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BV O LITRATRE

1. Metabolism of Lipids by Buminante

Meny workers have added fats, oils and fatly acids to the rations of
sheep, beef cattle and dairy cowe to investigete the effects of lipid on
either one or more of the followingj intake, digestibility and energy
utilisation of rations, live weight gains, methane production, samonia
production, N retention, milk production, milk constituenta, total VPA
production and VFA molar proportions or the value of lipid as a source of
energy. These factors vill be discussed in subsequent sections of this reviev,

Lipids which have been fed or infused into ruminents include ecoconut,
cod liver, corn, cottonseed, linseed, pelm kernel, peanut, seyabean, tung
and vhele oils, animal fots (lard, tallow end poultry fat) end long chain
fatty acids (palmitic, stearic, oleic, linoleic and linolenic).

Since the amount of lipid ingested by adult ruminants is substantisl,
the investigations into the effects of lipids are warranted. A cov consuming
45Kg. of pasture daily will ingest about 500g. of lipids and, under conditions
of stall-feoding, pregnent and lactating animals may receive rations vhich
provide up to 1,0Eg. of lipids daily (Garton, 1967).

Lipolysis
Vhen lipids are ingested by ruminante extensive lipolysis occurs in

the rumen, Gerton, Hobson & Lough (1958) incubated linseed oil and tung oil
vith rumen contents (1.,0g./100ml,) and more than 75% of the total lipid was
recovered at the end of the incubstion time in the form of free higher fatty
scids, Vhen they sleughtered sheep 7 hr. after feeding, 80-90% of the lipid
in the rumen, abomasum end upper part of the small intestine was in the form

of higher free fatty aeids,
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The fermentation of the glycerol moiety of lipid triglycerides has
also been studied, Johns (1953)j Gerton, Lough & Vioque (1959)3 and
Hobson & Mann (1961) found that the mein product of glycerol fermentation
was propionate., Johns (1953) shoved that the fermentation of free glycerol
by rumen liquor from sheep in-vitro and inwvivo led to the formation of
propionate, though no more than 50% of the glyeerol which was metabolised
could be accounted for on a 'Cerbon balence' basis, vhile the fate of the
remainder is unknown, Hobson & Mann (1961) have shown that 50-60% of
the glycerol carbon vas accounted for as VPA's (largely propionate) when
glycerol-formenting organisms from the rumen of sheep were growa in media
containing glycerocl. In a report from the Rovett Researeh Institute (1962)
it ves noted that the most importent members of the glyverol ferwenting
fiora in the sheep rumen are strict anserobes of the group Selenomonas
Zuninantius var, lectilyticas, The main product of fermentation of
glycerol by the selenomonads and some lipolytic bacteria was propionate,
but other scids vere also formed. Garton, Lough & Vioque (1959) detected
no glycerol in the rumen after hydrolyses of linseed oil, Lui 4 hr. after
glycerol vas infused into the rumen only 50% was present, and after 24hr.
no glycerol vas detectable, VPA's did not account for more than 50% of
the glycerol metabolised and the predominant ecid wes propionate. Recently
Vright (1969) found that rumen micro~organisms, obtained from cattle fed
clover-ryegrass pasture, cen metabolise (U-'‘C)glysesol vith CO,(17%),
acetate(31.,4¢) and propionete(20,6%) as the major end products. Butyrete(7.6%),
lactate(3,9%) and the miero-organisns(6.9%) vere alse recipients of the ' C,
Only 13% of the radicactivity was unaccounted for after 12hr, incubations,
although 9% could possibly be contriduted to CH, vhich vas not analysed.



It vas also found that bacteria vere much more sctive as glycerel
fernentors than protozoca,

Bydrogenation

Hydroger tion is another modification of the dietary lipid in the
rumen, Shortisnd et al.(1955) noticed that the main dietery fatty
constituent of pesture~fed animals, linolenic acid, appeared only in
traces in the depot fots of ruminants, They shoved that lineolenic acid
wvas not only hydrogenated to linolenic but also to the monene or to Lhe
stearic acid., The ingestion of soyabean oil by cows resulted in an increase
in steeric acid of both milk fat and adipose tissue (Tove & Mechrie, 1963),
demonstreting the efficiency and completeness of hydrogenation within the
runen, Vood gt al.(1963) introduced (1-''C)linelenic acid into the rumen
of a sheep, and vith the rumen-omasal orifice ligated, only 0.6=1.0% of
the radiosetivity appecred as steam-volatile breakdowvn products (nene of
vhich contained less than five carbons), the rest that could be identified
rencined es various C,. long chein fatty acids,

Although lipolysis and hydrogenation are known to oceur in the rumen,
lipids are involved in meny interactions with feed substrates that are not
fully understood.

Feed intoke may be lowered by adding lipid to the ration. Vhen
500-700g. of linseed oil or vhale oil was infused daily into the rumen of
covs by Robertson & Havke (1964), a decrense in intake occcurred., Melasses
has been added to rations to inevease the palatability and therefore the
intele of fats (Vanschoubroek, 1966).

In most experiments the digestibility of rations has been significantly



decroused by the addition of fat (Brooks et al. 1954; Evvin gt al. 19563
Summers ot al. 19573 Vexd gt 21.1957) Brethour et al, 1958) Vhite et al.
19583 Varner, 1960; Davison & Voods, 1961j Grainger et al. 1961j Nicholsen
ot al, 19623 Buysse, 1963) Devison & Voods, 1963e; Mohammed et al. 1964y
Robertson & Havke, 1964j and Venschoubrook, 1966), Vanschoubvoek (1966)
questioned vhether the value of fat added to the ration was similar to

that of fet present in the ration in a natural condition, Added fat
apparently decreased food utilisation more than an equal quantity of fat
originally present in the foed (Brooks ¢t al. 1954). Roberteon & Howvke
(1964) shoved fyom inwvitre end inwvive investigetions that lipid depressed
digestion of fibrous carbobydrates., Ervin et al. (1996) found that the
addition of tallov tended to reduce crude fibre breakdovn, the live weight
gaine of steers being reduced vhen fed vheat strow vhich had e high crude
fibre content, On account of the effect of added lipid on the digestibility
of the ration, Vanschoubroek (1966) suggested that it is sdviseble not teo
exceed 9% fat eddition to fattening cattle rations which elready contain
2-3% orude fat vhile the maxiowm amount of fat advisable for a high yielding
dairy cov is 700g./day.

In o fov cases adding fat did not depress the utilisation of the
ration (Svifé ot al. 19485 Esplin ot al, 1963) and Orth et al, 1966).
4% tallov vas added to o mixed ration by Esplin et al. (1963) and no effect
upon ration components ceccurred, vhereas vhen 0,5-1.,0kg. of beef tallow was
odded, digestion in the rumen of six covs inereased (Orth gt al. 1966).
Swift gt al. (1948) added corn oil (totel E.E, w 6.,4%) to sheep rations and
an inerease in digestibility of all constituents of the mixed ration occcurred
howvever, vhen the amount of corn oil was doubled (E.E, = 9.7%) the effect vas

just the reverse. Rations differing by enly 1% of fat produced no significant



differences in digestibility but when differences of 37 in fat content of the
ration vere compared, digestibility differences vere significent(P<0,09).

Besides generally decreasing the digestibility of rations, the effect
of fat slso decreases weight gains of ruminants (Vard et al. 1957) ond
Brown et al, 1962), However, vhen Villey et al, (1952) fed some steer calves
cottonseed oil, the fat fed animals consumed less but had higher feed
efficiencies per 1001b, gain, and vhen Broster gt al. (1965) added 130ml,
of cod liver oil to deiry heifers the rate of live-weight gein improved in
oll oxperiments, Broster gt al. (1965) could reach no comclusion on vhether
tho cod liver cil made any conteibution to the energy metabolisn of the animal
other than that due directly to its celorific value., Vanschoubroek (1966)
noticed that from feeding trials it asppeared that the net energy value of
added fat was not as high as from celorimetry experiments, due poasibly to
the depressive sction of fat on the other nutrients of the ration,

Othor variables vhich can influence the effect of fat were described
by McDowall ot al. (1957). They considered that the amount and type of
roughage accompanying the fat, and the physical condition of the oil at
time of feoeding were important, Fsts snd oils distributed throughout the
retion appeared to have less effect than fats given in cencentrated forms,

Many experiments have been underteken to examine the effect of lucerne
ash, and later to ascertain the active component(s) in lucerne ash that can
reverse the depression in digestibilities observed vith retions containing
supplementery fot (Drooks gt al. 1934 Summers gt al. 1957) Vard gt al. 1957)
Vhite ot al. 1958) Davison & Voods 1961) Grainger gt sl. 19613 and Devison
& Voods 1963a), Vhite gt al, (1938) found that the effect of lucerne ash



in restoring the digestibility of cellulose in a ration that contained %%
corn oil vas produced by 4.4g.Ca or 4,4g.Ce + 0,86g.,Ps Fhosphorous alone

or & trace mineral mixture had no effect, Further work by Grainger et al.
(1961), vhen Ca,Fe,X,’n, and Mg vere added to the daily ration conteining

T% corn oil, discovered that Ca and Fe alleviated or partially alleviated
the effect of corn oil on cellulose digestion. K further increased the

corn ol effect, and Mg and Zn ceused the wethers to stop eating after

7 days, The form of caleiun made no difference, CaCO, and CaCl, being
equally effective in increasing the digestion of orgenic matter and cellulese
in & ration containing corn oil (Davison & Voods, 1963a), '

Davison & Voods (1963b) found that cwn., additions did not inerease
the performance of lambs fed a concentrate retion with or without added
vhite gresse and Brethour et al, (1958) found that the addition of lucerne
ash to the fat vation (19% animal fat) for sheep did not improve weight
geins, This latter result could posaibly be due to the high fat level
because vhen Vard gt al. (1957) added lucerme ash it counterscted the
decreased weight gains and lov feeding efficiency of the 2.6/ level of com
oil, but only partislly the effect of 10¥ corn oil,

The Lffect of Lipid on Nitrogen Retentien, Ci, end Wi, Production

Although corn oil depressed nitrogen retention in lambs, sheep and
cattle, it vas significantly increased by the addition of luwcerne ash
(Summers gt al, 1957) Vard et al, 19373 and Davison & Veoods, 1961),

Vhen linseed oil was added to both high roughage and high soncentrate
rations for sheep, CH, production wves depressed (Cserkawski ot al. 1966).
Blaxtor & Cserkavski (1966) considered thet much energy of the diet was
Ml%lmhﬁ.“nﬂv nmﬁld%m.mw



has an economic bearing, Paimitic, stearic, oleic, linoleic end linolenic
ecids reduced 034 produetion, the magnitude of the reduction increasing
slightly with increasing unsaturation of the fattly acids and the reduction
could be due to o selective toxicity of the fatty compounds in which
methanogenic organisms were more affected than cellulolytic ones

(Czerkawski et al, 1966).

The effect of lipid on NH, production is veriable. Juyasinghe (1961)
added 10=15% peenut oil to a protein supplement for sheep causing less N!l)
to be produced in the rumen. There was a significant reduction in both
protozoal concentrations and !l!i3 levels vhen 60g, of linseed oil was fed
to sheep (Purser & Moir, i1966). In in-vitro experiments (Robertson & Hawke,
1964) linseed oil decreased m, production vhen incubated with ryegrass fibre,
but increased HH.J production vhen it vas incubated with soluble ryegrass
constituents, VYhen 500~700g, of linseed or whale oil was infused into cows

daily, levels of NH) rose spprecisbly.

Effect of Lipid on Milk Production and Milk Constituents

Etorry & Rook, (1566) have shown that the secretion of the major fatty
acids in the milk were reduced vhen feeding a low-hay, high-concentrate diet
to lactating covs causing a fall in the milk fat content, There were also
chenges in the rumen VFA proportions, with an incresse in propionate and
valerate and a decrease in acetate. Approximately 60% of the variation in
milk fat content was associated with the incresse in propionate, On the
return of the enimals to high-hay diets, recovery of the initial VPA
proportions ocourred within 4 dasys but the recovery in milk fat content was
not complete until 2-3 weeks had elapsed, Davis (1967) considered that the
time lag in recovery of the milk fat suggests that factors other than the
amount of acetate or the acetateipropionste ratio are invelved,



Different lipids have also had different effects on milk fat production
in dairy cows (Van Soost, 19633 and Venschoubroek, 1966), these differences

being contributed to !y

[

their degree of saturation or unsaturation. Garner
& Sanders (1938) increased butter fat yield by increasing butterfat ¥ from
adding pelm oil, butter, or lard and considered the beneficisl oils are those
containing lerge proportions of saturated fatty acids. Lipids conteining a
large proportion of unsaturated fatty mcids heve generally had the effect of

depressing milk fat (Shawv & Ensor, 1959).

Many vorkers (Garner & Senders, 1938j Brown et al. 1962; Moody et al.
19643 and Beitz & Davis, 1964) have shown that the addition of lipids to
rations of lactating cows, although not altering milk production, did lover
the milk fat content vhile in other ceses only individual fatty scids were
affected. Tove & Mochrie (1963) noticed that soysbean oil increased the
stearic acid content and cottonseed oil increased the linoleic acid content
of milk fat, Mohammed et al, (1964) found evidence that an incressing amount

of C,, vas present in the milk wvhen coconut oil vwes fed.

12
Although milk composition was not altered vhen high levels(600ml./day)

of various oils and fats vere given to lactating cowvs by MeDowell et sl. (1957),

the milk, eream, and butter vere tainted to different dogrees and there vere

immediate effects on the properties of butterfat including increases in

iodine value and refractive index, and changes in the softening point,

saponification value and Reichert value., Beitz & Davis (1964) believed that

the mechanism whereby cod liver oil caused a decrease in milk fat synthesis

vas by its effect on milk fat production somevhere beyond the rumen, probabdbly

at the udder. The postulate by Shav & Emsor (1959) that cod liver oil affected

milk fat synthesis by altering the rumen VFA, the same as high grein diets,

vas not confirmed in the study by Beitz & Davis (1964),



Effect of Lipid on Total VPA Concentrations
Total VFA concentrations have been increased (Shaw & BEnsor, 1939),

decrensed (Robertson & Hawke, 1964; and Orth et al., 1966) or have remained
unaltered (Elem & Davis, 19623 and Esplin ¢t al. 1963) when lipids were fed
to cattle., Vhen cod liver oil, oleic and linoleic acid were administered to
cows on normal diets they increased the total VFA concentrations in the rumen
fiuid, ilinoleic acid having the greatest effect. Linoleic acid also increased
total VPA the most vhen given to cows on diets vhich had already decreased
milk fat content merkedly (Shaw & Ensor, 1950)., Vvhen oleic acid was fed

to deiry cows, total VPA's fell slightly (Orth et al. 1966), and although total
VPA's did not decrense when 500g. of linseed oil was given to cows by
Robertson & Havke (1964), at the higher lipid feeding (700g./day) a decrease
in total VPA was paralleled by a tendency for intake to fell on successive
days of treatment. They also conducted two experiments in-vitro, one
incubating linseed oil with ryegrass juice, the other incubating linseed oil
wvith ryegrass fibre, In the former experiment total VFA was higher than
controls efter 1 hr,, but no difference was apparent after 3 hr, In the
latter experiment, the total VFA's produced vere lower after 48hr, than the

controls, although slightly higher after 12 and 24hr,

Drenching steers with either 87 soyabean oil (Elam & Davis, 1962) or
4 tallov and 4% hydrolysed vegetable oil (Esplin et sl. 1963) did not alter
the total VPA produced,

Shaw & Ensor (1959) edministered cod liver oil, oleic and linoleic

acid to cowvs on & normal diet and found that cod liver oil especially exerted
o remarkable effect by decreasing the wolar proportions of rumen acetate and



10

increasing the molar propertions of propionate vhile the effects on rumen
butyrate vere variable. Elam & Davis, (1962)j Nicholson gt al. (1963)}
Nottle & Rook (1963)j and Robertson & Havke (1964) subsequently confirmed
these effects of added lipid.

The addition of cod liver oil by Nicholson et al, (1963) to rations
containing & buffer resulted in a higher molar percentage of propiocnate and
lover acetate and butyrate percentages, than vhen the basal ration vas fed
alone. The buffer had already hed similar effects on acetate and propionate
and these effects were greatly accentuated by the addition of cod liver oil,
Nottle & Rook (1963) found that cod liver oil caused o pronounced fall in the
proportion of rumen acetate and & complementary increase in propionate when

added to a basal ration for cattle.

Although soyabean oil, vhen given as a drench to steers, increcsed the
proportion of propionate in ruminal fluid, there was no effect on the

proportion of acetate (Elam & Davis, 1962),.

Robertson & Hovke (1964) infused 500g. of linseed oil into cows daily,
cousing an immediate decrease in acetate and considerable increases in the
concentrations of propionate and butyrate. Two inevitro experiments were
also conducted by Robertson & Hovke, Linseed oil was incubated for 3 hr.
with ryegrass juice causing only small and varisble effects on acetate and
butyrate concentrations but slightly higher propionate concentrations than
those found in control incubations. Vhen linseed oil was incubated with
ryegrass fibre for 48hr,, the concentration of scetete was decreased vhile
propionate concentration ineressed. The concentration of butyrate vas
affected only slightly, Robertson & Havke considered that the incresse in
propionate must have been due to an effect of the lipid on carbohydrate



TABLE 1, The proportions of individual VFPA's in the rumen liquor of cattle fed rations conteining

added lipid.
Molar Percentage
Reference Retion Fed and Lipid Added Acotate Proplomate Butyrate Valersts

Shav & Ensor, 1959. Basal Diet 674 15.4 11.8 5.3
J. Dairy Sei.,42, 1238, » + 300ml. oleic acid 61,4 21.5 14,3 2.7
ds Dairy Sei,, 42, 1238, » 78.9 9.9 Te7 3.4
" + 300ml, linoleic aecid 52.2 29,9 14.0 3.8
. 1.1 14.1 12,5 149
" + 300ml, cod liver oil 5641 28,2 el 5.2
Elam & Davis, 1962, Basal Diet 54.7 2643 19.1 -
Js Anim, Sei., 21, 568. " + 8% erude soyabean oil 51.3 33.4 15.4 -
Nicholson gt, al, (1963), Basal Diet 60,5 21.8 14.7 3.0
Can, J. Anim, Sei., 43, 309. " + mo3 55.3 26,0 15.4 3.3

" $ "
+ 6&!!1. cod liver oil 4801 39.2 9.0 3:6

Cow A '
Nottle & Rook, 1963, Basal Diet 67.2 17.4 12.4 3.1
Prog, Nutr, Seg., 22, vii. . + 270g. linseed oil 66.6 18.4 12.0 3.0
" 4+ 270g. cod liver oil 64,5 20,8 11.4 3.4
" + 270g. beef tallow 69.7 16.4 11.4 2.6
Cov B

Basal Diet 66,6 18.1 12.3 3.0
" + 270g, linseed oil 67.0 18.5 1.1 3.4
. 4+ 270g. cod liver oil 60,3 23.8 12.2 3.7

» + 270‘. beef t&llw 68.4 17.0 1‘.8 300

1)
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digestion., Nottle & Rook (1963) found that the proportions of acetate and
propionate were not affected vhen linseed oil was added to a basal ration

for cattle.

When tallov was fed with deiry cow rations by Orth et al, (1966), total
ancetate initially increased and then tended to decline. Tallow added to the
rations of cattle by Nottle & Rook (1963) increased the rumen VFA proportions

of acetate with a complementary decrease in propiomate.

vhen linoleic acid was ingubmted in-vitro for 8 hr. with lucerne meal
by Satter et sl, (1967), the reduction in the acetateipropionste ratio which
occurred vas related to the amount of linoleic acid dispersed in the incubating
mediun, PFour different mixtures of fatty acids containing increasing levels
of unsaturated fatiy acids vere fed by Clarke & Roberts (1967) to fistulated
sheep, There wes little difference in acetate levels but propionate gradusliy
increased and butyrate gradually increased es dietary unsaturated fettiy acids

increcsed.

