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ABSTRACT

Sixteen.ewe lambs (36 kg initially) were assigned to four equal
treatment groups. Lambs were individually fed end had chopped wheat
straw<(with molasses-uree adde&) available at all fimes.'VTreatmentsr»
consisted of a control.tno added grainj‘and three levels of'supplemental
dry rolled sorghum grain.‘.Each diet contained approximately 10% crude
protein on a dry ﬁatter besis, but daily crude protein'intakee increased
as grain level increased. |

During a 42—dey feeding period, grain intakes avefaged 275, 550
and 798 g/day for the three added-grain treatments. Daily-sfraw intakesv
averaged 540, 609, 601 and 443 g/day for the control and added-grain
treatments, respectively. ﬁaily gains increased linearly (P<.05) from
-80 g for the coﬁtrol lambs to 209 g for those fed~the'highest level of
'grain. |

Digestibilities of dietary dry matter, organic matter and gross
energy increased (P<.05) linearly as level of-grain-increased; Digesti~
bilities of neutral detergent‘fiﬁer and all cell wall components
.decreased (PQ.OS) linearly as-supplemental grain‘increased. Analysis of
the data-by}lineer-regression gave estimates for neutral detergent fiber‘
digestibility in wheat straw and sorghum grain of 50.6 and 19.1%,.
respectively. . Digestibility data were also analyzed using simultaneous
equatiens and'there was no indicatien that straw fiber digestibility ‘
decreased»es grain 1evel,increased.' This suggests'thaf the-decreeses in
.digestibility of diet fiber &ue to added grain resdlted'from:thellow
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digestibility of grain fiber, not from a decrease in digestibility of

straw fiber.



INTRODUCTION

- Low qualltyvroughages, especially crop residues like straws,
represent a large potential,source.of energy for ruminants. Wheat straw
as a by¥produot.is readily available in Arizona and the adjacent Mexican
Sfate'of Sonora

- Low quallty roughages such as wheat straw are presently utlllzed
in relatlvely‘small}amounts by the cattle feedlng 1ndustry because
rations.containing,large amounts of these roughages will not'support
ysatiefactory.levele ofaanimal perfornanoe. This is due to the bulky'
nature and lowvenerngdensity and protein content.of those feeds which
tend to:depreSSnfeed;intake‘and lower tne amount of energy available for
prodnotion,‘ Neverfheless; increasing the extent of their use and im- |
proving the utilization of these feedstuffs, which cannot be utilized
directly by humans or orher monogastricnanimals; is a very important
challenge, especially in those countries where production of food crops
has prlorlty over that of feedstuffs for animals and also because these
crop residues are a dlsposal problem

Wlth present knowledge and technology, rations contalnlng a hlgh
proportion of low quality‘roughages can be used only if one is willing
to accept low rates of'animal performance. One method of improving per-
formance .on these roughages is to improve their feeding value by adding
nitrogen, minerals and feeds hav1ng a high content of readlly available
carbohydrates. There is cons1derable ev1dence that added dletary
nitrogen either as a natural protein or non-proteln nitrogen (NPN)

1.
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impfoves intake and fiber utilization of low quality roughages (Raleigh
and Wallacé,‘1963; Ammermén et al., 1972;_Bhattacﬁarya,ahd Khan, 1973§

7 Bhaftapharya and Pervei, 1973; Swingie; Araiza and Urias, 1977). How- ‘

.evér,VsuPplementation of nitrogen, iqdependent1y~of energy, to low
' _quality roughages(ﬁiil not- result in~ma$imum animal performance'(Andréwé
et al., 1972; MUlﬁoiland; Coombe and;MéMaﬁus,>1976), »

l Maximal béﬁefit fromAnitrogen_supplemenfafion>is dependenf upon'

a readily a&ailable sourée of cafﬁohfdrates._ The optimum level of
. energy supplementation to these roughages is not clearn‘ Low levels of
supplementation tend to improve~rougﬁage'intake and may improve'fiber
. utilization, but rates of gain are dsﬁally still unacceptably low., High
lévéls of supplementation} while impfoving animal performance, tend to .
depress fiber digestibility.aﬁd Utiliiation of the_foughage (Montgomery
and_Baumgardt,.196Sa, b; Swan and Lamming, 1970; Andréws‘et al., 1972;
- Muiholland, Coombe and McManus, 1976; Coleman.énd Barth, 1977j. . The ob-
jective of this experiment was to iﬁvestigate the effect of various
levels of-grain suppleméntatiOn on VolﬁnfgryAintake and nutrient

'digestibilities-of wheat straw by lambs. -



LITERATURE REVIEW

-Results of several earlydstudies indicate that addition of
readily availablelcarbohydratesAto ruminant diets decreases digestibili~
d’ ty of roughage components |
N M1tche11 Hamllton and Haines (1940) formulated dlets to cootaln
'rapprox1mately 6 10, 15 and 20% crude»proteln u51ng combinations of corn,_1
.cottonseed meal and t1mothy hay° Each diet was fed to steers with and

without the addition'of 1093 g/day of glucose' Glucose additions

--pdepressed dletary crude fiber dlgestlblllty by more than 25% (from

:,approx1mately 39 to 29%), regardless of the level of proteln fed
| Hamllton (1942) fed sheep a basal diet con51st1ng of tlmothy hay,
'f-ground yellow corn and cottonseed meal in the approximate ratlos of 2:2:1.
_Digestibility of nutrients were determined in this Basalrdiet and the
‘basal diet plus 20 to 30% glucose The basal and basal + glucose diets
contained 14.6 and 13.1% protein and 15. 5 and 11.8% crude flber respec-
tively. Addition of glucose resulted in increased digestibility of dry
:matter (68 25;65%) aud total carbohydrates'(72 vs 69%) but decreased
-digestlbility of-uitrogen-(54 VS 62%) and crude'fiber (32 vs 44%),

Swift et 41' (1947) reported that the effect of carbohydrates on
flber dlgestlblllty was dependent upon the level of supplementat1on
When 75 g (7.8% of»dret) of corn sugar were supplemented to lambs re-
_ceiving’a basal ration of 420 g alfalfartiﬁothy hay, 420 g corn meal and
48 g linseed»meal/day, digestlbility of dry matter and energy in the
7,diet iucreased”(from_74,9 to'77.2%.and,from 72.6 to 75.0%, respectivelyj

3



‘with novsignificant change in digestibility of protein (approximately
70%).or crude fiber (approXimately 50%). However when the amount of )
,'corn‘sugar was: doubled d1gest1b111ty of crude fiber decreased to 43”‘
and dlgestlblllty of crude'proteln was also:decreased' Addltlon of 72 g
of . starch or 68 g of corn 011/day also decreased f1ber dlgestlblllty by
8 and 170, respectlvely Protein content ofrthe d1ets ranged from 12.4
“to 13.5% | | |

| Burroughs ‘and co- workers reported a. series of stndles on the
_effects of starch on d1gest1b111ty of roughages The first study
(Burroughs et al., 1949a) was conducted to determine the effect of sub-
stituting_dried skimmilk forvmlnerallzed_starch on the digestion of |
‘Corncobs-by steers. Rations fed consisted of 5 1b/day of corncobs and
5 1b/day of snpplement; Suppiements &éreQ (1)‘4 1b of starch + 116
of dried skimmilk: (2) 3.25 1b of starch + 1.75 1b of skimmilk; (3) 2.5
1b of starch + 2.5 1b of skimmilk; (4) 1.5 1b of starch + 3.5 1b of -
3 skinmilk' and (5).5 1b of skinmilk. Protein content ofjthe rations in-
',creased from 5 to 18.5% as skimmilk replaced‘starch. Apparent
'dlgestlblllty of corncobs 1ncreased from 48 to 64 with"increases in
dried sklmmllk-np to the 13r56 protein level (ratlon"4')° dNo further in; o
-~ crease in corncob digestion was noted as protein increaeed to 18.5%
(ration 5). Inhanother experiment diéeStibiiity of corncobs tS 1b/day)
be steers was not 1mproved by addltlon of .5, 2 5 or S 0 lb of dried
sklmmllk/day when starch was not included in the diet. , Protein content
of the diets ranged from 4 to 18% and cob digestibilities were 58.9 to
;62°6%; To further examine this relationship betWeen froteinAandvstarch

and their effect on roughage digestion; a third experiment was conducted.



