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INTRODUCTION

In vivo digestion trials have been carrisd out for many years
o8 ons anand of evalualing animal feeds. The data from these trials
have pravided the nutritionists with information on feed digestibilie
t7e This information hag been of grast value in Maternining the fesd=
ing value of variows feedstufis and in workirg out balanced rations
for the dfferant classes of livastock, I¢ 1s gonerally agreod that
in vivo digestion triale involving the total collsction method pros
vides tho most acourats method of deterzining Jig=ativility of foods,
A sarious dsadvanlage to the mathnd 1s that the results should be
obtalned with several anioals and they a;o contly in terme of equip=
asaty tiae, and lador,

Bacauss of the tine consumng and costly naturs of the total
colleaction in vivo digestion trials, vurlous othsr nathods have bees
tried to gat reliablo digaati..buity data in a faster and less costly
mannere One of the mors rocent wathods beaing used is the ‘tartificial
runen® (in yitro) techniqua. Tils Method mmies uss of rusen bacteris
and similated conittions in the ruwen of the aniaal, OCost, tinme, and
labor saving are dafinilaly in ite favor, Soms of the work resoried
indicates the in viiro technique can be & usaful method in nutrition
research, Studles on the affect of stapa of mabturity whin harvested
on Hgestioility of forages and the effact of various feed adiitives
on digestibility of roughages have made jee of the in vitro dlgestion
technique, Howevoer, 1ts agcuracy and conditlons for operation need

Marther t{ostinge



In order for the artificlal rumen technique to be used exione
sively in Agestlon studies, the results obtained should be comparsble
to reaults obiained with the animalse Therefors, the work resgortad in
this thesls was rdssigned to make a sorles of comparisons of cellulose
digestion betweon the in vivo and in vitre methods, The specific obe
Joaotivas were the followings

1, To establish the in vitro fermentation time which wlll produce
sizilar celluloss figestion conffiolants to those darlved in
vivo,

2. To compare the c¢ollulose dpesting abllity of catile and
sheep rumen flora in vitro, -

3¢ To determine the olfect of the ration fed to the antmal on
the activity of the rumen flore for uee in in vitro cellulose
digestion,

e To commre the collulose dizestion ccafficlents from high and
lowerowhage rations digested both in vive and in vitro,

S To compare buffered rumsn fluld with the whole vnalternd ruoe
san fludd,

0s To observe the pimilarity of dipg«stible ladoratory nutrients
to the total dlgastible nutrimmto of a sitlar ratione

The length of the fermentation time, the cellulose M pesting
ability of cattle and shaep, the ration -t;{'nee, and the diffarence in
the mathed _of rown fluld preperation all ere of imoortance for fure
ther study of the artificlal rusen techafdus,



REVIEW OF LIT"RATURR
The Relatlonsiip of In Vitro and In Vivo Digestion Coefficlente

Bxtensive work has not bean reported where digestion coelfie
cients {ro= both aninal digestion trizls and artificial rusem in vite
ro digestion trials wsere comparod, lawever, the coB3parisons which
hkavo boen made aro rvported in the £llmdns roviaw,

In 1955, Zamstra ot ale at Ohio were working with the fermone
tation ¢time in vitro neesdad to correlate with in vive digestion, They
found in vive cellulose dlgestion coefficlents of £0,33%, L3.00%, and
N 667, respectively for orchar:! Mﬂ.fa Axture, a pelleted
foad mdxture, and a oorn and cob mwAlepoor hay mixture during a twene
W=four hour in vitro fermentation periode In vivo cellulose iirnae
tlon soeffislents froa the same feeds witii catile were 68,175, Wb.10%,
end 41.£1%, rrspoctively. Tne cellulose eoaffloients on the first
and the last ration in vitro were substantially below those in vivp
indicating that tha fermsntatior period may need langthiening, Thie
is inticated by tho work of Pigilen and Bell (195Y). They demonstrat-
ed that total dipostibvle nutrient valuess obtained after a fortyeeight
hour fermantation poriod (in vitro) compared favorably with the valuce
obtained with sheep (in vive)s Fleven foragns were used as substrates
in thi® cooparisons N

Yamstra (1955) compared digestibility of csllulose in a number
of forages by tum in vitro tecanique and’ %}f dgastion trials with
sheep, A fortyeelght hour fermentatlon period in yitrg vave cellulose

‘coeificiants slallar to those obtained in vivoe



A recent study by Ellis et al. (1957) resortad the affoct of
adied molybienin in sheap rationse The in vitro metiod as well as the
d.pestion trials wers used to obtain oellulose dlgnrstion coefficiante.
Joth amthods of dlgestion indlcated that edditional molybdenuan Lnarease
eod cellulese degredation by the rumen mlcroSrrenisms, Lasb gains wers
stimulatad by the addition of mulybdanum,

Balasco st al, (1957) axperimentad with the foltar applioation
of urea to pasturc forages. Pongola grase, orchard fascue grass, snd
orickly pear oactus were the farayog usad, Bacterial sig-sition of
cellulose was studled both in vitro and in vivoe 4n inoreased digese
tion of celllose was obsarved under both rmatholg of digestion whon
urea had been applied to the forage,