Brown et 81.(1962) found that although dietery fat had no effect on
rumen acetate or propionate it increased valerate and higher acids. Vvhen
coconut oil was added to concentrate mixtures by Moharmed et al, (1964) the
only effect vas a depression in the total butyrate and wvalerate contents of
the bovine rumen,

Vhen tallov and hydrolysed vegetable and animal fat (Esplin et al. 1963)
end cod liver oil (Beitz & Davis, 1964j and Broster et al. 1963) vere fed, the
proportions of the VFA's in the rumen vere unaliered.

A comparison of the rumen VPA proportions in the rumen liquor of cattle
fod retions containing various lipids is shown in Table 1,
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2. re rsion of vidual Volatile Patty Acids

The interconversion of VPA's vas suspected by James et al, (1956)

1

vho perfused (1-'4c)mpimto into a cov and iselated 40 - acetate,

n-butyrete and n-caproate from the udder end milk, Although Flavin et al.
(1956) stated that (1-' 'C)propienste could mot give rise to ' C-acetate,
Jomes gt al. (1956) Imov tist (1=' C) acetate could give rise to ' C-formate
in the rabbit, and so postulated that o similer loss of & methyl cerbon from
(1='%C)propionate could produce (1=''C) acetate, Leng & Brett (1966) using
& constant infusion technique with labelled VPA's, measured simultaneocusly
the production rates of acetate, propionate and butyrate in the runen of
sheep. Interconversions of ascetate or butyrate wvith propionate or vice versa
were small in extent, but conversion of butyrate to acetate accounted for
6~13~ of the acetate produced, while the conversion of acetate to butyrate
accounted for 40-50% of the butyrate produced. This vork also confirmed
that there wvas a correlation detveen production rates and concentrations of

the individusl acids in the rumen.

3. ZIropionate Metebolism

The two pathvays of propionate formation are the dicarboxylic seid or
randonised pathvay and the direct, reductive, non-randomised or acrylate
pathvay, asnd are readily differentisted on the basis of differences in the
distribution of “c in the propionate formed from position-labelled
substrates (Baldvin, 1963), Vhen '‘Ceglucose ves incubated to doterminme
the contribution of the two pathways to propienate, TO=100% vas labelled as
though propionate was formed via the rendomising pathway and 0-30% via the

non~rendomising pathway, The contribution of the cerylate pathwey increased
vith higher carbohydrate aveilability of the diet (Baldwin gt al,. 1963).
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Although in the past it was believed that insufficient propionate wes
produced in the rumen to meet the demcuds for gluconeogenesis, Leng et al, (1967)
found that vhen using “c-woplmtw, 45-62% of the glucose carbon arose from
propionate carbon and only 327 of the propionate produced in the rumen was
actually converted into glucose, Therefore, considerably more propionate was
produced in the rumen than required to synthetise all the glucose entering the
body pool. When Dergman et al. (1966) infused ' 'C-propionste into the veins
of sheep, about 50 of the propicnate was converted to glucose, and 407
synthetised to other compounds., They concluded that protein probably sccounts
for much of the gilucose requirements of the adult ruminants and that, depending
on the diet, propionate probably forms only 20-40% of the glucose,

4, Cellulgse mnstim

The digestion of cellulose has been used os o criterion for comparing
in-vitro fermentation systems; as one of many criteria for comparing the
digestibility of pasturesj and cellulose has been used to compare the importance
of individual micro-organisms in the rumen. LePevre & Kamstra (1960) found
that sheep and cettle rumen fluid, as inoculum in inwvitro systems, gave
similar cellulose digestion coefficients and 48hr. in-vitre fermentations
yielded cellulose digestion coefficients similar to the value obtained in-vive.

Cellulose digestion has also been measured inwvive (Davison & Voods, 1960
LePevre & Kemstra, 1960) and El-Shasly et al. 1961),

The amount of forage cellulose digested by rumen bacteria decreases
vith increasing maturity end lignification of the plant (Deherity & Johnson,
1961), coused by & physical barrier of lignin between the bacteria and the
cellulose, They alsc found that there appeared to be o basic difference
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betveen gresses and legumes in regard to the amount of cellulose vhiech could
be digested per given amount of lignin in the plant., Of the seven cellulolytic
strains of bacteria used by Dehority & Scott (1967), only three vere able %o
digest forage hemicelluloses. Two of the four straine of Ruminococcus
flavefaciens had o markedly reduced ability to digest cellulose from lucerne,

Porks et al, (1964) considered that the chemical components of ryegrass
vhich appeared to be moot clearly related to the intraruminal acid ratios were
soluble sugers, lignin end protein, As the level of soludble sugar and protein
in the ryegrass decreased and the level of lignin inecreased, the molar percent
of propionate in the rumen contents deeressed and that of acetate increased.
The proportion of scetate in the rumen of covs given cut grass indoors (Bath
& Rook, 1961) was inversely velated to the water soluble carbolydrate content

of the cut grass,

'Yhen celluleose is incubated with rumen ligquor or

e suspencion of micro-organisms, relatively more

propionate than scotate is formed. In contrast,

foeds containing large emounts of cellulese, such

a8, dried grass or vheaten hay, yield predouinently

scetate oo an ond product’, (Barnett & Redd, 1961),

vatter et al, (1976) realised that the observations by Bernett & Reid

would lend support to the suggestion that the nature of end products formed
from celiulose is partialiy dependent upon the nature of the accompanying
feed components, Vhen they incubated Mc-e-llnlou and HC-hollicollulosc
for 4 br, in either the presence of lucerne hay slone (H) or lucerne +

grain(1:2.5)(G), they obtained the foilowing resultsi=



Cellulose Hemioollulose
H G H G

Acetate 67,1 62.9 69.3 “o’

Molar
s Dutyrate 13.1 5.7 6.9 T4
Velerate 11 0.6 0.5 0.8
AcotatosPropionate 3.6 2.1 3.0 2.4

Acotate and proplonate accounted for over 90% of the VPA's produced
fren '“Ccagellulose or hemicellulese vhen fermented in-vitwe in the presence
of dried grass + hay, AcetatesPropionate ratios from cellulose and
hemicellulose were 1,7:1 and 2,431 respectively, considerably higher than
those obtained vhen cellulose or hemicellulose were fermented as a sole
substrote (Beth & Head, 1961), |
wvoa incubated in the rumen of a hay-fed cov for 6 hr, folloved by 4 mere

4cmcotton coliulose vithin o nylon bag

hours in incubation vessele, The wolar proportions of labelled VFA's

formed vervi=-
Distribution of tesel 'iC-VPA
Substrate Acetete(%)  Propiomate(®)  Butyrate(s)
(1='%c)ee11ulose 32.6 27.3 40,1
(2-'*c)collulone 36.6 28,9 34,5
(6="%C)ce11ulose 52,1 27,0 20,9

The results vere different vhen the ' ‘C-cotton vas incudsted in the
runen of o high-concentrate-~fed cov,

Studies Ly El«Shasly et al, (1961) indicated that the depression of
cellulose digestion by starch vas due primarily to competition between the
cellulolytic and amylolytic groupe of bacteris for mutrients, especially N,.



17

Vhen starch wvas added to an inwvitre rumen liquor medium frem sheep, by
Ichhponani & Sidhu (1966), there vas o reduction of digestibility of
cellulose linearly related to the amount of starch added (0,25- 1,5g./100ml,).
An incrense in urea progressively increased the digestion of cellulose,
Cellulose digestion vas similarly inhibited vhen sheep vere fed an

increasing proportion of corn in hay and corn retions, Partial or complete
slleviation of the inhibition of cellulose digestion could be obtained by
edding uree to the rotions except vhen large amounts of corn were fed
(El-Shazly et sl. 1961).

Bath & Heaed (1961) considered that absorption of the VFPA's takes place
through the rumen wall but the relative rates of absorption of the different
VPA's appears to be dependent upon the conditions within the yumen, They
reasoned that a Imovledge of the proportions of the VPA's in the rumen
contents at any given time does not necessarily indicate the proportions
in vhich they are fovmed, Hovever, more recently, the infusion of labelled
VPA's into the rumen of sheep by Dergmsn et al. (1965), and Veller et al,
(1967) shoved that the mixture of ascids finally produced in the rumen hed
& composition very similar to that of the mixture present in the rumen fluid.

An attompt wvas made by Bryant (1964) to obtain a clearer understanding
of the nature and magnitude of any stratification in the rumen of the
pasture-fod animal, and to select the most suitable site for obtaining a
ropresentative rumen liquor sample. This vas found to be either from the
centre of the ingeste or a composite from the dorsal, centre and ventral
vogions, This vas confirmed by Davey (1965). Leane ot al, (1968) had &
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system vhereby the entire ruminal contents were removed and after being
mixed, the contents were sampled by an automstic sampling device, Sutherland
8% al, (1962) used a pump thet could circulete the rumen contents of sheep,
wvith representative samples being easily withdrawn from the pump circuit,
One dravback of this methed wes the interferemce vwith the NH, concentration

of the rumen liquor,

YPA's of the Rumen Liquors VFA concentretion was higher in the dorsal region
of the runen in cattle than in the veantral region (Bryant, 1964 Davey, 1965;
Lampila, 19655 end Lane ot al. 1968), and the relative proportions of individual
acids did not vary vith sampling pesition (Bryant, 1964) and Lene et al, 1968).
Vhen using radicactive VPA's, Leng & Leonaxd (1965) had difficulty in sempling
because of a variation in specific activity between various sites in the rumen,
even after time had elapsed to allov complete mixing, The megnitude of the
differences in VPA concentration hetween positions within the rumen wvas
dependent on the sempling time during the day and on the day itself, A diuwmal
variation in ruminal VPA concentrations ocours in grasing sheep (Ulyatt & Leonard,
1965), Totel VFA concentration vas highest in the evening and lowest in the
morning and although changes in molar proportions vere not as marked, the
acetate proportion decressed and those of propionate and butyrate inoreased
vith an increase in VPA concentration, Davey (1965) noticed that VPA
concentration increased %o & peak 3«6 hr, after the start of feeding, this
peck being assoeciated vith the lowest acetatespropionate ratio,

Another problem in sampling was the differences in the activity of
runen ligquor samples cellected, Although collected on different days, they
vere collected at the same time of day and from the same animal on the same

dietory regime (Lempila, 1963).
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i of the Rumen Liquor: Ingesta in the dorsal region of a rumen has & lover
pH than the ingesta in the ventral region (Bryant, 19643 Davey, 1965; and
Lane ot al, 1968) Inconsistent pH lovels at the ventral and reticulum
positions noticed by Bryant (1964) were considered to be a result of
runination and consequent entry of increasing volumes of saliva into the
runen. The pH of the rumen contents was usually between 5.5 and 7.3

(Ray, 1963), Vithin the normal range, the pH depended principally on the
balance achieved betwveen production and absorption of VPA's and the buffering
povers of the rumen contents, Fatty acid concentration end buffering pover
varied independently so that a clear correlation between pH and the concen~
tration of VPA's vas seldom seen. Short term fermentations with whole rumen
contents from cows, vhen on different diets, shoved that although VFA formation
vas most rapid at pH 6.5 and microbiel protein formetion greatest at pH 6.3,
it varied with carbohydrate and ammonia levels (Lampila, 1965), pH remained
between 6~7 wvith only smell variations in different parts of the rumen when
cows vere fed hay or mainly hay diets. Vhen more carbohydrate was fed the
average pH foll and variations within the rumen increased,

The main adventage of in-vitro apperatus is the ability to use it to
study sctivity of micro-orgnnisms avay from the contrel and influence imposed
by the host animal, Several criteria of normal rumen functions which can be
applied to fn-vitre studies with the vhole rumen microbial populetion includes
the maintenance of numbers and normal appearance of the bacteria, selenomonads
and protozoa of the rumenj the maintenance of normal rates of digestion of
cellulose, starch and protein and of normal interactions between thesej and
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the ability to predict quantitative results in-vive (Verner, 1956; and Bryant,
1964). Johnsomn (1966) considered it desireble to setisfy as meny criteris of
validity ae possible, and any eriteria sacrificedmust be kept in mind vhen
interpreting the results,

Por the microbial population o remain normal in numbers and activity
in-vitro, it wves shown to be necessary to use as test substrates only
substances similar to the diet fed to the animal from vhich the rumen liquor
inoculum vas taken (Varner, 1956). Motility of micro-organisms appeared to
be a sensitive criterion of normal rumen funetion, but care was exercised to
ensure maintenance of temperature and anaerobiosis of the specimen during
examination,

The rate of digestion of the cellulosic contents of the rumen as
ordinarily measured might be very different from the rate of digestion of
cellulose nevly introduced into an ertificial system. Since it is preactically
essential to strain the rumen liquor for use inw-vitre, some diminution of the
rate of digestion of eellulose ocours, since many of the cellulelytic
micro-organisms would remein ettached to the large plant particles removed

in streining (Lene et. al. 1968).

Yo major differences were found by Johmson (1966) between the closed
and continuous flov systems of inwvitre apparatus vhen cellulose digestion,
umvnmn,mmuuumm«um-amw.
The rate of flov from the continuous flov apparetus hed no marked effect on
cellulose digestion and microscopic examination of the bacteria showed little
difference between the systems after 30hr, Disadventages of the continuous
flov system was its complexity and the inability to perform large numbers of
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experiments with it vhile the sll-glass system wvas advantageous because of
its simplicity and ease of duplication (El~Shazly ot. al. 19603 end Johnson,
1966), The closed systems are subject to eriticism as to vhether the micro-
organisms being propagated vere truly typical of rumen populations in the
intact animal, The organisms proliferating in-vitre could be transient
contaminants from the soil and feed, or may be one normally occurring in
the rumen in small numbers vhich proliferates preferentially in the in-vitre
medium (Dehority, 1963). The invariable elimination of protosoca from the
population is another criticism of closed systems,

Love gt al, (1949) compared the all-glass and semi-permeable bag
systems, The differences in cellulose digestion in favour of the semi-~permeable
bag vere thought to be due only to an inhibitory influence of fission products
ascounulating in the glass bottles, Acetate and propionate were found in the
same proportions irrespective of vhich apparatus the fermentation was carried
out in, Less VPA/g. of cellulose digested was formed in the semi-permeable

bag then in the glass bottle,

Normally in-vitro fermentations ere initially gussed with CO, and N,
to procure an anasercbic environment., Boda & Johmns (1962), hovever, carried

out fermentations in the presence of (‘.'2 wvithout materially affecting results,

Reriod of In-vitre Permentatien

The time period of fermentation for in-vitro rumen studies is entirely
the function of the study itself, Cellulose digestion is not only initiated
after a longer period of incubation, but usually at a slover wate than
digestion of more soluble carbohydrates while digestion of native forage
celluloses is initiated at a much earlier time (Johnson, 1966). In experiments
using & cellulose dislysis sac (El-Shazly et al, 1960), the sac could not be



used for periods longer than 3Chr, since it weakenmed around the rubber
stopper, due to bacterial attack, Marston (1948) fermented cellulose
Anwvitre for either 24, 26, 36 or 48hr. and found thaet maximum VFA
production had occurred by 36hr, Cellulose digestion in twenty-four
fermentations vas belov that obtained inwvive after a 24hr, ineubation,

but as mentioned previously LePevre & Kamstre (1960) noticed that the 48hr,
fermentations yielded cellulese digestion coefficients similar to values
obtained inwvive, The object of vork by Karm et sl. (1967) vas to determine
if the rate of cellulose digestion between tvo fermentation time intervals
wvas & better predication of forage nutritive value than the cellulose
digestion value obtained after o specific fermentation time. Results
indicated that rates of cellulose digestion were not more highly correlated
with inevive date then o single cellulose digestion figure obitained at a
given fermentetion time.

O timm pil for In-vitro Pernentations

Most of the rumen microbial activity occurs at an optimum rate betwveen
a pil range of 6,5 = 7.0, Rumen bacteriez seem to be somevhat more sensitive
to pH levels above than belov 7.0. The necessity for adjusting pH in inwvitre
experiments depends largely upon the rate, extent and type of fermentation,

1.0,y cellulose digestion seid preduction cccurs at a much slover rate than
during starch digestion (Johnsen, 1966).

Temperature should be stendardised, since differences of as little as
0.5°C have invalidated comparisons between individual fermentations, Care
should be taken to prevent the temperature from rising over 40°C during all
phases of fermentation (Johnson, 1966).



In soue ceses it suffices merely to remove the inwvilro bottles frem
a vaterbath and vefrigerate them. For more exact timing of the termination
of fermentations, acids, alcohols, and mecuric chloride have been added.
Acids have the disadvantage of releesing CO,, vhich may create sufficient

fouming 40 coat the sides of vessels vwith portions of the substrate material
{Johnson, 1966).
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OBJECT OF THE PRESENT WORK

The present wvork was undertaken to investigate the effect of
additional lipid on the fermentation of grass fibre by rumen micro-organisas,
To enable a series of experiments to be conducted under similar conditions,

inmvitro equipment vas used.

Prelininary experiments were conducted to confirm that the effect of
lipid on VPA's vas to decrease acetate and increase propionate concentrations,
a8 found by Robertson & Hawke (1964) vhen they incubated linseed oil with
grass fibre in rumen liquor. Subsequent investigations extonded the
preliminary experiments with a vide range of lipid levels (0.2 - 3.0g./100ml,
rumen liquor) and a number of different lipids (peamut, cod liver and linseed
oils)., These experiments involved the use of impermeable apparatus and
enabled the effect of lipid on total and individual VFPA's to be further
documented.,

Inwvitro experiments, using micro-artificial rumens comteining rumen
liquor and gress fibre and diffused vith continuous flovs of clarified
rumen liquor(dialysate), were conducted in an attempt to measure and compare
the rates of total VFA, acetate, propiomate and butyrate production in the
prosence and sbsence of added lipid. ' C-cellulose wvas used o extend these

investigations.

Mc-ullulmmnlumdhnwbnﬂlilt.ﬁmﬁ
the increased propionate production vhich occurred vhen lipid wvas added to
rumen liquor conteining grass fibre.



Since almost all the vork reported on the fermentation of glyecerol
has shown that the prodominant VFA formed is propionate, (2-''C)glycerol
wvas incubated in rumen liquor ‘o substantiate this former wvork and determine
the importance of the contribution of the glycorol moiety of triglycerides
to the propionate formed, under the conditions of the present experiment.

The effeet of lipid on the concentrations of ammonia in rumen liquor
wvas also investigated, ammonia being another end product of rumen fermentations
affected by the addition of lipid.



MATERIALS AND METHODS

Trectument of Animals

Non-=lactating, monezygous twin covs (AA x Jerseyj and later Jersey)
each with a rumen fistula vere the main source of rumen liquor. They wvere
fod twice daily (7.00 a.m, and 3,00 p.n.) with 101b. of good meadow hay
either on a concrete pad or in a holding yard with no access to fresh
pasture., VWater ves available ad libitum., Peeding of this diet started
at least two weeks before initial sampling.

Rumen liquor semples vere extracted, after withholding food
overnight, from the mid-region of the rumen as suggested by Bryant, 19643
and Davey 1965, and strained through several layers of muslin into e
thermos flask previously varmed to 40°c. Since rumen ligquor from cattle
and sheep is interchangeable if similer rations are fed (LePevre & Kamstra,
1960), rumen liquor waa also obtained from hay-fed fistulated Romney
wvethers using the same feeding regime and sampling technique as for the cows,

Clarifi Liguor (Dialysate

Large quantities (10=20 litres) of rumen liquor were collected from
both cows and strained through wuslin, PFibrous material was returned to
the rumen. The strained rumen liquor wes centrifuged in an Alfu-laval
Cream Seperator (Model 105) opereting at approximately 8200 r.p.m. The
supernatent ves recentrifuged twice and this removed the heavier particular
material from the rumen liquor, The rumen liquor obtained from the above
treatuent wvas siphoned into s Sharple's Super Centrifuge and centrifuged
at 57,000-75,000g, using a Type 8R 34 standard bovl, This was repeated on
the supernatent using a Type 24B (Virus) bowl,
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The fluids coliected, from both the main outlet tap and the overflow
tap, vere equally clarified and vere clearer than samples obtained by using
the method of Dawson, Vard & Scott, 1964, The clarified rumen liquor was

stored in a refrigerstor (9°C) until used.