5
-A basal rétion consisting of 5 1b of éorncobs,'4 1b.of starch andll 1b df
skimmilk was fed alone and wiéh additign of 1 and 2 1b of dried skimmilk.
Proteip conteﬁtlof the rations rangedAfromfs.S to 10.5%. Digestibiliﬁy
of corncobs in the basal ration was low (38.9%) and was incréaséd to‘4é%
by é&dition.of'lllb of-skimmilk to the -daily ratiom. :Increasing skimmilk
to 3:15/day.did notAfurthér increase'cﬁrﬁcob digéstiﬁility; |
o In a secohd study (Burroughs et-al,,_1949b); steers receifing a: -
'rbéSalaration_of 4.1b of ground corncoebs . and 1.6_1bvdfied skimmiik/dayv;
were supplémentedﬁwith 0, 1.6, S.Z.Or 4.0 lb/daf of mineralized-corn , |
' Staréh.-fAd&ition:of starch decreased proteiﬁ content of“diets_from 11.4
to 7.5% of dry matter. Digestibility of corncob dry matter‘wa§157% whéﬁ:
no starch was added and decreased fo 55, 36 and 35% with eaéh”increment
of>added gt#rch. In contrast, digestibility of alfalfa hay was not de-
‘creased by addition of 2 to 6 1b ofrstarch per day even though crude
protein contents of these diets were in the samé range (7.4 to 11.4%) as
: thpsé used in the corncob trial; |
- In another study,,Burroughs.et al. (1950) investigated the effect
of'starch and -casein upon roughage digestibility by steers. Treatmentsv_
inclﬁded a basal ratioﬁ of 4 1b cornéobg + 1 1b élfalfavhay, basal + 4 1b
of starch, basal §a4 1b of starch %'1 or 2 15 of casein. Addition of -
starch albhe7¥ésulted in a decrease iﬁ roughage digestion which was
paralleied.by a decrease in rumen bacteria ﬁumBeré; Addition of either 1
or 2 lbiof ca$ein fo the basal + sfarch ratién increased digesfiéility of'f’
.’thé.foughage-and‘resu;ted in increased numbers of rumen bacteria.
|  'In'thé above sériés of experiments (Burroughé et al.; 1949a, b,

| :19501; protein (casein or skimmilk) supplementation increased cofncob



6

~digestibility whenever starchlwas included in the ration.’ Little or no -
improvemeht in corncob digestion‘was ndted-due to prqtein addition when
no starch was fed. The aﬁthors concluded that the_pfotéiﬁ-requirement'7:
for efficient roughage digestion in. cattle is low when roughagés are-fed"'
in. the absence of starch of grains;v When starch forms a part of the
1 ratioﬁ, thg_ﬁeed for profeih supplémentation;is_iﬁcreased_if efficient
rdughage-digéStionris fé be'maintainea.- They also felt the<effecf'§f'”‘
‘ ”stafch ﬁpon'rdughége digestion_could best>be éxﬁlainedIOn thevbaéis of

' adequatevor iﬁadequaté hufriénts for groﬁth of microorganisms in the
'digestive tract. | |

‘E1-Shazly, Dehority and Johnson (1961) conducted in vitro and in

Vivé studies to determine the nature of the inhibition by starch of
‘ceilulose~digestion.ﬁy rumen'microorganisms.: In vitro studies indiéated l
thatAthe inhibition was due primarily to a competition between thé céllu—A
'1oiytic-and amylolytic groups of bacteria for nutrients. The majof
 nﬁtrient was nitrogen, although the results suggested other nutrients
Cunsﬁeéified)icbﬁld aléo be involved. EE_Xixé_trials With filter paper
_iﬁ nylén bagé in the rumen of sheep showed similar inhibition of cellu;
_lose‘digestiOn when sheép were fed increasing proportions of corn in hay }
and'COfn rétions.__With»hay corn rafios of 2:1‘or>111,Apartia1'or com-
'_fléte ailéviation of the inhibition‘of cellulosé digestion could‘be
‘obtained by supplemehting the rations with urea; however, When the hay:
corn ratio wés 1:2, addipional nitrogen as‘urea was'ineffective.

. '_Since the earlier investigatioﬁs by BurrdughS‘et‘al. (i949a, b,
1950),ﬁumerou§fother‘studies,havé observed the depressing effect of

soluble carbohydrates on digestibility of dietary fiber cOmpdnents, and



most have also invesﬁigated the effect pf level and type -of nitrogen
supplementation'on this effect. In three digestion trials, steers were

~ used to determine the effect of adding different ambunts-of cerelose to
wintering'rationsbcontaining 8, 10 or.LZ%’prqtéin (Fonitenot, Gallup and.
Nelson, 1955). Vanh>protein level was evaluated in a separate trial.

_ DeSiredAprotein levels wére achieved by additions of cotfonseed me31' 
(270't6n600 g/day) to a basal ration of prairie hay (26d6>to ZSOO'g/déy).
" All rations were supplemented with salt,.calcium and phosphorous. Cere-
lose was added atvthe rate of 350, 700 and 1050 g/day té the 8% protein

| ration;'and 700 an& 1050 g/day to tﬁe 10 and 12% proteinvrations. The
cereloée additions caused a déérease in the.protein.percentages in thev
ratiohs. Each addition of cefelbse depressed cellulose'digéstibility v
at all ﬁhree protein;levelé (frdm»72 to 49%4ét 8% protein; from 65 to »I
47% at 10% protein; aﬁd from 64 to 48% at 12% protein). .In ﬁost caseé,
digestibility of theAnitrogen frée extract fraction increased with
cereldSe'éddition so that total organic matter digestibilities of the
diets were minimally_affected;

Ellis and Pfander (1958) fed lambs semi-purified diets con-
'tainihgione of £hrée 1e&els éf cellulose (21; 31 or,42%)rand one of -
three pﬁdtein levels (10, 12.8'of 15%).‘ Celluiose'and nitrcgennlevélé
were varied by subétituting purified éoqrces of cellﬁlose (wood pulp)
aﬁd,pfotein (soybeah_protein) for cornstar;h. As the percentage of
cellulose decreaéed.(and starch,'thus, increased), digestibility of
cellulose deéreased*linearly andidigestibilities for,orgénic matter and
,nitrOgeﬁ-free extfact‘increased, Responsetcurvés for digestibilities of

Celluloée; organic matter, nitrogen free extract and crude protein as



influenced by dietary level of proteiu-followed a quadratic pattern.
) Digestibilities of cellulose, organic-matter and nitrogen free extract
were sighificantly higher in the 12.8% crude protein ration than in

those containing either 10 or 15% protein. . Crude protein digestibility
».was higher for the 12 8% diet than for the 10% diet, but no further 1n—'
crease  was. obtained by increasing to. the 15% crude protein level

| .Montgomery and Baumgardt (1965a) conducted a study comparing
- four completely pelleted diets consisting oflthe following alfalfd mealiﬁ
uto ground shelled corniratios: IQO:O; 80:20; 60:40; and 40}60. The
diets were fed to eight Holstein heifers in two digestion trials
designed'ds 4 x 4 latin Squares. Crude protein and cellulose contentb
rlrdecreased_(from 19.6 to 10.7%. and from 26.2 to 12%, respectively) as the
amount of corn in the rationkincreased} Dry‘matter cousumption decreesed
» andpdry matter digestibility increased linearly with added grain (from
‘.2.3 to 1.6% of body weight‘and’from 55,9.to 68.9%, respectively); There
was no significant difference in crude proteiu digestibility, even with 7
‘ the~difference ih crude protein‘content of the rations. Cellulose diges— o
utibillty decreased (P<.05) when corn was added (from 45.3 to 31. 5/)
| -Montgomery and Baumgardt (1965b)‘conducted an experiment in
:which eight ratlons varying in phy51cal form and concentrate level were‘z
~ fed to 12 Holstein heifers in an 1ncomp1ete block design. Rations were
‘as follows: (1) long alfalfa hay; (2)-1ong oat straw; (3) long alfalfa
hay plus pelleted ground shelled’corn to supply 50% of the daily dry
“matter intake; (4) long oat straw”plus SO% pelleted ground shelled corn;‘
(5)’pelleted alfalfa hay; (6) grOund.oat-straw; (7) pelleted ration of

50% alfalfa hay and 50% ground shelled corn. Rations varied .in cellulose
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. and crude protein content fron 15.0 to 42.7% and from'4 to 17.9%, respec-
. tiVely Apparent digeétibility of dry matter ranged from 45.3% for long
oat straw to 69.2% for long alfalfa hay plus corn, cellulose digestibil- -
‘1ty ‘was hlgher for all ratlons containing straw than for the similar
rations with alfalfa hay. Addltlons of corn decreased d1gest1b111ty of
cellulose in both straw and.alfalfa hay diets. Depressions in cellulose
digestion were less for the'long roughages‘(s to 10 percentage unlts) |
1than for pelleted or ground roughages (14 percentagerunite) The depreé—
A151on was less for long hay than for long straw (5 vs 10 unlts), but no
d1fferences in magn1tude of depress1on were observed when the roughages’
weTe ground or pelleted.

