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SUMMARY

SA~IPLl<~S 0[' 11 mixed ration~ OJl "whieh ~teer dige~tion
and intak(' data \\'('1'(' availahle \\'el'(~ ~Pleeted for illritro

l'erlllentatiOll exp('rilll('llt~. 'l'wo inoeulation Illethod~ wel'(' n~pd
(whole rUIlH'll liquor method ~llId \Ya~lH'd-('ell ~n~!)('nsioJl
method). Both ill ritm dr:-' Ilwttn dige~tihility and ('ellnlosp
dige~tihility wpJ'(~ dptnll\ined. COll\pari~on 0[' the l'('~lllt~ \"ith
tho~(' from tlw ill riro ~t('er expnilllent~ led to the I'ollo\\'ing
eon('lu~iollS :

1. In r:itro 24-hour fprmentatioll ('ellulo~(~ dige~tiblitirs
from hoth artifieial r1111H'llmethod~ \ye1'(' ]lot highly cor-
related with tlH' foul' expn'~~ion~ 01' ill ril'o dige~tibility
(DDM, DO~l, rl' J)l\' amI 1) I,:), and ~hould not 1)(' u~ed to
prediet the dige~tihility 0[' miwd ratioll~ for l)('el' cattle.

2. 'Vhenill ritro dry-matter dig('stihility was eonsidelwl,
the results 0[' the wa~hed-ePlI suspellsioll mdhod \\'rrp
more highly ('OlTelated with dige~tihility thml ]'Psults
from tlw whole-rullwn liquor method.

3. III pn~dieting the digestihility 0[' mixed ratioll~, til('
method of ehoiee "would seem to he the 24-hour ill ritro
dry-matter digestihility froll\ tIl(' wasIH'd-eell :mspPll-
sion method, the highly signifieant eOlTelation~ of whi('h
were 0.76 with TDX and 0.8:) with DK

4. TIl(' short-tel'lll fel'llwntation !wriods (8 and 12 hours)
from the wholl'-rUllH'n liquor llH'thod \ye]'(' not highly
eorrelated with VI.

3. vVith till' washed-eell suspemiio]l method, hoth 8-hoU1'ili
uitro dry-matter digpstihility amI 12-honrill ritlo cf'l-
lulose digpstihility were signifieantly ('olT<'latpd with
VI. The 8-hourin vitro dry-matter diw'stihility from
the waslwd-eell SUSIWllSioll method was mol'(' highly cor-
related with VI and is more easily detel'lllilH'd than cd-
lulose digestihility.
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Evaluation of Two
In Vitro Fermentation Methods for
Estimating the Nutritive Value of

Mixed Rations for Beef Cattle

K. -:\1.Barth and A. S. Mohammed.J.!

INTRODUCTION

SEVERAL lahoratory (in nitro) methods have heen pro-
posed for estilllating' tlw nutritive valtw of forag-('s. They

are lei's ('ostly, less tillw-eonsllllling', and l'{'qllire a slllaller a-
mount of h'st IllHterial thall ('Xperilliellts with 'lllilllals. However,
these lahoratol')' methods 'Yill not eOlllpletdy ]'('place ,lllimal (ill
cil'o) experi Illentation. At l)('st, tlw,v ,up an pstimate of tlw rp-
suits that would lJp olJtail]('d fl'om animals, and the ,l('('uraey
\rith 'rhieh thpse lllethods indieatp 11lpvalup o[ [peds [or '1llilllals
has to 1)(· detprlllil](·d 1)('1'01'<'tilpy e(1]11)(' uspd to advanta,u;e.