The gtudy of t‘mtmfl has resulted in the axtensive use of washe
ed runsen bacteria and purified dlets. VYhole mnalt red ruassn fluid
and cheuieally wntreated ratlons were used for the work discussed in
this report, Barmett (1957) has dlscussed these methods, The fole
lowine quotation froa his work suwpports the uss of tha untreated cone
stituents in the work reportst Ln thie thesis,

“From the foregoiny, %he experinenter is led to the insvitaule
concl:wion that jespils the iantareating wori obtained froa work
with owre ol tures or washed suspensions and with chenically pras
vared fiber or coll:ulose, the results 208t akin to the in vivo
ones are likely to be attainnd in 7itro by the use of cherically
untreated faading stuff and whnle i I%ernd 1mumn llquor, always
on the assuaption that the oparatise microfiora of tha lattor axy
be kept sufficiently actlve for a suitable length of time,”

In Barnett's work, digestion cosdflcients for erude fib-r of
silage caleulated from in vivo digestion trials were closaly correlate

ed with celluvlose dlgestion coaflfloinnts Jdapivad Prom in vliro



digestion, Whale filtered rusen fluid was used as innoculua for in
¥yitro digestion, The fermsntation tims used for the in vitro diges-
tion trisls was seventy hours. 4 cellulose digestion curve re-saled
axximm dfgestion near the fifty hour farmantation periods The averw
age celluloge digestibllity values were plotted against the correse
ponding crude fiber digestibility reasults. The correlation was reasone
ably good when this simple equation was used:s crude fiber dfigcstion
coefficionts (in vivo) = cellulose digestion coefficients (in vitro)
+ 2.9

The linited numder of experimnts which have been published
seexs to justify further axperiments comparing in vitro and in vive
digestion coefficients, Mo work dir~ctly relatad to objectives tiree,
four, five, and six was avallable, These objectives are of prine im~

portance for further use of the artificial rumen technique,



Comparing the Mgestive Ability of Catile and Sneep

Objective two was to conpare the cellulose digesting ability of
cattle and sh<ep rumen flora in vitro, No previous in vitro work was
available although there are 3any in vivo comparisons of the dlgestive
powers of sheep and catile, This section of the review of literatura
covars the in vivo experiaents,

There has b-en considerable controversy over the comparative
digestive powere of sheep and cattle, “ork carried on by Neidig at al.
(1921), Lathrop et al. (1938), and Forbes (1950) indicated that under
the conditions of their experi.mnts ahao;? tended to e sonswhat wore
efficient in feed digestion than cattlo.; Un the other hand, Frear
(1890) concluded that the digestive power of shesp und-r the conditiens
of his trials was inferlor to that of steers, Other studies reported
by Watson et al, (1948), Cippolloni st al. (1951), and Jordon and Staples
(1951) showed similarity in the results between the two speacles, It
was &lso expressed that for greatast accuracy for a particular species,

digestibllity data muat be obtaimd from that spacies,

Runen basteria of cattle and sheap on practical winter rations
and pasture were studiad by 0all et al. (1949). The bacteria were
studied by msans of direct slide counts, Traa stains, and anaerobic
cultural techniques, The bacterial pict\iraa, as seen on gram stains
from cattle and shesp on several winter rations, resembled each other
clossely, The bacteria from animals on pasture appeared aorphologicale
1y sinilar to those on winter rations; 4h3z;mmr, a few different types

of hacteria were seen in addition to those on the winter rations,



Cultures fram both species on all rations mressniad & rather unifors
pattern Ln many respects; although, there was a noticrabla increase in
fast growine organipas corrmlatasl with an increage in the amgunt of
grain in the raticn, Thus, catile and shesp did not appear to have a
marinQy dlffsrent bacterial population wasn fad sinllar reations.

Thls review did not show a definite advantaze of Lnorsased die
geation wien vither caltle or shaep ware zsed, Any Jiffarvnces batwsen
cattle and sheep rumen fluid should be known cecause both are a source
of innoculum for the artificial rumsne Since no in vitro experimants
camparing cattle and sheep di estive powers are available, a comparison

of this type 18 of gonsequence, -



METHOD OF PROCEDULRF
An Vitro Rumen Fermentation Procedure

The in vitro rermentation experimenis for obtainlag cellulose
digestion coefficients were carried out accerding to the msthod of
Burroughs et al. (1950e) as modified by Bentlay st al. (1954).

