7 level Low Medium High 

Animals per treatment 6 5 6 
DDige8t1ble energy 

116-kaal./lb. or teed 1133 1222 

Metabol1sabl• energy 
kcal./lb. ot reed 936 919 1033 

'l'DR 57.85 59.97 63.35 

Xitrogen intake, excretion and utilisation data are pre-

sented in Table 3, and a atatiatieal aummary appears in 

Appendix Table 2. 

When dtgeat1ble enerl!Y ooncentrat1ona were 1133, 116-
and 1222 koal. per lb. or reed. n1trogea retention, expressed 

aa grams per da7, was i•.76, 18.27 and 16,2~, reepeotivel7. 
The medium energy ration tended to 1upport the highest n1tro-

gtn 1'19tent1on. There was a quadratic etteot (P < .10) 1nd1• 

eattug that maximum nitrogen retention was obtained w1th the 

medium energJ" ~ation. Nitrogen retention expressed as 
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Table 3. Etteot ot Energy Intakes on Nitrogen Retention 

and Ut111zat1on 

RatioTI D-1 D·2 D-3 
Energy level Low Medium High 

Animals per treatment 6 5 6 

Nitrogen intake, gm./day 115.80 120.50 118.20 

Nitrogen excretion, gm./da1 
Ji.3 .03 'a·5~ -~.§2 Fecal 

Urinary 59.00 5 .6 5 .91] 
Total 102.03 102.21 101.9'.3 

Nitrogen retention, ga./day i-..76 18.2'1, 16.26 
Nitrogen retention, ; ot intake 12.6, 15.18 13.76 
Metabolic fecal nitrogen, 

gm./da7 28.76 28.71 28.62 
Endogenous urinary nitro-

gen• gm ./day 7.66 7.62 7.62 
, True digested nitrogen, 

102.36 gm./day 105.66 103.23 
Absorbed nitrogen utilized, 

gm./day 51.18 5-.60 52.50 
Biological value, - 50,00 51.63 50.8-

percent ot intake followed the same trends. Nitrogen intakes 

or 1teer1 fed the low, medium and high ener17 rations were 

116.8, 120.0 and 118.2 gm. per day, respectively. There-
tor@, the small increase 1n nitrogen retention may poaa1bly 

be due to the small inc~eaae in nitrogen intake when the 



.. diu• ener17 ratioa wa1 ted. Thu•, it 1• que1t1onable that 
dittereneea in energy intake had an etteot on nitrogen 

retention. Matauah1ma ll. !!• (1951) rtpwttd ••idenee ahow-
ing that when tattening ration energy eoneentrat1ona ot 
58.5, 65.0 and 71.~ TDlf were eompared, eaera had no etteot 
on nitrogen retention.. The data presented b7 ~ontenot 

!l, !l• (1955) ehow that nitrogen retention was 1noreaaed 
when a high roughage wintering ration oonta1n1ng approx1• 
aatel7 l()}i protein waa 1uppleaented with TOO gm. oereloae. 

Purtbel' cerelo1e addition• were not ettect1••· Ritrogen 
retent1on waa not 1ignit1oantl7 changed when a l~ protein 
ration was aupplemented with oereloae. In the present 
expel'tment, po1atbl7 the energJ" and/or_ protein lt••l -.ase 

too high tor 1noreaaea in ener17 intake to oauae apartng ot 

nitrogen. 

True dtgeated nitrogen ot the 10•1 medium and high ener17 
ration• waa 102.36, 105.66 and 103.23 gm. per da7, re1peetivel7. 

Th• quadratic etteet ••• a1gn1t1eant (P < .05). P?obabl7 
theae amall d1tterenoea are due to dttterene•• 1ft'ftt1trogea 

~' 

intake. 
Biolog1ea1 valutrJot protein tor the ra,1on• eoata1a1ng 

1133, 116• and 1222 kcal. d1geattbl• •n•r!J' per lb. ot teed 

were 50.00, 51.63 and 50.84., reapeetivel7. The•• value1 
1howed a quadratic etteot (P < .05) /1 1nd1oat1ag that the 

h1gheat value waa obtained at the aed1u• ener17 le•el. 
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These results are not in agreement with those ot Williama 
!l!l.· (1953) who round that starch aupplement to 10 and l~ 
protein sheep rations had no ettect on biological value. 