Sheep were used to determine: dlgestlblllty of pelleted diets
‘contalnlng 30, 50 or 70% ground barley straw supplemented w1th maize and
soybean (Swan and Lamming, 1970). . Crude protein content of diets were
l4.3 -14.8 and 12.0% and crude fiber content 14. 3 23, 4 -and 30. 4° for
"50,:50 and 70% straw dlets,-respectlvelyw Apparent dlcest1b111ty of dry
. matter determined at the maintenance level of" feedlng decreased (72, 64
and 54%, respectively) as: the percentage of crude fiber ln the dry matter
increased. Intake of apparently digested energy declinedewith each
increment of straw from-3;4.to 2.5 mcal/kg. Daily live-weight gain by |
‘}steers fed.thoee diets was l,29,vl;19 and 1.02 kg/day for the 30, 50 and
- 70% straw,'respectively. |

Chicco'et 51.’(19723 conducted an experimentvwith steers to
evaluate the effects of three levels of forage intake (50, 75 and 100%
of ad_libitum_intake) with and without nolassee-urea,supplementation

(3.0 kg of molasses + 150 g of urea/animal/day). The forage used was
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mature‘guinea grass'containing 6% crude nroteln Organlc matter d1ges~ .
tibility. was lowest for the unsupplemented 50/ forage 1ntake treatment
and was 1mproved (P<.05) by molasses-urea supplementatlon at the 50 and
75% consumptlon level. Cellulose dlgestlon-was improved (P<.05) by
supplementatlon at the SOVand,75% levels of forage intake from 52,3eto
l65,7° and from 60 to 66 50, respectlvely RestrictingAforage'intake de- :
'creased weight gainsA(P<.Ol) whlle supplementation‘improved (P<.Oi)
gains at ail.forage intake IeVelsf

Effeets of energy and:pretein supplementatibn on voluntary in-
take and’digestibility of straw byVZOO‘to 300 kg cattle were studied in
two experiments conducted by'Andrewe et al. (1972). In the first experi-
ment, long barley straw wae snpplemented with four levels of crnde_-
rpotein (185; 375,7570 and>765 g/head/day) and five levels of energy
(3.7, 4.4, 5.2, 5.§ and 6.6 mcal/ME/head/day) in a‘fectorial.arrangement i
of treatments. Protein supplementation was from ground nut.meairend
" energy from eitnet barley Qr a 9:1 mixture of strach‘and‘melasses. At-
the lowest crude protein 1evel-(5.6% ef'diet), there was a significant - :
decline (from 57.7 to 55.5 g/WiZS) in daily stiew‘intake as the energy*
level increased. When protein’contentnof the diet was 8.8% or more,
etraW'intake”nés only’slightly depressed at the higheenergy*lenelsc
With the loWestiprotein level, daily gaine were low (.34 kg) and did not
reepond‘to energy eupplementetion. With the other nitrogen levels,
daily gain increased from approximately .43 to .79 kg as energy intake
increased. In the secondtexperiment; cellulose and organic matter
d1gest1b111t1es were determlned for diets containing oat or barley straw

fed alone or supplemented w1th either 260 or 520 g/day of crude proteln



rand either‘6'5'or 10.3 mcal ME/day Organic matter dlgestibility for
: all supplemented diets was hlgher than for straw alone, w1th little =
difference being observed due to level of protein or energy supplementa-"
btion.r’Gellulose:digestion was higher’inrstraw than -in the supplemented
diets and decreased with 1ncrea51ng energy at each level of protein
Ammerman et al (1972) conducted three experiments w1th 63
yearling wethers to 11vest1gate the 1nf1uence of supplemental nltrogen
in the form of natural protein (soybean meal or cottonseed meal) or as
4;urea and biuret combined w1th an energy source on voluntary 1ntake,
-'dlgestlblllty of nutrients and nltrogen balance when sheep were fed low -
qtality (2.57 and 4. 60 crude proteln) pangolagrass hay. - In general, thev
supplements which contained 01lseed meals dried c1trus pulp and '
~molasses as energy sources were consumed at- levels of 130 to 150 g per
sheep daily which prov1ded 8 to 9.5% total dietary crude»protein. In
each of the_3 experiments, addition of supplemental'nitrogen~with an
energy source increased (P<.01)'hay intake (from 653vg‘to 728 g) and.im_
7 proved (P< 01) the apparent digestibillty of: nitrogen ' In‘general,
rdletary organlc matter was 51gn1f1cantly more- digestible when & supple-
ment ‘was fed than when hay was fed alone (48 -to 57 80) : Thls resulted
‘prinarily from additlon of a more digestib‘e feed to a hay of lower |
:digestlbility, Cellulose dlgestibilitiesnwere higher in all supplemented
ydiets_than When hay-was fed alone and‘no*differences were observed in
cellulose digestibility due to source oflsupplemental nitrogen.
: Tuo.experiments were conducted With 63 yearling wethers to

: determlne the 1nfluence of supplemental nltrogen (biuret) and supple-

mental energy (a mixture of 50% corn meal, 25% corn starch and 25%
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sucrose) on u01untary iﬁtake, nutrient digestibility and nitrogen
.balance when sheep were fed low quality (3. 28 and 4 51% crude protein)
pangolagrass hay (Flck et al., 1973). 1In experlment 1, the 2 x 4 fac-
torial arrangement of‘treatments involved Oror'lorg added,nitrOgen and
0, 50,‘100 or 260 g:energy supplement per sheep daily.. Experiment 2 was
a.3vx SIfactorial with O; 8 or.lé'giadded ﬁitrogen and'O, 60 or-120 g
energy supplement per sheep daily.  Total dietary crude protein levels
were-3;88 andA9.71%uwhen 0 and 10 ¢ nitrogeu per sheep'daily were pro-
vided in experiment 1 and 3.08, 7.4 and 12.3% phen o, S:and 16 g nitrogen
per sheep daily were>5upplied‘in experiment 257 In both experiments,
supp}emental'uitrogen-increased(hayintakeand apparent digestibility of
nltrogen organlc matter and cellulese. Increa51ng supplemental nltrogen
from 8 to 16 g per head da11y did not 1nf1uence the parameters tested
Energy supplementatlon did not influence nitrogen dlgestlblllty among
treatments contalnlng b1uret however, nltrogen balances became p051t1ve
suggesting hetter nitrogen utlllzatlon° Energy supplementatlon has no
signifieaht effect on the digestibility.of organic matter; however, the
average dlgestlon coeff1c1ents 1ncreased from 45. 2 to 55 5/ as the
energy supplement 1ncreased from 0 to 200 g dally, this probably reflec—
ted the:addltlonfof,a supplement contarnlng,more dlgestlble organlc
mattercp éellulesevdigestibilityhdecreased-with each.increase iu energy
supplemeutation at bethllevels of supplemental nitrogen. In both experi-
ments, the hlghest level of energy supplementatlon decreased hay
consumption and the decrease was greater ‘without supplemental nitrogen.

White,»Hembry and'Reynolds (1974) eonducted a digestion trial

with steersafed-ratiens eontaining 0, 20, 40, 60, 80 or 100% dehydrated
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r'coastal~berﬁudagrass or pelletedAtice straw to study the influence of
-roughage‘level-on rationfdigestibility.-'In each-case a high grain mix-
.tufe comprised the remaindet“of the diet. ‘As the"ieVel of roughage
increaeed,>digestibilities”oflenergy,_dry-matter, 'erganic matter and
nitrogen free extract decreased. As the roaghage leyel increased, crude
fiber digestibility of-berhudagraSS diets increased linearly from 26 to
60%;2>Ae Tice straw level iﬁcreaeed from 0.to 80%, fiber digestibility
V:increased‘from 34 .to 53%, but all rice straw diet had.a_fiber digesti~
.bility'of oniy,41%. | |
| .;Mulholiand et-al,.(1976) reﬁorteddthe‘results:oflan_expetiment,'
Aip*which a basal ration. of ground, pelleted oat stfaw,nureazand miaerals
subplemented with 0, 5, 10, 15, 20, 30 or 40% starch were fed to a
Leicester a Merino'wethers-: Tﬁe diets‘were'isonitrOgenousi(1.6% Nj.