The individual flasks ware plaged in a thermoatatleally comne
trolled water bath (38,0°C, + 0,2°C,) and individnally gassed with
carbon disxids as pleotursd in Figure 1, The rubbsr stoppars were flte
ted with two glass tubes; one golng below the surface of the medium
through which the carbon dioxide entered; and the other being a maort
tube through which the gas escaped,

Adjustments to the pH, 6.8, were made at fourehour intervals
during the first twelve hours of fermentation and every ten to twelve
hours thersafter, A saturated solutlom of n;zcoj' was added to adjust
the pil,

At the termination of the fermentation period, the flask cone
tents were diluted to one hundred milliliters with distilled water,
Duplicate ten milliliter aliquots were taken for esllulose analysis
after the flasks contents were thoroughly mixed,

The composition of the basal medium, which was used in all in
vitro fermentation trials, is listed in Table 1. The rusen flora suse
pension was not added until the water bath temperature was optimum and
the flasks had been thoroughly gassed l‘ti;h 602 from ten to fifteen mine
utes, Carbon dioxide was bubbled through the flask slowly taroughout

the entire ferwentation cerised to maintain anasromic conditions, wat



Figure 1, Apparatus ulilised for in ylirg digestion,



Table 1, Compomition of Dasal Medium for the [n Vitro Humen Fernentam
tion

Sonsthtusat Urams/l00 Milliliters

Ration 2,0

"tmh 0,113

NaH, PO, 0,209

o1 Oa0l3

¥aCl 0.0h3

Mgso), ° 71,0 040116}

l-,aoh . 0.015

Pecl, ) 0,001
Hilliliters/100 Hilliliters

Buffer pH 6,3% 15.0

Innoeulsa® 40,0

121115 bors of each constituent added to form buffers 154 ¥
(96,5870, 5 S slas o254 M MgS0p; 1 mles o2 M Hali®055 100 ale

rumen fluld strained through four layers of gheesscloth,

oy
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not so briskly as to result in lowered dgestion, Halliwell (1957) hes
showmn that excessive bubbling may Jecrease cellulose dlgestion,

The rumen fluid was oblained from the animal and stralned tarough
four laysrs of cheesecloth, This was the only preparation before aldie
tion to the fermentation flasks, Cellulose analysis of the rusen fluld
was obtainod so as %o inerease the ascuraay of the in vitro cellulose
coefficlents, The forty millillters of ramen fluld used for innsculam
tion consisted of microBrpanisms, protomos, and small plant particles,

All rations were thoroughly uixed, driad, and ground through a
forty mesh screen before belng added to the ferasat tion flask, [ n
coarser crin was mmed, plugging of tae ,ﬁlp@tm sceurped,
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Source of Fuman Flora

‘The ruaen fluld was obtained for these digestion expcriments
from grade Hereford twin stesrs, A rumen fistula had been made in one
of these steecrs at the weight of approximetely four hundred pounds,
Thie steer developed poorly for the next eight months, The poor
growth and condition of tinis steer were due to the loss of rumen con=
tents through the fistula, 4An inflated plug was used which proved
unsatisfactory, It was later changed to an uninflated type rumen plug,
and the steer has deone very well with liitle loss of the rusen contents
alnoe that tine,

The second twin was fitted with a rumen cannvla at a later date,
The canmla left the rumen fluid reatily available but it did not give
access t¢ the rumen that the rumen fistula offered. Wether -eder
lambs, predoiinantly of Rsabouillet breeding, 3lso were fitted with
rumen carmulas for the source of sheep ruwsen fluid, Figures 2 and 3
fllustrate the canmilated aninaalas, Camnulation zas proved very sate
isfactory with both steers and sheep, Close attention should be give
en during the sumaer wnthe to prevent infestation by maggota,

The wethers and stears were maintained on a similar control rae
tion of alfalfa hay, rolled shelled corn, and asybean oil neal, The
wethers racelsed eighty grass of rolled agrn, forty grans of soybean
oil meal, and three hundred grams of alfelfa hay twice iaily, Ihe
steers wnore fed eight hundred graas of Nrggled corn, four hwndired graas
of soybmar oil meal, and three thousand grams of alfalfa hay twice

daily, The alfalfa hay was of medium quality. Trace-aineraliz~d salt
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Figure 3, 4 view of a cannulated sheep,
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and clean water were avallable free choice. The animzls were Quarter=
ed in the animal husdandry nutritional research building at all tliies,
The steers wore icspt tied or stanchioned, Separate pens were usad for
the shnep (Pigure L),

Ruwen fluid was taksn from the cann:lated an.mals with a Thompw
son suction pnap fitted with a suction flask (Pigure S). The rumen
fluid was then strained through fo:r layers of cheessecloth before ba=
ing added to the digestion bottles. Because of t:e eass of collsction,
this msthod was used sredosinantly, When rumen fluid from the flst=
ulated enimal was obtained, a mwre lengthy procedurs was car-ied out,
The rumen contents were scooped out of ﬁa rumen onto eight layers of
chessecloth as demonstrated in Figure 6, The fl::id was then rsmoved
by squeezing it in a lard press (Figure 7). Before Llnnoculating the
digestion flasks, the rusen fluld waz again strained through four lay-
ers of cherseoloth. The rumen fluid, after this preparstion, is com-

monly referred to as 'whole filtared rwsen fluidt,
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Figure 5, The Thompson suction pump fitted with a suction
flasi,
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Figae 6, Collecting rusen contents from a flstulated
BLooT,
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the solid materdial,

fluid from
™umen

used for removing

7o The press

Figare



In Vive Cellulose Digestion Trials

The samples of feed, (eces, and orts were avallable from prow
viously conducted digestion trials, They were analyzed for cellulose
content by the method of Crempton and Yaynard (1938), A comparison of
in vivo and in vitro cellulese digestion coefficients were made on
tuentyetws dLffeorent rations, Table 2 lists these rations and their
cellulose sontent, The ratlons were of several typess alfalfa silage,
alfalfamcats mixture, and prairie hay, FPeniclllin, a chemobiotie (Dyme
afac), and a dried rusen product (Rufus), were added to the alfalfa-oats
ration, Corn, sulphuric acid, asd & drisd wolasses product (Caremowlas)
wore used as pressapvatives in the nmr‘. sllaze, The protein of the
prairie hay retion was inoreased to %en per cent by the addition of soye
bean oll meal,