Fontenot !J?. !!· (1955) showed a large increase in biological 
value resulted when a high fiber steer wintering ration 

containing lZ' protein was supplemented with 700 gm. cere-

lose. When the cereloae level was inereaaed further to 

1050 gm. biolog1oal value was increased further, but to a 
leaser degree. 

Total teoal nitrogen excretioo·· waa ,3.0, °'3·5 and Jt.3 • .;i 
gm. per day tor the low, medium and high energy rations, 
re1peotivel7. 'l'heae values are not aigntticantl7 ditterent. 

Mitchell (192") haa shown with rats that the amount ot crude 
tiber passing through the digestive tract haa •n influence 
on metabolic tecal nitrogen. In the present experiment the 

low, medium and high energy ration• contained crude tiber 
levels ot 20.77, 16.2" and l0.75~1 reapeotivel7, and crude 
tiber excretion amounted to 551, 5o8 and °'09 gm. per da7, 
reapeot1vel7. Thu•. there were large d1tterencea in the 
amount ot c~e t1ber passing through the digestive tracts 

ot the steer•. but no ditterence in tecal nitrogen excretion. 
Thi• indicate• that metabolic tecal nitrogen may not be 

related to crude t1ber intake or excretion in cattle, at 

least within the limits ot the trials presented here. 
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The apparent digeation ooettictenta are shown in Table 
' and a atat1at1oa1 aumma17 1• 1hown in Append1s Table 3. 

Table '· A•erage Coett1e1eata ot Apparent Digeat1b111t7 

,,,.,-.: .. 

Ration D•l D-2 D-3 
Inergy 1•••1 Low Medtua Hlgb 

Aniaala per treat .. at 6 5 6 
Apparent d1geat1b111t7, -

Cnd• protein 63.08 63.86 63.11 
Ether extract 11.'1!.' I~:U 19.8, 
Crude fiber 5s.1s 36.,6 
K1trogen-tree extraot 67. ' 11.16 i1.95 D!7 utter '(·58 65. 3 9.-1 
Organio aatter 6 .20 66.09 70.11 
her17 62.J>~ 6-.18 6S .. oe 

Apparent digestion eoettloient• tor orude protein were 
63.08, 63.86 and 63.17 tor the low. aed1u• ant high enett17 
ration•, respeot1••17. They wn-e not a1gn1t1oant17 ditterent. 
Thia aubatantiatea the postulation ot Pontenot !!.!!• (1955) 
that their observed deer•••• in apparent d1ge•t1b111t7 ot 
orude protein, troa 1noreaa1ng energJ" intake, waa due to an 
tnoreaae 1n metabolic teoal nitrogen, reaultlng tro• an in• 

oreaaed dJt7 matter intake. 
Inoreaaed ration energy oonoentration reeulted in a 

linear decrea1e (P < .01) in orude fiber digeat1b111t7 
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trom 55.78 to -7.96 and 36.-~, reapectivel7. Thi• agrees 
with the t1nd1nga ot Mitchell tt !!• (1~0), Swttt ll. !l.· 
(19'-7). Pontenot !! !!.· (1955) end Chappell and Fontenot 
(1963). Mitchell !!. !l.• (19,0) have suggeated that the 
decrease in crude tiber digestion may be that readily~ 
available carbohydrate i1 more readily termented b7 rumen 
m1eroorgan1••• than 11 oellulose. 

Dige1t1b111t7 ot NJPE 1ncrea1ed linearly with 1ncreaad 

ration eneru eonoentrat1on. The val_uea "ere 61 ·''' fl .86 
and 77.~, tor the low, medium and high energy rations, 
i-e1peottvel7. Thi• 1• in agreement with Wicke and We.take 
(1896), Hamilton (1911-2) 1 Switt !! !!.• (1gJ1.7), Fontenot 
!.t!l• (1955), Wood• !i. !!.· (1956) and Rob1naon (1958). 
According to Ann1aon and Lewi• (1959) starch 11 much more 
1uaoept1ble to rum1nal degradation than cellulose and 
there 11 a rapid increase in the number ot microorganiama 
able to utilize the read117-avatlable carbohydrate• when 
starch and augar reeding is increased. The7 postulated 
that the competition tor essential nutrients 1a won b7 the 
a1ci-oorgan1ama attacking the read117•available oarbohJdratea. 