::\Ian~' laboratol')' teehlliqn<'s awl modifieations of' teehni-
ques hav(' IH'pn de\'(.joped in whidl ill I'itro dry-mattpr 01' eel-
lulose dig'pstion was dptpl'lllinp(l to estilllate eitlwl' ill I'iro total
digpstilll(' Ilutripnts, dig'pstilJl(' energ'y, or digpstihle dry mattpl'.
Early ill /'itm tpelllliqups involved tlw usp 01' \\'hoh'-rlllllpn liquid
as inoeulllIll (~Iarst()]l, 1D48; Louw cf af., 1!)49; HU1'1'oughs et af.,
1950). These workers indieated that this method of foragp
evaluation mig-ht lwst be used as a sen,pninp; dpviep of important
fadors inf]neneing' rUlllpn ph.vsiolog'y from whieil tlw most pro-
mising' ]'('sults and adnal applieations ean )H' ehecked in anilllal
experilllentat ions.

An alternate ill I'itm teeilniqlH' was developpd lJy ('heng' et
, 1/1. (193;»). Instpad of using' ,Yhole-rulllen liquid as illoeuhllll,
J \rashed susIH'nsions of rUIl1('1l lllierool'gl'anisllls wPl'e used. Tlwy

stated that til is alternate ill l'itl'O method" is more appliealJle in
deterlllining ]'('quin'lllents of 1'Ulllen Illi(']'oorganisms sueh as
lIlinerals, vitalllills, awlullidenti I'ied growth fadors, in tIl(' eluei-
dation of bioe!wlllieal readions ill the rnllWll, and in tIl(' study of

.JAssislnnt l'roj'('ssor oj' Animal Husbandrv and l'ornH'r Hpspareh j\ssistanl
in the Animal Husbandry - Vdp]'inary 8('{pn('p 1)ppnriment, ]'Psppetivp]y.



conditions necessary for maxilllulll utilil';ation of ee11ulose hy ru-
nwn lllieroorganisllls." Ilo\\"('ver, Van Dyne (19(;2) n'ported
that, for the predicti on of nut1'i t ive val ue 0 f forages, the \\'hole-
rUtllen liquid method was ('Olllparahl(' to lllon' elaborate pnQce-
dures of pl'oeessin!-,; tJ](, illoeultllll, sueh as tIl(' washed - cell
method.

In addition to the pstimatioll of I'oragp digpstihility 11yani-
mals, there rpeentJy has 1)('en an ill('I'('aspd inten~st in llleasuring
the amount of forag(' tlJat an rl1lilllal voluntarily COIISl1I1WS.In
fad, it has I)('en shown by s('veral workers (Crampton, 1937;
Byers and Ormiston, 1!)(j2; and Ingalls ct a1., 1!Hi;)) that the in-
take of a forage has a /-',Teater dl'ed 011 <11lillml p('1'formance
than its digestibility. 'I'here 1'01'(', Cnullptoll et a1. (l!HiO) propos-
pd that a good pl'('didor of anilllall)('rl'Ol'lllLtllCe \\'<lS the product
of fOl'<lge intake and til(' energy diw'stibility of the forage:
which tl](·)' tpl'llled 'X utri t ive \' alue Iudex.' 'rIte san1(' l'('sl'arch
group (DOIwfer et a1'J l!)(jO) observed that this Xutritive Yalue
Index was highl)' ('o1'l'elated \,"ith 12-l1Oul' ill I'dI'll ee111110sl'diges-
tion. High coefficiellts of ('o\Telatiou 1Wl\\"('('UfOl'age iutake and
short-Iwriodinoitro digestibility wP1'(~ rp!lOrtpd b)' Bratzler
(1961), .Johnson ct a1. (1 D(j2), Kal'l1 ct a1. (1964), and Chalupa
and Lc(' (1966).

So far, 1110St in FitI'll I'PI'1I1Plltatiou studips have 1)('Pll per-
forlllPd on forages aImH'. ] 100vpvpr, in lllany instauc{'s forages
lllal\:(' up only part of tI](' ratiou 01' l'lllllinant animals. T1wrdore:
the objpetive of thp pl'esput study' was to dptpl'llliue how well
short-pPl'iod in ritl'lI fpl'lllputatiou data prpdid mixed ration in-
takp and how 'NP11long-ppriod fpl'lIlPlItation data prpdid mixed
ration digpstibility, 1lsin/-',' two in ritro I'prlll('utation uwthods,
the whole-rulllen liquor method alld tllp wasllPd-ep11 suspension
method.