L
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Table 2. Rationa Utilised for {n Vitro and In Viw Digestion (continued)

Kuabyer iation m.
16 Pruirie hay atored in the nmutritiod lab. ¢+ S30M to Lnorwas: protein to 108 3.8
17 Prairie hay cut in 1947 ¢+ S80M to inaresase protein to 1UX 36,50
18 Praine bay cut in 1948 + 28GM to inoyease protein to W7 35.53
19 Prairie hay cut 1n 1952 + SBOM to increase protsin to 1uf 38,06
20 Prairis hay cut 1n 1953 (hauled in in 1954) « SBOM to increase protain to 108 3
2 Proirtie hay cut in 1953 (hauled 4n in 1957) + SBOH to increase protein to 108 37,99
xR o Pra?la bay out in 1954 + SBOM to inorsase proteln to 1ot 36,04



Hethods of Caleulating Cellulose Digestion Coefficisnts

Afteor the cellulose analysis had been completed on the various

sauples from the digestion trials, cellulose digestion coofficients

ware caleulated, The following series of forwmlas resulted in the per

anmt, cellulose digestions

1.

2e
3
Lie

Dry matter x per cent cellulose » cellilose (ratlon, orts, fee
LI

Gellulose ration » cellulose orts = cellulose intais,
Cellulose intake « cellulose foces = callulose dWgested,
Gellulosa digested & callulose intalke x 100 = per cent cellue
lose digestion in vivo. "

The Tigures were all in grams on the dryematier basis,

by the
Le
2
3.

lie

Se

The in vitro cellulose digestlon coefficlients were calculated
following series of formilaes
Cellulose/gm, ration x 2 gm, ration = total cellulose,
Gellulose/10 M, aliguot x 10 = nonedizested csllnlose,
lonwdignated cellulose « nellulose/li0 rl, rumn flora = correctie
od nonedigaated cellulose,
Total eallulose = corragted nonedigestad cellnulose = celluloss
dgoested,
Cellulose Mgested -:- total cellulose x 100 = per cemt cellulose
digestion, N



RESULTS AND DISCUSSION

Compariso:n of In Vi and in Vivo Cellulose Digestlon Coefficlents

Bhed AT ——

The Rain objsctive of this thesis was to coapare in vitre and
in vivo cellulose digestion cosfficients in different ways, The first
ocomaArisnns were made to establish the length of tia nacessary for in
vitro feramntation @0 the resulting cell:lose digestion would be sime
tlar to celluloss dgestion in vivo, During prelininary trials, the
farsantation tine ranged from eight to fortywaight hours, The shorter
lezigth of ferasntation yenerally resulted in less cellulose dlgestion
than that obtained in vivo, The resulis from fortyweight hours in 7it-
Io callulose dipestion were similar to those of the in vive digestion,
After carofl consideration of tho data from the preliaminary trials,
twentzefour and {orty-cight hour fernantation periods were uaed in come
parison to the in viwg coefficlents,

The ferdentation syatens ware oporated in tha sanner described
by Bentley et al. (1954)e Both twsnty-four and forty-eight hour alie
quots were taken from the sane fepmentation flask, Cellulose analvsis
and coefflcients were obtained in the "mansr described previcasly.
Prom dtpastion trials with shenp, in vivo cellulose digsstion goefw
ficlents wore calculated, The rumen fluld used as Lanoculuz in the
in vitro digestion flasks was also obtalned fron sheep, The tine ine
terval betweon in vitro and in vivo digestion trials ranged from a few
days up to nine months. 'z

All twentywtwo rations (Table 2) were used for these comparisuns,

The data are presented 1a Tadle ¥, The in vitro cellulose cos!ficients



wora dsrived from an aveirege of the amalysls of fo'r 10 al. aliQuot
sargles. Two in vitro digestion trials were carried out with each
ration and duplicave aliguote were taken from ~zch triale The in vivo
esllnlose comfficlints represented tha averiye values froa Laree to
aight ehemse, The exact muber of coofficlants averaged to obtain the
in vivo coeffiolent in Table 3 were Syronynous with the column 'ghensp
in tmal’,

The means for twentyefour houwr in vitro, fortyeeight hour in vite
To, and in vivo celluloss digeation confficlents ware 31462, 50,17, and
45,80, taspectivily, The t-test wns uswd as the method of statistical
analyvsie, There was a statistioslly s:._;;;aiflunt. difference batvesn the
twontywfour howr in vitro and the in vive cellulosa digestion coeffie
clents. Wo significant dilference bDetween the fortyesipht hour in vite
ro and the in vivo cellulose dipestion coefficients oceurred, The core
relation hatween the forty-might howr in vitro and the in vivo asallue
lose dipestion coelficients was o307 (P<0.05).