Dr7 aatter d1geat1b111ty increased in a 11nfar manner 
(P < .01) with increased energy 1fJtake. The values were 

63.58, 65.83 and 69.-~ tor the low, aedium and high etlfrgy 
rations, re1pectivel7. Dowe !!. !!· (1955) using ateera and 
bulls tound that aa the concentrate portion ot a corn•altalta 



ration 1noreaaed, d17 matter d1geat1b111t7 tended to in• 
onaee. l'o'fttenot !1 !!• (1955) reported 1sha t when a eteer 

. ' . 
wintering ration was •uppl•••nttd with eerelo•• (Whieh ta-
ereaeed d17 matter intake) there ••• little dittereaoe 1a 
drJ utter d1ge1tibilit7. It appears that in the present 

•%J>9r1aent there was a greater inorea•• in the ,uant1'7 ot 
HR dtpated than the deonaat in th• qu&l'llili.r ot onde 

;.\~:. ;..> ~· - ' • • 

tiber dige•tedJ theretore, an 1norea1e in the d1ge•'1-111t7 
or d17 matter reaulted. 
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SUMMARY 

'l'hree digeatton and nitrogen balanoe trials wer9 con-
. . 

ducted with 11x Angua 1earling eteera to etud7 nitl'Ogtn 
metabolism and d1geatlbtltt1 b7 1teera ted tattentng rations 
oonta1n1ng three ener17 conoentration1. Tht three ration• 
contained approxtmatel7 12.5~ crude protein. The energy, con• 

. . 

eentratlon waa varied by changing the proportion• or •helled 
oorn and oorn oob1. Equal amount• ot the ration• were ted. 

The determined d1ge•t1bl• energy level• were 1133, ·116•, and 
1222 keal. per lb. or teed toi- the low; medium and high 

ener11 rations. reepect1ve11. Thia represented· a 11neai-
(P < .01) etteet. Mttabotizable enei-gy and 'l'DN' value• ~ol­
lowed the same pattern. 

Inol'eaaing d1ge1tible enei-gy eonoentration trom 1133. 
to 116• or 1222 kcal. pei- lb. ot f'eed had non11gntt1eant 
etteot on nitrogen retention expressed aa gram1 per da7 or 

aa perce.nt ot intake. Biological value was highest toi- the 
medium energJ' level and the quadratic etfeot ••• a1gnit1cant 
(P <' .05). 

'l'he apparent d1geatib111t1ea or crude protein and ethti-
extract were not aignif'icantl7 intluenced b7 ener17 oon-

centrat1on. Dige1tib111t7 ot dr1 matter. organic matter 
and NFE increased (P < .01) and d1geat1b11tt7 ot crude · 

fiber decrea1ed,(P < .01) with eacb inoreaae in energy 

concentration. 
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APPENDIX 



'l'tl._,le l. Anal791a ot Variance tor D1geat1ble and Jlletabol1zable Energy and 'l'DN 
' 

Source 

.Animals 
Trial a 
Latin squares 

- ~atment 
Linear 
Quadratic 

Error 
Total 

•p < .05 
**P < .Ol 

Degrees. ot . ~: · Dig. energy. 
treedom . ,: keai/lb. teed 

•••• 
' '52<>+' 2 2986 
1 9568• 
2 .1201-·· 

f ~l 2Ji.031** 
11i 1 85 

16 

Metab. energy TDN 
kcal./lb. teed ~ 

•• •• • ••• 
. 3859* 5·.56 
19~ 2.16 
79 • 29.75•• 

1Ji.8ra·· . .\5 .. 75•• 
.276 8•• 90.70** ·16 ·. -~5 730 1. 0 

J.. 
~ 

I 



'l'able 2. Anal7a1a ot Variance tor Ritrogen Retention and Ut111zat1on 

-·-------·- ·-------- -

Sounce Degree a 
o~ 

Free do• 

Animal a -· Trial• 2 
Latin aquarea l 
Treatment 2 

Linear 
f ~l Quadratic 

Error 7 
Total 16 

• p < .10 
!t p ( .05 

•• p < .01 

------- ------- - -----------.. ------- ---- -----~------~--------------- - --

Excretion H retention True di• 
Fecal · tirin. geated • 

gm. gm. gm. ~ gm. 