EXPERIMENTAL PROCEDURE

T HUE I<~n'plieatein 17itl'() I'prmentaton pxperiments were
conduetpd.11~aeh ('xlwrinll'nt consish'd of 66 treatments in-

volving 11 ration sampleR, 2 inoculation IIwthods, and 3 fermen-
tation periods. Duplieatp flasks \\"('1'(' run 1"01'paell trpatment.

Fora!!e,';. Samplps oj' rations for whieh thp nutritive values
had bppn dptprmil]('d in digpstion trialR and I'epdlot trials with
bppf cattlp WPI'(' 1lRPd iu thiR study. 'I'he fppdlot and digl'stihility
data W('1'(' those l'('}H)rted by R.B. ,VilROll, .Jr. (l9G4) ; G. R. WiI·
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son (J%4);:\lohalllllled et ((I. (1!)(j7); and Barth alld Prigg(~
(lD(j7). A ~llllllllal'~' of tltp I'p~l\lt~ ohtain('d 1'1'011lthp~p trial~ i~
gin'n in Acpppm]ix 'J'ahle~ 1 alld :2.

Namplp:-; 1'1'0III tl\(, ration ing']'pdient~ wel'(' co]]pdpd during
tIl(' fepdlot tl'ial:-; and wel'p p;I'01l1ld to pa~~ tltrollgh a 40-111p:-;h
S('j'('pn. 1<'0ur-tpllt11:-; gralll of thp groum\ I'oragp p\u~ tl\(, appro-
priate alllount of groulld cotton~epd meal and/or ('Ollcentrate
Illixturp WPI"(' placed ill l:2.i-lllillilitpl 1';r]('IlIl\('.vpr I'pl'lllplltatiOlI
flask~. rl'hp ratio of ('ottoll~('pd Illpal alld/or ('Ollcentratp to
forage 011 a dr~'-Illatter lla~i~ \\'a~ thp :-;am(' a~ in thp I'epdlot
trials.

fVhole-!luJJlen Liquor illetlwrl. Runwn cOlltents WPl'(' ohtain-
ed from a rlllllplI-fistulatpd h('pf :-;tepr that had lwell fed good
qualit~, all'al1'a hay. r],ll<' Iltatnial ,nl~ ~t I'aill('d througlt pight
laypr~ of cl\('e~e('loth illto a pl"('viousl~'-,\'al'lllpd tIl<'l'lllOS hottle.
In the lahoratOl'~', the liquid \\'a:-; I"('-~trnined through cheese-
eloth and l.i Illi]]ilitpl's WPl'(' pip(,tt('d into pach l'el'111pntation
flask which cOlltaillvd 0.4 gram of tl](' feed matnial and 1;) mil-
liliters of a carhOlmtp Iml'l'el'.

JV((sherl-( 'ell :-,fUSj)('J/i·;ioJ/ .lletlwrl. "\ ,\'ashed-cp]] :-;usppn~ioll
InlS jll'p!wn'd from t1l(' :-;trainpd I'UIlH'1l liquor accordillg to the
1l1dllOd o( C1IPllg et ((1. (H);i;i). rl'he liquor \nl~ passed throug'll a
high -S! wed ('pll tr i I'W-~'P(Nlm rpl p:-; SUI)('r-('ell t ri f I\ge) to sPfla ra te
thc had('ria I'I'OIIl the liquid alld fepd d('llris. RUIl\('1I !ladpria
\\'el'e \va~11ed hvicp in a sodilllll hi('arhonate solutioll and l;)-mil-
liliter ])()riiOll:-; of tIl<' hadnial Iml'l'n ~u:-;ppllsioli weI'(' added to
pach 12;)-milliliter ErlpI1l1wyn t'la:-;k, which contailwd 0.4 gram
of the fped material and Hi milliliters of a carhonate huffel'.

