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PREP ACE 

'rhe New Zealand economy depends largely on the 

ettlclent conversion ot pasture to exportable animal products. 

The current emphasis on higher stocking rates increases the 

need tor pastures best suited to animal production. 

Pasture species used 1D New Zealand are recognised 

as ditter1ng in their ettects on animal production, these 

differences being loosely attributed to Yariation 1n�asture 

quality". It the level ot oatput ot saleable product la 

the accepted measure ot pasture quality, thea the principal 

factors governing this are the quantity ot teed consumed 

and its subsequent ut111aat1on. 

A number of studlea hRve shown that dltterences ln 

food intake alone cannot account tor the observed differences 

ln antmal performance. It baa thus been considered important 

to investigate the factors attectlng the utlliaatlon ot 

pasture by the animal. 

Volatile tatty acids (VFA) produced ln the rumen 

are generally considered to account tor 10 to 80 per cent 

ot the net energy requlrementa ot ruminants, and their 

production must be a ••Jor dete�lnant ot teed utlllaation. 

Dltterences 1D tbe ruminal oonoentrationa and proportloaa ot 

VPA have ott.en ben obaerYecl wl'tb pasture teedlDg and have 

been otted aa poaalble reaaona tor dltterenoea 1D pasture 

qual1t,-. 

Tbe lnveat1sat1oa deaor1bed bere waa undertaken a a 

prellm1D&r7 atudy ot tbe role ot VPA production lD determining 

tbe quall� ot ••• Zealand p sture speolea. 
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REVIEW OP LITERATURE 

In trod uc t.ion 

The literature 1a reviewed in tour aect1ona: 

(1) A review and summaey ot previous atud1ea ot t.be quallt;y 

ot the maJor New Zealand pasture apec1ea. 

(2) Diaeuaaion of the importance of VFA 1n t.be met.sbol1c 

prooeasea of the ruminant. and tbelr possible role 1n 

causing differences 1n te�d qualit7. 

(3) Metboda of measurement of VFA production. 

{4) The problem of obtaining s representative sample of 

rumen contents. 

1 



1.1. Tile iaall tz ot Major llew zealaad Ptstura Specie• 

Aa earl¥ •• 1931 Rolterta at .Abaeyat117'tb found �at 

the incluatcm of wild wht te clover 1n a predom1nantl7 eye

graaa paature llllx\ure 1narea.eed �be 11'fe wetgh\ galft of 

abeep b7 35 per cent. Since then several workers in New 

Zealand aDd Australia ha ve demonatrated eonaietentl7 taster 

growth ot abeep graztna white clo'fer pasture• than \hoae 

�sing 17esra .. apeciea (81Dola1r, Clarka and Pillllar, 1956; 

Rae, Brougham, Glenchq and Butler, 1963; Rae.BNugbaa and 

Barton, 1964; lloLean, ttbollaoa, I'farson, Jqusoh and Laweon, 

1962J MoLeu, Tbomeon, Jaguaob and r.a .. on • 1965; Blab\ and 

S1ncla1r, 1965, 1967; W1laon, 1966J Oallagber, watk1D and 

Gr1mea, 1966; Joyoe od lfn�, 1967J Jo7oa aDd Ratvq, 

1969J UlJatt, 1969) . Dlttarencea lD \he grow\b rate ot 

abeap graa1Dg 'farioua �agraaa speoiea baYa leo beea abown 

(MoLe8Jl et al., 1962, 1965; Raa et al., 1963, 1964J Ul.7att, 

1969). Tbe llYa welght ga1Da on 'Uleaa vartoua paature t7pea, 

ralat1Ya � tboaa on peJ"emalal 17•sra•• oba!r'Yad ln tbeae 

expertmenta, an Pl'•aan\ed 1D Table 1.1. 

Butler, Rae aDd BaUe7 ( 1968) NYlewed the pasture 

qaall\7 trlala ooDdu�ed at uaQ Un1'fanit7 oyer the last 

twel'fe 7eare and arrived at '-D geDerallaatloaet 

( 1) "Le" paralet ' PJesra• YU'le,lea at Ye sr••'"' ra'•• 

ot 11 •• ••1sll' aat.a tba _,.. pepaalal 'farle,lea 

ad 

(2) te olo� at•.. addltloaal etlt whether 

alo e or la a.-oola'$1 wl tll -, ••••" 

2 



Table 1.1. 

Live Weight Gain of SheeR on Different Pasture S2ecies Relativ� to Perennial Rzegra�s {100� 
c c + s C +A c + p I s A p Comments Country Reference 

239 74 157 100 Autumn-Summer 1957 N.Z. Rae et al. ( 1963) 
192 135 153 100 Winter-Summer 1959 
258 263 189 100 Winter 1961 Rae et al. (1964) 

151 138 124 100 Spring 1962 
122 161 97 100 Spring 1963 

257 139 100 Spring 1961 N.Z. McLean et al. ( 1962) 
123 132 100 Autumn 1962 
212 116 100 Spring 1962 McLean et al • .  ( 1965) 
....... 152 iOO Autumn i963 100 
219 119 100 Spring 1963 

408 100 Autumn N.Z. Sinclair et al. (1956) 
515 270 100 Autumn (Short Pasture ) N.Z. Hight & Sin clair ( 1965) 
531 282 100 
205 146 100 Autumn (Long Pasture ) Hight & Sinclair (1967) 

146 100 Spring Australia Gallagher et al. (1966) 
147 100 Summer 

185 100 Spring Australia Wilson A.D. (1966) 
150 100 Summer 
439 100 Autumn 

191 100 Autumn (Indoors) N.Z. Joyce & Newth (1967) 
127 100 (Restricted C) 

144 114 100 Ad lib Spring (Indoors) N.Z. Joyce & Rattray (1969) 
152 121 100 Restricted 

147 119 100 Spring N.Z. Ulyatt (1969) 

C �ite clover I Paroa Italian ryegrass 
s Manawa Short-rotation ryegrass p Perennial ryegrass 
A Ariki ryegrass 



Some progress in defining the reaso ns for tbeae 

d1t'terences between species bas been made. !."yidence to 

suggest tna� differences in food intake can account for 

part but not all ot the o bserved differences in live weight 

gain has been produced by .McLean et al. (1965� Gr1mes, 

Watk1n and Gallsgher (1967� Joyce and Newth (196-n, Rattrey 

and Joyce (1969), and Ulyatt. �969� 

Ditterences in weight of rwmen contents ana 1n the 

concentrations and molar proportions of VFA in the rumen or 

sheep grazing pasture nave been observed (Table 1. 2J. 