It wvas quite eviiont tuat in vivo and in vitro cellulose coef=
ficients from the last six prairie hay rations, seventeen through
twentmtuo ag Listed in Table 2, demcnstrated little relationship, As
=&y be noted, the rations ssventeen t"zr?wh twentyetwo (Table 2) were
sixilar end calllone #lgsstinn oouf'fiol;m.a were obtainil from the
same digestion trials, Thire was mo rolSonable mxplanation for the
large AU ffarenca batween the coefficlants., Int, Lt seewmd of Lntersat
to run a correlation without these lasti vix rations, When the first
sixtesn rations wers used (n Lhe statistical correlation, the ocorrslse

tion was Ll (¢#<C,ia),
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Table 3, Comperison of In Jitro and In Vivo Callulose Dirmstion Coefficlents (sontlnued)

Twontyefour Howr In Vitro Mgestion JFort ht Hour In Vitro Digestion In Vivo Uipestion
¥amber Average %}' Averarce Sheep

kation of Callulose of Callulose in Cellulosm
Samplse Coefficient San.les __Goefficient Trial Coefficient

15 I 23,63 I 52,37 8 55462
16 4 30,08 h u9.98 8 58455
17 L 39.51 4 61,64 3 26,38
18 L 42.08 b 64488 3 37.12
19 L 1692 4 65,51 3 u7.32
20 by . 38,12 Lo 65465 3 U055
a i 47,40 L T0.89 3 5096
2 L 37,00 b 63,78 3 u7.69

Mean 1,02 50,17 45,86
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The Comparative Digesiive Power of Sheep and “teer Rwsen Flora In Vitre

Sheep and steer rumen fluid were both belag used as innoculum
for in viire cellulese dgastion, Thus, a comparison of thelr calloe
los: direstive powers sesmed desirable, In viltrp digestion trials wore
ruf using twsnty=two rations (Table 2), Tae procedurs was the sams in
all tstals with the sxosption of the gource of ruasn fluld used a® 1De
noculmm, Humen fluid from both the sheep and the stears was obtained
the same day for #gestion of the sase ration, Ten milliliter aliquots,
in duplicats, wore taken from sach Mgestion flask at twentyefour and
fortywelight hour intervals, Two replications of mach Hgestion trial
wors run, :

In vitro calluloss dpastion coafficlents usine shesp and steer
ruoan innooulum at twenty-four and fortiaalght hour intervals were
comiared (Table ;). The =mmsane of twentystwo in vitro cellulose dlfoo=
tion ocoefficients at a tuentyelor hoar fermantation period using
sheep and steer rumen fluid as Lnnoculum were 31,61 and 30,81, respece
tively, The means of twentyetwo in yitre cellnlose digestion confe
ficieats from fortyeaight howr fersantation aming sheep and stanr M
aen fluid as lnonoculim wers 5017 and 49,98, respectively, The core
relation betweesn tha osteer and the siismp cellulose digestion coeffie
clents from the twentyefour hour ferasntation period was 778 (PCvenl)e
The correlation bolwasn the stear and t.he sheep cellulose dgastion
cosfficients from the forty-sight hour fermontation poriod was 918
(PQetl). These correlations Ma; lupaoﬂ. the uss of a forty-aight
hour fermauntation periods

The means and correlallion coe™Pelents from thile trial oM oshed



very 1ittle difference in in vitre cellulose digeztion at twontyefour
and fortyeeirht hour fermentation periods when runon fluid for invote
dlum wap obtained from elther steers or sheen,
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3

Effect of the Pravious Ration on Callulese Ligesting Abllity of Runen

Flora

This trial was run to evaluate the dfference Ln the cellulose
dlgastive nowera of ramen flora from eheep fed dLffarent sations, To
dofine this furthar, cannulat>d sheop were f{ad the ration that was to
b@dlgmt&digmmdmﬂlﬂ.dmmommmum
noculum, HRusen fluld from cannulated sheeo on another ration, which
will be designated as 'control', was also uwsed as innoculus, The celle
ulose dlgestive ability of these two innosulum sources was checked on
the st rations, *

Rations six, seven, and oight (Table 2) ware usad s3 the® rations
for in vitio digestion and wers fed to sheep fromwhich the rumen fluld
was obtainad for cellulose digesiion, Ration five (Table 2) was also
fed to sheep wihlceh wore used 36 a sdurze of ramen {lulde Fach of tho
tost ratians (slx, seven, and eight) wars digestad ia yitro by ruman
fluid obtained fram sheap fod the particular tsst ration and another
ration (the gomtrol)s In this way a cosparison could be made of the
importancs of odtaining ths ruzen fiuld from aaq aninal Heling fed the
ration to be testad,