Botll F('}'J1/cJ!f((tioJ/ 1lletllOrls. rl'hp flasks \VPl'(' placN] in a
\nll<'r hath kppt at :lD deg']'ees ('. Carhon dioxidp gas ,va:-;Imhhl-
ed through tIll' ('ontpllb of tltp flask~ throug'lHmt the fnillellta-
tiOlI ])('I'iod to Ilwilltaill all aWH'rollic ('Ol\(]ition. 1"el'lIH'lltation
last('d for eitl\('r 8, 1:2, or 24 It0 llI'S. ~\ I'tn tlti~, tl\(, mi('J'ohial ac-
tion \\'a~ ~topppd h~' ,HIding' 1 millilitpr 01' g'1acial acdic acid. 'I'll('
salll])l(~:-; \\'('1'(' dripd and nle iJl /·itro dr~'-lllattn digestion \vas dp-
teJ'lllinpd. Til additioll, tlte ('(']]I\losp ('olll<'nt of the rations ,vas
ddel'lllined !w(oI"(' alld al'tpr l'el'lllplltatioll, usillg tl\(, llldhod of
Crmll]ltoll and :\Ia~'nard (1!);l8), and ('p]]ulo~p dip;pstiOlI was
('alel\lat('d.

Corrcl((tioll BetwccJI ~1JliJlwl ((nd L((!JoJ'((tory ])((t((. All la-
horat()]·~, 1l1ptltod:-; of I'ppd ('valuatioll \vlti('h \\'('rp uspd ill this



study were compared with in uivo digestibility and voluntary
intake to determine how w(~ll they estimate Hw nutritive value
of the feed.

Ration digestibility obtained from the digestion trials was
expressed as either dry-matter digestibility (DDl\I) , organic
matter digestibility (DaM), total digestible nutrients ('rDX),
or digestible energy (I)J1J).

Voluntary Intake was expressed either on the basis of the
feed consumption per 100 pounds of body \\'('ight or on the hasis
of metabolic body si"'e (\VKg. 0.75 ). The four expressio'1s of in
vivo digestibility (DDM, DaM, '\'DN and DE) and the volun-
tary intake data (calculated in two ways) were then correlated
with the laboratory results from the two fertlwntation ml'thods
(whol (~-rumen liquor and washed-cell susppnsion), two expres-
sions of in vitro digestibility (dry-matter and cellulosp), and
three f(~rnwntation times (8, 12, and 24 hours.)

RESULTS AND DISCUSSION

THE dry-matter and cellulose digestion coefficients obtained
from the two in vitro fermentation methods are reported

in Table 1 while results from the analyses of variance are
presented in Tables 2 and 3. Both methods ranked the various
rations in approximately tlw :-;anH'order regarding dry-matter
and cellulose digestion.

However, the percent of dry matter and cellulose digested
by the whole-rumen liquor method was significantly higher (P<
.01) than with the washed-cell suspension method. As expect-
ed, significant differences (P < .(1) were observed bdwppn dry-
matter and cellulose digestiblity after the 8-, 12-, and 24-hour
periods of fermentation. There was also an interaction (P < .01)
of digestion time with method in dry-matter digestion, and of
digestion time with both method and ration in cellulose diges-
tion.

Digestibility (lorrelatio/ls. 'rite eoprt'icipnt:-; of correlation
hetween each of the four in vivo dige:-;tibility measures (DDM,
DaM, TD~, and DI<J) and the 24-honr drY-lllatter and cellulose
digestibilitiesill vit1'Oare presented in Tabh' 4.