These observations have been interpreted to mean that 

3 

pastures producing greater live weight gains are more readily 

termented and give rise to more favourable end products or 

digestion (McLean et al., 1962, 1965; Johns. Ulyatt and 

Glenday, 1963; Miltord and Minson, 1965, 1966; Grimes et al., 

1967). 

Bailey (1964) showed that short rotation ryegrass (S) 

bad oonaiatentlJ lower cellulose and possibl3 higher soluble 

sugars then perennial ryegraes (P) and 1n genera l tbe lower 

cellulose cont nts eo�rela�ed with higber live weight gains. 

Evens (1964) demonstrated that the leaTes or P were phyaioall7 

stronger than S and that �his d1tterence was oloa l7 

correlate ith c ellu lose content. These obe rYatione 

suggest d that tbe more annual ryegrass speol s might be 

more rap1cU� broken down 1n the rumen and moye at a taster 

rate along the digestive traot than tbe more pereDn1al 

species (Butler e\ al., 1968). 



Table 1.2. 

VIA c.no. 

(lllltle/100ml) 

VlJ. •lar 

pnportiou 

(acetic-

popleaio-

but.7rte) 

Velpt et 
eoDteata per 

100lb LW (lb) 

c 

14.3 

15.0 

14.4 

20.4 

59-25-16 

59-26-15 

6.4 

Bppn 2'wpcteriatics of Sheep on DUf'trerrt. P&stun Sptgieg 

c + s C+P 

14-7 13.4 

61 .. 2,..12 

'·' 8.4 

s 

12.3 

8.2 

10., 

8.9 

14.8 

1.3.9 

61-23- 16 

58-16- 16 

6.7 

14.7 

p 

1 1.8 

8.8 

10.7 

7.3 

14.4 

13. 1 

74-21-S 

63-22-1 5 

62-2,..1.3 

60-2,..15 

12.0 

17.1 

Reference 

Johlls 1' al. (1963) 

McLean et al. ( 1962) 

Mci.ean et al. ( 1965) 

�tt ( 1964) 

Vl1att ( 1969) 

Jolma 1t aJ,. ( 1963) 

Ul.Jatt ( 1969) 

Grimee ot al. ( 196'7) 

Ul.1att ( 1964) 

lobna n al. ( 1963) 

Mcl.ean at al. ( 1965) 



Ul7att (1969) demonstrated that S bas a lower rumen 

d1gestib111ty and s faster turnover t1me 1n the rumen than 

P and suggested that 1t might be leas completely digested 

by the rumen m1croorgan1sma. Tb1a theory was supported 

by evidence that a higher proportion ot mesopbyll cella, 

containing much ot the aol�ble plant components, passed to 

the intestines on S compared wtth P. Th1s would suggest a 

greater digestion of S tnan P distal to the rumen ( Evens, 

pera. oomm.; cited by Ulyatt, 1969). Tbe auper1orit� ot 

cloYer over the ryegrasae s was su.ggested by Ulyatt. ( 1969) to 

be due to its lower cellulose content and to a btgher ratio 

ot �lly termentable to structural carbohydrate. Blgh 

rumen concentrations ot VFA and ammonia, and a rapid turnover 

time for the organic matt er of clover in the rWDen, were 

thought to indicate a more intense fermentation and break

down 1D the rumen. These circumstances could lead to a 

higher intake ot org nic matter, readily termentable 

cat"bohydrate and protein compared w1 tb the ryegraasea. 

4 



Sbeep sraztng dtrterent Bew Zealand paa�gre apeclea 

abow variation 1D live weight gain. 

Tbe leas persistent ryegraas varieties gtve greater 

rate s ot 11 Yeweigbt saln \ban tbe more perslatnt 

vartetie•,and white clover la or a4ditioaal benetlt. 

Dltterence• in food lntake cannot alone aooouat 

tor dltterencea 1n live weight gain. 

Ruaen VPA dltterencea, aeaociated with variation 

1n chemical oompoaltton ot pasture apectea and 

reaultat d1tterencea 1D digestion, have beea 

•uggeated aa a poaslble reason tor variation lD 

aa�l performance. 

5 
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Large quantities ot VPA, 1D par,loular aoe\1c,pro

p1on1c end but,-rlc aclda, are produced 1ft \be ruatm ae a 

result o t  tbe rermentatlon ot 4ieta1"7 carbobJd rate and protein 

1'17 \he rwan mloro-organiama. Although the presence or VPA 

1a \be ruaera had been Jmon alnoe the 1880a, tbelr role 1D 

the animal remained uncertain un\11 Barcrott • McAD.ally and 

Pb1111paoa ( 1944) abo...O that tbq were read117 abaorbed 

and meubollaed. Slnoe \ben tbelr nutrl tlonal 1 portanoe 

baa been w1d el7 r cosateed (Rook, 1964; warner, 1964; 

ADDleon, 1965 ). 

1.2.1. Prod pctlon ot VPA tg tbe RWD!D ot the Sheep 

The dle\a� conatltuente glYlng rlae to VYA are 

prlmarlly oelluloae, �leellulon, aoluble carbob7d rate and 

proteiD. The proportion• ot the end prod octa Y&Q wl tb the 

relat1Ye amount• ot tbeae aubatratea. 

Pa�•fl7• ln \be deg:r 4at1on ot food carbo!Q'drate and 

protela w the ead-pred uota VPA, laotate,aetbaae, )Qdrosa aDd 

oar boa d loxlde are d epleted la P�. 1.1. 

la eral the aubetratea wblch are le .. rapldlJ 

t eated 111 ae ftliHD, la partloular aelluloae (Ba114f7, 

1964), al.e rlae to re acetate (Aulaen ad Lnl•• 1959). 