Gress Fibre
3" = 6" Ariki ryegrass (1T¥ dry matter) was collected in the autumn

and passed through a Bentzll *'Protess' extraction plant. The resultant

grass fibre wvas washed with hot tap water snd left to soak for 2 hr.

This washing procedure was repeated before squeezing the fibre dry between
leyers of muslin and drying in a freeze-drier for 24hr, 380g, of freeze-dried
fibre was obtained from 1150g. of fresh grass, The freeze-dried fibre,
enclosed in a plastic bag, was frozen (~9°C) until required, The same

fibre (24,97 dry matter) was used for all the experiments. Dry matter

vas deternined by drying o grass fibre sample at 100°C for 24hr, in &

forced-draught oven.

Substrates

Rav linseed oil, cod liver oil and peanut oil were used as substrates
in the in-vitro incubstions. The oils were sdded as oil/water emulsions
(50150 w/v) with 1% Lissapol N.X, (Imperiel Chemical Industries Ltd,) as

enulsifying agent, The emulsions vere prepared by shaking end were stable,

Artifical Saliva

Artificial saliva (30ml,/100ml, rumen liquor) was used in all
the in-vitro experiments using the impermeable apparatus. The artificial
saliw (McDougall, 1948) was a bicarbonate-phosphate buffer of pH 7.0.
The buffer vas made by dissolving the NaCl,KC1,CaCl, (anhydrous), MgCl,
(anhydrous), and um, in an appropriate volume of distilled vater and
by edding o solution of Nal, PO, .21,0 until pi 7.0 vas obtained using &



Radiometer 25 pH meter, The phosphate buffer was storved in a refrigerator (9°C).

%mtgﬂ Materials

Radioactive compounds used vere Ly

C~tobacco leaf residues (Ho-colluleu
+eonot unifornly labelled) (Specific sctivity = 28,0 yio./ng.) and (2-'*C)glycerol
(Speeific activity = 8.0me,/mwmole), both obtained from The Radiochemicel Centre,
Amorsham, England,

Preparation: The 1cucellulose vas in o povder form end vhen required
ves veighed in small (Yem,) glass or polypropylene viels. The (2-'40)313«3'01
vas dissolved into 10ml, of distilled water (50)10./1&1-). Of this stock
solution inl. conteining 5 pe. ves diluted by snother 10ml, of distilled vater
(0,35 pe./ul,), Both compounds vere stored in s vefrigerator (-2°C) umtil
roquired,

lzpernseble Apparatus

When gas production was messured (preliminary experiment) one pint
glass bottles fitted vith rubber stoppers vere used as incubation vessels,
Pressure hosing comnected the six manometers to one of the leads through
the stoppers, vhile the second lead was fitted with a valve alloving the
addition of oil emmlsion, and secidification of the acontents. All the
bottles were held in 2 shoker rack immersed in a waterbath vhich was
maintained at ¢ tempereture of 39°c % 1%,

Vhen gas production was not measured 130ml, glass bottles, with
rubber stoppers and bunsen valves attached, were used. In experiments
containing many treatments a five litre gless flask ves used to emable
quick preparation of the incubation vessels, ll2 vas blowvn into the
stoppered flask end through the rumen liquor/buffer mixture (10,3) it

contained, to emable thorough mixing, to create anaerobie conditions, end



by pressurising the flask, filling incubation vessels repidly with the

roquired volume of solution.

A modification of this experimental procedure wes made in oxperiments
containing V0-cellnlose to permit ocollection of Mco2 in ‘Hysmine’ hydroxide
(British Drug louse, Foole, inglend). Incubation vessels werc gessed with
N:_? prior to the experiment to ensure anserobic conditions and ot the completion
14

€O, into the 'Hyamine' hydroxide.

of the experimont to oxpel all the 2

Semi-permesble Apperatus

The three micro-artificial rumens used vere based on the apparctus
deseribed by Dawson, Vard & Scott, 1964 (Pig. 1.). The apparatus vas
imnersod in a thermostatically controlled vaterbath (39°C) throughout the

entire incubation period.

The clarified rumen liquor wes gravity=fed from o reserveir (an
inverted 2 litre conieal flask), the rate of infusion being cdjusted to

about 40ml./hr. The flow of N, through the epparatus is shown in Fig. 1.

Problems vith the semi-permeable apparactus vere experienmced. Frothing
of rumen liquor invariably occurred once gessing commenced causing rumen
liquor to spill over into the dislysate and tended to 1ift the granss fibre
and lipid to the top of the rumen liquor. Lov gas flov retes reduced
frothing and further improvement wvas obteined by attaching e ges distribution
bulb, contoining four small holes, to the end of the glass tubing in the
dialysis sac vhich diminished the size of the gas bubbles and the amount of
frothing, Nevertheless, the problem was never completely solved in the
artificial rumens, with frothing liable to oceur up to 12hr. from the start
of incubation,



FIG. 1. THE MICRO=-ARTIFICIAL RUMEN, (Dawson, ¥Ward & Scott, 1964).
A. Lerge gloss jar. B. Tied-off diclysis sac connected to s
gless tube (C) by = rubber band. D. Glass tube through vhich
substirate wes introduced into the dialysis sac. L. BHeservoir
containing clarified rumen liquor (Dialysate). F. !ntrance tube
for N, pes. G. Unirance tube for dislysete. H. Gas distribution
bulb, I, Ixit tube for N2 gas and dialysete., J. 100ml, messuring
eylinder containing collected dialysate.

Arrovs denote the flov of N, gas end/or dialysate through
the apparatus.
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Due to microbial atteck (Verner, 1956) El-Shazly et al., 1960), the
cellulosic meubrane of the dialysis sacs partially disintegruoted vhen
incubated for 48hr, end oven after 24hr. extreme care had to be taken
vhen handling them,

In the initial experiments 50zl, of rumen liguor was added to the
dislysis rac (36om. diometer), but the rumen liquor volume was incressed to
100m1, (dialysis sec 65mm, diemeter) in lotter esperiments to enable larger
amounts of VFA's to be produced and therefore morve readily detected.

Apslyticnl Methods
Ges Produstion

Gas production was measured by displagenent of water from large
nonometers (260ml.) which were attached to the in-vitre bottles by rubber
pressure hosing. If gus production exceeded the capacity of ithe menometers,
gaz could be relessed vie o valve after readings had been recorded.

Acidification of rumen liquor emabled more exact timing of the period of
fermentetion (Johnson, 1966).

Ammonisz in rumen samples was determined by the method of Conway &
O'Malley (1942), 1ml, of boric acid (0.5¢ in 20% aleohol, containing o
mixed indicator of bromocresol green 0,337 snd methyl red 0,066% in aleohol)
wvas pipetted into the centre chanmber of & Conway dish, In the outer chamber
iml, of saturated potassium carbonate vas pipetted to one side while Imi, of
rumen liquor was sccurately pipetted on the other side of the dish, A glass
cover-slip was placed upon each Conwey dish and sealed with gum acecin
fizative, The dish was slovly swvirled to completely mix the rumen liquer
and potassium earbonate, Triplicate rumen samples were analysed foy m,
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concentrations by titrating the boric acid mixture with 0,05N AC1 following
an incubation of 2 hr, at room temperature,

solation and Dete tion of the VPA's in FPlui

Total volatile fetty acids (VPA's) vere isolated from rumen fluids
by steam distillction in & manner similar to Johns(1955), but with some
modifications, Total VFA's were determined in Sml, of rumen contents by
baving 1 ml, of 10N.H,50,, saturated with MgsO,, added to it followed by
stean distillation in the Merkham still for not less than 12min,
(Quantitative recovery of the acids wvas obtained by collecting TOml,
distillates in 20ml, of CO,~free distilled vater, Collection of & further
T0ml, distillate to serve as a blank was initislly only collected at regular
intervais during o series of distilletions, but later on they were collected
for each rumen sample. The distillate wns titrated vith standardised NaOH
solution, in the vieinity of 0,05N., with phenolphthalein as indiecator.
Aftor quantitetive annlysis, an excess of 0,05N.NalH wves added to each
semple before evaporating to dryness in either o forced-dreught oven (80-100°C),
on & boiling waterbath, or in a rotary evaporator,

NeCH Stendardisation: The NeOH used for titration was standerdised each

day using approximately 0.05g. of potassium hydrogen phthalate dissolved
in 90mi, of coz-fm distilled vater with phenolphthalein as indicator.

Difficulties with reproducing
titration results led to o small investigetion inte the best method of

distillation and titration (see Table 2). The figures in Table 2 are the
mean values of three determinations,
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TABLE, 2, A comparison between the importance of placing ice around e
conical flask during the collection of the distillate;
colleeting the distillete in 20ml, of 002-!!'00 distilled
water; and bubbling 002-!."0 air through the distillate

prior to titration.

Method Titration (ml. NeOH)
Ice, !!20 10.94
Ice, HZO and Bubbling 10,15
H,0, Bubbling 10,11
Bubbling 9.86

Besides the normal procedure of bubbling G)z-tm air through the
distillate prior to titration, it wvas found advissble to collect the
distiilate in at least 20ml, of coz-tm distilled water., The presence
of ice appeared to be of no importance, This technique of using 002-!1'00
distilled water eliminated variation wvithin-stills but large between-still
variations persisted end were especially large vhen distilling clarified

rusen liquor. In latter experiments only one Markbam still was used,

Individual Volstile Petty Aeids
Preperation and Storage: Tvo separate distillates from 5 ml, samples of
rumen liquor were combined end evaporated to dryness., A small volume of

distilled water wvas used to transfor sodiun salts of the VFA's into & small
vial and the sample was evaporated to drynese, The stoppered vials vere
stored in a refrigerator until required.

In preparation for separation into individual VPA's, 0.2ml, of
distilled vater was added to each vial and thoroughly mixed with an Adams



Cyclo-dMixer (CIW Inc. H.I-).

Ges-Liquid Chrometography wsing the Titrimetric Method (Jemes and Mortin)

The proportions of ascetic, propionic and butyric acids in the sodium
salts vere determined, after acidification, by gas-liquid chromatography
(James & Martin, 1952)., n- & isowvaleric acid was not determined,

The column was pocked with 1%% polytihylone glyeol adipate (PEGA)
(Applied Science Laboratories Inc., State College, Pa.) liquid phase on
Celite 545 (Koch~Light Laboratories Lid,, Bucks, England) as solid support
and held in a vapour jacket at 137°C in boiling methyl cellosclve (Shell
Methyl Oxitol).

1 tiont Initislly the packed colwms did not resolve the VFA's
satisfactorily, but suitable columns were obtained by combining the techniques
of Jemes & Martin (1952), Youssef & Allan (1966), and Storry & Millard (1965).
Celite 543 was initially sizeegraded (James & Martin) and then heated at
400°C for 6 hr., alloved to cool, then vashed with conc, HC1 for 15min, to
remove Pe and other basic impurities. After repeated washing wvith boiling
and then cold distilled wvater to remove HCl, the Celite was finally rinsed
in 0.75% v/v orthophosphoric acid snd dried overnight at 105°C,

The Colite was thovoughly mixed vith YEGA (dissolved in CHCL,)
(83115 v/v), and the CHCl, vas then evaporated slovly sccompenied by
continuous stirring until visibly dry and the mixture completely dried at
100°C in en oven overnight., The coluan materisl wvas packed into the
4' x 3" glass colwm using & Vidbro~tool (Burgess Products Co. Ltd., England)

to assist consolidation, lz

the normal running pressure, and the column vibrated again or tepped lightly
on the floor. Finally a 1" long plug of fibre glass yarn vas placed in the

was pessed through the column & little above
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column, This plug wvas changed approxzimetely overy %0 analyses. The packed
colwm wes conditioned st 137°C for 60hr. and operated at 137°C with the
nitrogen presaure between 9u121b, /40>

Colum Opervotions The VFA salis vere transferred to the chromatography
colusn by taking them up into & hypodermie syringe (5-10ml,), Fither

one or two drope (0.01-0,03nl,) of the agueous solution were added to a
Teflon boat containing the socidificntion material, o mizture of Celite end
K50, (50430 w/w)e The Teflon boat was rapidly pushed into the colwam and
the Kg reicased, The titretion cell wes filled wvith phenol red indicator
(0.00%% w/v in distilled water), Titretion was vith 0,02-0.05N, HNeOH,

the former generally being more applicable for VPA's from rumen liquor,
Complete separations of acetate, proplonate and butyrate usually took
40-50nin, Normally, duplicates of each ssmple were anslysed but if duplicates
vere omitied o standard VPA somple was used afier every sixth separation to

check the efficiongy of the coluwmn.

In sddition to using a gas-liquid chromstograph fitted with an
asutomatic titrator, the proportions of scobtie, propioniec, iso-butyric,
nebutywrio, isowvaleric and nevaleric were determined using tvo models of
Varian ievograph (1520 end 1200). The former was equipped with both a flame
fonisation detector (P.I.D.) and o thermel conduetivity detector (T7.C.D.).
The latter hod only & P,I.D. but, unlike the former, hod no strean splitter.
'2 or nz wore weed as corrier gases,

The fumnel conting method (MeNair & Bonelli, 1966) to prepare the
various columns was used, Sg. of support vas sufficient for any one column
and ves added to 29ml. of the ligquid phose solution in o Buchner flask.



The pressure in the flask was reduced for o fev minutes with a water
aspirator, The pressure wae then released and tho flask allowed to stand
for 15min, The material vue then put into a sintered glass funnel end
alloved to drein freely until it settled, A vaouun wes ppplied for Sumin,
before the coeted support was spread on filter paper to dry. After air
drying, the coated support vas dried in o foreed-draught oven (80-100°C)
overnight, Vhen coating with phosphoric acid vas required the coated
support vas mixed vith the appropriste phosphoric acid/aqueous solution
and the water slovly removed with a rotary evaporator, The support vas
then dried in o forced-drsught oven overnight,

The columns vere packed by plugging one end with glass fibre,
inserting the same end on to & wuter aspirator and vith the aid of a
funnel attached to the other end, the coated support wvas sucked into the
8' x |" coiled stainless steel columms or alternatively 7' x {" coiled
glass colums, using an electric vibwator (Vibro-tool) to ensure firm,
even packing, Pinally gless wool wvas used to plug the other end also.
Colums were elso packed under positive ges pressures of about Mlh./l.ne
Most columns were conditioned for 12-24hr, et 100°C higher than ot which the
columns vere used., A lov carvier gos flov vas streamed through the columns
during conditioning,

Materials used: PEGA (Applied Seience Laboretories Imc., State College, Pu.)y
and Anakrom 50/60-AS (Analabs Incorporated).

Solums Prepareds T PBGA-Anakrom 50/60) snd T PEGA + 1% H PO -Anskron 30/60,

Bmuthnut“o-'n'n with the titrimetric apparetus required o
fov medifications from that of non-rediocsctive seperations, The contents of
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the titration cell were removed after each fotty acid had emerged, to give
semples of Na salts of the acid contaminated with phenol red indicstor.

Ges flov was decreased to give greater retention times and thus allov more
time for removal of acids, replenishment of indicetor solution, and pemmit
adequate wvashing. The apperatus wsed to remove tho acids from the titration
cell consisted of a Buchney flask fitted with a bung through vhich passed
tvo leads, one fitted with a Pasteur pipette, the other with a Griffin
pipette filler, The titretion cell contents were mixed vith oxcess NeOH
vhen taken up inteo a2 Buchner flask, trensferred into beakers and evaporated
to dryness, OSeperate apparetus vas used for each of the three VPA's collected
(acetate, propionate and butyrete), the apparatus being well cleaned between

semples,

After evaporation of the salts of each acid to dryness, 6ul, of
distilled vater vas added and o Sml, somple taken for steam distillation
in order to remove the phenol red colouration, The distillates vere collected
in five tines the NaOH required to neutrelise the VPA's presemt. The colourless
distillates vere eveporated to dryness, and the salts taken up in an eppropriate
volume of distilled water for determination of radicectivity.

oh_ 1520

A ‘OP. nicro-asyringe (Hamilton Co, Ltd,, Vhittier, California) was
used to injeot aliquots of the VFPA samples on to the colum,

The strean splitter on the 1520 Varien Aevograph allowed collectien
of individual free volatile fatty scids in collection tubes packed with
siliconised glass Pibwe vhich ves moistened with toluene seintilletion fluid,
Aftor cach scid hed pessed through the P.I.D, or 7.C.D. the collection tube
ves replaced by another collection tube in readiness for the next aeid,
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The collection tube was then eluted with 10ml, of the toluene scintillation
fluid directly inte counting vials,

Mossurenent of Radiosctivity

411 radiosctive semples vere counted using o Poclhard Tri-Corb liquid
seintillation counter. Counting efficiency vas detemmined uaing “MM
and 14C-hlmdecanem used as en internal standard vhen guenching was suspected.

10ml, of Dray's scintilliation solution (60g. naphthalene, 4g. 2,5
diphenyloxazole (FPO), Oe2ge 1,4=bisw=2e(S=phenyloxasoyl)bensene (PCPOP),
100ml, mothanol, 20ml, ethylene glycol mede up to one litre vith dioxane)
vas added to counting vials conteining sodium salts of VPA's, 10ml, of
toluene scintillation solution (0,67 PFO and 0,09% POPOP) was used when
doternining the redicsctivity of free VFA's and CO,-absorbing ‘iyamine'
hydroxide,

i Readdngs

e pH meter (Radiometer, Copenhagen) vas used to determine the pil of

rumen liquor semples,

Statistical Metheds

A munbey of separate experiments vere carried out in this study. The
experiments designed for statistical analysis vere of a factorial mature,
carried out in duplicate and initinlly anclysed by en analysis of variance
(Snedecor & Cochwan, 1967), The significance of differences betveen
duplicate experiments, lipid treatments, times of incubstion, grass fibwe
lmhnﬂﬁnndmm.tumll@u)ﬂ,mwu
individual VPA concentrations vere determined, The difference between
paivs of moans requived (D walue weguired) for 5% significeance vas calculated



from tables provided Ly Joyce M. May (1952) of the Studentized Range

(0 =max, — Tmin,)/S¥) by the formula D = Q) o5+ OX(Snedecor & Cochren,
1967). The Studentized Range test is a more conservative test for significance
than the least significant difference (LSD) test, requiring & larger difference
for significance, The LSD test was used hovever to detect significance at

the 10% level,

Since percentages are not normally distributed, the analysis of the
proportional distribution of 'IC ameng the individual VPA's in onme of the
experinents using '‘Ccellulose, vas done by trensforming the proportiens
into angles (engle = arcein,/percentage ). (Bliss, 1937, as reproduced in
Snedecor & Cochran, 1967).



1.

EXPERIMENTAL AND RESULTS

Preliminary experiments

Tvo experiments (denoted (i) and(ii) were conducted to
re-investignte the experiment by Robertsom & Hawke (1964); they studied
the fermentation preducts formed vhen grass fibre was incubated with
rumen liquor in the presence or absence of added lipid. The design
of the two experiments is shown in Table 3. HManometers were comnected
TABLE 3. Design of the preliminary experiments to investigate the

effect of lipid on the VPA and ammonis production of rumen
liquor conteining grass fibre within impermesble apparatus.