•••• • ••• •••• • ••• • ••• 
20.03 .. -9.8,•• 11.72 7.-- 30.68• 
17.~· 83.8 .. 38.80 29.73 3-.52· 
2. 73.M•• 103.(9* 73.89* 2.6o 
·~ 1.76 29. 1 15.~ 16.92 
• 5 .7, 6.82 §·1 8 2.30 
·al 2.78 52.1oa 2 .16 31.53• 

1. 5 1.33 10.25 6.19 5.23 

- - ----~------- -~ 

Abaorbed JI. Biol .• 
Ut111zed Value 

gm • -...... . ..... 
11.19* 25.-1 
36.92 .. 51.73 

10~·9'7** 102.67 
2 .55** 1'.2A• 
5-~ 6.7 

51.8 .. 21.75• 
1.-6 3.59 

J.. .... 
I 



Table 3. Analysis of Variance tor Apparent Dige1tton Coett1c1enta 

----~ Percent Ape_arent D1geat1b1lfry 
Source Degrees Dri Crude Ether Crude \Jiigan1c 

ot Matter Protein Extract fiber MFE Matter Energy 

Animals 
Trial a 
Latin squares 
Treatment 

Linear 
Quadratic 

Error 
Total 

Freedom 

4 
2 
l 
2 

f ~l 
7 

16. 

a P < .10 * p (. .05 
•• p < .01 

...... 
7.27•• 
5.80** 

59.07•• 
52.26** tc».02•• 

.50 

.33 

•••• 
15.33** 
20.21** 
1.51 

.78 

.03· 
1.53 
i.75 

• ••• 111.a. • ••• • ••• m.a. 

29.31 23.32 5.33 8.16• 12.41• 
121.52** 63.25 3.98 6.1- 9.07 

.20 241.63• 28.68• 47.3'1-•• 27.97* 
6.99 585.19** 138.91•• 53.34 53.19** 

i3.65 1111.oa•• 211.15•• to4.73•• ios.32•• 
.32 ,3.29 1.98 1.05 

7.90 19.86 1.69 2.55 

--~-·---·---------

• .fr' 
Vt 
I 



Table '· Average Da117 Kltrogen Balance and Biologlcai Value ot PPotein 

Trial Steer Hitror.n Excretion . 111trogen Meta. Endo. True Absorbed Biol,, 
Ko. Ho. 1nta e Peeai fifn. retention tecal ur1n. dig. • Value .. 11 It • • 

gm. gm. gm. ·gm. 

"' 
p. gm. gm. gm .. -R!tion D-1 

1 -1 112.80 -2.87 53.68 16.25 1-.-1 28.87 1.,8 98.80 52.60 5(-2' 1 61 112.80 ,6.i9 50.71 15.50 li.T' 28.87 7.65 95.07 i2.02 i .71 2 64 117.60 -3. 2 67.0S 7.10 ·°' 28.85 1.,2 103.03 3.37 2.09 
2 86 117.60 -5.96 5,.19 17.,5 1,.8, 28~5 7.65 100.,9 53.95 i~·69 3 3~ 120.00 (9.20 6i"~o 16.90 i,.oa 2~~ 1.n 109.~ 53.M .~g 
3 120.00. 0.15 6 • a · ii.37 i2.81 2S.."'5~:,,a.05 1oe~ i 51. Jf.7.95 

Av. 116.80 !J3.03 59.00 1 .76 12 . .A 2886,:. ·7 .66 102.36 51.18 ~O.OG 1-
Ration D-2 . .-.--:<.;,: 

°' ;<.• '"'"': - I 
1 6' 121.20 ,1.,2 51.12 22.o6 18.20 2a.as 1.53 1os.63 is·'' 53.80 
2 3 119.-.0 ll3.62 6-..30 11.11.a ?·61 2a.s5 ~7.6o i°'.63 1.93 ,5.81 
2 -1 119.,0 -3.8, 58.76 16.80 1 .07 28.85 7 .65 le>Jt.,1 _,.~3.30 ,1.05 
3 61 121.20 45.52 60.71 lll.97 12 •• 5 28.49 7.58 t<M- .• 17 ~::"51.~ 9.00 
3 86 121.20 43.25 51.91 26.04 21. 9 28.49 7.75 106.44 6~.28 58.51 