Proplo111o ao14 doe• not •• to be a alpltloat derlntt•• 

ot oelluloee teNeatatloll nl le erlYed holl aacolDtc act 

-. the deoarbo�latloa reacttoae ot ot er ataotertal epeotea 

6 
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Figure 1.1 
Metabolic Pathways of VFA Production (adapted from Armstrong, 1965) 
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are terme11ted, propionate is produced in large amounts, uauall)' 

via the reduction ot lactate (Eladen, Volcan1, G1lehrist end 

Lewia, 1956). 

The hemicellulose• are more soluble the cellulose 

and hence more easily termented. But¥rate appears to be a 

ajor product ot tbelr termentatlon (oxtord, 1958). 

Branched chain tatty ac1da prod uced 1D tbe rwaen 

appear to be derived from proteins attacked by the rumtm 

microbes e.g. isovaleric (Bl-Sbazly, 1952h 1aobutyric, 2-

••tbJ'l-but7rio (ADniaon , 1954). A number ot amino acids are 

degraded pr1Dcipally to acetic acid while aspartic acid 

producea mainly propionate (Lewta, 1955; Slrotnak, Doetacb, 

Robinaon and Shaw, 1954). 

7 

Tbe relative amounts ot tbe end-products ot rumen 

digestion ere not simply determined b7 tbe chemical compo

ait1on ot the dlet,howeTer. The pb7a1cal torm ot the toodatutt 

can influence the ratio ot acetic to propionic acid in the 

fermentation products (Balob, 196o). 

Because or the continuous production and absorption 

ot the acid s and the onward passage or digests, measurement 

ot the rum1nal production ot VPA has proved technically 

difficult but a number of approaches baYe been derived. 

Warner (1964) suggested trom a comparison ot results 

trom a large number or xperiments that VPA probably proYide 

7Q-80 per cent ot the net energy supplied bi mo t t e ds. 

More recently, lmproYed technique• bave been developed and 

esttmates ot tbe contribution ot VPA to tbe animal• energetic 

needs made. Batimatea made uaiag abeep are su ariaed in 



Table 1.3. 
Published Estimates of VFA Production in Sheep 

Numbers of 
Animals 

Daily Ration 

2 Dried grass 8Q1g DM 

6 

3 

3 
L, 

5 

8 
21 

2 
2 
1 

.3 
3 

3 
3 

4 

Lucerne chaff 549g DM 

Lucerne hay chaff 
Wheaten hay chaff 

1000g DM 

Lucerne chaff 800g WM 
Lucerne chaff & ��ize 600g WM 
Lucerne & wheaten chaff 500g WM 

Phalaris tuberosa (grazinG) 
360g DOM 

Dried ryegrass 600-800g OM 
Dried forage oats 500-900g 0!1 

Grass hay 850g DM 

Lucerne hay 850g DM 
Oat straw 472g DH 
Wheat & Lucerne chaff 700g WM 

Oat straw 522g Dr-1 
Oat straH & urea 1122g DM 

Lucerne hay 680g DM once daily 
Lucerne hay 85g DM 3-hourly 

Hay & concentrates 440-1230g DM 

* Recalculated by Leng et al., (1968) 
GE Gross Enec-e:-r DE Digestible Energy 

Moles/day % GE % DE % HE Methocl of l·ie<>.surement 
Production 
Rate 

5.4 

5.36 

4.31 

8.77 
5.70 
2.50 

1.47 

3.11-5.52 
2.4-A.3 

3.7 

2.52 
1. 40 
2.32 

0.85 
2.38 

2.23 
2.32 

45 

4A 

31 

62 

79 
53* 
45* 

5!. 

38 lHf 

34 
42 
33 

38 
.31 

36 
39 

--

50-54 

64 

46*H 

41 
54 
39 

50 
40 

46 
51 

u Faichney (1968a) ��* Rook (1964) 
�lE Jv!etabol is:1ble FnerG,V 

Isotope d i lu' �•Y. 

Isotope dilution 

Isotope dilution 

Isotope dilution 

Isotope dilution 

Isotope dilution 

In vitro fermentation 

In vitro fermentation 

In vitro fermentation 

In vitro fermentation 

Partition of digested 
energy 

Reference 

Bergman et al. ( 1965) 

Leng & Leonard (1965) 

Gray et al. (1967) 

Leng & Brett (1966) 

Leng et al. ( 1968) 

:Jest on &Hogan ( 1968) 

Sutherland (1963) 
--

Faichney (1968a) 

Faichney (1968b) 

Faichney ( 1968c) 

Nicholson & Sutton 
(1969) 



!'able 1.3 {unleae atated ot.berw1se,data applie-s to pen-t d 

abeep ) . 

It can be aeen that production rate varies consider

ably with the type and amount ot tood eaten, and ranges t:rom 

leas \ban one mole per day on an oat straw diet to more 

tban eight moles per da; on a diet ot dried lucerne chat�. 

There is also eona1derable variation in the contribution ot 

VFA to digested energ)'. The ver"¥ high figure ot Leng and 

Leonard (1965) wee criticised by Faiohney ( 1968a ) 1n that 

daily proo�ot1on wns obtained by ext�apolat1on trom a tour 

hourly period of 1ntua1on during which rumen concentrat1ona 

were constant. Leng, Corbstt and Brett (1968) recalc u lated 

the VFA production rates using the daily me n concentrations. 

The results obtained by in vitro methods are 

consistently lower than those obtained by in vivo techniques 

but none or the workers have offered an e.xplane t1on tor this 

( Faichney, 1968a). 

Bull. Jobnson and Re1d (1967) suggested that 

variation in data on VFA production might be du� in part 

to such dltferencea as levels ot intake, rete or passage of 

food through tl'le al1mentar7 tract, obem1o 1 compost tton ot 

tbe d1et and metboda ot measurement mplo7ed. 