Rumen Thosphate Grass Linseed oil Distilled Incubation

Sample Liguor(ml,) Buffer(ml.) Fibre Epulsion HZO (ml.) Time(hr.)
(g.) (ml.)

Blank 100 30 - Y ) 0

" " - = 2 48
Control L n 1 - 2 12

» 5 1 - 2 24

" " 1 - 2 48
Experimental " " 1 4 - 12

n n 1 4 - 24

” " 1 4 - 48

1o all bottles except in the cese of the two 24hr, samples. The
fermentations vere stopped by the addition of 4ml. of 10N, B.‘,So‘uul
analyses of gas, cmmonis, and total and individual wvoletile fatty acid

(VPA) formation were carried out on each sample.
1.1 Gas tion

Gas production from rumen liquor containing grass fibre was twice
that of endogenous fermentation (Table 4). Rates of gas production appeared
to be faster in the presence of lipid at 12hr,, slthough at 43hr, the total

ges production was enly slightly higher for the somples containing lipid.



TABLE 4, Gas, asmonia, and total VPA production from rumen liquor(100ml,) incubated with linseed oil
and grass fibre,

Incubation riment (4 Experiment (ii)
Time(hr.)  B* o Bose B T E
0 32 32 32 112 112 112
Gas Production(ml,) 12 - 175 191 - 188 219
24 - - " " - -
48 160 275 287 126 254 256
0 7.82 7.82 7.82 9.10 9,10 9.10
Ammenia muﬂ(u%/‘m-) 12 - 18.96 19.64 - 17.85 21.99
24 - 27.46  26.16 - 25,76  24.75
48 29,24  41.65  38.85 23,12 33.32 28,39
0 84,6 84,6 84.6 98,4 98,4 98.4
Total Volatile Fatty Aeid 12 - 18.2  123.5 " 139.5  132.8
Production(n-mole/l.) 24 " 141.3  143.1 - 151.6  161.8
48 11241 160,8  170.3 110,6  190,0  190.4

B® Blank; rumen liguor only.
(L Controly rumen liguor + grass fibre(1.0g.).
E***  Experimentalj rumes liquor + grass fibre(1.0g.) + linseed 0il(2.0z.).

Gas production figures underiined denote some losses,

W



1.2 Ammeonis mﬁan

In both experiments ammonis production was highest in the presence
of 1lipid after 12hr. but lower after 24 and 48hr. (Table 4). Endogenous
asmonia production after 48hr. was two~thirds of that produced in samples
conteining lipid and grass fibre.

1.3 Total and individuel VFA production

In experiment (i) total VPA production was consistently higher in
the presence of lipid vheress, in experiment (ii), the comtrol sample
had produced mere VFA by 12hr, (Table 4). This position had reversed by
24hr., slthough by 48hr. VPA production was approximately the same for
both control and added lipid samples in experiment (ii). In experiment (i),
407 of the VPA production could be attributed to endogenous fermentation
in the control and added lipid samples after 48hr. This contribution was

only 12% in experiment (ii).

In experiment (i), at 48hr. acetete production was higher in the
presence of lipid than when fibre was incubated alone, However, this
was reversed in experiment (ii) (Table 5). Im both experiments propionate
and butyrate production wvas highest after 48hr. in the presemce of lipid,
with the inerease in propionate and butyrate in experiment (ii) being
comparable to the decrease in acetate production. Experimental ervor
most likely accounts for the lov propionate production at 12hr. in
experiment (ii). Veriations in the concentrations of the individual
VFA's (scetate, propiomate and butyrate) under the different trestments
end times of incubation sre shown graphieally in Pig. 2.
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TABLE 5. Concentrations of acetic, propionic and butyric acids(m-mole/l,) formed on incubation of
rumen liguor(100ml,) with linseed oil and grass fibre.

Incubation Experiment (1) Experiment (ii)
Time (hr,) B* e Bows B E

0 61,39 61,39 61,39 73.40 73.40 73,40

Acetate Production
24 - 101.10 101,17 - 105.30 112,18
48 80,38 112,24 118,95 7.7 135.45 127.28
0 14,76 14,76 14.76 15,98 15.98 15.98
12 - 21,76 21,65 - 13.95 13.28
Propionate Production
24 - 25-90 nom - 2’.05 32.”
48 19.61 31.74 33.84 22,09 35.28 40,48
0 B.45 8.45 8.45 9,02 9.02 9.02
12 B 13.30 13,28 - 15.29 15.29
Butyrete Production
48 12,12 16.82 17.51 11.81 19.27 22,64

B* Blank; rumen liquor omly.
Cnx Controlsy rumen liquor + grass fibre(1,0g.).
E*¢s  Experimentalj rumen liquor + grass fibre(1.0g.) + linseed 0i1(2.0g.).



45

2. Effect of different amounts of lipid substrate on tota! and individual
VFA production and ammonia production from grass fibre incubated in
rumen liquor for 24, 36, 48 or 72hr.

The design of the experiment is shown in Table 6. After incubation

TABLE 6. Design of the experiment to determine the effect of different
levels of lipid substrate on VFA and ammonia production from
grass fibre incubated in rumen liquor for 24, 36, 48 or 72hr.

Rumen Fhosphate Grass Linseed 0il Incubation Distilled
Sample Liquor Buffer FPibre Fmulsion Time(hr) Hzﬂ(al.)
(nl-) ('1.) (g-) (ﬂlo)

2323 " . - - 24 "
Blank 3324 » " - - 36 .
4'25 " " =l - 48 "
5;26 e s - - 72 "
6327 ¥ - 0.5 - 24 1.0
Control 728 ) ) ! - 36 !
8!29 " " Lo - 48 "
9'30 " " L] = 72 L]
10331 o " o 1.0 24 0.5
Experimental 11332 ! £ ' i 36 !
(1g.lipid/100ml.) 12333 » " " " 48 .
13;34 L " " L] 72 "
14335 N - . 2.0 24 -
Experimental 15536 ) 5 : ! 36 =
(2g.1ipid/100m1,) 16837 " ) ) ) % =
‘1'” " " " " 72 s
18.39 . i » 3.0 24 1.5
Exp. t‘l 19'40 " L] L ” 36 -
(3g.1ipid/100ml.) 20341 " " " " 48 "
21 “2 " L n " 72 "

each sample was centrifuged for 10min. at 1000-2000r.p.m. to precipitate the
undigested fibre. The total VFA, individual VPA, and ammonia concentrations
were measured in the supernatent.



2.1 Total VPA production
The overall effect of lipid was to decrease the production of total

VPA (PL0.05). Vhen the means for each lipid level were compared only
the difference between no lipid and 1.0g. of lipid was significant

(Table 7, Appendix 1a).

TABLE 7. Effect of lipid and time of incubation on the formation of
total VPA(m-mole/l.) in rumen liquor(50ml.) incubated with

grass fibre(0.5g). (Mean values).

Lipid Added(g./100m1.) ,, TEE O INCUBMTECN(hr.) - m of Bte.
Means (P<L0.05)
0 90.05 100,15 104,90 109.65 101,19
; 86.30  96.90 101,90 105.55 97.66 10
2 88.00 96.85 101.30 111,40 99.39
3 87.80  95.95 105.35 108,60 99.43

Incubation Time Means 88,04 97.46 103.36 108.80 X = 99.42

Significance of 2436, 36<£48, 48<L72.
diffs. (P<L0,05) 48 & 72. & T2.

S.E. per fermentation bottles meen = £ 2,19 m-mole/l.

Total VFA production incressed with increasing time of incubation,
irrespective of lipid treatment, with total VPA production at all incubation
times differing significantly (P<0.01), There vere no significant
interactions between lipid levels and incubation times,

The addition of 0,5g. of grass fibre to incubations increased total
VPA production (P<0,01) (Appendix 1b & 6a).



2.2 Acetate Eroduction

Lipid depressed the production of acetate, the differences in
acetate production between all lipid levels being significent (P<£0.01)

(Table 8, Appendix 2a}.

Acetete production also inereesed vith increasing time of
incubation (P<0,0!) although when the means for each incubation were
compared, the differences in acetate production between the 36 and 48hr.
incubations, and between the 48 and 72hr. incubations were not statistically
significant. There were no significant intersctions between incubation

times and lipid levels,

TABLE 8. ¥Effect of lipid and time of incubation on the formation of
acetate(n-mole/1,) in rumen liquor(50ml.) incubated with
grass fibre(0.5g.). (Mean values).

TIME OF INCUBATION(hr.) Added  Signif.

Lipid Added(g./100mi.) Lipid of diffs,
@ % a1 Mesns (P£0.05)
0 62.87 69.63 72.02 74.55 69.77 0>1,2,3.
1 58.49 63,93 65.63 67.33 63.84 17 2,3.
2 57.01 58,42 59,51 64.27 59,80 2>3,
3 53.12 54,74 59,16 60.12 56.77

Incubation Time Means 57.83 61.68 64.15 66.55 X = 62.54

Significance of 24 £36, 36472,
diffs, (Pé0.0S} 48 & T2.

S.E. per fermentation bottles mean = % 1,84 n-mole/l.

The addition of 0.5g. of grass fibre to the rumen liquor incubation=2
inereased scetate production (PZ£0.05) (Appendix 2b & 6b).



2.3 Propionate tion

Lipid inereased the production of propionate, the production for
all lipid levels differing significantly (P£0.,01) (Table 9, Appendix 3a).
Propionate production increased vith increasing time of incubation
irrvespective of lipid treatment, the production for all incubation

times also differing significantly (PL0.01).

TABLE 9. Effect of lipid and time of incubestion on the formation of
propionate(n-mole/1,) in rumen liguor(50ml.) incubated
vith grass fibre(0.5g.). (Mean values).

Added Signif.
Lipid Added(g./100m1,) , TR OF JNCURAIAON ""'_}2 Lipid of aiffs.
Means (PZ£L0.05)

18,36  20.71 23.05 15,29 21.83 041,2,3.
18.74 22,99 25.82 27.06 23.65 14-2,3.
21.28  27.42 31,22 35,23 28,79 243,
24,04 30,98 35.40 36.42 31.71

wW N = O

Incubation Time Meens 20,60 25,52 28,87 30.97T X = 26,49

Significance of 24 £36, 36L48,48.L72.
dairfs. (P<L0,05) 48 & T2. & T2.

S.E. per fermentetion bottles mean = ¥ 1.12 m-mole/1.

The significant (P£0.01) interaction between lipid levels and
incubation times can be attributed to the large increases in propionate
production vhen 2.0 or 3.0g. of lipid were incubated with grass fibre in

mnmen iiquor for more than 24hr,

The addition of 0.5g. of grass fibre brought about @& significant
inerease in propionate preduction (P.£0.01) (Appendix 3b & 6¢).



2.4 Bu te ion

The overall effect of lipid wes to increase the production of
butyrate (P<0.01), Vvhen the meens for each lipid level vere compared
only the differences between no lipid and 2.0 or 3.0g. of lipid wvere
significant (Table 10, Appendix 4a).

Dutyrate production incressed with inecreasing time of incubation
(P<0.01) although the only significant difference was between the 24 ond
72bhr,. incubsiions. The interasctions between lipid levels and incubation

timos were not significant.

TABLE 10, Effect of lipid and time of incubation on the formation of
butyrate(m-mole/1.) in rumen liquor(50ml,) incubated with

grass fibre(0.5g.). (Mean values).

Lipid Added(g./100ml.) ,, w) 72 m off:'iﬁg;.
Means (P<0,05)
0 8.83  9.82 9,84 9,91 9.60 0<2,3,
1 9,08  9.99 10,46 11.17  10.18
2 9.72  11.02 1058  11.91 10,81
3 10,65 10,23 10,79 12,13 10,95

Incubation Time Means 9,57 10.27 10.42 11,28 X = 10,38

Significance of 24<72.
diffs, (P<0.05)

S.E. per fermentation bottles mean = X 0,72 m-mole/1.,
The addition of 0.5g. of grass fibre increased butyrate production
(P<0.,01) (Appendix 4b & 6d).
The effect of lipid on total VPA, acetete, propionate and butyrate
production for each incubation time is shown graphically in Pig. 3.
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2.5  Amsonis production

The overall effect of lipid was to decreasse the production of
ammonia(P<0,01). Vhen the means for each lipid level were compared
only the differences between no lipid and 2.0 or 3.0g. of lipid vere
significant. The difference between no 1lipid and 1.0g. of lipid was,

hovever, close to being significant at the 5% level (Table 11, Appendix Sa).

Aemenia production increased with ineressing time of incubation
(P<0,01) elthough the only significent difference wvas between the
24 and T2hr. incubations,

The addition of 0.5g. of grass fibre increased axmonia production
(P<0.05) (Appondix 5b & 6e). Hovever, the differences in ammenia
production appeared to be primarily affected by the depressive effect
of lipid rather than by the increase in production from grass fibre or
from inereasing the time of incubation.

TABLE 11, Effect of lipid end time of incubation on the formation of
mh(q.ﬂll,/loml.) in rumen liquor(50ml.) incubated
vith grass fibre(0.5g.). (Mean values),

Added Signif.
Lipid of diffs.
Means (P<0,05)

Lipid Added(g./100ml

) 24

0 26.19 31.62 37.02 41,02 33.96 0>2,3,
1 23.69 25.63 27.50  32.56 27.34
2 22,19 25.08 25.42  30.65 25.84
3 23.29 23.34 27.63 30.01 26,07

Incubation Time Means 23.84 26,42 29.40 33.56 X = 28,30

Significance of 24<72.
aifes. (P.<0,035)

S.E, per fermentation bottles mean = ¥ Sczh.ﬂ,/lm.
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The effeet of incubation time on asmmenia production when verious
levels of lipid were sdded is showvn graphically in Fig. 4. The ammonia
production from samples containing only rumen liquor was nearly always
greater than samples containing grass fibre and lipid. The semples
containing grass fibre as the only substrate produced the greatest
amounts of ammonia. In Pig. 5 ammonia concentrations are plotted
againet lipid levels to illustrate that the greatest difference in
ammonin production is betweon the presence and absence of lipid, rather
than between lipid levels,

One of the criticisms of the use of impermeable spparatus (glass
botiles) for in-vitro experiments is that end products are not removed
but are believed to accummlate to such an extent that rumen ligquer
fermentations are inhibited. vith the kmovledge that rumen micro-organisms
can be inhibited outside a pHl range of 6.0-7.0 (Barnett & Reid, 1961), and
rather then interfere with the thermal and aneerobic enviromments of the
incubations in the previous experiment, o second experiment, in which the
pi of six rumen liquor incubations were recorded regularly throughout o
72hr. incubation, was conducted to determine the validity of the previous
experiment vhere grass fibre and linseed oil vere added to rumen liquor
incubations within impermeable apparatus. Two 130ml. fermentation
bottles, both containing 50ml. of rumen liquor, had 0.5g. of grass fibre
added; two had 0.5g. of grass fibre + 1.5g. of linseced oil added, while
the remsining two had no additional substrates added to the rumen liquor.
pil readings were takem at 12, 24, 36, 48 and T2hr.
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TABLE 12. The pH rumen of liguor(50ml.) imcubated with 0.5g. of grass
fibre, vith grass fibre and 1.5g. of linseed oil, or without
any additional substrate.

- TIME OF INCUBATION(hr.)
Sample Duplicate 12 —24-——53—-(-53- 72

Blanks A 6.8 B.81  6.94  T.i2  1.40

Rumen liquor, B 6.75 6.85 T.09 T.22 7.35
£ >

Cm‘l.!'ola A 6.32 6.” 6.40 6.50 6.60
iquor + P "

grass fibre. B 6.42 6.39 6.51 6.62 «80

Experimental s A 6.35  6.03 6.03 6.04 6.10
Rumen liquor + gruss ¢ —>

fibre + linseed oil, B 6.34 6.06 6.00 6.12 6.20

Rumen liquor pH = 6.80 Rumen liquor + buffer pH = 6.96

>  Inereasing pH.

The pil of rumen liquor was depressed to the greatest extent in the
incubations containing linseed oil (Table 12). Rumen liquor incubations
with no additional substrates added reached their lowest pH value at or
before 12hr. Vhen grass fibre vas added the pi did not reach & minimun
until 24hr, vhereas linseed oil and grass fibre caused the pH to fall
for 36hr. before slovly increasing. Incubations containing only rumen
liguor inereased their pH wvalues above the initial rumen liquor + buffer
pH value of 6.,96. By T2hr., the pll value hed risen the least in
incubations comtaining linseed oil and the most in the incubations
containing no edditionmal substrates.



3. The effect of various EM on volatile fatty acid production

This experiment was conducted to compare ced liver oil and peanut
oil with linseed oil so es to detormine vhich oil wvas the most effective
in increasing propionate production vhen incubated in rumen liquor with
gross fibre (Table 13).

TABLE 13. Design of the experinent comparing the effect of linseed oil,
cod liver oil and peanut oil on the production of VPA's in
runen liquor(50ml.) incubated for 48hr. with or vithout
grass fibre.

Phosphate Lipid  Grass . . iion Distilled

o ?33' (1.0m.) '(':3' Timo(hr.) H,0(ml.)
Zero Blank 1310 15 = - . >
Blank 2311 B - e p .
Experimental 3312 » Linseed oil . . _

’ 4“413 " Cod liver eil - " _

’ 5314 " Peamut oil - . _
S—"s 6313 " - 0.5 " 0.5
Experimental 7316 * Linseed oil " 5 _

E 8317 " Cod liver ol  © " _

) 9518 " Peszut oil - . _

Linseed oil, cod liver oil, and peanut oil all depressed total
VPA production significantly (P<0.1) vhen incubated with gress fibre in
rumen liguor (Table 14, Appendix 7i).



TABIE 14. The effect of verious lipids on total VFA concentrations

(m-m0le/l.) of rumen liguor incubated for 48hr. with 0.5g.

of grass fibre.

Signif,
LIPIDS(1g./100m1.) Tm——g’“""*" :'f e of diffs.
(P2 0.1)
No lipid (0) 104.6 105.4 105.00
Linseed oil (L) 103.2 103,.2 103,20 L< 0.
Cod liver oil (C) 104.3 103.9 104,10 c<0.
Peamut oil (P) 103.6 102.8 103,20 P< 0.
Duplicate Means 103.9 103.8 X = 103.85

S.E. per fermentation bottle = % 0.48 m-mole/l.

Cod liver oil and peanut oil depressed scetate production

significantly (P£0,05) but linseed oil did not.

Cod liver oil alse

produced significantly less acetate than linsced oil or peanut oil
(P<0.05) vhen incubated with grass fidre in rumen liguor (Table 15,

Appendix 7ii).

TABLE 15, The effect of various lipids on acetate concentration(m-mole/l1.)

of rumen liquor incubated for 48hr. with 0.5g. of grass fibre.

Signif.
LIPIDS(1g./100a1,) pmidestes o Lpld — o¢ aseea,
NHo lipid (0) 70.00 69.09 69.55

Linseed oil (L) 68.80 67.38 68.09

Cod liver oil (C) 62,96 63.16 63.06 C<O0,L,P,
Poanut oil (P) 65.77 67.39 66.58 P<O.
Duplicate Means 66.88 66,76 T = 66,82

8.8, per fermentation bottle = £ 0.95 m-mole/l.



Feanut oil slightly incressed while linseed oil decreased
propionate production, but only cod liver oil increased propionate
production significantly (P<0.05) vhen incubated with grass fibre

in rumen ligquor. Cod liver cil produced significently more propicnate
than linseed oil or peanut oil (B«<0.,05) (Table 16, Appendix Tiii).

TABLE 16. The effect of various lipids on propionante concentration
(n-mole/1.) of rumen liguor incubated for 48hr. with 0.5g.
of grass fibre.