Dry matter intake reached a max1mum of 2000 g/day with 30% starch; above
lthls starch level dlgestlve dlsturbances were observed . Organic matter

.dlgestlblllty wasvlncreased.by the addltlons of starch, butkcellulose
g digestibility wae depressed by as much as 18 units witﬁ the additien of

~ 30% starch. Up to 10%'starch'had iittle effect on eeilaiese digestibil-
ity; " Live weight' change was significantly correlated with.digestible:
_orgaaic matter intake. Mean daily Weightrgains varied from 22 g with no
starch to 104 g with 30% sta.r'ch.. |
Coleman and Barth (1977) conducted two dlgestlblllty studles to

evaluate the effect of readlly avallable supplemental energy sources on .
utilization of non—proteln nitrogen (NPN) by steers fed low protein hay.
In ekperiment 1, twelve yeafling steers averaging Zélﬁkg in body weight

were placed in individual metabolism crates and fed a diet of low
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- quaiityytall fescne-broomsedge hay (6.7% cruderprpteinj and one of. four
'.supplements;;urea, biuret and.biuret:witﬁ 913%rmolasses or 8.1% corn
meal. In a second'experiment, rationé’containing biuret or no suppleer.-r
mental N were factored with three SUPplemental energy sources; control °
(no supplemental energy), corn and citrus pulp (7° each 1n dlet), and
molasses (approx1mately 15%). In,experlment 1, source’ of NPN-dld not’
’ affeCt:digestibilities of diet componente, Digestibilities of dry
matter, gross_energy and acid detergent fiber were increased.by‘addi-
tions of corn or molasses. However,fin;thersecond digestion study no

difference in acid detergent fiber digestibility*due to suppiemental

B energy was observed . Results of experlment 1 suggest that small amounts ,

f supplemental energy may stlmulate fiber dlgestlon whereas larger
amounts compete with and reduce dlgestlonjof-flbrous materlals.'
.aIn summary; the early studies ciearlyAindicate that addition of
purified sources bf starch or»sugar“to ruminant diets substantially re-
| ducevdigeEtinility of dry matter and finer from iow quality roughage.

In Vivd and‘in vitro studies'conducted to.determine the nature of the

' .1nh1b1t10n Suggested it was due- to a. competltlon between amylolytic and

cellulolytlc mlcroorganlsms for nutrlents prlmarlly nltrogen Nltrogene
__supplementatlon was ‘usually effectlve in. allev1at1ng the depre551on in
flber ut111zat10n caused by supplementatlon of readlly avallable carbo- A
hydrates. Similar observat10n5 have been made when non-purified
feedstuffs such as oilseed meals and cereai.grains.were used for supple-‘
i'menting energy and.protein to high roughage diets; |

From the literature reviewed, it_is.difficult‘to accnrately pre-

dict at‘whatlleyel of energy supplementation fiber digestion will be
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‘significantly affected and what fhe«extent of depression will be. This '
is because.thése parametgfs.are,affected-by fype of roughage fed, type
and level of enefgy subplementatidn‘and protein content of. the dief,
Also, in most Qf'thbsé.studiés,_the parametef# tested were measured in
‘the»tétal-diet and‘npt over the'rbﬁghage.itseif. ‘The'influence of any
type of energy suppleﬁenﬁ_oﬁ fibe£ or_céllulose.digestion should réprea
sent a more direct measure‘of its effécts on roughage utiliZation;,
because of the assdciative effects (ihteféction) of‘one‘fOOd.or ration
' ingredient onVothers.. In general,rhowe?er, there is an agreement_that
small amounts of supplemental energy may stimulate cellulose digestibil-

ity; whereas, larger amounts would reduce digestion of fiber components.



_EXPERIMENTAL'PROCEDURE_

Sixteen.ewe’lambs with'an éverage initial weight of 36 kg were
:aSsigned'to four equal tréatmént groupé;: The treatments consisted 6f a
-vcontrol:(n6 added'grainj*and_threé'levels of suppiemeﬁtal dry rollea
‘Sofghuﬁ gfain caiéulated (Gérrett, Meyer and Lofgreen, 1959) to provide
either 0; 25, SO.qr 75%10fvthe digeétible eﬁergy requiréd t0~pr6duce 200
g of gain/day. These a&ded grain treatments were-designated,as low,
medium and high. Grain Sﬁpplements were fed fwicé daily-and each lamb
had chopped wheat straw (with the crude protein éontent increased to
apprdximately 10% by édditionlof a molasses-urea mixture) available at
all_times. 'The’amounp 6f grdin offered to each of the subplementedA
groups was.adjustéd bi—weéklyAin.résponée to body weight changes. Lambs
were‘individﬁélly'fed éhd héd écéesg to block salt and drinking water ét'
-all times.. ‘ | | |

 Daily straw intake, average daily gains'and.feed efficiehcy wére

determined over a 42—day‘feédihg period. Followingithis’feeding tria;,’ S

the ewes weré,uéediinva digesfion'and métébolism.trial, which a;tually
consisted~6f'two collectibh:périods. Eight ewes, two ffom éach treatmént, T
wére used for each péfiod! Eéch périod consisted of a 6-day adjustmeﬁt |
period to.the métaboliém cages and a 7-day tdtal collection period.

For each collectién,period totai feces aﬁd urine from>each ewe -
lamb were collected daily.” A 10% aliquot of daily feéalrexcretion was
driéd to CQnstant‘wéight at‘4S C‘in a.forced air oﬁen, At the conclu;
"sion of each‘périod, thé:daiif sample§ from each ewé'were.pooled and =

16
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grOUnd,through a 1 mm screen in'a-Wiley»mili and a portion of the ground
composite was retained for analysisi Urine was'collected in glass con-
tainers to which 25 ml of hydrochloric acid dlluted 1:2 w1th water had
been added Dally urine: collectlons were dlluted to 1400 ml with water
~ and flltered}throughrglass'wool~and a 25 ml allquot'waS"retalned. Dally-d
aliquots were composited-and stored under refrigeration until.analyzed.
~V_.Samples of.straw and serghum grain_were taken erery day during eaéhdve

‘coilection periodrandrprepared’ferraﬁalysiS‘in~the same manner es were
fecal sam?ies. | | - |
Nitrogeh; final_dry matter, ether'extract.and~ash were deter--
mined-accorddng.to Association of OfficiallAgricultdralvChemists
(A. O..Af76.,197O)proeedures.' Gross energy in the feed and feces was
vdetermined in an ediebatic bomb calorlmeter. Acid detergent flber (ADF),
cellulose and lignin were determined es.descrlbed by Goering and Van-
vSoest (i970). Neutral detergent fiber (NDF) wes.determiﬁed according,to
'Robertson‘and Van SoeSt C1977) method for dietary fiber estimation in
concentrate feedstuffs Hemicellulose was estimated as the‘differenCe
between NDF and ADF (Goerlng and Van Soest, 1970) |
) Follow1ng each collectlon perlod rumen f1u1d samples were -ob-
'tarned from- each ewe 1mmedlate1y prlor to and at 3 hr after the mornlng
feedlng Samples were strained through two layers of cheese cloth and
preserved by addition of 1 ml saturated mercuric chlorlde to 50 ml of
strained rumen fluid. The preserved rumen fluid was used for pH deter-

~mination using a Corning pH meter,
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7 Analysis of variance was used for statistical treatment of the
data, and means were compared using Duncan's multiple range test (Steel

énd Torrie, 1960).



RESULTS

Chemical composition andrgross energy of sorghum grain,and'the
theat straw.snpplemented with'melasses and.urea used in this study are
. shown in Table 1. The high crude protein content in the-straw was due
to,additiondof urea. Earlier: analyses (Sw1ngle and Waymack 1977;
Swinglevet al., 1977)‘1nd1cated unsupplemented wheat straw contalned _
only 2.8 to 5.3% crude protein. |

Mean compdsition'of the diets, as actually consumed in.tnis study
are in Table 2;.,Percentage5’6f straw'in the lon,-medium and high grainr
treatmentsvwere 69, 52 and 34%, respectively; Crude protein‘contentbwas
approximately edual (9 8 to 10A69)vfor all diets The percentages of
acid detergent flber (ADF) and ‘ash in diets decreased (from 42 to 17o

and from 10 to 5%, respectlvely) and nitrogen free extract (NFE) and

| gross energy-(GE)'lncreased.(from 36 to 65% and from 4,0 to 4ﬁ3¢mca1/kg,‘A».f"

respectiVely) as the level of supplemental grain-increased.
Performance data for the first 42 days are shown in Table 3.