A1 data from this comparison are given in Table S, Cellulose
digestion coofficlients were obtained for fouwr different fermentation
timesy flftoen, elghteen, twentyeoss, and Lieniyefour houras, 'Runen
fluld eontrol', rafers %o that taken h-am sheep on the control raiion
ar ration Sive, 'Rumen luld as fed', Lmolies that the ruasa fluld
was taken from a sheep belng fad the ratlon tested, The in ylirg colle

ulose dlgestiion coefficlents means for the "control' and ‘as fod' rumen



fluid wore 42,35 and 36,06, respectivaly,

A tetogt was applied as a means of statistiesl analysis, There
wag & significant differsnce betusen the cellulose dlpesting abllity of
the two soureas of rumen fluld (P®.01)s The control rumen fInid shows
ed the higher collulose dlyeation eoe’ficlonte In most eages, An Ine
eroase in fermentation tlme resulted in inereased cellulose digestion
wiich wae similar with all rations and with both sources of rwaen fluld,



Table S, Cellulose M oestive ‘awera of Rumon Flora frus Sheep on &
Control Ration Comared to Ruman Flora frox Sheep on the

Tes? Ration
Runen Flora

Ration dours of Fermsntation Gmf.ro]_.’ As M
6 15 3.7 22,96

13 39.30 28.85

a Lo,2 37.61

2 L9l L3.17

Av-Tage I 4.2 33,15
7 15 35,98 Q.33

18 i3.97 38,18

a Li.47 ot

2 49,13 bob?

Average 42,89 37.86
8 15 33.25 33.59

18 39.79 2.2

a L3.92 n.a

A S6els3? uS468

Avsruge 43,36 3719
fiean - 42,35 3406

Humen flore obtained fron $iep on the control dlet,

Iltu-nnu flora oblaiined frcn gheoep on the same Nat as was digeste
a9 in 7itroe
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The #ffect of High and LoweRoughage Rations on Cellulose Digestion In

Fitro and In Yive

This experlamt wag to teet the offact of hlph and loweroughage
rations on the axtent of cellulose digestion in vitro and in viwe, It
had waen noted by Swrroughs et al. (19h9), Swift ot al. (19k7), Artas
at 2, (19491), and Head (1953) thut an increass in the amount of starch
in the ration may docroase the cellulose digestion, (OweIougbage rae
tiono uend for digsstion in this Wial weme rations flve, six, ervem,
and aight listed 4in Table 2, (ligherpughage rations used for dlgestion
in this trial were rations nine, ter:, olevon, an? twelve listed in
Table 2,

Tho coumnarisons werd mado in thros diffsrent unltss fortyesisht
hour cellulose dlgestion evofficients fu vitro using sheep rumsn fluid;
fartyeaight howr cellilose dlgestion coofficiants in vitao using steer
rumsn flulds apd in vivp cnllulono digestion ooefficiants obtalned from
suaep dipestion triadls. Tho date from theso digestion triale cre given
in Table &,

Tasss high and low-roughage rablons were first comparad in vile

; ro witk a fortyeeight howr fermontatisn psariod using sheap rumm fluld
as inncenlum, Bach collulose digestign coefficient was derdved from
four separate cellinlose analysis as deseribed for provious triale, The
amans of the cellilose digestlon eq’f'gloiwstc fron the low and Alghe
rourhags ratlens wire 31,00 and LS, ?2,0 rosprotively, The tetasst dene
snatrated a algnificant Alfference betwsen the oellulose s0oificienis
from the nigh and loweroushase rations (PC0.05)s The larger celldose
coefficients rasulted from in vitro digestion of the higher roughage



ration.

The second comparison of this experiment was mads under simjlar
conditions to the first comparison except that steer rumen f{luid was
used as the source of the innoculua, The #ean froa the lowe-roughtge
ration cellulose digestion coefficients was 24,20, while the mean from
the higheroughage cellulose digestion coefficients was 49.10, The
t-test was used as a means of etatistical analysis, resulting in P0.01.
The larger cellulose digestion coefficients were obtained from diges-
tion of the higheroughage rations.

The third comparison within this experiment was again with the
same high and low-roughage rations but the cellilose digestion coef=
ficients were derived from in vivo digestion trials with sheep, Four
sheep were placed on each ration and an average cellulocse digastion
coefficient was derived, The asans for the high and loweroughage ra-
tions were U46.39 and 30,69, respectively, The t-test was used as a
means of statistical analysis, resulting in PC0.,0l. The higheroughage
ration gave larger cellulose dlgestion coefficients than the low-roughe
age ration,

A1l unita of this coaparison demonstrated that cellulose coef=
ficients from high-roughage rations wqre greater than cellulose coef-
ficients from low=roughage rations. Similar results were obtained from

both ia vitro and in vivo cellulose, dicestion.
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Table 6, Gongi.ng Cellulose Digestion In High and LoweRoughage Rae
tior

Sheep Rumen Fluld Used as I%ulm for
" £ iiro ulose 2t

fation Number Lowefloughiage Hation Number HigheRoughage
5 L0450 ? b1
& 20,76 10 50403
7 32,27 1 h2.98
8 236 - 12 15,05
Hman 31460 45472