Signif.
LIPIDS(1g./100ml.) Eﬂ-’é‘l‘“—'; L‘:ﬂ of Aiffs.
(3<0,05)
Fo Lipid (0) 23.56 24,87 24,22
Linseed oil (L) 22.80 23.96 23.38
Cod Liver 011 (C) 27.1'6 ﬁ.ﬂ ml” C}O.L.P.
Peanut oil (P) 24,83 24.36 24 .60
Duplicate Means 24.59 24.98 X = 24,79

S.E. per fermentation bottle = & 0,69 m-mole/l.
Although linseed oil and peanut oil increased butyrate production

vhen incubated with grass fibre in rumen liquor, only cod liver oil
increased butyrate production significantly (P<0,1). Cod liver oil
produced significantly mere butyrate than linseed oil and peanut oil
(P<0.1) (Table 17, Appendix Tiv).

TABLE 17. The effect of various lipids on butyrate concentration(m-mole/1.)
of rumen liquor incubated for 48hr. vith 0.9g. of grass fibre.

Signif.

Lipia

LIPIDS(1g./100m1,) — pouReiSEien of diffs.
W Means (P20.1)

Ne Lipid (o) 11,04 11,44 11.24
Linseed oil (L) 11.60 11.86 11.73
Cod liver oil (C) 14,18 14,01 14,10 C=>0,L,P.
Peanut oil (P) 13.00 11.05 12,03
Duplicate Means 12.45 12,09 T = 12,27

SeB. per formentation bottle = ¥ 0.77 m-mole/1.
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The differences between duplicate analysis for total VFA, acetate,
propionate and butyrate production wore not significent (P >0.035)
(Appendix 7).

Cod liver oil, vhen incubated with grass fibre in rumen licquor,
produced more propionate and butyrate and less acetate than vhen the
other lipids vere added, so cod liver oil was used as 1lipid substrate
in all subsequent experiments.

3.2 son of the effect of 1i the on of total
and individual VFA's of 1 incubated with or without
gross tghn

In the sbsence of added lipids, 0.5g. of grass fibre increased the
production of total and individual VPA's (Table 18), However, the influence

of the added fibre also depended on the type of lipid present.

TABLE 18, The effoct of various lipids on total VPA, acetate, propionate
end butyrate concentrations(m-mole/l.) of rumen liguor(50ml.)
incubated for 48hr., with or without grass fibre, (lean wvalues),

Added fibwre Li 1 1001
(g./100m1,) Ho lipid ° c ver o
. 0 65.45 69.55 T1.15 67.75
1 105,00 103,20 104,10 103,20
- 0 43.93 46,12 44,94 43.97
1 69.55 68,09 63.06 66.58
0 13.62 15.83 18.41 15.12
1 24,22 23.38 26.95 24.60
0 8. 1 8
™ ) 30 7.6 7.80 67

11.24 11.73 14.10 12,03




Vhen lipids were added to rumemn ligquor containing 0,5g. of grass
fibre, totel VFA and acetate productions wvere decreased, vhile butyrate
and propionete were increused, except for linseed oil which depressed

propionate production,

Vhen lipids were incubated in rumen liquor alone, total VFA,
scetate and propionate productions were increased vhereas butyrate wves
decreased, with the exception of peanut oil vhich increased butyrate
production, These effects on total VPA, scetate and butyrate vere
the opposite to those vhich occurred in the presence of fibre,
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4. The use of 14C—colluloso in rumen fermentations of lipid and grass

fibre within impermeable apparatus

Initially, an exploratory experiment of three incubations was
carried out (Table 19) to determine total VFA production, percentage

incorporation of 140 into CO
14

5 and VFA, and the relative proportions of

C in acetic, propionic and butyric acids. The use of 140-celluloae
as a marker was an attempt to establish the source of VFA's formed in

rumen fermentations of grass fibre and lipid. At the conclusion of the

incubation period the samples were frozen (-400) until analysed.

TABLE 19. Design of exploratory experiment when 14(3-(:»1111103«;(28.‘-3’ c./mg.)
was incubated in rumen liquor(50ml.) for 48hr. with grass
fibre(0.5g.) and with or without cod liver o0il(1.5g.).

14

Phosphete Grass Cod Liver 0il C-cellulose Distilled
Sample Buffer Fibre Emulsion (mg.) Hzo(ml.)
(ml.) (80) (mla)
Control (1) 15 0.5 - 1.95 1.5
Control (2) . " - 2:13 1.9
Experimental (3) " " 3.0 2.15 -

L]

4.1 Total and individual VFA production

Although the lowest total VFA production occurred in the presence
of lipid, the greatest amount of propionate and the least acetate was

produced in the presence of lipid (Table 20).

TABLE 20. Total and individual VFA concentrations of rumen liquor

incubated for 48hr. with grass fibre, 140—cn11nlosc, and

with or without cod liver oil.

Sasils m~mole/]00ml,

- Acetate Propionate Butyrate TOTAL
Control (1) 10.31 2.73 1.46 14,50
Control (2) 11,20 2.63 1.30 15.13

Experimental (3) 9.32 3.03 1.35 13.70




442 Incorporation of Mc into VFA and 002

The incorporation of “c into VFA did not appear to be dependent

upon treatment (Table 21a). An overall average of 62.63° was found in
this experiment,
TABIE 21, Distribution of ''C into VPA (a) and CO, (b) from ''Cecellulose

incubated in rumen liquer for 48hr. with grass fibre and with
of without cod liver oil.

(a)

Potal ) Potal ) <
Sample disintegrations/min. disintegretions/min.

in Semple in VPA incorporation
Control (1) 121,212 x 10° 79,367,870 65.48
Control (2) 132,401 x 10° 79,952,030 60.39
Experimental (3)  133.644 x 10° 82,050,140 61.39
o)

Total Total : %

Sample disintegretions/min. disintegrations/min.

in Semple in CO, inserperaiion
Control (2) 132,401 x 10° 538,602 0.41
Experimental (3)  133.644 x 10° 1,427,534 1.07

The incorporetion of 'C inte CO, vas only s very smell proportien
of the total radicactivity (Teble 21b).

4.3  Distridution of '’C smong individuel VFA's

Ml&ﬁdm“%makmh"ﬁ-uﬂhﬁuhm
approximately balanced by increases in “c-mﬂmk and “O-httynh
production (Table 22), Mmmmmamw"cmmu

into acetote in the semples containing grass fibre, only 53° was incorporated

into acetate vhen lipid was added. Conversely, slthough 34% of the ' IC was
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incorporated into propionate vhen lipid vas present, vhen it was absent
only 25-26% vas incorporated. Of the total ''CoVPA, spproximately 745
wvas incorporated into ketopgenic compounds in the absence of lipid, and
only 66/ when lipid was added.

TABLE 22. The distribution of the total 1YC.VPA, formed from
14

C=gellulose, in acetate, propionate and butyrate,

faple Zcotate TPropionate Dutyrate Acetate & Butyrate
Experimental (3) 53,43 33,68 12.89 66,32

A second experiment (Table 23) was conducted to extend the
exploratory oxperimont using | Cecellulose., Only samples 1 = 9 were

connected to testwtubes containing the Ooznoonuung "Hyamine' hydroxide,
TABLE 23, Design of the experiment when “Mnulm (28}10./!3.) ves
incubated in rumen liquor(50ml,) for 48hr, with gress fibre
(0.5g.) and 0,1 = 1.0g. of cod liver oil,

— T B R eepee
(m1,) (g.) (m2,) g
1310. 15 - - 1.09 0.94 1.00
2311 - 0.5 - 1.00 0.96 1.00
2 £ — 0.2 1.00 1,09 0.90
4313. o . 0.3 1.00 1.00 0.85
5314, " » 0.4 1.00 1.09 0.80
6315, " 2 0.5 1.06 1.07 0.75
T316. " . 1.0 1.00 0.9 0.50
8317. W o 1.5 1.09 1.08 0.25

9318. ” » 2.0 1.14 1.00 -




4.4 Het of total VPA, scetic onic and ac

Net VPA production figures vere deterained by subtracting the
zero hour VPA concentration(m-mole/l.) from the VFA concentrations of
all the 48hr, incubations,

Although all levels of lipid increased the net production of toisl
VPA, the difference between the mesns for different lipid levels vere not
significant (P>0,05) (Appendix 8a).

Host, but not all levels of lipid, decreaused the net productien
of acetate. However, no significant differences wvere found between the
means for any of the levels of lipid (P>0.,05) (Appendix Bb).

All 1lipid levels increased the nei production of propiomate
although only the difference between the means for no lipid and 2.0g.
of 1ipid wes significant (2<0.05) (Teble 24, Appendix Be).

TARLE 24, Net production of propionate(m-mole) from grass fibre(0.5g.),
and uc-collulm incubated in ruwmen liguor for 48hr. with
0.1 = 1.0‘. of cod liver oil.

Lipid Added(g./100ml.) B‘an Lipid 03’%; .
(¢ <0,05)
0 11.79 10,50 11.15
0.2 15.43 14.14 14,79
0.3 13.35 14,48 13.92
0.4 15.53 16,30 15.92
0.5 i5.66 12,09 13,88
1.0 16,84 16.47 16.66
1.5 17.80 15.95 16.88
2.0 19,22 18.45 18.84 2.,0>0
Duplicate Means 15.70 14,79 T = 15,25

S.E. per fermentation bottle = £ 1.43 mmoles,
A1l levels of lipid increased the net production of butyrate but

only the difference betveen the means for no lipid end 2.0g. of 1lipid was
significant (P <0,05) (Teble 25, Appendix 8d).
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TABLE 25. Net production of butyrate(m-mole) from grass fibre(0.5g.),

and 14C-c¢11n1m incubated in rumemn liquor for 48hr. with

Qe1=1.0ge of cod lLiver oil.

Duplicates Added Signif.
Lipid Added(g./100ml.) D, D, Lipid of diffs.
Means (P <0,05)
0 5.00 5.10 5.05
0.2 5.58 8.51 7.04
0.3 T.25 6.84 7.04
0.4 8,92 9.09 9.01
0.5 8.04 7.40 TeT2
1.0 9.56 9.46 9.51
1.5 8.35 8.79 8.57
2.0 11.86 8.99 10.43 2.0>0
Duplicate Means 8.07 8,02 Xe= 8.05

S.E. per fermentation bottle = % 1,12 m-moles

4.5 Incorporation of '40 into VFA and 002

The percentage of 14q incorporated into VPA ranged from 37.76% to
63.09" with an overall average incorporation of 46.28%. No trends in
incorporation wvere apparent with the presence or absence of grass fibre
and lipid or with lipid level.

As found in the exploratory experiment, the incorporation of 'IC
into CO, vas very low ranging from O - 1.8%. It wvas highest with the 0.3g.
of lipid while no incorporation wvas found with 0,5 - 2,0g. levels of lipid.

4.6  Distribution of '‘C among individusl VPA's

The figures used in these analyses were the percentages transformed
to angles; the percentages representing the distribution of total ' 'C-VPA
in either acetiec, propionic or butyric ecids.

Lipid decreased the production of ' C-scetate (Table 26, Appendix 9a)
and increased the production of ' 'C-propionate (Teble 27, Appendix 9b) and

Y e_butyrate (Appendix 9e).



TABLE 26, 14c-ncotsto production from 14C-e011uloso incubated in rumen liquor with 0,5g. of grass fibre
and Q0.1 = 1.,0g. of cod liver oil,

Lipid Levels(g./100mly

(Percentages transformed to angles).

Duplicate 0 0.2 0.3 0.4 0.5 1.0 1.5 2.0 .
D, 54,45 53,73 51,59  50.42 51,47 48,85 50,01 48,73 51.16
D, 53,19 52,53 49,54  S1.41 51,30 52,12 50,36 49,43 51,24
Added Lipid Means 53.82 53,13 50,57 50,92 51,39 50,49 50,19 49,08 X = 51,20
Significance of 0.3<0, 0,4<0. 0,5<0. 1.0<0. 1,5<0. 2.,0<0,

diffs., (P‘°o1)

14

TABLE 27, C~propienate production from 1Mc---cullulaso incubated in rumen liguor with 0,5g. of grass

fihﬂ and 0,1 = 1.0‘. of cod liver oil.

Lipid Added(g./100ml,)

(Percenteges transformed to angles),

& Duplicate
Ml’.““ 0 0.2 0.3 Q.4 0.5 1.0 1.5 2.0 Maana
D, 27.63 27.28 28.59 29,47 28.93 30,00 29,53 30,13 28.95
D, 27.69 27.42 31,24 28,66 29,33 28.86 30,00 30,66 29,23
Added Lipid Means 27.66 27.35 29,92 29,07 29,13 29.43 29,77 30,40 X = 29,09
Significance of 0,370, 0,4> 0,2, 0.5>0.2,1,0>0, 1,570, 2,0>0,
aiffs. (P<0.1) & 042, & 0.2, & 0.2, & 0,2,
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The differences in 14c-acetate production hetween no lipid and

all the other lipid levels, except the 0.2g. lipid level, were significant
(p<0.1).

Differences in ' ‘C-propionate production were significant between
no lipid and all the other lipid levels except for the 0.2, 0.4 & 0.5g.
lipid levels (P <0.1). There vere also significant differences between
the lower 'C-propionate production of the 0.2g. 1ipid level and all the

other levels of lipid.

There vere no significent differences in “C-bntynh production
between lipid levels (P >0,05).

There vere also no significant differences between duplicates in

1

either 4C-aemto, '%—pmpiomtc or Mc-butynto production (P >0,05)

(Appendix 9).
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gross £ibre and cod liver oil
Tho extent of the contridbution of the glycerol moiety of

triglycerides to VFA, or more specifically, the extent of the
contribution of glycerol to propionete production both im the presence
end absonce of grass fibre and lipid wves investignted by adding
(3—'4(})3]3'001'01 to rumen fermentations within impermeable apparatus
(Teble 28).

TADLE 28. Design of the experiment vhen {2-‘40)315-0"01 (O.Wyc./nl.)

ves incubated in rumen liquor{50ml.) for 48hr. vith gress
fibre(0.5z). ond 0,15 « 1,5g. of cod liver oil,

Phosphate Grass Cod Liver 0l (2-'7C) Distilled

Bample Buffor Pibre Emsulsion glyeerol K_O(ml,)
(m1,) {(g.) (ml,) (ml,) -
Blank 136. 195 - - 1 1.50
Control 237 " 0.5 - o 1.50
Experimental 338, M " 0.3 " 1.35
i 439. " e 1.0 3 1.00
' 5510 : " 3.0 " &

Net VFA production figures were determined by subtracting the sero
hour VFA concentration (memole/l.) from the VPA concentrations of all the
48hr, inoubations.

The effect of lipid on the net production of total VFA was wvariable,
0.3ge and 3.,0g. of lipid increased vhile the 1.0g. of lipid decreased
total VPA production, There wore, hovever, mo significant differemces
betveon the lipid levels (P>0.03) (Appendix 10a).



9

Lipid decreased the net production of scetate and increased that
of butyrate. No significant differences between lipid levels vere found
for either ncid (P>0.05) (Appendix 10b & 10d).

Lipid inecreased the net production of propionate. However, only
the differences between the means for no lipid and the 0.3, 1.0 & 3.0g.
levels of lipid vere significsnt (P<0,01) (Tsble 29, Appendix 10c).
Although not confirmed by the Studentized Range test, a significant
difference (P<0,05) in the net production of propionate between the
lipid levels (0.3, 1.0 & 3.0g.) vas detected by the snalysis of variance
F tests this probably being the increase in the net production of
propionate between the low(0.3 & 1.0g.) and the high(3.0g.) levels

of lipid.

TABLE 29, Net production of propionate(m-nele) from grass fibre(0.5g.)
end (2-''C)glyeorol incubsted in rumen liguor for 48hr. with
Oal5= 1,5g« of cod liver oil.

licates Added Signif.
Lipid Added(g./100ml.) D, & Lipid of diffs,
0 T.73 6.22 6.98

0.3 10.2, a.“ 9'” 0.’7 0.

1.0 9.75 8.95 9.35 1,070,

3.0 11.49 9.75 10.62 3.070. 3.0 70.’.

& 1.0,

Duplicate Means 9.80 8.47 X =09.13

S.B. per fermentation bottle = £ 0,28 m-mole/1.

There was & significant difference between duplicates in the net
production of propionate (P <0.01).



5.2 The percemtage incorporation of ''C from (2-''C)glyeerel into
totel and individual VPA's

The pereentage of the MC fronm (2--140)3131:91-01 incorporeted into
VFA, in the various treatments, ranged from 51.3%5 to 61.24%, wvith en
oversll sverage of 54.95% (Table 30). No trends in total incorporation
were present in these daia,
TABLE 30, Percentage incorporation of “C from (2—14c)glymro1 into

total and individual VPA's, snd the total activity of each
(disintegrations/min, x 10°),

Duplicate X Duplicate Y
Semple VFA ta T

Activity dincorporation Activity incorporation

Acetate 4mn 46.67 507 50.24
Blank Fropionate 22 2,18 34 3.37
Butyrate 25 2,48 37 3.67
TOTAL 518 51.33 578 57.28
Acetate 479 47 47 457 45.29
Control Propionate 60 5.94 52 5.15
Butyrate 7 T.83 37 3.67
TOTAL 618 61.24 546 S4.11
Acetate 408 40,43 424 42,02
Butyrate (s Te24 48 4.76
TOTAL 548 54,31 559 . $5.40
Acetato 419 40,53 374 37.06
1.0ge Lipid Propionate 76 7.53 6% 6.84
Butyrate 87 8,62 75 T43
TOTAL 582 57.68 518 51.33
Acetate 397 39.34 376 37.26
3 .mn Ll.pld l’!‘plmh 80 7.93 67 6.64
Butyrate K T43 8 8.23
TOTAL 552 54.70 526 52,13
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The majority of the ' 'C was incorporated into scetate with only
a small pertion being incorporated inte propionate and butyrate. In
8ll samples the combined incorporation of 14(! into propicnate and
butyrate rarely exceeded one/third of the e incorporated into acetate.
The incorperation of 1“\{: into propionete and butyrate was least when
gross fibre and lipid were not added to the rumen liquor. The effect
of grass fibre and increasing levels of lipid was to decrease the
incorporation of '°C into acetate and increese the incorporation of
'4C into propionate and butyrate.



e [ ial : tus

A series of experiments vere undertaken to determine the production
of total and individual WA'.a in runen liquor incubated for 24hr, with
gross fibre and wvith or without cod liver oil vithin & dialysis sac from
vhich end products of fermentation were removed by a continuous flow
(40ml./hr.) of clarified rumen liquor(dialysate). In all experiments
the three micro-artificel rumen units, described earlier, were arrunged
experimentally as in Table 31, In the first tvo exporiments (denoted a

and b) the dialynmate from each arvificial rumen vas collected as one saumple,

TABLE 31, Expericents using the micre-artificial rumen spparatus,
Denign of experiments to determine the VPA preduction from
50ml, of rumen ligquor incubated for 24hr. with either 0U.5g.
of gross fibres grass fibre and 1.5g. of cod liver oilj or
vithout additional substrutes,

Grass Cod Liver 0il Incubation Distilled

Pibre(g,) BEmulsion(ml.) Time(br,) H,0(ml.)
Blank e - 24 1.5
Control 0.5 - - 1.8
Experinental 0.5 3.0 » N

its pil sdjusted to 9.0 = 9.5 vith N/3 NaOH and evaporated to spproximately
100 = 200ml, in a rotary evaporstor, before being snslysed. In e further
tvo experiments (denoted g and d) the dialysate was collected in 80ml,
portions every 2 hr, for analysis,

Since only one cow vas evailable during experiments g end b, rumen
liguor was obtained from ¢ hay-fed sheop., Bovine rumen liguor wes used in
experinents ¢ and d.

6.1 xperipento s ondd
Table 32a shows the VFA concentretions wvithin each apparatus of beth



TABLE 32s. The total VPA concentrations, in experiments » and b, of the rumen liquor(50mi.)
incubsted for 24 hr. with grass fibre and cod !iver oil, and of the clarified
rumen liquor(dialysate) collected from each artificial~rumen unit.