1.2.2. Production ot VFA 1n tbe Hind Gut of the Sb ep 

l'ermentat1oD of tood rea tdues b)' m1croorgan181D 1D 

tbe c oum ot tbe abeep reaulta 1D tbe production ot � 

VfA. Haaaate eS el. (1959) estimated tb amount to be lea• 

8 

tlum 5 per cent ot tbe total 'RA production. bot PaicJmey ( 19684) 



euueatecJ it is cloeer to 12 per cent or the total. .Ae 

the volume ot the caecum is epprox1m&te11 14 per cent of 

the rumen volume (W1lliama, 1965) and the mean concentration 

ot VPA 1n tbe caecum about 80 per cent ot that in tbe rumen, 

P'a1ohney (loo. cit.) euggeated that production from tbe caecum 

le probably limited to leas than 14 per cent ot that 1D the 

rumen. 

Hogan (cited Oallagber, 1966) auggested that a 

Yalue o:t 5 per cent m1gbt be too low tor diets in which a 

coneiderable portion ot the d1geat1ble organic matter is 

digested in the caecum and colon. Goodall end KaJ (1965} 

have reported that with dried :teede raore th81'1 10 per cent ot 
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the to\al cellulose digested is degraded in the large intestine, 

and Orq ( 1947) put this figure aa blab as .30 per cont. 

Tbomaon et al. (1969) found 23-27 per ceat digestion o:t 

cellulose 1D the caecum nd colon ot sheep :ted dried lucerne 

dieta. 

Thus digestio n 1D the hind gut could supply a 

aigniticant proportion ot the energJ requ1renent.s of the 

ruminant. However there are no reports of the ugni tude 

ot VPA production lD the hind gut ot abeep ted :treah pasture. 

'1'b YYA produced 1D th romen become aYalle-.le �or 

VIe aebbollc proceaee• ot tile animal bJ a))aorptloD tato the 

blood atreaa. 1Dl7 \tiro 8b Ule rUil8D wall. llaiQ' worker• 

bave eboa tbat 1D llbeep noel vtag teed the rat.ea of 

absorptioa ot 1Dd1Y1dual 'IJA are cmeralll proportloaal to 



Uaelr concentrations 1n the rumen (Sutherland, 1963; 

Perry ana Armatrong, 1969; west.on and Hogan, 1968a) and 

lt has been suggested that absorption is by simple d1ttue1on 

(Dobaon, 1961; ADnison, 1965; Hungate, 1966; Leng and 

Brett, 1966; YcDonald, 1969). Other workers boweyer, have 

noted tbat the proportions ot the ind1vldual acids in the VFA 

absorbed have not been t.he aame as their proportions ln rumen 

fluid (Danlelli, Hltcbcock, ltarahall and Pbllllpaon, 1945; 

FaicbDey, 1968a; Wllllama, Hutcblnga and Archer, 1968). 

The only d irect evidence ot actiYe absorption has been the 

demonstration 'by Stevens and Stettlar (1967) ot a alight 

movement ot acetate against ita electrochemlcal gradient 

across the rumen epitbeliwa from the plasma to the lumen, 

and the biological implications ot this are obscure. 

The ettect iYe concentration gradients tor the 

1Dd1Y1dual VPA may poaalbl¥ De altered by a number ot 

tact.ora,lncluding PH in the rumen (Danlelli et al •• 1945; 

Gray, 1948�1nterconversion or acetate and butyrate 

( Bergman, Reid, Nurray, Broc��a1 and Wbitelaw, 1965; Leng 

and Brett, 1966) and ;:aeteboll• ot but)'rate to ketone 

bodlea lD the rumeu epit.b llwa (Penniqton, 1952; suttoD, 

Ue01111ard and Jacobaea, 1963). Tbla -., belp to explalD 

tiODie of tbe cJitterencee reported 1R \be llt.l'atore i n  the 

rela\1Ye rates ot abeorp\lon ot the VPA. 

W1111•• et al. ( 1968) baYe auueated \bat up to 

20 per cent of the VPA produced 1n \be t-uaea o&D nter tbe 

omaaua but probably little ot this reaobea tbo .� .. aua 

(Gra7, Pllpbl ud Weller, 19541 SteYeraa, Sellers aDd 

10 



Spurrell, 1960; Joyner, Keeler end Holter, 1963). How

ever the epithelium or the abomasum appears to have a 

a1m1lar absorptive capacity to that ot the rumen (Aab, 1961J 

Wllliama e' al., 1968). 
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Absorption of the VPA produced 1n the hlnd gut eppeera 

to take place through the caecal epithelium by almple dittus1on 

( Myera et al., 1967). 

1.2.4. Uetabol ism ot VFA 

Acetate 1s the large t 1ngle contributor to the 

metabollsa�le energy ot the ruminant. Only smell amounts 

are metabolised 1n the rumen epl thelium end liver, end leu•ge 

quent1t1es e'pesr in the pe�ipheral blood ( Annlson, Hill 

and Lewt ' 1957) although some is of endogenous origin 

( Ann1son end �h1te, 1962). In tissues which utilise 

acetate, ox1dat1on occur via acetyl CoA nd the c1tr1o acid 

cycle and there 1s no known meohsnism tor net synthesis o t  

glucose. Acetate is taken up by adipose tis ue tor tat 

synthesis, but this req�ires the provision of NADPH2 tor 

reduction reaotlona, rrom the concurrent metabolism of glucose. 

Anniaon and Lind a7 (1961) have estimated the 

oontr1but1on ot ox1d1aed ootate to expired co2 production 

to be 35 per cent tor ted ab ep. 

Propionic sold, tog tber w1th the non- a entlal em1no 

ac14s, provld a the maln ource ot glucose ln the ruminant. 

Some proplonat 1s ox1d1aed to lactate by th rumen wall 

during abaorptlon ( Pennington and Su\herland, 1956) but 

moat le removed tl'O the blood atr b7 th 11Y r ( Annlson 



et al., 1957). 

Propionate entera the citric aoid O)'ole Yia aucci07l 

CoA and proceede to pyruYate Y1a oxaloacetio acid. P7ruvate 

then enter• the citric acid 07cle Yia acetyl CoA. Eatimates 

ot the contribution ot propionate to expired co2 Yary tram 

25 per cent ( BergmaD, Roe and Kon, 1966) to 50 per cent 

(Smith, Oaborne-White and Ruaaell, 1965, 1967). 