,Ay. 120.50 ,3.53 58.68 18.27 15.18 28.71 7.62 105 .• 66. 5Jl.60 ,1.63 
Ration D-3 

1 9g 117.60 'g·T' 60.46 13.JJO 11~39 28.81 7.49 102.67 ,9.io ,8.-1 
1 111.60 ' .11 •8.21 22.62 ii.2~ 28.81 1.18 99.70 ~8. 1 ,8.79 2 st 120.00 •0.69 61.10 11.61 1 .6 28.61 7.69 107.92 3.i1 9.95 2 120.00 ,9.,, 57.57 ll.~ 10.87 28.61 7.81 99.22 '9· 6 '9·8i 3 'l 111.00 (9· 61.o6 1 .,o lll.10 28.,, 1.18 106.oo 52.72 -9.7 3 64 i11.oo o.i' 62.01 1,. 5 12.35 28.ll• 7.71' l<M-.90 50.63 -8.27 Av. 118.20 '3· 2 58.51 16.27 13.76 28.62 7.62 103.23 52.50 50.8' 



Table 5. Apparent D1geat1on Coett1o1enta and TDH 

Trial Steer ril=i Crude 
leroent Je~nt fiiJ!atlbliit1 

Ether · ·.· e RP. Organic lnttrg . ~.TDK 
Ho. Ko.· Matter protein e-rtraet ·r1ber . matter 

..,.," •',. Ration D-1 
l ·-1 65.57 69.9' , 75.19 . 58.10 69.9' 66.13 63.3, 59.,7 
1 61 61.29 58.55 69.63 · 5i.98 6a.6o 61.92 59.36 56. 1 
2 86 63.~ 60.92. 76.,2 i .01 6 .3.... 6'.12 61.22 57.86 

·2 6.... . 5~· 63.1l 81. 8 6.71 62.90 59.60 58.19 5 ..... o6 
3 6( 6 .67 67.3 79.,0 57.25 68.33 65.1•r . 64~53 58.69 
3 3 . 67.2.lj. '66.56 83.93 ,62.51 '69.i( 67.72· 65~95 60.51 

Av. 63.58 63.08 11.11 55.78 ~67. . 6'.2Q 62~09 57.85 
.. · ltation ·D~2 • 

77.21 ~.82 66.81 
~ 

1 6'. 66.-6 65.7.lj. .lj.8.88 11.30 65.28 Q 

2 3 6 ..... ,6 63.33 
~1:~ 

46 ..... 2· 70.75 ~-18 62.56 59.05 • 
2 -1 68.-3 6,.19 ,6.38 73.57 .t9· 66;.69 . 62.ia 3 86 . 65.~ 6 --5· e.ao 71.81 66.i4 63.70 59. 
3 61 63. 62.61 A3.86 .,9. 0 10.88 6' ..... ~-1' 58_00 

Av •. 65.83 63.86 79.57 · .. 7 .96 · Tl.86 66.09 .18 59,.97 
.. Ration n.;..3 

1. ' ~- ~--- 62.81 10~61 .. (1.CY(" · 77 .78 70.13 69.86 63.a9 1 8 ·r' 60.25 ~.63 ~-- -..36 75.78 . 69.12 . 66.5.IJ 62. 1 
·2 61 6'. 0 58.il .61 . ·2.IJ.(1 72.~9 65.16 62.27 59·~-2 ~" 72.~ 65. 3 83.35 - ~6. 0 i9· 1 12.78 70.60 65. 1 

3 1 72 • .IJ 66.30 83~50 · o.os o.oia. 13.22 10.81 65.56 
3 6• 69.~ ~-3- 82.2, . 36.~6 76.11 70.27 68.o6 62.98 

Av. 69. 1 63.17 19.8 . . 36. 6 71.05 70.11 68.02 63.35 



Tab.le 6.· Metabol1zable and ··Digestible Enera 

Trial Steer Intake Excretion ·. Difi Energ- Meta. Emtrff 
re cal urtn •. Me£hane !o 1 Perlb. 'fotai . Per • 