" Sampling Time Experiment a Experiment b
Saaple (hr.) m-mole/1, m—rmo e, 50m] . m-mole/l, m-mole/S50ml,
Rumen Liguors: ) 59.1 2.96 58.0 2.90
Blank 24 5540 2.76 53.1 25
Control 24 61.4 3.07 58.1 2.91
Experimental 24 56.7 e84 57.7 2.89
Clarified Rumen Liquor: 0 53.20 - 53.20 -
Blank 24 57.29 - 54.93 -
Control 24 60.63 - 55.53 -
Experimental 24 57.38 - 57.59 -

TABLE 32b. The total and individual VPA production{m-mole/50mi.) in experiments 2 and b, from
rumen liguor(50ml.) incubated for 24hr. with grass fibre and cod liver oil.

- Experiment @a . Experiment b

Sanple 0 g B Total x iz B Total
m&.llk 3.36 - 009] 3.89 0.90 0.38 0-31 1.49
cmtrol ,-18 1-02 1 034 7054 1 .2‘ ‘029 - 2.34
E!p.rimtll 3.76 - 0.54 o 306 1 ¢63 i 073 1 IO-? 4.38
A’ Acetate 4 Propionate B Butyrate

Blank; rumen ligquor only.
Controly rumen liquor + grass fibre(0.5g.).
Experimental; rumen liquor + gress fibre(0.5g.) + cod liver o0il(1.5g.).
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experiments. After 24hr., in both experiments & and b, the VFA
concentration vithin the dialysis secs conteining added lipid and

greas fibre vere lover then at the beginning of the experiment. The
same was true for the dialysis sacs containing only rumen liquor, vhereas
an increase in VPA concentration occurred in the spparatus with grass
fibre alone as substrate.

There were increases in the VFA concentrations of the dialywate,
the lowest increase in VPA concentration occurring in the dialysate
collected from the apparetus containing rumen liquor alone. Although
in experiment a the highest VFA concentration was in the dialysate
collected from the apparatus containing grass fibre, in experiment b
the highest was in the dislysate collected from the apparatus conteining
both gress fibre end cod liver oil.

The production of totel and individual VPA's is showm in
Teble 32b. The resulis of experiments 2 and b vere variable even
although both experiments were run under similar conditions. In
experiment 8 the addition of grass fibre to rumen liquor produced the
largest amounts of acetate, propionate and butyrate, whereas in
experinent b the addition of gress fibre and cod liver oil to rumen
liquor produced the most propionate and bDutyrate. The most acetate
produced in experiment b was in the rumen liquor containing only grass
fibre,

The amounts of the individual VFA's produced were obtained by
deternining the propertions of the fatty acids in the rumen sample
and the dialysate before and after incubations. Since the production
of total VFA wvas often small, in some cases negative values for
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individual fatty acids could result from experimental errors vhen determining
proportions of the acids from chromatographic dete, Differences between the
totals and the sums of individual VPA's have occurred because of these negative

values (Table 32b).

6.2 Experiments ¢ and d
The results of experiments ¢ and d are shown in Tables 33 and 34,

The total VPA concentration of each 80ml. portion wvas determined but the
individual VPA's vere only determined in alternate portions. The amounts

of each fatty secid in the portions not analysed were estimeted by averaging
the proportions of each secid in the preceding and succeeding portions. The
results of Table 33 are given in terms of both (m-mole/50ml.) and (m-mole/l.),
the latter being used for conformity and to allow comparison with previous
TABLE 33. The VFA preduction, in experiments ¢ and 4, frem rumen

liguox(50ml,) inecubated for 24hr, with grass fibre eand
cod liver oil. (0-24hr, samples),

gt Sample TMM

Blank 3.1 37.6 T4  17.0 62.2
&  Control 2.25 o.sz 1.06  3.9) 45.0 12,4  21.2 786
Experimental 2,70 1,00 1.04 4,74 54.0 20,0  20.8 94.8
Blank 1.08 0.5 030 1.91 216 106 6.0 38,2

4  Contrel 1.85 0.33 0,48 2.66 37.0 6.6 9.6 53.2
Experimontal 2,40 0,23 0.64 3,27 48,0 4.6  12.8 65.4

A* Acetate pes Propionate B*s*  Dutyrate
Blenk; runmen ligquor only.

Controly; zumen liguor + grass fibre(0.5g.).

Experimentaly rumen liguor + grass fibwe(0.5g.) + cod liver oil(1.5g.).



experiments. Total VPA preduction was lower in experiment d than in
experiment ¢. In both experiments the highest total VFA formation
occurred vhen lipid ond grass fibre were substrates (see Pigs. 6 & 7).

In experiment ¢ more acetate and propionste but less butyrate
wes formed vhen lipid was incubated in rumem liquer then when only
grass fibre was incubated. However, in experiment & more acetate end
butyrate but less propionate was formed in the presence of lipid than
vhen only grass fibre vas added.

The results from experiments ¢ and d have been recalculated
(see Table 34) to allow for the deereases in VFA concentration within

TABLE 34, The corrected total VPA production(m-mole/50ml.), in
experiments ¢ and d, from rumen liquor(50ml.) incubated ‘
for 24hr, vith grass fibre and cod liver oil.

(3 E_I%Et [
&+ L

Dialysate (Ow24hours) + 3,11 4+ 3,93 + 4,74 + 1,91 + 2,66 + 3,28
Remaining Clarified . o on . 038 4 0.83 - - 4+ 0,11
Decreases in VFA

™ ~138 =157 =139 =063 =046 = 0,5
dialysis sae

TOTAL 2.53 2,74 3,98 1.28 2420 2.67

B® Blanks rumen liguor only.
C**  Controlj rumen liguor + gwess fibre(0.5g.).
B*s*  Experimentalj rumen liquor + grass fibre(0.5g.) + cod liver oil(1.5g.).
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FIG. 6. Total VFA production(m-mole/1.) from rumen liquor(50ml.) incubated with
(a) 0.5g. of grass fibre + 1.5g. of cod liver oil o ; (b) 0.5g. of grass
fibre . ; (¢) or without additional substrates ‘ , for 24hr. within

the semi-permeable apparatus. (Experiment c.)



TOTAL VOLATILE FATTY ACID (m-mole/1.)
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Total VFA production(m-mole/l.) from rumen liquor(50ml.) incubated with

(a) 0.5g. of grass fibre + 1.5g. of cod liver oil O ; (b) 0.5g. of grass

fibre

; (c) or without additional substrates A\ , for 24hr. within

the semi-permeable apparatus. (Experiment Q.)
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the dialysis sacs, vhen they occceuwrred, and for the accumulated VPA in
the clarified rumen liguor remeaining in the apperetus at the conelusion
of the incubation period. The corrections required were varieble but no
overall effect on the production of total VPA occurred, i.e., in both
experiments the incubations conteining added lipid still had the highest
production of total VFA,

The rate of total and individual VPA production in experiments
£ and 4 are shown graphically in Pige. 8 and 9,

In experiment ¢ the peak rate of total VPA production for esch
incubntion appeared to be botween 4 - 8 hr, (Pig. 8) with the incubstion
containing lipid continuing with a higher rute of total VFA production
from 14 - 24hr. In experiment d the peek rate of total VPA production
for the incubation containing only rumen liguor was at 6 hr, while the
peak rates of total VPA production for the incubations containing grass
fibre or grass fibre and lipid were at 10 and 14hwr. respectively. Once
again the lipid and grass fibre incubation contimued vith a higher rate
of total VFA production frem 14 - 24hr,

In both experiments ¢ and d, the poak rate of ecetate production
vas at T4hr, for the grass fibre and lipid incubations; 10hr. for the
grass fibre incubations and 6 hr., for the incubations containing only
rusen liquor. In experiment d the peak rate contimumed from 6~14hr, in
the latter incubation (Pig. 9).

In experiments ¢ and d the rete of propionate production appeared
to slovly decresse for all the incubations wntil finally by T4hr. neo
propionate could be detected (Pig. 9). In experiment ¢ there vas a
recovery ofter 14by, with peek rates of propionate production for all
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FIG. 8. Rate of total VFA production (m-mole/l./2hr,) within the
semi-permeable apparatus containing 50ml. of rumen liquor incubated
for 24hr. with (a) 0.5g. grass fibre + 1.5g. of cod liver oil O :

(b) 0.5g. of grass fibre . ; or (¢) without additional substrates

A
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Fig. 9. Rate of production of individual VFA’'s (m-mole/l./2hr.) within the
semi-permeable apparatus containing 50ml. of rumen liquor incubated for 24hr.
with (a) 0.5g. of grass fibre + 1.5g. of cod liver oil O; (b) 0.5g. of

grass fibre @® . or (c) without additional substrates ‘



three incubations occurring at 18 - 2Zhr, In experiment d, although
some recovery in propionate production had occurred afier 14hr., the
peak rates of propionate production had taken place at 2 hr, for all

incubstions.

The rate of butyraste production vas extremely variable between
experiments and betveen incubations within each experiment (Pig. 9).
In both experiments ¢ and d, the incubations containing grass fibre had
the highest rates of butyrate production at 6 hr. and 4 hr, respectively,
while the peak rates of butyrate production for incubations containing
lipid were highest at 14hr, All incubations showed some indication of
a gradual decrense in the retes of butyrate production over the 24hr,

period,

Without exception, the propionate production of the incubations
containing 1lipid were highest at the same time as the lowest rates of
acetate and butyrate production occurred. Conversely, vhen the rates
of acetete and butyrate production were highest the rates of propiomate
production were among the lovest that occurred during the incubations,.

No similar generalisations could be found for ithe incubations

containing prass fibre or rumen liguor alone.



T« Use of Mc-collulou in rumen fermentations of lipid and grass fibre

within the micro-artificial zumens

Grass fibre vas supplemented vith a small amount of | ‘C-cellulose
as o marker in order to determine accurately when the increased propionate
formation, observed wvhen lipid was added to rumen liquor incubations
wvithin semi-permeable apperatus (experiment 6), occurred. Approximately
80ml. portions of dialysate vere coliected every 2 hr, for analysis., The

micro-srtificial rumens were arranged experimentally as in Table 35,

TABLE 35. Incubation of '‘C-cellulose in the semi-permeable apparatus.
Dosign of the experiment in which ' 'C-cellulose (28 jic./mg.)
vas incubated in rumen licuor(100ml). for 24hr, vith grass
fLibre(0.5g.) and 1.0 - 3,0g. of cod liver oil.

Grass Cod Liver 0il 14 Incubation Distilled
UNI? Pibre Bmlsion C"“E’”‘;l”' Time(hr.) 0 0(ml.)

(g.) (ml,) el =
Control 1 - 5.02 24 3.0
E&pm“l i 1 2.0 5.m » 2.0
Experimental 2 1 6.0 5,02 . -

Tl Total VFA production

No overall formation of VPA was detected when grass fibre, or grass
fibre and 3.0g. of cod liver oil were incubated. In fact, decreases in
VPA concentration of the rumen liquor within the dialysis sacs containing
these substrates exceeded the increases in VFA concentration detected in
the dialysate (Table 36). The most likely source of error is in the
determinations of total VFA in the dialysate. Difficulties vere encountered
in obtaining scceptable repeatabdility vhen determining the total VPA of
these samples, This difficulty wes not encountered with whole rumen liquor.
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TABLE 36. The production and decreases in total VPA (m-mole)of rumen
liquer(100ml,) incubated for 24hr, in a dialysis sac with
grass fibre(0.5g.), Hc-collulou, and cod liver oil
(1.0 and 3.0g.).

UNIT Production Decreases
Experimental 1 5.58 5.42
Experimental 2 5,00 5.70
7.2 Totel and individusl '‘c-vP preduction

In this exporiment, VPA production did occur because | C<VFA

vas formed (Pig. 10). ' JC~VPA production vas at a peak for all incubation
units 6 hr, after the commencement of the experiment., Total ' C-VPA
production was greatest with the low lipid level (1.0g.cod liver 0il/100ml,)
and leest with the high lipid level(3,0g.cod liver 0il/100ml.). Exeluding
the amount of MC—V.?l'hlu produced at 16hr, (vhieh.vas accidentally lost),

the percentage incorporation of Nt'.!---o«nl.llcuo into VPA's wvas 26,147 for

the lov lipidj 24,12% for the controlj and 22,38% for the high lipid
incubation, Compared with previous experiments of this study, in vhich

1"c-‘:oll.nlmsd wvas used, these wvere lov percentages of incorporation,

It ves intonded to determine the distribution of ''C betveen the
acetic, propionie and butyriec scids by gase-liquid chromatogrephy, but
this vas not successful because of extremely poor reproducibility due to
adsorption of VPA's on to the columns and ghosting phenomena, An
inveatigation of the extent to vhich adsorption and carryover of VFA's
vas occurring on the columns used was undertaken, "c-muam
radioactivity wes added to o VPA sample and its ges-liquid chromatographie
behaviour investigested, |
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FIG, 10, The production of 14C—VFA from 14C—c|s.-111.110se incubated with rumen liquor
in the presence of (a) 0.5g. of grass fibre . ; (b) 0.5g. of grass fibre +
1.0g. of cod liver oil O 3 or (c) 0.5g. of grass fibre + 3.0g. of cod liver
oil A s for 24hr. within the semi-permeable apparatus.



T3 Investigations into the adsorption and carryover of VFA's on
ges—-liquid chromatography columns

A 10 pul, aliquot of 14C-VPA was injected and separated on & freshly
1

packed 4' x " glass column (197 PEGA - Celite 545) and Youtree fatty

acids collieocted by the titrimetric wethod. Two consecutive non-radioactive
VPA samples wvere separated followed by another 140-??& sample. Finally,

two more non~radiocsctive samples vere seperated and collected for

analyses., The results are presented in Table 37. Although the ' ‘Ceccetate

adsorbed on the column was subsequently displaced by successive VPA samples,

1

this carryover of VPA's was lov and relatively constant for both 4C-WA

sanples,
TABLE 37. Use of radiocactive and non-radicactive acetate incorporated

in VPA samples and separated on a ges=liquid chromatography
columm (157 PEGA « Celite 545).

Sample(10 nl,) disintegrations/min, % Carryover

Radioactive 13,172

Non-radicactive 346 2.56

Non-radiosctive 46 0.34
13,564

Radioactive 16,776

Non-radioactive 453 2,63

Non=rediocactive 104 0.60
17,333

A similar column (19% PEGA - Celite 545) vhich had separated approximately
200 redioactive VPA samples (mainly “c-uchh) vas analysed for adsorbed

radicactivity. The column, containing 9-10g, of solid support, vas
estimated to have adsorbed a totsl rediocsctivity of 2080 - 2310
disintegrations/min,



A large loas of the 10 tnjeoted on ts the solum could met

14

be soecounted for, Only 44,227 and 96,327 of the  ©C was reoovered,

reapoctively, from the two HC—VFA sanples separated. Iven allowing
for losses from scidification in the normel manner, o large amouni of

Mc vag still unseenunied for,

3

a 7' x {" steinless stoel columm was freshly prepered
(7% PEGA = Anakrom 50/60) and used for the separation of | CuVPA
samples. The free VFiA's were detected by a thermal conduectivity
detector and collected in collection tubes containing siliconised
glass fibre moistened with toluene seintillation fluid

Tvo methods of injeeting 1.0 = 2,0 pl, of VPA samples (radicactive
end noneradioective, slternstely tvice) were tried, One method involved
taking up the required aliquot of the noneacidified VFA sample, then a
emall amount of air, followed by 1.0 nl, of 857 a3m4. In the second
method the VFA sample vas acidified with Il and the acidified mixture
used for injection upon the column,

The percentage carryover (the preporticn of the total radiocsetivity
detested in the nonerediosctive separations) is shown in Table 38,

The method of injection may have influemced the effect of
carryover vhich inercased from 28 « 377 vhen seidified VFA samples
wore used; or this increase may be an scoumlative effoot of the

”Mlu injected on the colum,

The adsorbed radiosctivity of the 7# PUGA « Anakrom 50/60 columm,
used for the previous VPA separa$ions, ves 200 disintegrations/min,



TABLE 38, Use of radiocsctive and non-radiocsctive acetate incorporated

in VPA samples and separated on a gas-liquid chromatography
colum (77 FEGA - Anskrom 50/60).

(a) Nonwacidified VPA aliguots

Sample disintegrations/min. % Carryover
2.0 nl., radioactive sample 1,723

1.0 pl, noneradiocactive scuple 669 27.97
1.0 nl. radicactive sample 1,409

1.0 nl. non~radicactive sample 547 27.97

(b) Acidified VPA sliguots

Sample disintegrations/min, ¥ Carryover
1.0 nl, radioactive sample 899

1.5 al. non-radicactive sample 527 36.96
1.0 nl, radicactive sample 940

1.5 ul. non-radionctive sample 742 44,11

Only 7530 disintegrations/min. were recovered after an estimated
16,220 disintegrations/min, were injected on to the 7% FEGA ~ Anskron

40mrmmm1njuﬁ.n¢ihc

50/60 colwm, Only 42.55% of the L
non-acidified VFA aliquots compared with a recovery of 53.1% when
injecting the acidified VPA aliguots, However, the initial losses from
acidification make both methods comparsble. A 13.89% loss of ' C cecurred
vhen the VFA sample wes acidified before injection on to the columm, Over

a period of a week this increased to 18.20%,

The percentage carryover vas higher on the 74 PEGA - Anskrem 50/60
colum than that on the 157 FPEGA - Celite 545 columm., The lov carryover
occurring on the 15%¢ FEGA - Celite 545 column was acceptable snd the
results from this colum considered to be valid. The results obtained
from the 7 PREGA - Anskrom 50/60 columm were mot satisfactory.



JISCUSSICH

The results of the inevitre experiments carried out in this study
have indiosted that the addition of lipid hee a distinctive effect upon
formentation of collulose and probably other insoluble carbohydrates of

grass f£ibre by microworganisms, an effeot capable of influencing the

formation of the VPA's and other end products of fermentation.

Preliminary investigations, in which the total and individual VFA
productions from rumen liquor incubated with greoss fibre were analysed
to dotermine the offect of lipid, can be compared with similar experiments
conducted by Hobertson & Hawke (1964). The highor total VFA production that
occurred at 48hr, in the presence of lipid (Table 4) Aid not agree with the
results of Hobertson & Hawke (1964) vhere 1ipid depressed total VFA
production at 48hr,, although et 12 and 24hr, the higher VFA produced agreed
vith their results. Robertson (1968) belioved that the higher VFA production,
vhich occurred vhen he adminigtered 1lipid to cows, was probably due to an
effeet of lipid on carbohydrate digestion, Grass fibre wes the major substrate
added to the rumen liquor incubations of this preseant study,

Vhen a mumber of difforent 1ipid levels were used(1,2 & 3,0g./100ml,
rumen liquor), the production of total VFA vas docreased (Table 7). This
vas not in agreement with the results of the preliminary experiments but it
vas intercsting to mote that the lowest level of lipid added (1.0g./100ml.
rumen liquor) depressed the total VFA production to the greatest extent,

Robertson & Havke (1964) found in both their experiments that vhen
lipid wvas added there were decreases in acetate vhich vere approximately

balanced by increases in propionate. Only one of the preliminary experiments



agreed vith the results of Dobertson & Hawvke while the other had no
complementary docrease in scetete even although propionste production

had inercased, HNevertheloss, lipid did inerease propionate production
subgtantially from a subsirete normelly recognised to be fermented to
acetate, and in one of the preliminary oxperiments acetate production

vas deorecased vhen lipid was added, giving esdequate cause for further
invostigntions to be conducted. Yhen analysing the effects of various

levels of lipid on the individual VPA's (Tables 8, 9 & 10) it vas found

that lipid significantly decreased the production of acetate and significantly
increoased the production of both propionate and butyrate. Inereasing anmounts
of lipid further accentuated these effocts. No inerease occurred in total
production vhen lipid was added (in foct o decrease occurred), yet a large
decrease in acetate production to account for the decrease in total VFPA
production vas considerably offset by increcses in propionate and butyrate
produotion,

A ginilar pattern of total and individual VPA productions emerged for
experiments 3, 4, 5 & 6. Vhen 1lipid was added in experiment 5 (Appendix 10a)
total VFA productieon was varisble between lipid levels; it was depressed in
experiment 3 (Appendix 7i) and in the initial exploratory inecubations of
experiment 4 (Teblo 20); and inoressed in a second incubation of experiment 4
{Appendix 8c) and in experiment 6 (Table 33) vhere the inerease in production
vas gained by higher rates of production during the latter stage of the
incubations, Not all the changes in acetate, propiomate and butyrate
concentrations were statistically significant, but vhen 1lipid was added to
experimonts using impermeable apparatus, acetate vas doereased and proplonate
and butyrate productions were inereased.