AltematiYely, propionate can be uaed tor glucose 

aJDtheaia Yia auoclnate, o xaloaoetate, pboapho enolP)'ruYate 

The paaaage ot 

gluooae-6-pboapbate tbrougbthe pen�•• abunt could proTide 

12 

the neoeaaar,J WADPH2 tor the ayntbeaia ot tat trom acetyl CoA. 

The formation of oxaloacetate tacilitataa the oxidation ot 

acetyl CoA deriYed from acetate, butyrate or ,..B-tqdroxybutyrate. 

Butyric acid la almoatly completely metabollaed b7 the 

epltheliua ot the ruaen and omasum ( Pennington, 1952) and onl7 

traces appear 1D the per1pberal blood (ADDlaon et al., 1957). 

Oxidation ot butyrate to ketone bodies accounts tor approxi

mately 70 per cent of the OX7gen consumption ot rumen 

epitheliua,emd up to 40 per oent tor the liYer (Bird ad 

We1d-.m, 1964). In JUQ tlnuea tbe keto e bodlea caD 

aubat1tate tor glucoae 1D oxidat1Ye .. taboli Yia tbe altrio 

acid QJale bat do aot giYe rtae to a net &JDtbeala ot gluooae 

( Almlaon. Lna. L1nd8Q' aDd White, 1963) 

0x14a�10D 1D \he 11 YeP OCOUN Yia \be cro tOQl Co.A 

patl:lwa7 • e\wlas \he ol trio aold 07ole •• aoef.71 Co.A. 

Ba'J'rat .. like aceta\e, la tneorporat.d 1Dto loq ebalD fa\-

·ltloa 



ot 2-oarboa ual�a tro aoe\71 CoA (tboap.on and Jaoobaea, 

1966). 

'tbe aaa�or metabolic pa\bwa)'a ot VPA u't111aattoa 

ar tlluatrated ln Pts. 1.2. 

1.2. 5. 'the Etttcleno7 ot Ut111aat1oa of VPA 

13 

The tbeoretlcal ettlc1enc1ee tor VFA as eaerg7 sources 

baYe been presented b7 Arm&trong and Bla�ter (1957) tor matn-

tenaDOe and b7 Bull et !1• ( 1967) for ltposeneala. Tbeae 

are preaented ln Table 1.4. wlth the nwaber ot hlgb eners7 

pboaphete bond a (ADP � ATP) formed per mole ot eubatrate 

oxld1Nd. 

Table 1.4. 

Subatrate 

Stearlo a old 

Gluooae 

Aoettc aold 

Prop1oD1o aold 

But7rlc aotd 

Olutaalc aold 

Tbeo£!tlcal EfttctencJ ot Ut111aat1on 

ot Vartoua Sybatratea 

lfole A'l'P/IIole 
Subatrate 

146 

38 

10 

18 

27 
23 

Tbeoretloal 
Etttcteno7 

Malatenanoe Llpogeneala 

100 

105.8 

88. 6 

91.0 

95.7 

100 

n.o 

78.5 

83.0 

T.beae values baYe HeD celoulated ualaa \be 1.DhNedlaJ7 

nerg traatera 1D tbe pathwa7a llluatPated 1D :rta.1.2. aDd 

ateano aetd a \be eerg •.aroe 1a tat. 



Figure 1 .2. 
Metabolic Pathways of VFA Utilisation 
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(1) Efficiency of Uttllaation of VFA tor Maintenance 

(a) IDdividual VFA 
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Wben Armstrong and Blaxter (1957a) infused single VFA 

into the rumen ot tasting sheep, beat increments calculated 

from carbon and nitrogen retentions and from respiratory 

exchanges revealed that acetic and butyric acids ea tbe 

sole energy source were utilized very poorly relative to 

propionic acid as the sole energy source. Tbie waa explained 

on tbe baa1a that an impairment ot glucose metabolism due to 

lack of oxaloacetlc acid and or other carbohydrate metabolic 

products might oceur;aa evidenced by an accumulation ot acida 

in the blood, occurrence ot acidosis, decreased blood sugar 

levels, and increased urinary nitrogen (Armstrong and Blaxter, 

1 96 1 ). Blaxter ( 1 962) suggested that part ot the low 

energetic efficiency of acetic acid migbt be due to the use 

ot prot in as glucose precursor, and turth r, that acetate 

might accumulate 1n body tissues and interfere with oxidative 

phosphorylation resulting in an increased, wasteful beat 

production. 

Tbe greater efficiency or utilisation ot but7Pio 

acid tban ot acetic acid may be due to metabolism 1n the 

ruaa epithelium producing malaly aceto-acetic acid wblah 

can be used ln extrahepatic tisauea (Armatrcmg and Blu•er, 

1961). 

Black, Lutck, ller and A11a4 ( 1966) have abo1m tbat 

bu,¥ra�e me�eboll a�teote glaconeogeaes1a b7 aparlns p,JruYate 

ox1dat1on9 eo conaervl.Dg a sluco•enlc preeuraor • and 1D 

addl,lon by eabeaolag \be eoaYeralon ot wruvate to oxaloeoe\a\e. 



The ettlol ency ot ut111aat1on ot propionate was much 

closer to 'Ule theoretical Yalue because ot 1 ts glucogen1a 

and hence protein apar1ng nature ( Bull et al., 1967) . 

(b) Different Proportions ot VPA 

15 

Intua1on ot Yar1oua mixtures ot tbe three VFA into the 

rumen ot tas ted sheep (Armstrong et al. ,  1 957) resulted in 

relatively hlgb and similar ett1clenc1ea ot ut111astion ot the 

incUv1dual acid • This was interpreted to suggest a marked 

ayraergiam 1Dly d ue to the tacili tat ion or ace tat and butyrate 

oxidation by the presenc e or small amounts ot propionate, a 

glucogenic eubstance , giving eubatance to the b7potbea1a pu t 

forward to expla in tbe low efficiency of utilisation ot 

acetate and butyrate 1.e. even amall quantities ot propionate 

ar probably a autt1cien t supply ot carbohydrate intermediates 

to facilitate tb oxidation ot acetate and to prevent tbe 

breakdon o t  body protein to form tbe n ee saaey gluoogen1c 

811l1no acids. 