Voluntary consumption of straw averaged 540.ngM/day when no supplemental

- grain was offered‘ The .two loWer levels of grain-supplementation:did not .

(P>.05) depress straw 1ntake, in fact, straw 1ntake was 1ncreased
approx1mately.11°5 at the lowest level of added grain, although the
difference was not 51gn1f1cant However at the hlghest level of added
~ grain, voluntary straw. 1ntake decreased (P<. 05) ‘to only 443 g/day

Total dally dry matter intake 1ncreased w1th,each increment of added‘

- grain, however, differences between the two highést levels of grain

19
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Table 1. Chemical composition and gross energy of sorghum grain and
wheat straw.

Sorghum grain Wheat straw3
Dry matter 85.9 83.4
Composition, dry matter basis
Crude protein, % 11.1 9.8
Neutral detergent fiber, % 9.6 67.1
Acid detergent fiber, % 4.5 41.9
Lignin, % 1.2 (0
Cellulose, % 3.1 31.1
Hemicellulose, % 5.2 25.2
Nitrogen free extract, %% 79.8 35.9
Lipid, % 2.8 2.0
Ash, % = 8 10.4
Gross energy, kcal/kg 4470 4039

aWheat straw Cajerne 71 wheat. No IRN listed. Wheat straw
90.64%, molasses 5.86%, urea 2.68%, mono-dicalcium phosphate .82%.
Molasses and the same amount of water, plus urea were thoroughly blended
before being added to the roughage.

“Nitrogen free extract calculated using acid detergent fiber in
place of the conventional crude fiber.
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Table 2. Mean ingredients composition, chemical composition and gross
energy of diets.

Added grain treatments

0 Low Medium High

Ingredient composition,

% dry matter

Straw 100 69 52 34

Grain - 31 48 66
Chemical composition,

dry matter basis

Crude protein, % 9.8 10.2 10.3 10.

Acid detergent fiber, % 41.9 30.4 23.9 17.

Nitrogen free extract, % 35.9 49 .4 57.1 64.

Lipid, % 2.0 2.3 2.4 2.

Ash, % 10.4 7.7 6.3 4.

Gross energy, kcal/kg 4039 4173 4246 4323
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Table 3. Mean feed intake and performance of ewe lambs fed wheat straw
supplemented with different levels of sorghum grain for 42
days.

Added grain treatments

0 Low Medium High
Daily intakes, g
Grain — 275 550 798
Straw 540b 609b 601b 443°
Total 540b 884° 1151d 12414
Daily gain, g -80b 41c 1544 209e
Feed/kg gain. kg — 21.5 7.4 5.9

aFour lambs per treatment. All intake values are on dry matter
basis.

b,c,d,e"eans on the same line with different superscripts are

significantly different (I.,05).
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(1151 Vs 1241 g) were not different (P> 05), due to the hlgher 1ntake of
straw at the medlum graln level. |

As expected, average daily gains incfeesed-(f<;05) as the:amodnt'
of grain censumed.increaseda The straw diet without added grain did not
support positive weight gain (-80 g/day), while gains for the three
levels of added grain everaged'41,'l54‘and 209 g/daygrrespectively;

Feed requirements per unit of gain were the loweet fdr the highest level
of grain. Feed efficiency impreved with-each increment ef added—grein
(21.5, 7.4 and 5.9 kg feed/kg gain) . | | |

Mean dry matter and energy intakedand dlgestion coefficients
_determined during the metabolism trial are giwen ineTable 4, Straw and
total dry matter intake showedvthevsame ttend in the metabolism trial as
was obServed-in the feeding trial. Straw 1ntake was depressed (P< 05)
.only at- the highest level of supplemental graln and total dry matter in-
take increased‘with éach increment of‘added grain.

Digestibility coefficients fer_dry matter,.organic matter and
grose.energy inereased with increasing levels ofJSutplemental grein,
wh11e coefficients for proteln NDF ADF hemlcellulose and cellulose
'decreased. W1th the exceptlon of crude prote1n the dlfferences between
;‘the eontrol and all added graln treatments were751gn1f1cant (P<. 05)
Wlthln the added graln treatments, the dlfferences were 51gn1f1cant only
between the 10west and-hlghest levels except for cellulose dlgestlblllty
which was different (P<.05) forAéll tréatments., Digestion coefficients
for crude protein were different CP<,OS) only between‘the,COntrol:and

highest grain level. -
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Mean dry matter and energy intake and apparent digestibility

by ewe lambs fed wheat straw supplemented with different
levels of sorghum grain.a

Dry matter intake/day

Sorghum grain, g

Straw, g
Total, g 75
Total, g/W°
kg
Energy intake, kcal/day

Gross energy
Digestible energy

Apparent digestibility, %

Dry matter

Organic matter

Gross energy

Protein

Neutral detergent fiber
Acid detergent fiber
Hemicellulose

Cellulose

Lignin

604°

604

45.5'

2435
1130

46.

48

2b

.3%
46.
64.
49.
43.
61.
53.

9.

4A
Tb
90

3b
5

Added grain treatments

Low Medium High
283 575 877
651b 604 419~
934C 1179¢ 1286
61.5' 71.6' 74. 6d
3896 5012 5610
2088 2812 3411
53.4C 55.7cd 60. 6d
55.4C 57.7@d 62.2°
53.6® 56.10 60.8°
61.2bc 54.6® 53.5°
42 .0pe 35.9@d 29.0°
36.0 29.7@ 25.0°
51.0bc 45 .30d 34.8
46.10© 38. 5d 28.50@
10.6 14.6 12.4

Each value is the mean of four observations.

b,c,d,eMeans on *2
significantly different

same line with different superscripts are

(P<.05).
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Nitrogen balance data-are shown in Table 5”- The daily nltrogen
'_ intake 1ncreased (P< 05) as the 1eve1 of d1etary graln 1ncreased
reflecting the dlfferences in total dally 1ntake among groups Fecal
nltrogen excretion also increased (P<. 05) with increasing grain lerelsr
as was 1nd1cated by lower apparent dlgestlon coeff1c1ents for proteln
-(Table 4). Urlnary nltrogen excretlon was not dlfferent among diets,
however, nitrogen retentlon-was higher for lambs-on those diets w1th
added grdin because of their higher N intake. Expressed as a percent—'
age of N consumed nltrogen retention ranged from a negatlve value. for
control lambs to a p051t1ve 20% for lambs rece1v1ng‘the highest 1evel'of
supplementai gréin' ‘Among the added.grain treatments N retentionrwas
lower (P< 05) for the lowest level of added grain than for the other two.
, treatments (9.9 Vs 19 3 and 20.3). ,Nltrogen retentlon expressed»asﬂ
percentage of N absorbed followed the»Same nattern;

- Effects of grein supplementdtion on rumen pHAbefore’and after -
feeding are summarized in Table 6.. Prior to.feeding, there were nob
dlfferences 1n.rumen pH among. any of the treatments At 4 hr post;:'A
feedlng, pH decreased from 7.0 for control lambs to 6 5 for lambs
receiving the highest level of added graln (P<, 05) Rumen pH of.lambs’
fed the two lower 1evels of added grain were the same (6 8) and dlffer- ‘

ent (P< 05) from both the control and highest level of gralnv
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Table 5. Mean nitrogen balance by ewe lambs fed wheat straw supplemen-

ted with different levels of sorghum grain.a

Added grain treatments

0 Low Medium

Nitrogen intake, g/day

Straw 9.5 10.2 9.5

Grain 0 5.0 10.2

Total 9. 5b 15.2C 19. 7d
Nitrogen excretion, g/day

Fecal 3.3b 5. 9C 9.0d

Urinary 6.5 7.8 6.9
Nitrogen retention

Grams per day - .3b 1.5C 3.8d

Intake, % b 9. 9C 19.3d

Absorbed, % b 16.2¢C 35.5d

aEach value is the mean of four observations.

b,c,d,e”*eans on the same line with different superscripts
significantly different (P<.05).