In the whole-rumen liquor method, the copfficients of cor-
relation between tllP four in vivo digestibility measures and 24-
hour in vitro dry-mattpr digestibility generally were low and
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Table 2. Analysis of variance of in vitro dry matter digestion

Table 1. In vitro dry matter and cellulose digestion ~

Whole rumen Washed cell
liquor method suspension method

Fermentation % % % %
Ration time Dry matter Cellulose Dry matter Cellulose

number (Hrs. ) digested digested digested digested

8 47.6 29.2 42.9 25.3
12 55.7 39.2 48.4 38.3
24 67.7 51.2 54.5 49.7

8 43.9 26.3 40.3 23.0
2 12 53.6 34.1 45.9 33.0

24 64.1 485 52.3 48.3
8 34.9 18.9 28.8 17.6

12 42.1 26.5 35.4 21.2
24 54.7 37.8 39.5 38.6

8 35.4 25.9 31.5 23.0
4 12 43.6 36.5 36.4 32.5

24 58.0 41.0 42.0 41.3

8 33.8 24.7 30.3 21.7
5 12 41.9 32.2 34.7 30.1

24 56.4 39.3 40.9 40.1
8 37.7 29.1 33.3 25.1

6 12 46.9 36.1 40.8 34.9
24 67.3 40.3 45.4 39.6
8 35.3 26.8 31.4 22.6

7 12 43.3 34.2 37.7 30.6
24 57.7 37.3 41.7 37.0

8 40.9 26.7 36.9 22.9
8 12 51.3 37.3 41.6 37 ....,

24 65.8 48.2 49.0 47.9
8 40.6 24.9 34.6 21.5

9 12 49.9 35.8 38.6 36.3
24 63.5 46.7 46.7 46.8

8 39.8 24.3 33.5 21.2
10 12 49.3 35.0 37.5 34.8

24 63.1 45.9 45.1 45.3
8 35.7 22.1 31.2 19.5

11 12 42.8 31.7 35.4 33.0
24 54.7 41.1 41.2 42.2

..vEach value is the mean of six individual determinations.

Source d.f. 5.5. M.S. F.

Total 197
Rations (Rl 10 3563.8 356.3 73.0"""
Methods (M) 1 4474.9 4474.9 917.6"":'
Digestion times (0) 2 9517.9 4758.9 975.8"""
R x M 10 75.4 7.5 1.5
R x D 20 62.2 3.1 0.6
MxD 2 1107.2 553.6 113.5 ,',,',
Error 152 4.8
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Table 3. Analysis of variance of in vitro cellulose digestion

Source d.f. 5.5. M.S. F.

Total 197
Rations (Rl 10 1889.9 188.9 115.1 ':";,

Methods (Ml 1 123.6 123.6 75.3':":'

Digestion times (D) 2 12664.5 6332.2 3859.0':":'

R x M 10 23.8 2.3 1.4

R x D 20 712.6 35.6 21.7 :::::

M x D 2 86.5 43.2 26.3':":'

Error 152 1.6

non-significant (,rable 4). Thesp coefficienh; ohtaim'd froPl mix-
ed rations are in contrast to tlw high and statisti('ally significant
coefficients obtained from forages hy Smith ct a7. (H)G3).

('OITPlations \wtween :24-hollr Cpjllliose digpstihility and in
vivo digestibility measures were generally somewhat hif.!;ll('r.
rrhe correlation withinnivo dry-matter digestihility (O.G!)) 'was
statistically sif.!;nit'icant (P< .O~»). rrheret'on', with the wllOlp-rll-
men liquor method, only :24-hourin nitro cp11ulosp digestihility
was a fair predictor of one of til(' in nil"o dif.!;pstihility ]lH'asU!"es
of mixed rations.

Using onp of the wholp-rUlllPn liquor I\ldhods, (,Iosp rplation-
ships bdween various measures of in rino foraf.!;e dif.!;estihility
on one hand, and long-period ill nitriJ c(,}lulose dif.!;pstion on tIl('
other hand were reported by Kamstra ct a 7. (J 933), Pigden and
Bell (J935), Barrwtt (1~)57), Hershlwrgpr et a7. (1939), Rpid ct al.
(1960), Donefer et a7. (1960), Reid and .h11lg (19G;»), and Chalu-
pa and Lee (1966).