(2) Efficiency ot Utilisation ot VPA tor Lipogenesis 

Reported estimates ot the ut1liaat1on or VPA b7 

fatten1ng antmala based on abort te� tnruaton studies haTe 

abown rath r 41ft rent rnults from those baaed o n  recent 

long term t edtDg trlala. 

Oont1nuoua 1ntua1 oa o f  1Dd1v1dual VPA tnto abeep tor 

periods ot up to 18 d ays (Armatrong nd Blaxter, 1957b; 

Al'alatrong, Blaster, Grahala ud We1 D, 1958; Anaatroq and 

Blaxter, 1961) abowed that the oalor1 trlc ettlolenolee 

w1 th wblch \be WA w re uaed for llpogae•1• were senera�l¥ 

lower Ula tbo .. tor alntaanoe but 1Dcreaee4 wlUl laor•••lnB 



oha1n l eng th. W1t.b VFA mix tures t.be ett1c 1 en c 1 ea were 

t.bo ae expec ted from tbe c alortmetrlc etf1o 1enc1ea o t  the 

ind ivid u a l  a c 1d s  comprising the mixture. It appeared that 

a a the pro portio n  o f  energy d ert ved from aceta t e  inc reased , 

the eff i c i ency w1 th wh1ch the metabol laabl energy o t  tood 

wa s u sed to r synthesis o t  body fa t d ec l ined . These au thors 

attempt ed to expla in the results in t erms o f  the large energy 

requ iremen t tor the synthes i s  o r  ta t from sho r t  c ha in VFA . 

By contra t in the tasting en imsl , VPA which spare body ta t 

ox idat ion m lgbt be used mor effic i ently . No expl anat ion 

tor the ver7 low ett 1 c 1 en cy of ut111se t lo n  o f  ac e tate wa s 

given except fo r the commen t tha t the rumen mlcrobl el popu

la t ion may have been d i s t u rbed . Methene prod u c t ion tel l 

and energy loss incre a s ed bu t there wa s no 1nd i c e t1o n o t  

a l t ered meta bo l ic act ivi ty o t  t h e  rumen flora. Further 

work w l th goats ( Armstrong and Blaxt r ,  1964 )  confirmed the 

results shown with sheep. 

1 6 

ID a vera l experiments in wb lcb VFA were t ed to sheep 

o ver a long period ot time ( �rakov and Allen , 1966a , 1966b, 

1 966o; �rskov , Hovell and Allen , 1 966) no d 1 tterenc e a  were 

d�onatrated iD tbe ett1c lenc 1 • o t  use o f  the 1nd 1vid ael ac id s . 

Rook , Balcb , Campl 1ng and Piaber ( 1963) drew a elmilar conclu

alon �rom tbe results ot  1nfue1ng VPA 1ntrarum1aally 1nlo 

grcnrlng bet tera during 35 d q  period e. BDweTer the lncreaeed 

nitrogen retention ns no t eign1t1cetlJ gr ater than tllat 

resulting from tbe control 1ntue1on o t  water. -rakoY d 18-

counted t.be uae o t  oalclua and sod tu• aal te ot VPA lnatead 

of o ld Mluttoaa , teed tns twic e  d a lly verau e continuous lntua1oa , 



tbe atage o f  ma tur i ty o t  sheep used . end interac tion be tween 

ind ivid u al VFA fed and the propor tions prod uced b� rumen 

fermen t a t i on o t  the ba s a l  d i e t  as po ss i b l e  rea sons tor 

d ifferen c e s  b etween the re s u l t s  ot these workers and tho se 

ot Arms trong ' a  gro u p  a f ter further inve s tiga t ion (�r ako v  

e t  a l  • • 1966, �rskov end Alle n ,  1966b , 1 966c ) .  
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Bull e t  a l . t { 1967) carried o u t  further t r i a l s  d e s ign

ed to e l imina te the po ssible effects of excess c a t ion inpu t 

and interact ion w i th the ba s a l  d i e t, by the u se o f  triacetin 

a s  the a c e ta t e  source and two l evel s o r  each ot tour d i e t s .  

En ergy s torage was d et ermined from compara t ive s l a u gh ter 

s t u d ies. Resu l t s  suggested tha t a c e ta te wa s u s ed tor 

r a t ten ing wi th the same ett 1 c i ency a s  o ther VFA . The 

ettecta o t  l ength o f  trea tment period on energy r et en t ion 

was then s tud i ed by ind irec t c a l o r ime try . Energ e t i c  

ett ic 1 ency a t  three d ay s  after the b eg inn ing o t  the trea tment 

per iod wa s very lo w bu t increa s ed to a value s im i l a r  to the 

theo re t i c al a t  f i f t een d ay s  and i t  a ppeared tha t the 

temporary low eff i c i ency had d i s a ppeared end me t a bo l ic 

mechan i sms bed adapted to the increased acet a t e  load . The 

en&y�e tbiokina ae wa s sugges ted by these workers to be tbe 

importaat l imiting factor 1n acetate adapta tion while  o ther 

t c tors might play a aecond ar.y ro l e .  However , this wo u ld 

not account tor the d ifference in utilisatio n o t  aceta te 

wb ft g1Yen singly or 1n a mixture to tasting aheep. The 

carbohydra te intera c t ions men t ioned preYioualy might also 

be important bere . 

(3)  O ti llaatioD or VFA tor LiYe eight Oa tn 



The eYldeno e to r a rela t1onab1p between mo l ar 

pro port ions o t  VPA 1D the rumen end 1 1ve weight g a in 1 a  

inconc l u s ive. 

Nega t ive correla tions between the a c e ta te to 

pro pion a te ra tio and da l ly ga in have been shown tor growing 

ra t ten ing s teera b� We1 es , Baumga rd t ,  Barr and Brungard t ,  

( 1967} and to r abeep by Jd 1 l tord and V inaon ( i 965 , 1966) , 

Johna e t  al . ( 1 963), and Gr 1me s et a l .  ( 1 967 ) .  Conversely 

Pu tuas { 1 956) , Armstrong { 1 964 ) , Tbomaon {1962 , 1965 ) , and 

Gr imes {1967) were una ble to d emon s tra t e  any r ele tionebip 

be tweeD molar pro po rt1one ot VPA nd ett lc i enoy o f  u t i l i sa

t ion or energr tor ra tt en ing. 