High

15.

22

10

20.

38.

are

.20

.4d

. 5d

3d

1d



Table 6. Mean of pH of rumen content of ewe lambs fed wheat straw
supplemented with different levels of sorghum grain.a

Added grain treatments

0 Low Medium
Time post-feeding, hr
0 7.1 6.9 7.0
4 7. 0b 6 .8C 6 .8C

aEach value is the mean of four observations.

x ,c,crueans oOn the same line with different superscripts are
significantly different (P<.05).
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DISCUSSION

The data clearly indicate that supplementation of grain to thei'
‘lambs was beneficial as measured by llve weight galns, eff1c1ency of
feed conversion (Table 3) and nitrogen balance (Table 5). _ These re-
sponses can be attributed to the increases'in total dry’matter and
digeetible energy intakes-(Table 4) achieved'onrthe”supplemented diets, -
although differences in daily protein intake:could'bave also~been:a,
factor° Dry matter intakes ranged from ;é kg/day for unsupplemented
lambs to 1.3 kg/day for those fed tbe highest level of added grain;,
: Digestible energy and crude protein intakes_increased@from 1.11t073i4
mcal/day and 6d.to 140 g/day,vrespectively, as the level of dietary A
grain increased. . These values compare with recommended daily allowances
[National Research Council (N R C.), 1975] of 1.3 kg dry matter, 3.6
‘mcal dlgestible energy and 130 g crude protein for 30 kg replacement A
lambs gaining 180 g/day. |

While the effect of grain supplementation on anlmal performance A
is probably of the greater economic 1mportance the effects on 1ntake
" and digestibility of straw are also 1mportant considerations 1f maximal
utilization of the roughage is de51red, -In;this study, voluntary con-
_ sumption of 'straw was not.depressed by grain supplementation, except at
- 'the highest level of grain 1ntake (Tables 3 and 4). Mulholland et al.
(1976) found Voluntary:consumption of oat straw by sheep was not signi-
pficantly decreased.by addition of 50 to 300 g of starch/day, but was
severely depreesed by supplementation of.400 g/day. Andrews et al.

28
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:[1972) reported voluntary in{ake of stréw by cattle fed low protein
‘(less.than 8%). diets was linearly decreased as eﬁefgy'supplementation
increased from 1.2 to 2. O.kg/déy, but'that éi prOtéin leVels of 8789
more, there was no effect .of energy supplementation on 1ntake of straw.
Fick'et al.  (1973) found that supplementatlon of 200 g/day (but not 100
. g/daf} of éoluble carbohydrate supplement tended to decrease voluntary
in;ake of low.protéin (S'tq'4%)'pangoiagrass hay; 'In.that study,‘ﬁo
'éffe¢t of energy'supplementétion on'hay\intake was obser?ed_whenvdietary
profein levels were inéreaséd té 9 to 10%. |

. In the other'studies'reviewed, it‘Qas not possible to detérmine
‘the effect ofrénergy_suppleﬁentation onrrpughage intake Bgcause either
 ¢dmp1ete miXedfdiets'were fed or a speéific amount of rbughage wasrfed
'déilyQ It is épparent, however; that intake of stréw.ﬁy sheep is not
adversely affected by moderate suppleméﬁtation-of graiﬁ (up to 50% of
fhe diet dry matter){ wheh'ﬁrOtein content of the diet is adequate.

In geﬁerai,.dfy matter, organic matter and gross energy digesti-
bilities,of the diets were improved with eaéh,inéreﬁeht of added grain
(Table 4). Montgomefyvand Baumgardt  (1965a, b),.Coleﬁan and Barth -
.(igffj and Aﬁmermah»et a1;>(1972) also réported that-digéstibility of
fhése'parametefs7wa3"increaéed by the addition of feadily’fermentable
eﬁergy sources;‘ This probably results simply from thé addition of more
digestible'feed td a roﬁghagevof 1ower»digestibility!L |

| Op the cher héﬁ&, NDFé:ADF, hemicellulose'and,cellulose digesti-
bilities of the diets decreased with increasing levels of grain
'supplementatlon (Table 4).. Mohtgomery and Baumgardt (1965a) reported -

51mllar results when steers were fed dlfferent proportions of ground :
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shelled corn and alfalfa meai.' Digestibility of cellulose decreased
1inéar1y with incféasing ihcrements of corn in the diets.- White et al.

- (1974) found a7gradual decrease in crude fibér digestibility of dehy-
drated coastal befmﬁdagrass or rice strawas ihe level of highvgrain
supplement increésed'from approximately 40 to 100%:of fhe fatioﬁ}
: Coleman and Barth (1977) suggeéteduthat small amounts of molassés or
“corn grain (up to 9% of dietﬁapproximatelf) pius NPN nitrogen-sourCes
_may,stimﬁlétevfiber digeétioﬁ of a lowlprotein hay, whefeas,Vlarger
_amounts compétefwith and reduce digeétion of fibrous materials. These
observations ofvdepressed utiliZation-oflfiber ébmponents when natural
V feedstuffs containing high amounts of soluble carbohydratés-aie included
in ruminanf-diets are in good égreement with:studieS'in which sup?lemen-
tation of purejéarbohydraté sdﬁrces significaﬁfiy decréased7digestibility'
of roughages (Mitchell et al., 1940; Hamiltoﬁ, 1942; Burroughs et él.,. |
1949b, 1950; Mulholland et al., 1976). S

In those'studiés, inclusioh of fhé Carbohydfate usually‘decreased
the proteinvcbntent of the‘diet and it was found that suppleménﬁatibn
with protein ér NPN Qould-partiallyior completeiy-alieviate the depres-
sion in roughagerufilizatioﬁ (Burroughs et al., 1949a, 1950; el-Shazly“
et al., 1961). | | o

Iﬁ this,stﬁdygbthé crude brqtein cohtent of all diets Waéyaﬁproxi—
mately 10%-(Tab1e‘2); hoWever;'because of differences in dry matter
intake (Table 4), daily crude protein intake increased from 60 to 138 g/
day asbgrain intake increased. .Fufthermore, as_the percentage of graiﬁ
~in the diet incréaSed, ﬁhe percehtage of diétary:non—protein nitrégen de-

creased. These factors should have acted to minimize the effect of grain
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' Sﬁpplemehtétien on»fiber,u‘tiliz,ation° Hdwever, despite the increeses in
daily.pfoteiﬁ intake,idigestibility of all fiber’components decreased
substantially as the percentage of graiﬁ”in the diet increased.
Simple;linear regression anal?eie-(Steel and;Terrie, 1960)ewas‘-
~ used in.en’aftempt to ieOIate the effect.of grein aﬂdlsiraw on~dietéry
. fiber digesfibility.',Leﬁel of grain supplementation (% of diet drf“'
 matter).wé3 used as thevindependent-vefiable and. digestibility of'ne@r
tral detergent fiber iﬁ the_diet.es.tﬁeideﬁendent variable.(Figureil);‘
The correlation between theetwo paramefers was .99 and the.regression
equation Was Y = 50,1 - 7315 X, where.Y is NDF digestibility and X is
8 peréent ef-gfein in diet. This equafieh predicﬁs thatvdigestibility of
fiberiin straw fed aione would be'SO%;' Otﬁer studies ét:this station
have shown dry matter or organic métter digestibility of Cajeme wheat
straw to be 50 to 55% _(_SWiilg_le and Waymack, 1977; Swingle et al., 1977).
The equation also predicteithat digestibility of fiber in sorghum‘grain
fed as-IOb% of the diet weuld be approximetely.19%¢'°This relationship
sﬁggests'that the decrease in diet NDF digestibilityjobserVed when
eupplementai giain'was:fed~couldvhave been due to the_low‘digestibility
- of grain fiber and nof‘fd a decrease in digestibiliﬁy of-straw fiber;_
To’further examine this possibility,-Simultaneoue equations were
used to calculateidigestibiiities.for etraw and.graiﬁ at the diffeient
dietaryllevele. Kromannu(i967) hasieuggested this metﬁod ae éAmeans of
determiningrwhether or not associative effects exist between dietafy com-
ponents fed at different levels. Inm this method, pairs of equations afe
written to,describe:the'digestibilities of diets containing two_adjacent

levels of each ingredient° For example, in this study the medium and high
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Figure 1. Relationship between percentages of sorghum grain
in diets and digestibility of neutral detergent fiber (Y = 50.1 - .315X).