vVhen the waslwd-cell susppnsion mdhod was uspd, how-
ever, the coefficients of corrplation IlPtwp('n ttl(' four pXIH'ps-
sions of in 1jivo digestibility (DD~I, UO}'l, TD~, and UI1~) and
24-hour dry-matter and ee11ulm;p digestihilityiJl ritJ"O ,ypre
somewhat higher (Table 4). rrlw cOITPlation l)(,twppn in rit'l)
UDM and in vitro 24-hour eellulose dif.!;estioll ,H1S O.GG (P < .(3)
while thp correlation coet'l'icipnts of in ritro UD~I with rrux and
nF~ were 0.7G and 0.83, respectively. 1'11(' last two highly sif.!;nifi-
cant coefficients indicate that 24-hour dry-mattn dif.!;l'stion
from the washed-cpll suspension llwthod is useful as a pn'dietor
of in vivo total digestihlp nutrients and dif.!;pstihk enpl"f.!;yof
mixed rations.
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Table 4. Simple correlation coefficients between animal and laboratory methods
which estimate the nutritive value of rations

Dig. Dig. Total
Fermentation dry organic dig. Dig.

time matter matter nutr. Energy Vol. .:d Vol. JJ
(Hr.) (%) (%) (%) (kcal./gm.) Intake a Intake b

Whole rumen liquor method

8 0.47 0.48 0.67':' 0.82':":' 0.57 0.51
12 0.08 0.32 0.50 0.60':' 0.17 0.05
24 0.05 0.29 0.45 0.56 0.15 0.01
8 0.06 0.19 0.38 0.50 0.06 -0.10

12 0.02 0.27 0.55 0.61':' 0.09 -0.01
24 0.69':' 0.47 0.45 0.47 0.67':' 0.78':":'

Washed cell supension method

8 0.62':' 0.39 0.38 0.41 0.64':' 0.73':":'
12 0.44 0.48 0.69':' 0.77':":' 0.50 0.49
24 0.51 0.55 0.76':":' 0.83':":' 0.54 0.57

8 0.06 -0.18 0.26 -0.47 -0.09 0.14
12 0.60':' 0.54 0.45 0.73':":' 0.69':' 0.51
24 0.66':' 0.59 0.41 0.59 0.65':' 0.58

In vitro
di gestibi Iity

9/0

Dry Matter

Cellulose

Dry Matter

Cellulose

.:dBased on metabolic body size (gm. dry matter intake per kg body weighP5) .
..£lEased on body weight (lb. dry matter intake per 100 lb. body weight).

"Significant at the 0.05 level of probability.
**Significant at the 0.01 level of probability.



Although the 8- and 12-hour fermentation periods were
chosen as predictors of Voluntary Intalw or Nutritive Vahw In-
dex, their coefficients of correlation with DI<~were, in some
cases, as high or higher than the codficients lwtween Dr,~ and
the 24-hour dry-matter and cellulose digestibility in ritro
(Table 4).

With some exeeptions, low and mostly non-signi fieant cor-
relation eoefficients between the foul' measun's of ration d;ges-
tibility (DUM, nOM, TDN, and DI<~)and the 24-honr dry-matter
or eellulosein vitro digestibility from both mdhods wen' ob-
tained. The main reason for these low coefficients probably was
the faet that the 11 foragps in this study repl'l'sented di ffE~rent
plant species, hays, and sihlW'S, and usually were fed in combi-
nation with other ration constituents.

There were four aeceptable predictors of in rico digpstihi-
lity among the various in vitro determinations. In both in vitro
methods (washed-cell suspension and whole-runwn 1iquor), 24-
hour in vitro c(~llulose digestion was significantly correlated
with in vivo dry-matter digestibility. Also, tlw ('orrdations of
dry-matter digestion in vitro from the washed-cell suspensioll
method with T DN and Dg wen~ highly signi ficanL

The data indicate that SOlIWiI/ citro ddel'lllinations yipld
usable predictors of digestibility, ev('n when mixpd rations and
not forages alone wpre investigated. The best digestibility pre-
dictor was 24-hour in vitro dry-matter digestibility ('mploying-
the washed-cell suspension mpthod.