Gr lmes ( 1 967) a ugge t ed ths t : -

" the rela t ionsh i p  'between mo l a r  pro po rtions ot VPA 
and parameters o t  bod7 g�wth may change a a  en ima l a  
ma ture becau se o t  the chengtng compo s i t ion ot bod7 
weigbt tnc rements end the d i fferen t me tabo l ic 
pathways by w b1ch t a t  and pro tein are d epo s 1  ted . "  

Shaw ,  EDso r , Tol lechea and Lee {196o ) observed an 

increasEd e t f 1c 1ency o t  u t i l i sa t ion o f  d iges t i bl e  pro tein 

and ea inc rea se in body we ight ot s teers to l lowtng cook ing 

end griad tag ot tb ra t ion wb1ch 1ncree sed the rwalnal 

prod uc tion ot propton1c a c id rel a t i ve to tha t ot ece t 1o 

ac id. 

thi s  type ot food prepa re tioD taYoured 1ncreaaed molar 

pro por tioDe of propiona te , clumgee lD \be piq aloal coDd l tloD 

ot tbe d iet altere tbe d taeat ib1l i �  ot the d i etar7 coaat l

tuenta and probab17 the propo r\loa ot ea�a7 abeorbed •• 

M s-eover Blax\er ud Grebam ( 1956) obeened 

ao dlt:te�eace w1 \h abeep 1D Ule et avu Yalue o f  41-led 

18 
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gra ss when it we e f in e ly ground or ln the long torm. Tbe 

pre sence ot uch a rela t io n ship a ppears then to be depend ant 

u po n  a number o t  tactors s�ch ae age o f  the growing a n imal 

{ Gr lmee ,  1 967 }, and pro tein con ten t o f  the teed ( Arms trong , 1 964 ) .  

Var i a t ion 1 n  to tal VPA prod u c t ion l s  a po ss ible conto und 1ng 

tac tor where a rel a t. 1on ahlp ha s been sugg e s ted . 



SUJSill'7 : 

The importance o t  VFA prod u c t ion 1n t.be rumeD 1n 

the prov 1 a 1on o t  the energet ic requ irements o t  rumlnant.a 

la well est.ebl 1 abed . Eet �a tes o t  the rate o t  prod u c t ion 

o t  VPA 1n the rumen Ye� w1d elJ w i th tact.ora su ch ea level 

o t  tnt.ake , cbem1cal ooapo a1 t 1on of rood , ra te o t  passage 

and me tbod a o f  measurement . 

Prod uc tion o f  VPA 1n t.be bind gut mq alao be 

1mport.an� 1n the prov i a 1on ot mergy for the aDtaaal._ 

requ 1r en ta. 

The ava 1lab1 1 1 t.� of VPA to t.be an �l la beat 

measured by prod u c t ion in the al tmenta 17 tract because of 

the po s s i ble contrl'bu t. lon o f  VPA metabol 1 am 1n the rumlnal 

an4 omaaal ep1 tbel 1 um to tbe an imal ' s requ 1 reaen t s .  

The proportions o f  VPA prod uced are attected by the 

obem1cal compo s i tion ot food and 1t a �•teal trea taent . 

However d ifferen t mixtures o t  VFA are used w i tb e1m i lar 

eff 1 c 1 ency e a  a aource o f  eneru for maintenance. 

Por 1 1pogenea1a , abo rt term 1ntu a1on stud ies 

auggeat the ett1c1enc7 ot u t1 1 1 aa t 1on of VPA mixtures la 

blgber when the7 con ta in a btgher proportion o t  proptonto 

and bu\7r1o aotd a  tban wben �7 coata1B a btgb proportion 

of acetic a c to .  Longer term teed tng trlala auggeat however , 

tbe t tbla low a � 1 11aat1oa efflcteocy o f  eeetate la oal7 

teapora17 aad adapta tion 11U17 ooca r , ••entuall7 reault1Dg 1D 

•�tlar eaeraetlc e�ttclenclea ot VPA. 

20 

a' tee ot the relat1oaab1p •�• lar proportlou 



ot VPA prod uced 1n the ruma and llYe weigh\ ga 1na are 

1Doonolu a lve beoauae ot var1a t1ou 1n \be coapo a1 t1on o t  

te d a  aad e\age ot ma turl \7 ot anima l s  u sed . 

Tbere 1 &  no reported ev i d ence ot a rel a t1onab1p 

be \ween io \al VPA prod uc tion and l l ve we lgb\ ga ln . 

21 



1 . 3. Techniques tor the Measurement of  VFA Product ion Rs te 

Method• uaed to studJ the quantltat iYe production of 

DA 1D the rumen can be categorised lnto to ur major groupa : 

( 1 )  Methods based on changes in concentrat ion in the rumen 

after teecU.ng. 

( 2 )  Metbod e 1nYolvtng the analyaia of blood drain ing the 

rwaen eltber in YlYO or in Yitro ualng 1aolated 

preparation• . 
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( 3) Methoda ualng the 1D Yltro incubat ion ot rumen contents. 

(4) Iaotope d ilution t eobn iquea. 

The first three gro upa have been comprehensively reviewed by 

Rook ( 1 964) ,  Warner ( 1964) ,  Anni aon ( 1 965 ) , and Dobaon and 

Phillipaon ( 1 968 ), and onlJ their main ooncluslona will be 

d i acuaaed here. 

1 . 3. 1 .  Concentration Changes in the Ru en 

Attempts baYe been made to aae ss VPA product ion 

rates in the ru en under normal cond itions by t 1me-oourae 

atud lea on VPA concentrations after feed ing ( er.r , S.itb aad 

Huftman , 1 956) .  

Yariatlon in both total leYela ot VPA and molar proport ion• 

w1tb tiae after feedlq od tbe overrid ing problem ot 

obtalnlag repreaentat 1ve aamplea of rumen coDtenta ( See 1. 4.) . 