The total end individual VPA productions at various times of
incubation vhen various levels of 1lipid vere added, roveacled little more
than expeocted, the retes of production did fall off vith time, although
the 72hr. inoubations conteined significantly higher tetal VPA and propionate
productions than the 48hr. incubations.

Three nmicrowartificial rumons wvere used 2 number of times primarily
to dotermine vhother the addition of lipid alters the time at vhich poalk
production of tetol and individual VFA's occurs, compared with vhem VPA's
ere formed in incubations containing no lipid, The results (Tables 32 & 33)
vore extremely varicble and inconsistent, the only truly wvaluable information
obtained was that incubations containing lipid hed the lovest rates of ccctete
and buiyrate production at the same time as when the higheat rates of
propiocnate production occurred.

The total VPA production differed considerably betweon experiments 6
(8s by ¢ & d) and this wos similor to observations by Lempila (1965) who
mentioned the problem of differences in activity of rumen liquor samples
collected from the same animal on the same regimo but on different days,
These differonces in total VFA production led to some econflicting results
and also led to tvo experiments being discarded., One experiment wvas discordod
becsuse the rumen liquer, slthough strained through muslin eloth prior to the
incubation, es in former oxperiments, still contained fine fibrous material
vhich overvholmingly contributed to total VFA production, obliterating any
possibility of deteeting significant treatment diffevences. On the other hand,
another oxperiment wes discontimued vhen no measureable total VPA production
could be doteoted until 12hr, of incubation,



The use of impermeable apparetus for inwvitro experimentis, especially
for lengthy incuboations (24, 36, 48 & 72hr.), has been eriticised on the
grounds that end products of formentation ecould inhibit the rete of
formentation and influence the pathwvays of formentotion (Louw gt al. 1949;
and Dohority, 1963). It could be nrgued for example that the large amount
of propionate formed when lipids vwere added was an artifact of the inevitro
systom, DBesides preventing the accumilation of end produots, a further
edvantage of the mioro-artificial rumen was that it allowed the determination
of the times and retes ot vhich end products were formed, Sempling at regular
intervals was the greatest advantege of the mierowartificial rumen enmabling
the rate of production of any end product to be determined, but this advantage
vas offset by the difficulty in detecting the small increments in production.
In an attenpt to increase the amount of VFA to be detected, the rumen ligquor
ves inerossed to 100ml,, but this failed to procurc the inereases expected,
The dielysis of VFA from the vhole rumen liquor in the dialysis sac to the
dialysete further confused the situation and correction had to be made for
those losses (Teble 34). Difficulty was encountored in detormining tho VPA
of dialysste samples and this problem wvas further aggrovated by the ineroased
numbers of VFPA determinations required vhon microeartificial rumens vere used.

Total VFA production was not alweys highor during e 24hr. period in
the mioroe=artificial rumen than in the impermeable apparaotus and the pil results
(Table 12) suggost that mierobial activity probably would not be inhibited to
any groat extont, A disadventege of the microwartificial rumen wus its
shortor peried of inmcubation (24hr,) preseribed by the serious deterioration
of the cellulosic mombrane of the dislysis sec due to bacterial atteck, The
moximun VPA production, in~vitro, frem collulose doos mot ocour until 36hr,



nocording to Marston (1948), end in this study substantial VPA production
from grass fibre still oceurred between 48 « T2hr. Thore vas difficulty ia
completely preventing frothing and hence carryover of rumen fluid into the
dialysate, This problem may have been due to the nature of the rumen
contenis used,

In future, provided frothing dees not occur, the micro-artificial
rumen possibly eould be consisiently successful if at least 200ml, of rumen
ligquor was incubated vithin the dislysis sac so that greater amounts of VPA
are formed, The increases in the VFA concentrations of the dialysate must
be substantial and casily detected if the results are to withstand the
inherent exporimental errors of the procedure of separsting individual VFA'‘s,
and the subtrection of the individusl VFA sero hour coneentration from the
VFA concentrations of ecach succeeding portion of dialysate., Fosaibly enother
wvay of solving this problem would be to decrease the flow rate of the
dialysate. As experinmental eguipment the major disadvantage of the
mieromartificinl rumen vas its complexity end the imability to perfomm

large numbers of experiments with it, o coriticisa also mentioned by

Johnson (1966),

The impermeable apperatus used wvas advantegeous becsuse of its
simplicity and eanse of duplication. Large numbers of incubations could be
conducted at the same time, alloving duplicatien of cll experiments,

Use of “cegelinloge in the Impermesblo Auperatus

1cucoliulose vas used as o marker to establish the sourcs of VPA's
in rumen fermentations of lipid and gress fibre, and espoecislly to discover
if the inoreased propionate produced in the presense of 1lipid was being formed
£rom the digestion of carbohydrate as suggested by Roberteon (1968).
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The addition of lipid did not significantly affect the incorporation

‘46 into total VPA (Table 21e)e In so far as individual VFA's vere

of
concerned, “G-aomte production vas significantly decreased ond
140-propionate production was significantly inecreeased vhon lipid was added
(Tables 26 & 27). The results of this experiment cloarly showed that sinece
lipid had en effect on the individusl VFA's formed from 143-0511111“9, it
most likely hed similar effects on the cellulose ond the other inscluble

1

carbohydrates of the grass fibre. The choice and use of tobacco | 'Cescollulose

as o marker appears to have been quite valid since lipid had & similar effect

1

on the formation of individual VPA's from the ‘Ouauulm. as it did on the

VPA's formed from grass fibre,

Vhen Sattor et sl. (1964) added (U-'’C)oellulese and (U~''C)hemicellulose
%o rumen ingesta from hay=fod and graine-hsy mixture fod covs, the molar
proportions of the |
activity (disintegrations/min,) of each fraction collected from tho

40vPA's produced wore calculated by dividing the total

liquid-liquid chromstography eolumns, by the mumber of carbons in the
molecules, The improbability of all the carbens in butyrate and valerate

being labolled vas acknovledged, The divisor for propionate renged from

2,54 = 2,62 depending upon the extont of propionate formation by vay of the
dicarboxylic acid pathvay or the sorylate pathvay, Only acetate, propionate
end butyrate vere determined vhen !'Cecellulose vas ineubated in impermesble
apperatus, and since the | Cecollulose ves not uniformly labelled, the moler

proportions of the “O-m'l produced from “&wdlnhn vore derived dircetly

from the total setivity (disintegrations/min,).

A reliable vay of determining the rates of absolute YPA produetion



and to eliminate the need for making correctiona for the VFA vhich has

“C-oollnlm as a markor,

dialysed from the dialysis sacs, ves to use
Moosurements of the rates of production of the individual '‘CuvPA's vould
exclude any VPA from being measured othor than that being produced.
Unfortunately this experiment wvas not successfully completed because of the
lack of a satisfactory technique %o separate the individual VFA's. The
titrimetric method of separetion (James & Martin) as used in the other

experinent in vhich !%Cecollulose vas added, would not be suitable when

detormining as meny as 340 acid samples for each experiment containing
three artificial rumen units., Because of the experimental error inherent
and the experimental error possible duving such s long undertaking, attention
veo given to separating "c.m'.mp-uqnu chromatography columns
(Varian Aorograph), and collecting free 'C«VPA's in colloction tubes packed
vith siliconised glass fibre moistonod with toluene seintillation fluid,

As mentioned in the results, this proved to be unsuccessful due to the
carryover of ' C«VPA's in succeeding separations, Meny different liquid
phases and various seolid supports wvere prepared and used wvithout success,
but the tvo colums used $o separate VFA samples contsining ' Ceacetate
(Tables 37 & 38), although being of different longth and containing different
solid supports, may have pointed out that adsorption vas less on the columms
coated with the most liquid phase, Vallnofer gt. al. (1966) separated
140.vPA's succossfully on & eolumn conteining Anschrome A 60/80 coated vith
20 torophthaliec acid carbowax 20M, This is a large porcentage of liquid
phase compared with recent recommendations of 5 « 7% (Hrionak & Pale, 1967),
Youssef and Allen (1966) mentioned that o decrense in percentage of liquid
phase (20 « 157%) eliminmated column bleeding without affecting the resclution
of the acids, DBven if higher percentages of liquid phaso decrease the amoumt



of adsorption, the offect of carryover must bo complotely elimimated wvhen
separeting 140-?1?& 's. The fastor separations and better resclutions
obtainable frou eolwms vith 5 « 77 liquid phase will have to be compromised

vhen wishing to decrcase adsorption, hemee carryover of free MO-N‘PA'l.

Robertson (1968) used linseed oil as o supplementary source of lipid
in peveral of his experiments bocause of its similarity in fotty ecid
couposition to that of the lipid of grasses and clovers, The effocts of
various lipids upon the rumen VPA proportions have been variable, Hobertson
& Havke (1964) found that linseed oil added to inwvitro formentations of
runen liquor and grass fibre inorecased propionate and docreased acetate
production, vhoreas Nottlo & Rook (1963) found linseod oil had no offect
on the individual VPA proportions, VWhen cod liver oil wvas added to rumen
liquor it vas found to decrease acetate and incroase propionate production
by Shev & Snsor (1959); Hicholson ot. al. (1963); and Hottle & Rook (1963),
but Beitz and Davis, (1964) and Broster gb. al. (1963) found that the
proportions of the VFA's in the rumen vere unaltered vhen cod liver oil wvas
fod, Shav & Snsor (1959) noted that when oils of differing fatty aseid
composition vere odded to rations for ruminants, alterations in VFA
proportions could be expected to occur to a greater or lesser degroo
depending on the amount and degree of unsaturation of the lipid added.
They found that the more highly unsaturated lipids had a greoater offect
on deercesing the molar proportions of rumen scetate and ineressing the
molar proportiens of propicmate. Table 39 contains the fatty seid
composition (% weight) of the different oils used in this study



TABLE 39, Composition of Peanut, Linseed and Cod Liver 011 (7 weight)

(Hilditeh, 1956),.
Peamut 0i1  Linseed 011 °°“oﬁ"”
Saturated fatty acids : 15 =« 24 6 - 16 15
Unsaturated fatty acids : Total 8% = 76 04 - 84 335
Oleie 66 « 39 13 « 36 20
Linoleic 19 = 37 10 « 25 29
Linolenie - G0 =« 30 26
>C 10

‘8 - -

Vhen linseed, poamut snd cod liver oils vere used, it vas found that
cod liver oil, in the prosence of grass fibre as substrate, had by far the
groatest effect of inercasing propiomate (Table 16) and butyrate (Table 17)
production and decreasing acetate production (Table 15), Feamut oil also
produced more butyrate and propionate end less acotate than linseed oil,

This vould seem %0 be at varience with the hypothesis of Shav & Ensor (1959),
sinco according o the figuros given by Hilditeh (1936) in Table 39, linseed
oil (boing the lipid vith the grestest amount and degree of umsaturated
fatty acids) would Le expected to increase propionate and decrease acetate
tho most. Linsood oil sctually depressed propionate production (Table 16),

Vhen the three different lipids were added to rumen liquor, total VRA
increased in the absence and decreased in the presence of grass fibre, yet
propionato production wms incressed in both enviromments (Table 18), It is
difficult to explain the increase in scetate and decwease in bLutyrate
production vhen 1ipids were added to rumen ligquor in the absence of grass
fibre unless the interconversion of scetate to butyrate (Leng & Brett, 1966)
vas inhibited.



A similarity betweon the resulis showvn in Table 4 and those obtained
by lobertson & Fowie (1964) vas the offect of lipid in decreasing the NI,
production at 48hr,., although M@ormsprmttm at 12hr, ocourred in
the presonce of lipid in the preliminary experiments of this study,

Irrespective of the difforont amounts of lipid added, lipid
significantly decressed NI, production (Table 11). This effect of lipid
mmsmtumMﬂﬁhmmlhdmmm
experinents, although, since there vas o deorcase in total VFA (Teble 7)
and therefore fommentation, the decrease in Mi, production eould possibly
bo expocted. Chalmers (1960) found that the addition of oil to & ration
vhich contained 3% or less nitrogen resultod in a depression in rumen ammonia
levels vhereas, vhen added to rations wvith & nitrogon lovel of 4,97, an
increased concentration of ammonis resulted. It is possible that the gress
fibro used in this stuldy contained 3% or loss nitrogen. Hovever, this was
not determined,

wrmu:»mm.mmdmm,
produced in all the incubstions, In fact, in the experiment containing
verious lovels of lipid, the W, production was generally higher from
endogencus fermentation than in the incubations containing both lipid end
grass fibre (Pig. 4). N, production vas fairly constent throughout the 72hr,
inoubations, the rate of Mi, produciion decreasing enly slovly with time,

Lffoet of Lipdd on the uil of iupen Liguor

The rumen liquor in the miero-artifiecisl rumens did not alvays produce
groater smounts of VPA over a 24hr, period than the inmcubstions wvith the
imporaeable apperatus, and despite the scoumilation of VEA's in the latter



apparatus the pil did not fall belov 6.0, but instead, after initial falls,
rose again, Although the primery purpose of determining the pll of the rumen
liguor vas to check the validity of the incubetions in impermeable apparatus,
the results obtained raised some other interesting points, including the
increase in pi after the initial deerease in pil, The incubations containing
only rumen liquor rese to a pii of 7.40 vhich probably can be accounted for
by endogenous protein fermentation and possible degradeiion of mierobial
protein, The effeet of lipid vwas to decrease the pll of the rumen ligquor
(Table 12) to a greater extent than incubstions containing gress fibre alome,
and to maintain this low pll for a longer period of time. Although less total
VPA wvas produced, incubations containing lipid had o pH as lov as 6.0, vhich
increesed only slightly after 36hr, This can be attributed to the depression
in i, production caused by lipid.

Use of (2-'%C)giycorol

Robertson (1968) suggested that some of the increased propiomate
formed, vhen lipid vas added, might be derived from the glycerol moiety of
the triglyecerides since earlier work by Johns (1953); Hobson & Memn, (1961);
and Garton, Lough & Vioque (1959) showed that propionate was the main VFA
formed when glycerol was incubeted in rumen liquor, However, Robertson
calculated thet 2,0g. of lipid would only sccount for an inerease in the
concentration of propionic scid of slightly less than 0,.03m-mole/l., vhereas
the inerease in propionic acid effected by lipid (8.5 and 11.3memole/1.) for
exceeded this ealoulated value, Vright (1969), using (Us'‘C)glycerel,
found that only 20.6% of the 'C wvas detected in propionate affer a 12hr.
incubation., Acetate and CO, accomnted for 31.47 and 17% respectively.

2
Butyrate, lactate and the micro-organisus themselves were other recipients
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of the 19, with only 135 of the '4C unsccounted for.

Vhen (2=1C) glycorel vas sdded as substrote in rumen liguor
containing both grass fibro and added lipid, approximately 55% of the
glycerol ves incorporated into VPA's (Table 30), vhich is similar to that
found by Garton, Lough & Vioguej Hobson & Manny Johnsy and ¥right, The
glycerol could have possibly boen formentod to othor ond products (lsctate,
citric acid cyele compounds or be present in microeorganisms) but in this
study these wore not investigated,

Instead of propionnte being the major fermentation product from
(2-1%C)g1yvorol, most of the "¢ vas incorporated imte scetate vith enly
small portions being incorporated into propienate and butyrate, There would
appoar 40 be no reason vhy glycerol should form propionate predominantly
since it wvould initially form pyruvete via the glycolytic pathwvay before
being converted into VPA's, The produets of glycorol formentations could
vary vith the mature of the microbial population and it is likely thorefore
that the dictary regime of the ruminant could have an importent bearing on
the anounts of cach VFA formed. In work dome by Johns (1953); Hobson & Mamnn
(1961)3 and work performed at the Rowott Research Institute (1962), the
glycerol vas formented ipevitre, vhile Garton, Lough & Viogue (1959) added
glyeerol to covs fod hay and concentrate retions, commenly o propionate
producing enviremment, Vright (1969) used rumen liquor from ryegress-clover
fod covs to forment (Ue'‘c)glycerel to asetete, 00,, propionste, butyrate
and lactate., The rumen liguor used in this present study was obtained from
covs feeding on hay, and contained o high proportion of acetate (707), henece
ascetate producing miero=orgunisms., Proportionslly higher insorporations of
(2+1%) gAyoorol into scotate ocecurred in the ineubstions in vhich glycerol
vas the only substrate (Table 30), The addition of grass fibre lod to &



greater incorporation of (2= 'C)glycerol inte propionate and butyrate,
vhile the addition of 1ipid increased oven further the incorporation of
(2=1%c)glycerol inte propionate and butyrate and decreased scstate
incorporation. Since these changes in the proportions of “c-m'a
parallel the changes in the proportions of VFA's brought about by grass
fibre and 1ipid, it vould appear that the incorporstion of (2-' C)glycerol
into VFA's depends on the nature of the mierobial population.

Conclusion

Results from this vork have shown that the effect of lipid on total
VFA production has been variable, although in most cases the change in total
VFA production has not beon very great. One comsistent effect of lipid
wvithin the impermeable apraratus has boen the increase in propionate and
butyrate production and the decrease in acetate. Although acetate can be
interconverted to butyrate, the large increases in propionate and the Zecreases
in acetate can not be atiributed to interconversien,

It may be hypothesised from the results of this study, that the
effoct that lipid has on the digestion of cellulose and probably other
insoluble carbolyydrates of the grass fibre, is a direct effect on the
microbial enviromment of the rumen liguor, either om specific enmymes of
the micro-organisms or directly on the activity and proliferation of the
miero-organisms, It is gemerally agreed that three main types of bacteria
in the rumen vhich degrade cellulose to simple sugars and subsequently to
final products of fermentation are the cellulolytic cocci(Ruminococcus
The formentation products of the cellulolytic cocei are acetate, lactate,
suceinate, formate, CO,, end H,. Dactereides succinogens




forms succinate and acetato from cellulose, and since sucecinate is an

important fermentation produet of this specie, s high proportion of
propionic acid is often formed., The third type, Buty

forus lactate, formate and scetate but is primarily regarded as one of the
chief butyrate producers in the rumen.

The microbiel enviromment effected by lipid probably encourages
lipolytic specics capable of digesting ecellulose, vith propionate as the
predominent end product. The enviromment ereated by the addition of lipid
must suppress the activity of micro-organisms found normmlly in the presence
of gress fibre, especially those responsible for producing acetate, The
lover pll found in incubations containing lipid mey be an essential factor
of this enviromment. The enviromment also has the consistent effect of
dopressing the production of NH,. The resulis of experiments, in vhich
miero-artificial rumens wvere used, shoved that the peak rate of propiomate
production, in the presence of lipid, occurred at a time vhen production of
acetate and butyrete was lov. This information lends further support to the
hypothesis. The effect of the lipid on total VFA is dependent entirely upon
the success st engendering this environment; the 1.0g. of added 1ipid/100ml,
rumen liquor, vhich had the largest deprossive effect on total VPA production,
moy have ceused an effect detrimental to othor micro-organisms, yet
insufficient in quantity to completely procure an enviromment favoursble
for the lipolytic-propionate producing microworganisms. It was suggested
by Brooks gt. sl. (1954), aftor noticing the reduced cellulose digestion
vhen corn oil wvas added to dry matter containing 50% cellulose, thai the
effect of added lipid ves for it to cout the fibrous material, thus retarding
the bactorial action in cellulose. Vhether lipid coats the grass fibre to
the oxient that o detrimental effect on formentation ocowrs, is difficult to



reconeile with the higher gas production and the higher total VFA production
that sonetimes occurred in the prosence of lipid. If an enviromment
favourable for the lipolytic-propionate producing micro-organisms is
successfully obtained, the effect of lipid coating fibrous material would
cause no detrimental effects on digestion, but rather enhance digestion.