Steer Rumen Fluid Used as Innoculum {
Fortyeelght dour In V.iro Emﬂﬁm Digestion

Hation Number LoweRonghage [Hation. Humber HghelRouchare
5 253,72 ? Lo 50
6 16466 10 52,23
T 2,26 n 118404
8 27.1k 12 19463
man 2L420 49,10

Sﬁlg_:b—rougbaga ratlon, 25¢ cats ¢ 75% alfalfa Zaye Loweroughe
age ratlon, 75% oats + 251 alfalfa Jipy.
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Table &, Comparing G.llro.oge Digestlon in digh and LoweRougha:e Raw

tions (continued)

Sheep In Vive Osllulose Digestion

Ration Humber Lowellioughare Ration Nusber HligheRoughage

- M7 ? 4T.72

] A.71 10 b oS0

7 27,03 11 kS.95

8 29,54 . 12 hS.39
Hean X479 Lo 39

5,

age ration, 75% oats + 2¢% alfalfa hay.

Higheroughage ration, 251 ocats + 75% alfalfa hay, Lowersughe



Unaltered Bumen Pluld Comparad to Rumen Fluid Dorived from Rumen Cake

Johnsan et al. (1957) rapertad a mothod of proparing rumen fluld
that lncrealed in vitro cellulose digestlon. Thoe rusen contants wers
talien from the fistulated aniwal and the liquid removed by mans of the
press doscrided previously, Then, fLfty grame of the fibrous cake were
suspended in ons hundred millilltors of isotonie phosphate buffer, The
liquid was agaln removed fron the Tlbrous saterial with a Carver hydraue
1liec press at one hundred and thirty pounds pressure per square ineh,
The liquid removed from the lazt opmrmon was used 86 innoculums

Tiis experioent wvas carried on o compare in vitro cellulpse die
geation froz the abowe wethod of inuoo-dua preparation and the previous
mrthod of preparing trmocclum in an effort to roduce variation betwean
trials, lations Clve, six, nine, and ten (Table 2) were used for this
study, Rations Clve and six were lowsroughage mtliona, while nine and
ten ware LZigheroughage rations, Duplicete sen milliliter aliquots of
Asected sudstrate for cellnloss an@lymis wnn taken at btwentyefour and
fortywalght hour fermoniation pericdse. Three renlications of the in
v!._t.ro N-astion trial wore mn durine thras consecutive veeks, 'Jalke
od and buffared? rofors io the method og lrnoeulus preparation Aesoribe
o4 above, "Whole rumean luld' ref-rg o At.hn provious method of prope

aration,

The rogults of L1i8 experiment are ghown in Table 7, The data
ware aralyzed by an axalysis of variance, The mothod X replications
interaction rea:lied in o mawesl;nlMcant A ffaranch, indicating iittle

A lference in the sellulose di esilve sowers of rumsa fluld prepared



by these methods and feraanted undar thean condi tionse Also, it was

evidant thet no rrduction ir. the variation teesn trials had occirreds



i

Tanln 7, '"itle Unaltared Ruasn Mluld ags Cxparei to Caked and Euffnre
ad Higsen flul4

Caked and Buf{ared Rumen Fluid for Twenty-four Hour [n Vitro Ilgostiam

Eation Feplication 1 fumplication 2 keplioation 3
e 0.0 1,07 913
6 12,37 1037 17.00
9 29,08 3,29 Yo
10 T 33,23 42,78

Caked and Bufiered Fumen Fluid for Fortreaight dour In Vitro Digesilon

Ratinn Reolicution 1 keplicaticn 2 Renlication 3
5 15,05 62,38 26,58
6 13035 !17070 32061
9 39.05 5698 L8.o7
10 b0.02 &1025 m.sl

Whole Rumn Fluld for Twentyefour Hone In Vitro Dighetion

Ration Replicatlion 1 Re}an.ut}on 2 Feplication 3
5 06,06 10,52 Te26
® 513 959 13.9
9 32,17 P I uhe59
10 N0 37.09 4Ge33
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Table 7. YWhole Unalterod Ximen Fludd as Camared to Caked and Bufferw
ad Bumen Fluid (continued)

Whole Rumen Fluid for Fortyeeipht lHour In Vitro Digestion

Latton Replication 1 Replication 2 Replication 3
LseSD 3B 2h49%
6 1.30 1i0e19 36,89
9 29,68 5%« LS8
10 43.91 1602 > W

Analysis of Variance Table from Rumen ¥luid Preparation Comparisons

Source Degraes of Freodom “san Square Yavalue
Total L8

¥athodn 1 100.63 1
Eoplications 2 1,051 ks 3.1;96
Replications x mathod 2 13.52 <1
Pooled errors 43 30V, 99

631.@1 ficant at the five per cent level _o!' probadiliiyts
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Digestible Laboratory Wutrients as a Means of Feed Evaluation