Peed teed ··-koal. kcal. kcal.· kcal. kcal. kcal. keal. kcal. 
Ration D-1 

1 •1 2 ... ,05, 8796 959 1800 li.236 1152 12.-99 m l 61 2•,05• 9775 816 1712 1 ,278 1019 11.151 
2 86 2J&.,11J&. 9351 870 1731 1•.163 1116 12.162 919 
2 6\ 2-..11• ~081 871 1592 1lf..o~ 1061 11,~0 875 
3 3( 2 .... 23• 597 932 1725 15,.~8 1182 12. 0 981 
3. 2•.23J&. 82il 899 1719 li· 2 12o8 13.3~ 1006 

Jr Av. 2.-. .. 13,.. 91 2 . 891 1723 - .1 ,988 1133 12,37 936 o:> Ration D-2 · I 

1 6- 2•,oia.2 a•s1 761 i1aa 15,58"' 1178 13,<>'1 986 
2 -i 2•.006 8987 690 172 15,.018 1135 12,601 952 
2 2,..,oo6 im 6•5 isra 16,010 1210 13,532 1023 
3 86 23,940 672 17 2 15,250 lli3 12,8~5 970 
3 61 23,940 882\ 7'6 l~ 15,116 11 ~ 12,6 6 959 

Av. 23,987 8591 703 175' 15,396 116 12,989 978 
Rat ion . D-3 

1 8~ 23,916 b2o8 685 1878 16. To8 1263 .:.J.4l\~~ 1069 
1 2!,9t6 a~i rcJ 1866 l~,91\ 120~ 13,i3 1007 
2 61 2 ,7 0 1n5 1 •795 111 12, 79 9'3 2 

·~ 
23.760 6985 592 1sn 16,775-' 1268 . 1•,288 1080 

3 23.652 690~ 633 191 . 16.T-8 1266 1-.202 1073 
3 6, 23.652 755 800 1837 16.098 1217 ·13.~1 1017 

Av. 23.776 7603 6n 1851 16.173 1222 13.652 1032 



Table 1. · Average J>a117. Intake ot the ·various Fee4 Conat1tuenta 

.:;;: •' Trial Steer Dr7. Crude Etbftt Crude· 0rg&ftiO Oro•• Ho. Bo. matter protein ·estract t1ber RIPE . Matter . Baerg 
gm. gm. ·~··~ ... P • gm. 811· gm .. keal. 

· Ration D-1 
1 .-1 54'6.8 703.2 128.4 1260.0 3130.8 5222.ll 2•,05Ja. 
1 61 5"6.8 703.2 128.4 1260.0 .. 3130.8 5222.4 .' 2Ja.,054 
2 86 54Ja.3.S .135.0 13Ja..Ja. 1228.2 .3115.8 5213.Ja.. 2Ja..11' 2· 6JJ 5443.8 135.0 13'.4 1228.2 .3115.8 521a·' 2•.114 
3 3i 5389.2 750.6 129.0 ·1251.0 3023.4 511' .6 24,234 
3 5~9.2 750.6 129.0 . 12,1.0' '3023.4 5148.6 . 2.\.234 

Av. 5 26.6 729.6 130.6 12 6.4 3090.0 5194.8 . 24,134 
Ration D-2 · J.. 

'° 1 6-\ 5442.6 756.o ,150.6 ~-2 3351.6 5213 • .\ 24,M2 I 

2 3 5"4.1 744.6 162.0 10 .6 3259.2 5215.2 ' 24.006 
2 Ja.1 5444 • .\ 7".6 '.162.0 1038.6 3259.2 5215.2 .. 2 ... ,oo6 
3 86 ~316.0 760.8 158.4 930.0 3293.4 5142 .6 . 23, 940 
3 61 ii'·o 76o.8 158.4 930.0 3293 • .\ 514~.6 23,.940 

Av. 5 16.T 753.4 158.3 . 978.5 3291.4 5185 .8 · 23, 987 
Ration D-3. 

l 8~ 5434.8 735.0 17Ja..6 677 ·' 3621.6 5210.4 ,' 23.916 1 5\34 .• 8 1~.o 111J.6 .. 6n-' 3621.6 5210., .. 23.916 
2 61 5398.2 1 .o 190.8 . 61 .6 ~10.8 5165 • .\ _23.760 
2 ri 5398.2 7.\5.0 190.8 618.6 3610.8 5165., 23.760 
3 5365.8 731.a. 166.8 639.0 . r,96·' . 5133.6 23.652 
3 6' 5365.8 731 • .\ 166.8 ~9 .. 0 . ,96.4 51i3.6 .. 23.652 