added'grain diets aotually contained-48% and 66% grain on a dry matter
basis (Table 2) and had NDF. dlgestlbilltles of 35.9.and 29.0% respec~
. tively (Table 4).' For thlS pair of diets, the 51multaneous equatlon
becomes:

.48 X + .52 Y = 35.9

It

29.0

.66 X + 34 Y
X and Y are apparent-digestibility COeffioients fot graiu and straw; _
' Tespectivelyl This pair of equations can then be solved for the unique
set of digestion coeff1c1ents ‘which will satisfy both equatlons
Digestion coefficients for*NDF in_grain,and.straw determined by 7
‘this method are-shouu‘in-Table l.' Tbere is no evidenoe thatiNDF digesti-;
zlbility of straw is-decreaSed at -any level,ofradded grain and_thev
digestibility coefficients are:in good agteement with those obtained by d
" regression analysis.’. while not.shown, these analyses were also conducted
for digestibilities_of all other fiber.fractions in the diet. In each
";case, the decreasing digestibility of thevfiber component as grain intake‘
' increased' could be explained on the basis of low digestibility ofvrain fiber.
| Data from the study by Montgomery and Baumgardt (1965a) in whlch '
cattle were fed pelleted d1ets, containing various ratios of corn to
alfalfa meal were’ also .analyzed by these ‘methods.. The regre5510n analy—
sis indicated that dlgeStlblllty of cellulose in corn grain fed as 100%
of the diet would be. 23.4% which agrees closely w1th the value of 19%
- for digestibility_of NDF in sorghum grain’calculatediin this study.
'_further, the simultaneous eduations indioated>that digestibility of
cellulose in.corn deCreased‘from 37.5% for diets containing'O to 20%

ﬂcorn to 16 1° for diets containlng 40 to: 60% corn. Digestibilities
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Table 7. Estimation of neutral detergent flber dlgestlbllltles us:Lng

simultaneous equat ions.

Straw:grain

% Digestibility in

ratios . »IS‘iv:raw Grain
100:0 .

o 50 24
69:31
69:31 g S

B} ‘53 17.
52:48
52:48 - _ .
54 -

. 34:66

16 . .
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caiculated for'cellulose in alfalfa hay-increased from-45 to 54% as the |
percentage of corn increased. These data are alsorin aéreement with
results. from this study.

These indicationS'of low digestibility of fiber components in
grain are not in.agreement-with values of 40 t0'60% for digestibility of
fiber in cereal graiﬁs given in'current_tables of feed compositionr
[Morrison, 1959; National Academy of Science (N.'A; S.), 1971]. -Aiso,
estimates of fiber digestibilitity determined in high or ali-grain diets
- are uSually_higher than those»calculated-in this study. = For example,
~ Saba (1964) reported crude fiber digestibilities for all concentrate
diets containing 97.7%,milo‘or 98.7% barley of 39.1 and 40.6%, respec-

tively. Carrillo-Mendez (1975) reported a digestibility coefficient of

. 52, 8° for ac1d detergent flber in an. all concentrate diet contalnlng 93. Sa

wheat and 6% molasses. White et al. (1974) reported dlgestibilities of
26. 5 and 34.4% for crude fiber ‘in all concentrate mixtures containing 97°
sorghum grain. |

The accuracy of the above reported.values could be questioned on
the basis that (1) most of the table values were-probably determined by -
difference and (2) it is difficult to‘accurately measure”digestion co-
efficients of dlet components present in small amounts (Schneider and
Lucas, 1950), as would be the case for fiber in grains Also, the use
of crude fiber could bias the estimates upwards since this fraction
wouid not include any lignin; which.is eesentially indigeétible (Van
» Soeet, 1966). |
| If, in fact, the diéeStibiiity.of grain'fiber is as 1ow'as the

estimates caiculated in this study would indicate, it could be due to an
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inherent low digestibility of the fiber because of the cell wall |
structure in grains or becauserthe comparatiVely rapid fate of passage
of grain through the digestive tract does not allow sufficient time for
.maximal digestion of fiber components. ¢Inrthis rggard, it is interes-
ting that‘the7daté from this study ahd-that from Montgoméry aﬁd
Baumgardt (1965a) both suggest that_digesfibility‘of grain fiber is
highér in high roughage diets (when‘rate of passége woul& be slowéd)::'
thaﬁ in‘iow'roughage diets thch usually héﬁe‘a hore'rapid raterof'
passage. |

The sﬁggestion that straw fiBer'digestibiiity_iswnot depresﬁed
byvaddition of grain to-the diet-roughage is in difectléénfrasﬁ‘to_the
 data.which ciéarly shows that.a&ditioncxfstarch of'sugar'to'the diet
:significantly deprésses,roughagg utilization; This dis@féﬁancy‘méy be
,‘relafed to differences-in.dief composition, particﬁlarlyfwith fegardzto
‘fiber sourée-and protein level.. Most of the eariy studies usédAa single
‘sourcé:bf'fiber and7usﬁaily the percentage qf protein in the diet de-
'cfeasedAas the leQel of_supplementa1 carbdhydrate increased; However,:
even ﬁhough'the prbtein percentage dgcreased, the totélAamount of proQ
 tein cbnsumed did.not always change since a:ébnstant amount of,protéiﬁ
suppleﬁent was usualiy fed. |
| | In tﬁis stﬁdy,.dietary.fibef,waé frbm two sources;'straw and‘.
grain and percentage of_crudé7protein iﬁ the diet did npt,chahgé as<;J
grain 1eve1 increaSed.‘ However, the percentage of NPN ih the total pré—
“tein décreaéed and_total'ciude protein intéke,incféased.with increased
-grain,. It is exﬁremély difficult to avoidfthese‘cémplications Qith-;

source and ‘level of protein and additional research is indicated.
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Another explanation for ‘the apparent contrastlng results of this
: and other studles may be that the effect of purlfled carbohydrates is
dlfferent from the-effect of natural sources of carbohydrates which
exist in complex with other nutrients. This could.reiate to difference
 in rate 6rbextent of hydrélysis-of carbohydrate. | |
. The usé*df purified?carbohydrates has the-advantége that diets_-f
evaluated differ in only one constltuent but the results may not apply
‘to the practlcal feedlng of livestock. On the other hand ‘use of
natural feedstuffs in this type of study, more closely follows practi;élv:
£eeding @ondition; but sources aﬁd:level§5of all nutrients cannot be .
ias closél} controlled, énd thus interpretétion of thé data may‘bg more

difficult.



CONCLUSIONS

fOn the.basis of the results:of tﬁe feeding and digesfibility
trials feported in this theeis.and the infprmation availabie in the
litefafure,lthe'following conclusions wereddrawnu |
.1;~ Inclusion ef'up to 50% grainein.the diet did no£ decrease but
: tended to enhance Voldntar&‘intéke of wheaf‘stfaw,' In fhis
study, higher grain intakes depressedIStréw consumption, ‘but
the e*act level at which this oceurs could not be determihed.
2. Daily digestible energy intakes, iivevweight gainsdend effi+
'c1ency of feed conver51on by 1ambs were 1mproved by -
supplementation of ‘wheat straw with graln
3. ‘Dlgestlbllxty_of flberjcomponents in the total diet decreesed as -
the_ievel of}sUpplementary giain inereased.A
4. Digestibilitybof fiber components.inAsofgﬁum grain-is low
(approx1mately 200) - The 1ew digestibilities for‘fiber .compo-
nents in the dlets with added grain were apparently due to this
low dlgestlblllty of graln fiber, not .to decreased dlgestlblllty-
of f1ber in the straw
5. Addltlonal research is needed with respect te.digesﬁibility of __d
grain fiber. | |
6. kAddltlonal research is also needed to separate the effects of

"proteln and starch on utlllzatlon of roughages

38



7. Moderate levels of grain can be supplemented to straw-based
 diets to improve animal performance without decreaéing the

utilization of wheat straw,.
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APPENDIX

STATISTICAL ANALYSES AND RAW DATA
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Table 8. Analysis of variance of data in table 3. -

Mean squares

Sources of = ; Straw _ Total “Daily
variation = - df o intake : _intake = - gain

Block 3 .013 _ .0159 - .000321
Treatment - . .3 Lo .027% o .5162* . .0618%* -

V.Error" : 9 j .0043 E .00615 0010

*Significance (P<.05).



Table O.

Analysis of variance

of data in table 4.