Digestible lavoratory nutrients were calculated for sasch type
of ration given in Table 2 by tha Azricultural 3iocheumistry Departe
mant. The asthod used has been described by Thurman snd Wehunt {1955).
These figures wera given along with TI values, in vivo cellulose di=
gestion valuss, and per cent cellalose (Table 8), The TDN values were

calculated using Morrison's ‘'Feeds and Pseding®, 22nd edition. The

TON values used were from alfalfa hay (all analyses), oats (not in-
cluding Pacific Coast States), alfalfa silage (no prussrvative), and
alfalfa=-molasses silage. The 1n vivo celliuluse coefficients and per
cent cellulose of these rations were taken from previons data in this
thesis,

It was interesting to note the favoracle coxmariqm betueen the
dlgestible laboratory nutrient figures and the in vivo cellulose coaf-
ficiants of the prairie hay and alfalfa silage rations, Also of intere
est was that as the cellulose content of the ration decr-ased, the TIR
valuss as well ag the LV values incresesed., W%ith the five rations an-
alysed in this coaparison, digestible laboratory nutrients seemed to
show some proxise as a mathod of feed ova.luatiqr}‘ when compared to total
dlgestible mitrients and in vivo cellulose digestion coefficients,

Some constitnents of a ration which afrlgc_t their digestibility
may not be reflected by a chemical method of fe-ad evaluation, Addi=
tives such as antibiotics, chemobiotics, and ¥ried ruwen products
would fall into this category. also, palatavility coudd not 0e ree

flected by a lavoratory method of feed evaluation. Thus, even though



bk

there may be good somparisons bebtween chemleal and animal methods of
fesd cvaluation under somo cgnditions, the chemical methods should not
be used withoul glving conslderation to such factors as those listed

abovo,

s



Table 8, Digastidle Laboratory Nutrients as a Hethod of FPeed Fwvaluation

Gellulose
Ration Per “ent Jellmlose Mgsstion [p Yiyg Per Cont LN Fer Cent TTM
Alfalfa silage, no presarvative 30,89 S1.10 52,07 She0
Alfalfa silage + @molasses X.92 LB8J24 1i3.82 14
Prairie nay 3429 56415 52430 u9.6
15¢ alfalfa’, 25% cate’ 20,05 u1.72 TL9h 61,0
25¢ alfalfa’, 758 osts’ 17.21 W7 73,04 7.8

T21£41¢a nay, a1l analysis.

8
Dats, not including Pagific Coast Statase

*u



SUMMARY AND CORCLUSIONS

Work was carried on cosparing in ¢ltro and {n vivo zellilose
digestion, In vivo cellulose digostion was detersannd with sheep on
dgestion trials and in vitre calluloge 4dicestion by the uss of the
artificial rumen teohmiquo, Twentyetsm rations ware usad for celluloss
Ageation,

The primsary objective was to astablish an in yvitro ferasntation
interval thet wonld result in cell.doase digeetion caomparacle to cellus
losn dlgestion in vivo, In prelinlnary trd.ala,iethe {aruontation tias
ranged fyam elght to forta-elght hours, After due consideration, celle
ulose digestion at twanbtymfour and fortyeeight hour intervals wez coms
pared to cellilose digestion in vive. Cellulose coelficlents derived
from twentyefour hour in vitre digestion varied considerably froa in
vive dipestion, The fortyeeight hour fermentation period produced
cellulose dlpestion similar to the celldloss digestion in vivo.

Per cent cellulose dgcestlon in viitre using sheep rumem fluld
and steer rumen fluld was compared, Wien tweniyetwo rations were used,
the correlation between the two sources of rumen.fluld was statisticale
1y significant {P<0,01). Indications wera that thers wos 1little differe
erce in the awount of celluloss Hgenbion in gg._é whon stears or sheep
warae u;ed as A source of ruman {luld,

The e«f fact of an animal’s ration on the é;nulom digeating abil~
Lty of 1%e rumen flora was deterained, There was no advantepe in cellow
loze Mgostion in yitro by taking the irnocules from an anlial fed the

particular ration being tested ovar innoculum taken from an an'=al on
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e dffarent diet,

A definite trend indleating greater cellulose digeetion in highe
roughare rations as compared to lowerourhage ratlons was establlighed in
threa corparisons. In al) thras trials, sheap and stecr rassn flora in
¥it1o and sheep in vivo digestion trials res:dtesd in significantly
greatar sellalose Mgestion in the higheroughare rations,

An alternative mothod of rmmen fluld greparation was used in an
attompt to minlalze variation between in viire trials, When a compare
ison was made Latween the caked and buffered mn fluid and the whole
unaltered pumen nuu. there wvas no significant dl.rforem in the vare
ifatiorn Detween trials or in the amownt of cellulose digested,

Ohsorvations of another awthod of feed evaluation, digestible
laboratary autrlents (LK), shewed sromise wien comparsd to totid dle
gestible notrienta (TDH), It wes evidant that as the collslose cone
tent of the ratiorn frcrsased, both digestible laboratory nutrismts and
total digestible nutrients dacreased, Since only five types of rations
ware used in this codparison, no dafinita conclusions can de drawm,
Howeorror, corialn factors could alf-rot digastibiilty and palatability
of the ration which would have no Llafluence on tm laboratory method

of fred evaluatlon, .
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