Av. 5399.6 737.1 117.4 5.0 3609.6 51 9.8 23.776 



Table 8. Datl7 ATerage Pecal Bzoretton ot the Various Peed Conat1tuenta 
I, 

Trial Steer Dr7 C"'1e 'Etbar ·Crude Organic Oroas 
No. 1fo. Matter protein extract tiber lf1'E Matter eaeru 

----·~ gm. p. ' ... p. ga. p • gm. kcal,. 
Ration D-1 

l Ja.1 1875.1 267.6 31.9 521.e 9'1·.2 1768.6 . 8796 
1 61 2108 .. Jt. 291.5 39.0 55.\. 1071.1 1988.~' ·9175 
2 86 1976.5 287.3 31.s 56.\.8 986.5 1870. ) 9351 
2 6Jt. 2=.7 271.0 2.\.9 65Jt..3 1155.9 2106.2 10~081 
3 3( 1 .1 2'5.o 26.6 ig;:.1 ' 957.5 1763.8 ' 597 
3 176g.7 251.0 20.7 921·.2 1662.0 '82~1 

Av. 197 .6 268.9 29.2 ' 551.0 1006.6 185·9.9 '91 2 J. 
Ration D-2 0 

I -l 6Jt. - 182, • .\ 259.0 3Jt..3 -sa.3 92a.·3 1!09.9 .8~7 2 Jt.f 193 .9 27,.1 3~-5 .,56.:5 953.2 1 16.2 . 8 7 
2 1i18.8 27 ~l 2 .5 53.-1 861 • .\ 1617.1 '. 6997 3 86 ' 1 36.9 ~o.Jt. ' Ja.1.1 •so.a 928~- irao.1 691 
3 61 1g31.1 2 -~5 25.6 650.0 959.0 l 28.9 . 882Jt. 

Av. 1 50.7 272.2 32.6 501.1 926.1 1138.6 8591 
Ration D-3 

1 
82 

1660~9 ' 273~- il.2 Jt.26.3 ·9°'.2 1556.Jt. roos 
l 1688.l 292•1 ·· 1.8 ,76.9 877.2 1577.9 8~ 2 61 1918.0 3i!"o '' 25.5 68.2 996.8 1799.6 2- ~~ l 09.0 2 .6 33.7 ' 393.Jt. 736.a 1.\05.9 6985 
3 ii19.1 2 6.5 27.5 ro2:r 717. ·137-.7 690( 3 6.\ 1633.2 253-•5 29.5 837.6 1526.o 755 

AT.· 1631.6 211•5 35.9 -~.9 828;.3 15~0.l 7603 

-



Intluence ot Energy Concentration ot 
Pattening Ratios on Nitrogen 

Utilization by Steers 
by 

Paul Altred Stone 

(ABSTRACT) 

Six Angus 1teere were used in a eerie• ot three meta-

bo11•• trial• to atudy the ettect ot energy concentration 
on nitrogen metaboli•• and d1ge1tibilit7. The •zP•rimental 
design conaiated ot two randomly selected 3 w 3 lattn 
aquarea. Three tattening rations were ted which oontained 

1133, 116' and 1222 kcal. digestible energy per lb. teed 
and 12.18, 12.51 and 12.2~ crude protein, reapect1ve17. 
The rations were composed ot 1°-' graaa hay, shelled corn, 
corn ooba and oottonaeed meal. An attempt waa made to 
equalize caleium and phosphorus content1. Vitamins A and 
D were added at the rate or 30,000 I.U. and 3750 I.U. per 
steer per day, respectively. Energy concentration was var-

ied by changing the proportions ot shelled corn and corn 
ooba. Digestible and metabolizable energy and TDN were all 
a1gn1t1oantly increaaed with each increaae in energy con• 

oentration. Digestible energy concentration ot teed had no 

a1gnit1oant etteot on nitrogen retention. Biological value 

waa higher tor the medium energy ration than tor the low 



or high energy rations. The quadratic effect was aigni• 

ticant (P ( .05). The apparent d1geat1b111ttea or crude 

protein and ether extract were not influenced by energy 
concentration. Digeat1b111ty of' dr7 matter, organic matter 

and NPE e1gn1ticantly increased and d1geat1b111ty or crude 

tiber stgniticantly decreased with each increase in energy 

concentration. 
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