Mean squares

Intake

Sources of
variation <1f Straw Total
lUock 3 .0124 .0124
Treatment 3 .01199% .375%*
Prror 9 .00919 .0092
~“Significance (P<.05).

Total

12.618

683.78%*

35.463

DM

48.0%*

144.2%*

9.3

oM

44 . 1%

134.2%*

38.6%*

144 .4%*

Cp

21.5

114.1

30.4

NDF

28.9

317.0%

12.7

’

Digestibility
llomi -
ADF cellulose Cellulose
71.9 5.4 38.5
245.5% 474.6%* 449.7%
29.0 49.3 18.7

1l.ignin

173.8

19.8

66.7
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Table 10. Analysis of variance of data in table 5.

Mean squares:
- Nitrogen utilization

0, [
% - %

variation df Intake  Fecal Urinary Retained Intake = Absorbed
Block ~ ~ ..3 ~ 140.9 - 135.6 - 8.0.  33.0 - 14.0 18.3
Treatment 3  6067.7* 1947.8% - 63.5  930.2%  362.8% = 1280.2%

" Error 9 101.9  111.3  85.8  11.7 7.0 = 20.6

*Significance (P<.05).
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Table 11. Analysis of variance of data in table 6.

_ Mean squares
pH of rumen .content

Sources of : - Before . ‘ After
variation df f _ feeding " 4 hr feeding
Block 5 o1 .0148

" Treatment 3 o . o173 .1636%
vError h

9 o o226 0116

*Significance (P<.05).



‘Table 12.
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Chemical analysis and gross energy of wheat straw and sorghum

™1

77

grain in metabolism trials,2
DM  Nitrogen  Ash oM GE EE
% % : cal/g %
Trial I
Wheat straw 84.20 .59 10.58 . 89.42 3993 1.91
Sorghum grain . 86.09 .73 1.79°  98.21 4452 .90
 Trial 2
. Wheat straw 82.76 .56 10.25 . 89.75 4086 .11
Sorghum grain 85.84 .82 1.82 98.18 4489 .84
Wheat straw = 83.48 .57 10.41 89,58  4039.5 .01
Sorghum grain 85.96 ©1.80 - 98.19  4470.5

.87

211 values on dry matter basis.
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Table 13. Chem1ca1 ana1y51s of wheat straw and sorghum graln in
metabolism trial.

: : Heémi-

[‘)}M - NBF ABF cellglose Cellr;lose Lig;tin

5 s 5 . 3 3 s
Trial 1
Wheat straw . 84.20  66.6  42.80 23.8 31.57 7.02
Sorghum grain  86.09 9.8  4.50 5.3 320 1.11
Wheat straw 82.76 - 67.6 . 40.92  26.68 - 30.71 6.10
Sorghum grain 85.84 9.5 4.47 5.0 2.99  1.25
X |
Wheat straw 83.48. ' 67.1 41,86 25.24 31.14 6.56
Sorghum grain ' 85.96 . 9.65 4.48 5.16 3.09 1.18

2511 values on dry matter basis. -
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Table 14. Feed consumption and feces excrefion of ewes during collec~
tion periods.2 ' '

- Low

. , » Intake, g _ _
Treatment Trial Pen Crate Straw - Grain - Total =~ Feces, g .-
1 15 2 4840.7  ------  4840.7  2475.7
1 11 5 - 4359.9  ------  4359.9 2481.9
2. 7 4 3723.8 = ------ 3723.8-  2022.2
2 3 5 . 3974.9  —m-o-- 0 3974.9 . 2107.3
1 14 I 4314.4  1988.7 6303.1 2838.9
1 9 6 . 4748.9  1988.7 = 6737.6 . 3036.2
2 . 6 1 4450.0  1982.9  6432.9  3175.3
2 1 6  4706.6  1982.9 6689.5 -  3152.5
1 10 3 5043.6° 4037.6 9081.2°  4133.2
: 1 13 4 3721.6  4037.6  7759.2  3469.1
Medium - . - ' : AT , :
L 2" 2 2 4690.8 - 4025.9  8716.7 - 4224.1
3 5 3. . 3449.4  4025.9  7475.3 = 288L.5
1 16 7 - 3516.2  6146.8  9663.0°  4074.9
: 1 12 8 . 3378.9  6146.8  9525.7 - 3624.3
High - -k _ L
- 2 4 3. 3479.2  6128.9  9608.1 4507.6

2 8 8 1365.5 . 6128.9  7494.4  2283.5

BAYNE values‘on-dry matter basis, 7 days collection.
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Table 15. Chemical analysis of feces from ewes.

Organic Gross

DM Nitrogen Ash matter energy EE
Treatment Trial Pen Crate % % % % Cal/g %
1 15 2 27.93 1.03 13.83 86.17 3991  1.87
1 11 5 28.43 1.00 14.03. 85.97 3989 1.76
2 7 4 27.66 - 0.99 - 13.73 86.27 4063 1.65
2 3 5 26.24 1.i2 14.90 85.10 4035 1.92
1 - 14 1 34.68 1.49 11.78 88.22 - 4190 = 2.36
| 1 9 6 33.72 1.33 12.26 87.74 4121 2.13
| 2 6 1 29.56 ~1.36 11.99  88.01 ~ 4126 2.43
2 1 6 30.78  1.27  11.94 88.06 4152 2.27
1 10 3 29.51 1.65 12.04 87.96 4132 2.17
1 13 4 30.15 1.76  9.89 90.11 4206 2.01
- Medium ' | . - o
' 2 2 2 28.70 1.58 10.29 89.71 4169 1.70
3 5 3 . 32,53 1.91 10.27 89.73 4356 2.25
1 16 7 34.58  1.95  8.78 91.22 4277 2.11
1 12 8 . 31.11 1.68  8.45 91.55 4333 2.19
High o _ ,

2 . 4 3 28.13 2.20  9.18 90.82 4253 1.72

2 8 8 31.47 2.31 - 7.81 92.19 4407 2.40




Table 16. Chemical analysis of feces from ewes. -
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Hemi-‘ Cellu-

Lignin

: : DM ° NDF ADF cellulose lose
Treatment Trial Pen Crate . % % % % % %
1 15 2 27.95 63.5 45.02 18.48 ' 26.53 - 11.27
1 11 5 28.43 . 63.1 42.74 ©20.36  27.63 - 10.10
2 7 4  27.66. 62.0 47.08 14.92 27.34 © 11.00
2 5 5 . 26.24 60.8 42.40 18.40 26.50 11.58
1 14 © 1  34.68  60.1 42.09 18.01 25.59  9.49
1 . 9. 6 33.72 62.3 -41.69 20.61 25.79  9.36
Low : - : ' ~ ' .
, 2+ 6. 1 '~ 29.56 63.1 41.22 21.88 27.28  9.27
2 1 6  30.78 61.3 41.47 19.83 25.58  9.43
1 10 3  29.51 56.9 36.92 19.98 23.76  7.88
_ 1 13 4  30.15 56.3 - 37.81 18.49 24.66  7.76
Medium _ ' . . -
| 2 2- 2 28,70 56.2 37.52° 18.68 24.27  7.36
3 5 . 3 3255 55.3 36.72 18.58 23.51  7.19
1 16 7  34.58 50.7 33.89 16.81 22.19  7.34
, 1 12 8 - 31.11 49.9 29.60 20.30 22.32  6.96
. High e S _ SRR
. 2 4 3 28,13  49.7 32.67 17.03 21.89  6.46
2. 8- 8 3147 48.7 26.77 21.93 19.44

5.07
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Téb'le 177. ML and nitrogen content of urine from ewes.
o Total urine Nitrogen Nitrogen
Treatment  Trial Pen Crate ml % g
1 15 2 14000 0.39 54.6
- 1 11 5 14000 0.36 50.4
0 : ,
2 7 4 14000 1 0.28 39.2
2 . 3 5 14000 0.26 36.4 -
1 14 1 14000 0.36 50.4
1 9 6 14000 0.41 57.4
Low < . o :
2 6 1 14000, - 0.37 51.8
2 1 6 14000 0.42 58.8 -
1 10 3 14000 0.37 51.8
1 -13 4 - 14000 10.32 44.8
. Medium- R
’ 2 2 2 14000 0.40 56.0
3 5 3 14000 0.30 42.0
1 16 7 14000 0.43 60.2
, 1 12 8 14000 0.43 60.2
High :
_ 2 4 3 14000 0.26 36.4
2 8 8 14000 0.34 47.6
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