Voluntary II/take Correlations. rl'}w ('oeffieipnts of corrPla-
tion of the values from the 8-hour 1111d12-hour fprmentation
ppriods with Voluntary Tntakp arp pn'spnted in Tablp 4. Thpre
was practically no diffprPIH'p lwtwPPIl til(' results obtailH'd from
the two ways of caleulating Voluntary Intakf'. In addition, the
following genpral observations ean lw nlade:

]. \Vithin the 8-hour fernwntation timp, in vitro dry-mat-
ter digpstion was a mol'(' accul'ate pn'dictol' of Vo!1lI1-
tary Intak(~ than in vitro cpllulosf' digpstion.

2. Within the 12-hour fpl'lllentation time, results of the
was}wd-cpll suspension lllPthod pn~dieted Voluntary In-
takp more accuratply than results from the wholp-l'u-
men liquor method.

12



3. In 8-hour fermentation runs, the best predietor of Vol-
untary Intake was in vitro dry-matter digestibility from
the washed-cpll suspension method; and in the 12-hour
fel'lIH'ntation runs, the lH'st lll'f'dictor was in 'Vitro cd-
lulose digestion also from the washed-cdl method.

1'he coefficients of cOlTelation between the 8-hour in vitro
dry-matter digestion obtained from the washed-cell suspension
method and Voluntary Intake based on metabolic size was 0.64
(P < .03). However, when Voluntary Intake was based on body
weight, the cOlTelation eoefficipnt was 0.73 (P < .01). Also, Vol-
nntary Intake basl'd on metabolic siz;e resulted in a significant
correlation (0.69; P<.05) with 12-hour cellulos(~ digestion ob-
tained from the washed-cell suspension method.

Although the 24-hour values were considered to yield usable
predietors of digestibility, and not for Voluntary Intake, signifi-
cant cOlTelation coefficients were obtained between cellulose di-
gestibility and Voluntary Intake.

Short-term fermentation periods (up to 18 hours) have
been shown to be good })I'edictol's of Voluntary Intake by Reid
ct al. (1960), Van Soest (1963), and Chalupa and Lee (1966). It
should he reemphasiz;pd that in these studies forages alone were
investigated, while in tlw present study mixed rations (forages
and c(meentrates) ,yere considered. rrllPrefore, it appears that
short-term in vitro dry-matter and cellulose digestibilities show
promise in the prediction of Voluntary Intake even of mixed
rations, although tlwir predietive valu(~ is much lower than for
forages.
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Appendix Table 1. Ration ingredients and their nutrient composition

Ration Percent ~ Dry Organic JJ Crude JJ Ether JJ Crude .Jd N-free I
Ash JJ Gross JJ

No. Ingredient in ration a matter matter Protein b extract b fiber b extract .:v energy b

% % % % % % kcal/gm.