If this covironnment is not achieved, lipid vould have the effect of
inhibiting fermentation of fibrous material.



SUTALY.

1. Vhen impermeable spparatus vas used, the effect of lipid on the total
VFA production of rumem liquor incubated with grass fibre wvas variable.
Vhether total VPA production was increased or deoreased, the changesbrought
about by lipid vere rarely significant.

- W Generally, the lovels of lipid added (1.0, 2.0 or 3.0g./100ml, rumen
liquor) significantly inereased the propionate production and significantly
decrensed the acetete production of rumen liquor incubated vith grass fibre,
vith incressing levels of lipid accentuating these effeets. Dutyrate
production vas increased vhon lipid vas present but required the addition
of lipid levels greater than 1.0g. for significent inerceses to occur.
Although lipid levels less than 1.0g. ususlly inereased propiomate and
butyrate and decronsed scetate production, few of these incresses or
decreases were sigmificant,

3. Results vere variable from the experiments in vhich the micro-artifieial

rumens vere used. Howvever, except for experiment Ga, total VPA production vas
increased vhen lipid wes added to rumen liquor containing grass fibwe.

Vhen lipid ves added to the rumen ligquor incubations centaining grass
f£ibre, the highest rates of propionate production ocourred at the same time
as the lowest rates of acetate and butyrate productien. Conversely, vhen
the rates of acetate and butyrate production were highest, the rates of
propicnate production vere among the lovest thet occurred during the
incubations.

Problens of detecting the small inerements of VEA produced, the
frothing of the rumen liquor over into the dialysate, the dialysis of YFi's
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from the rumen liquor to the dialysate, and the variation in the activily
of the rumen liguor samples made resultis from the semi-permeable apparatus
difficult to detormine and compore.

4 Cod liver oil produced more propiomate and butyrate and less scetate
than vhen linsced and peanut oils vore added $o rumen liquor containing
grass fibre. Vhen lipids were incubated in »umeon ligquor alone, the effects
upon total VPA, acetate and butyrate were opposite to the effects vhich
occurred vhon the lipids vere added to rumen liguor containing grass fibre.

"c-eenuhummdunmhrhmmmmetm'-

Se
in rumen formentation of lipid and grass fibre wvithin impermeable apparatus,

Although the incorporstion of 19C from VCucellulose into totel VFA

ranged from 38 = 65% in this experiment, the addition of grass fibre and
nmmmmmmmmumot“cmwm.

The higher level of lipid used (2.0g/100nl, rumen liquer) vas Lound
to significantly docrease the production of 'IC-acetate and significantly
increoase the production of Mc-poptm. 1dpid had no significant offect

on the produstion of ViCubutyrate.

Since 1lipid had the sbove effects, on the individual VPA's formed from
‘m.nwm&umm-ﬁ-umxmdm

insoluble ecarbohydrates of the grass fibre.

1

In this experiment only O = 2% of the '3C from 'YC.cellulose was
Mm.mz. The addition of greass fibre and lipid aid not affect
mw—n"cmmr

6. M“Mmmmummm“ﬁm
wvithin the nicro-artificial runens, atiempis at deterunining the welative
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production of individual VPA's wvas unsuccessful because of the difficulty

in separating the 140-??&'- on ges-liquid chromstogrephy columms. This

MC—VFA': on the columns

difficulty wvas probably caused by adsorption of
and their subsequent contamination of sueceeding VPA samples. An investipation

into the problem of adsorption vas carried out.

T Vhen linseed oil was incubated with rumen liquor containing gress
fibre, ammonia production wvas depressed. Often the ammonia production
from runmen liquor incubated alone vas greater than samples conteining grass
fibre and lipid,

8. Although the pil of all the rumen liquor fermentations were initially
deopressed at the commencement of incubation, the pH of rumen liquor vas
depressed to the greatest extent in the fermentations to vhich lipid had
boen added.

9. Approximately 557 of the (3—140)1;]3«1-01 incubated in rumen liquor wvas
incorporated into VPA's,

Acetate ves the major fermentation product vhen (2-' C)glycerol vas
ingubated in rumen liguor and although propicnate and butyrate wvere also
produced, together thoy rarely exceeded ono-third of the incorporation of
glyeerol into acetate.

The addition of gress fibre diversified the production of | C=VFA's,
with inercases in propiomate and butyrate and decreeses in acetate, while
the addition of cod liver oil slightly accentuated the offects of grass fibro.
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APPENDICES

APPENDIX 1

Effeoct of 1ipid levels and incubation times on the total wveoiatile
fatty acid production (o-mole/l.) in Experiment 2,
Applyois of Verisnce

Soureve of Variance d.f. SeSe MaBy P Reoult
Duplicaten 1 1.09 1.09 0.23 Nela
Lipid Levels 3 49,70 16.57 3.46

Tineo 3 18935.3% 631,79 131,90

Lipid Levels x Times 9 46434 917 1,08 HeSe
Residual 5 Ti1.689 4.79

TOTAL 31 2064.,54

Control v Lipid 1 33,49 33.49 6.99

Detveon Liptd levels 2 16.31 8,11 1.69 MeSe

D value required = 3,16

Effect of grass fibwe levels and incubation times on the total welatile
fotty seid production (m-emwle/l.) in Bxperiment 2.
Apalyeis of Verisnce

dource of Variance [ Bebe Helie 4 Rosult
MM’.“ ‘ '”." ‘”." 2 .3‘ '.3.
PMive Levels 1 SOT0.86 95070.86 64.51 ’
Times 3 864,23 288,08 3.66 HeSe
Fibre Lovels x Times 3 204446 68,15 0,87 HeSe
Residual 7 550.24 78.61

TOTAL 15  6865.72
g e e o




APFENDIX 2

(a) Effect of lipid levels and incubation times on the acetete production
(n=mole/1.) in Experiment 2,

(b)

Analysis of Varisnce

Source of Variance d.f. SeSe MeSe P Result
Mllﬂm 1 1.12 1.12 033 Nebo
Lipid Levels 3 757.70 292,37 74,50 x %
Tines 3 328,21 109.40 32,27 .
Mptd Levels x Times 9 ”062 4,29 ‘027 H.h.
Residual 15 50,86 3.3

TOTAL n 1176.51

Control v Lipid 1 $956.32 956.32 164,11 . e
Betweeon Lipid Lewvels 2 201,38 100,69 29,70 LA

D value required = 2,66

Effect of grass fibwe levels and incubation times on the acetate

production (m-mole/l,) in Experinent 2.

Analysis of Veriance

Source of Variance d.f. 8.8, Me8e P Result
Duplicates 1 12.83 12,83 2,62 HeSe
Fibre Levels 1 2053.67 2093.67 420,83 . "
Tines 3 198,44 66.13 13,56 "e
Pibre Levels x Times 3 12,77 4426 0.87 H.s,
Recidual 7 34,15 4,88

TOTAL 15

231186




APPENDIX 3
(a) Effect of lipid levels and incubation times on the propionate
production (m-wole/l,) in Experiment 2,

Analysis of Verisnce

Source of Veriance d.f. 8¢5 Meia P Result
Duplicates i 0,02 0,02 0,02 NeSe
Times 3 491,10 163.70 129,92 L
Lipid Levels x Times 9 44,69 4.97 3,95 LA
Residual 15 18.95 1.26

TOTAL " 1053 .40

Control v Llptd i 2’2-” 232.” 1“.«) ® 6
Betveen Lipid Levels 2 266929 133.15 105,67 .

D value required = 1,62

(b) Effect of grass fibwe levels and incubetion times on the propienate
production (memole/l.) in Experiment 2,

Anslysis of Verisnce

Source of Variance 4.7, Gebe M5, 4 Result
Duplicates 1 1.84 1.84 1.44 NJ5e
Fibre Levels 1 329.13 329,15 297.13 e
Times 3 46.34 1545 12,07 . "
Pibre Levels x Times 3 14,19 4.73 3,70 HeBeo
Residual 7 8.95 1.28




(a)

(b)

Effect of lipid levels and incubation times on the butyrate

ATFENDIX 4

production (m-mole/1.) in Experiment 2,

Anslysis of Verisnce

Source of Variance 4a.f. S84 MeSe F Result
Ihpliantol 1 0002 0002 0.04 H.&: .
Lipid lLevels 3 9.29 3.08 9.92 LA
Times 3 1.7 3.93 7.56 .
blpi.d Levels x Times 9 3.3 0.38 0.73 HeSo
Reaidual t’ 70” 0032

TOTAL 31 32,20

Control v Ll]ll.d 1 6.54 6.54 12,58 Ll
Betveen Lipid Levels 2 2.T 1.36 2,62 N.S,.

D value required = 1,04

Effect of grass fibre levels and incubation times on the butyrate
production (m-mole/1,) in Experiment 2,

Analysis of Vapiance

Source of Variance dof, Sebs MeSe F Result
Duplicates 1 0.49 0.49 3.27 H.5.
Fibre levels 1 43.10 43.10 287.33 = "
Times 3 5.07 1,69 11,27 il
Fibre Levels x Times 3 0.27 0.09 0.60 H.8,
Residual 7 1.06 019

TOTAL 15 49.99




AVPENDIX 5
(a) BEffect of iipid levels and incubation times om the ammenia

production (ug.m,/im.) in Experiment 2,

is Variane
Source of Variance d.z, BeSe Me3e ) Result
M11““' 1 ’7 .02 ”002 2404 NS .
bipid Levels 3 465,48 159.16 554 " .
Times 3 531,83 177.28 6.33 " »
Mpid Levels x Times 9 2&’.05 31.76 1.13 NeSe
Residual 135 420,08 28,01
TOTAL N 1760.26
Control v Lipid 1 341.75 341.75 12,20 .
Detveen Llpid lLevels a 123,73 61.87 2421 NeSe

D Value required = 7.63

(b) Effect of grass fibre levels end incubation times om the smmenia
production (u.ﬂ,/lo&ﬂ.) in Experiment 2,
Anslysis of Varisnce

Source of Variance d.z. He8e Moo 4 Result
Duplicates i 64.47 64,47 2,07 HeSe
Pibre Levels 1 218,35 218,35 701 .
Times 3 438,03 146,02 4.69 "
Fibre Levels x Times 3 83.65 27.88 0490 N.S,
Residusl 7 217.90 31,13

TOTAL 15 1022.42




APPENDIX 6

Effect of grass fibre and time of incubation on the formation of total
VPA, scetate, propionate and butyrate(m-mole/1.,) and monu(ng.m.,/w&nl.)
in Exlﬂﬂmnt 2.

(a) Total Volatile Fatty Acid,(m-mole/l velues
TIME OF TION (hy Added Pibre
Pibre Added(g./100ml,) 24 72 Means
1 90,05 100,15 104,90 109,65 101,19
(v) Acetate Production.(m-mole/l,) (Meen velues)
BE @ DOMOE(r,) ~ Added Pire
Pibre Added(g./100ml,) Means
0 4’-” 46.10 48031 50.72 47.11
1 62,87 69,63 T2.,02 74,35 69.77
(¢) Eropionate Production,(m-mele/l.) (Mean values)
IPE 0 DCUMTION (hr,)  Added Pibre
Pibre Added(g./100ml,) 2 Means
0 11.04 13,49 12,92 13,96 12.75
1 18.36 20,75 23.05% 25.19 21.83
(d) Butyrate Production,(m-mele/l,) (Meen values)
IDE_ O DNUMHINN(,)  Added Fibre
Pibre Added(g./100ml,) Means
0 .17 6.61 6.52 6.97 6.32
1 8.83 9.82 9.84 2.9 9.60

(e) Ammonia m.(-..llz/mm.) (Mean values)

W“n Added Pibre
Pibre Added(g./100ml,) Means

0 23,00 26.78 29,03 32,01 7.7
1 26,19 31,62 37,02 41,02 33.96




AFFENDIX 7

The effect of linseed oil, cod liver oil and peanut oil on total and
individuel volatile fatty ccid production(m-mole/1,) in Experiment 3,

(1) Totel Volatiie Fatty Acid Preduction

Analysis of Variance

Source of Variance d.f, Gela M.Se F Result
Duplicates 1 0.02 0,02 0,086 N.S.
Lipi.dn 3 4,45 1.48 6.34 108
Residual 3 0.70 0.2333

TOTAL 7 517

(10%)LSD value requived for 1ipid means = 1,14

(ii) Acetate Production
Analysis of Variance

Source of Variance d.ft. Selle M,5,. F Result
Duplicates i 0,04 0,04 0,044 H.S5,
Lipids 3 46,47 15,49 17.15 »
Residual 3 2.7 0.,9033

TOTAL 7 49,22

(9%)LED value required for lipid means = 3,02

(iii) Propionate Production

Apalysis of Variance

Source of Variance d.f. Sefe M8, 4 Result
Duplicates 1 0.0 oM 0.66 NaBe
Lipids 3 14,01 4,67 9.94 .
Residual 3 1.42 0447

TOTAL 4 15.74

S e m e

(9%)LED value required for lipid meens » 2,18



APFENDIX 7

(iv) Butyrete Production
Anslysis of Verisase

Source of Voerience d.f,. Bale MeSa ¥ Besult
Duplicates 1 0,27 0,27 0.46 NeS,
Lipids 3 949 3.16 5.38 106
Residual 3 176 0,587

TOTAL 7 11.52

(9%)LSD value required for lipid meons = 1,80



APPENDIX 8
The effect of various amounts of cod liver oil on the net production

of total and individual volatile fatty acids(m-mole) in Experiment 4,

(n) Net Production of total VFA

(1) Analysis of Variance

Source of Varisnce d.f. S.5,. M., P Result
Duplicates 1 28,75 28,75 1.59 NS,
Lipid Levels 7T 111,40 15.91 0.88 N.5,
Residual T 126,20 18,03

TOTAL 15 266,35

(ii) Tadle of Results

Lipid Added(g./100ml,) Duplicates Added Lipid
D, D2 Means
- 55.10 49.85 52,48
0.2 60430 57.60 58.95
03 52.90 56,70 54.80
0.4 58.20 65.70 61,95
0.5 60,60 50.70 55.65
1.0 57.60 57.10 57.35
1.5 59.50 $3.40 56.45
2.0 61.30 53.00 57.15
Duplicate Means 58,19 55.51 X = 56,85

S.E, per fermentation bottle = $4,25 m-mole



APPENDIX &

(b) Net Production of Acetate
(1) Analysis of Variance

Source of Variance d.f, 843, MeSe P Resuld
Duplicates 1 11.96 11.96 1,20 NoSe
L:I.pid Levelis T 193,51 21,93 2.‘9 NeSe
Roesidual T 70,00 10,00

TOTAL 15 235 .47

(i1) ZTable of Results

Lipid Added(g,/100ml,) Duplicates Added Lipid
D, D, Means
- 38 34,25 36,28
0.2 39.29 34,95 37.12
0.3 32,30 35.38 33.84
044 33.75 40,31 37.03
0.5 36,90 31.21 34,06
1.0 31,20 3.7 31,18
1.9 33.35 28,66 31,00
2.0 30,22 25,56 27.89
Duplicate Means 34,42 32.69 T = 33,55

5.8, per fernentation bottle = 23,16 m-nole



APFENDIX B
(e) Net Production of Propionate

Analysis of Variance

Source of Vaeriance d.f. Sebe H.5. ¥ Result
Dupli.ca-tos 1 3.28 3.28 1.6 N.8,
Lipid Levels 7 T7.30 11,04 5.39 »
Residual 7 14,33 2,05

TOTAL 15 88,35

Control v Lipid Levels 1 38.51 38.51 18.79 -
Between Lipid Levels 6 38.79 6.47 3.16 He.8,

D value required for lipid level means = 5,87

(d) Net Production of Butyrate
Apslysis of Verisnce

Source of Variance d.f. B.8¢ Meiia P Result
Duplicates 1 0,01 0,01 0,008 N.S.
Lipid Levels 7 40,17 5.74 4,56 *
Residual 7 8.8 1.26

TOTAL 15 48.99

Control v Lipid Lewvels 1 20,57 20.57 16,33 & 2
Betwveen Lipid Levels 6 19.60 3.27 2,60 NeSe

D wvalue required for lipid level means = 4,60



AFFPENDIX 9

The effect of various amounts of cod liver oil on the distribution of
145 (incorporsted inte VPA from '‘Cecellulose) among individual volatile
fatty acids (percentages tremzformed to angles) in Experiment 4,

(a) C-sertate produstion

Anslysis of Veriance

Source of Variance d.z, SeSe MeSe 4 Result
n@lio‘“' 1 0,03 0,03 0,02 N.8,
Lipid Levels : 34,29 4.90 3.93 !0}’_‘
Residual 7 974 139

TOTAL 15 44,06

Control v Lipid 1 15.74 15.74 1132 i
Between Lipid Lovels 6 ‘s.” 3.09 2022 Ne8e

(10£) LSD value for lipid level means = 2,24

(b) '“cepropionste production
Analysis of Varisnce

Source of Variance d.f. Gofs M.8, F Result
Duplicates 1 0.33 0,33 0,52 N5,
Residual 7 4,50 0.64

TOTAL 15 20.89

Control v Lipid 1 4,66 4,66 T.28 »

(106) LED value for 1ipid level means = 1,52



(¢) "c-butyrete production

Analysis of Verisnce

 APPENDIX 9

source of Variance

d.t.

5.3 . Hl'l'. . v Result
Duplicates 1 0,9 0,91 0.85 N.8e
Lipid Levels 7 13,54 1,93 1.80 N.S,
Residual 7 T31 1.07
TOTAL 15 21,96




APFENDIZ 10
The effect of various amounts of cod liver oil on the net production

of total and individual volatile fatty ascids(m-mole) in Experinment $.

(a) Net production of total VFA
Anslysis of Verianoe

Source of Variance d.f. Eeds | PIE P Result
Duplicates 1 14,85 14.85 1.80 Nu.Se
Lipl.d Levels 3 13.12 4.37 0.53 N
Besidual 3 24.73 8.24

TOTAL 7 52,70

(b) Het production of Acetate
Analysis of Varisnce

Eource of Variance d.f, 8.8, M.S, ¥ Result
Duplicates 1 0.36 0.36 0.05 HeBs
up“ Levela 3 32.86 10,95 1.06 NeS8e
Residual 3 19.75 6.58

TOTAL 7 52,97




AFPENDIX

(¢} Net production of Propionate

(a)

Apalysis of Vorisnce

Source of Variance d.f. See Moo ¥ Besult
Duplicam 1 3.56 ’.56 “o’o " e
Lipid Levels 3 14,24 4.75 499.38 ¥
RBesidunl 3 0.25 0,08

TOTAL i 18,05

Control v Lipid lLevels 1 12,41 12.41 115.13 o =
Between Lipid Levels 2 1.83 0.92 11,50 .

D value required for the lipid level means = 1,37

Net production of Butyrate

is Vi
Source of Variance d.f. BeSs H.S8, 14 Result
Duplicates 1 1.88 1.88 6.7 N.S,
upﬂ. Levels 4,82 1.61 5.7 HeS,
Residual 0.8% 0.28

- W W

TOPAL 7.55