good alfalfa hay 100.0 90.1 82.6 18.7 1.9 29.4 41.7 7.5 4.55

2 fair alfalfa hay 100.0 89.3 82.9 15.9 1.5 35.4 40.7 6.4 4.61

3 poor alfalfa hay 100.0 91.5 87.1 13.7 1.1 46.7 33.7 4.4 4.59

corn silage 48.0 30.8 26.4 8.0 2.6 25.5 59.5 4.4 4.58

4 alfalfa hay
mix~

14.8 89.3 82.9 15.9 1.5 35.4 40.1 6.4 4.61

concentrate 37.2 89.2 86.7 17.9 4.0 4.5 71.1 2.5 4.65

nitrated corn silage 45.7 27.6 22.7 8.0 1.5 24.8 59.7 4.9 4.67

5 alfalfa hay 15.5 89.3 82.9 15.9 2.8 35.4 40.1 6.4 3.61

concentrate mix-5:! 38.8 89.2 86.7 17.9 4.0 4.5 71.1 2.5 4.65

corn silage 75.4 26.3 22.7 9.0 2.7 24.0 60.7 3.6 4.46

6 alfalfa-grass hay 16.4 89.7 81.6 15.0 2.9 35.4 38.7 8.1 4.46

cottonseed meal 8.2 89.7 84.1 43.3 3.3 16.5 43.9 5.6 4.80

alfalfa silage 75.4 22.8 12.3 16.3 4.1 30.6 38.5 10.5 4.71

7 alfalfa-grass hay 16.4 89.7 81.6 15.0 2.9 35.4 38.7 8.1 4.46

cottonseed meal 8.2 89.7 84.1 34.3 3.3 16.5 43.9 5.6 4.80

1st cut corn silage .2./ 67.3 23.3 17.3 11. 1 1.4 24.7 56.9 6.0 4.40

8 alfalfa hay 14.0 91.1 86.0 17.9 1.5 29.4 43.1 8.1 4.46

cottonseed meal 18.7 94.9 93.7 40.3 3.6 14.1 40.7 1.2 4.94

2nd cut corn silage .2./ 68.5 25.9 19.8 11. 1 1.6 23.7 57.7 6.1 4.43

9 alfalfa hay 13.5 94.1 86.0 17.9 1.5 29.4 43.1 8.1 4.46

cottonseed meal 18.0 94.9 93.7 40.3 3.6 14.1 40.7 1.2 4.94



Appendix Table 1 (continued)
-------- .__ .._---

Ration Percent ~ Dry Organic -!J Crude -!J Ether JJ Crude JJ N-free -.d
Ash JJ Gross JJ

No. Ingredient in ration a matter matter b Protein b extract b fiber b extract b energy b
-- --"

Sb 0/ 0/ SiO 0/ 0/ kcal/gm.0 /0 /0 /0

3rd cut corn silage 70.1 29.8 23.2 10.5 1.8 24.1 57.1 6.6 4.38
10 alfalfa hay 12.8 94.1 86.0 17.9 1.5 29.4 43.1 8.1 4.46

cottonseed mea I 17.1 94.9 93.7 40.3 3.6 14.1 40.7 1.2 4.94

4th cut corn silage 65.4 32.7 250 9.7 1.2 27.7 53.7 7.7 4.27

II alfalfa hay 14.9 94.1 86.0 17.9 1.5 29.4 43.1 8.1 4.46

cottonseed mea I 19.8 949 93.7 40.3 3.6 14.1 40.7 1.2 4.94

~ F('edlot and lahul'alm'" ('Yalnaliulh, dr." matt('r ha~i~.

JJ Dn' m,111('r ha~i~. .

~ FU~Jr parh (·l'iltkt·([ ('('!'II and Un(' part (,urtUII"'('([ 1I1(·al.

~ Ref('l'~ tu matllrit~, uj' ('urn ~ilag'("



Appendix Table 2. In vivo digestibility and voluntary intake

Voluntary Voluntary
Intake, intake
body metabolic Dig. Dig. Total

Ration weight size dry org. dig. Dig.
number basis basis matter matter nutri. energy

% % % nutr. kcal/gm.

2.43 101.6 59.5 60.1 56.6 2.63
2 2.34 96.3 59.5 59.6 56.7 2.67

3 1.88 75.2 45.0 46.8 44.9 1.97
4 2.25 90.4 68.2 68.8 70.7 3.11
5 2.12 85.4 69.4 71.3 71.8. 3.20
6 1.82 74.7 71.7 71.8 70.6 3.15
7 1.82 74.3 59.0 60.0 57.1 2.84
8 1.91 75.6 68.9 70.8 68.9 3.11
9 1.87 79.6 68.0 69.2 68.0 3.01

10 2.09 83.1 66.4 67.5 66.7 2.91
11 1.91 74.9 66.7 68.1 66.5 2.90

-.dgrams dry matter intake ..2.Igralns dry matter intake
100 kg. body weight kg. bo(\y' weight .75
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