Waruer (1964) atatea; 

•��otb the prlaclpal ad tae appllcatlo of  the .. 'Uiod 
..... ot doubtful valldlt7• 



IDdiY14ual acids have been 1n tuaed into the rumen a t  a 

constant re te and the basal prod uc t io n  ot the infused ac id 

calculated from the obaerYed cbenge in concen t�a t ion ot tbat 

ac id relat ive to tha t o t  o ther ac id s  (Ba th , Balcb and Rook ,  

1 962 ) .  HoweYer the techn ique 1a depend en t on tbe qu est ion

able assumpt ion tha t relatively large qu an t i t ies o f  extraneo u s  

VPA introd uced into the rumen d o  not affect the fermenta t ion 

processes ( Warner , 1964 ) .  

1 . 3.2.  VPA Prod uct ion Ra tes In Vitro 
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The ini t i a l  r a tes o t  increa se ot VPA u pon ana robic 

inc uba t ion o f  sampl e s  o t  rumen cont en t s  c an be mea s u red and then 

extrapo la ted to the e s t ima ted to tal rumen conten t s .  Gr8J , 

Pi lgr im , Rod de and wel ler ( 1951 ) and Belch ( 1958 ) inc u ba t ed 

teed samples wi th rumen l iquo r and a pp l i ed  the VFA prod u c t ion 

e s t ima t es obta ined to the amount ot o rg an ic matter fermen ted 

in tbe rumen . 

Other au thors {Carroll and Hunga te , 1 954 ;  Stewar t , 3 t ewart , 

and Sohu ltz , 1 958 ;  Hunga te , Mab and Simeaon , 1 961 ; Gi eaeoke 

and Lawlor , 1 965; Pa1clmeJ 1 968a , 1 968b , 1 968c ) baYe reported 

the u ae ot integrated in i t ial rates to c a lc u l a te tbe total VPA 

produetioD from eat ima tiona o t  the ra te and rumeD wlua:e. 

The aa1ntenanoe ot a DOl'lllal rumen 1"lora pa t t ern and 

terraata\ion prooeaaea under lD Y i tro coDd it1ona ou be rea•a

abl7 aobieYed u a lng abort ter. lnouba\1ona. HOwever maJor 

4 i ftioultiea a re exper ienced tD repreaeatat1Ye aempltng of 

rumen oonteata < ••• 1 .4. ) ,  aDd aoc ura tel7 d etel'llin 1ag ruma 

vo lame at frequ en t lntei'Yala thro ugho u t  the teed lng 07ale. 

hrtJael"DDIre the cS lfterencea obeernd are very IND811 and ana}7t.1eal 



1 . 3. 3. ADal7•1• ot Blood Dra1n1ng the Ramen 

(1) 1n V1YO Procedure 

»eaaur en t of tbe concen \rat ton ot VPA 1D portal 

Yenoua blood relativ-e to tha t ln arterial blood , coupled wl tb 

ahaultaneo ue measurement o t  tbe rate ot portal blood flow, bae 

been used to eet 1 ate VPA abaorptlon from tbe rumen ( Uc.Anall.J" 

and Ph1111pson , 1 942 ; Barcrott, 1 945J Schamb;ye and Ph1111,_n , 

1 949 J  Schmab)re, 1 951 , 49§-Si Ann1 on t al. , 1 957; Conrad , 

Sm1 tb , Venderaall , PouDda and Hlbbe , 1 958 ;  BeDaado un , 

Palad lnea and Re1d ,  1 962 ) .  otber worker• haYe a tte.p'ed 

to u e Jugular blood becau se ot the d 1tt1cult7 1n ma 1D,a1ntQs 

portal Ye1n catheters ( Su t� et al. , 1 963) , but Kbo u r1 ( 1966) 

was unable to cone l atentl;y detect 1n creaeea 1D J ugular blood 

VPA lnela after the 1D'troduct1on of preforaaeCI VPA 1Dto the 

taete4 rWHil , aDd  concluded that Jugul ar blood wae uaeul table 

tor \he e tud7 ot VPA abeorptlon from oalYee. 

Slnoe both portal bloGd flow aDd VPA ooDoentratlon Y&r.J 

wltb time after teed 1Ds ( Beaeacloun et al. , 1962 )  the prod uct 

et be tntesrated \broasbOu' a feeding c7cle. Mea•ur�t 

of poNal blood tlow rates preeeata 1U1J7 dUf1oultle• ( Pealer 

aDd Blll • 1 958; BeD•a4ou aDd Reld • 1962;  wal.dern • JolmHD 

aDd Bloa .. r ,  1 963) beoa u •• of \be low oaoeDtratloa ot VPA 

tD 'be blood ( ADDleon et al • •  1 957) \be error la eet1ma,1on l a  

blab. ID adcl l\loa delQ' lD l'llxlag NDC1era aeua�•• ot 
�lood aonV.t10Da u enala ancJ f'urt " •  aoool'd lDB to 

va. preot•• blood ..... la Md ,  tbtt eatwa • ..,- or mQ ' 
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laolude VFA produced 1n the :rumen bu t abeorbed tl"'m o ther pa�• 

of the gas tro-tn teot1nel tract { Warmer. 1 964).  

The metabol ic act1Y1 t1ea o t  the rumen wall marked� alter 

�· rela \lve conoentr t loDa o t  the VPA abaoPbed from the ruum. 

Slnce the ac ids me tabo llaed bJ the rumen mueo aa ay well spare 

o tber aubatretea ( W2roer, 1 964; Black et al • •  1 966 ) the meaaure

ment ot VFA elleorb--d into the blood 1a not a true repr sentattoa 

o t  their tmpo rt anoe to the overe.ll tmergy metabolism ot tbo 

animal. 

warner ( 1964) reports , •The se tectmteal d 1 ft1ou l t 1ea 

probabl7 account tor tbe tact that nea rly all tbo est �n tea 

obtained by thl method tor production ot VFA re .omewbat 

lower th D those found b7 o s t  theorot tcall� eatisfeo tory 
metbocJe • ., 

(2 ) ID V1 tro Prooed gre 

Sneral sroupa o� workers have atud led V A abaorpt loa 

trom \be l.olatecl . pertuaed ruacm (11oCartb7 • Bolter, Sbaw, Hue ter 

and McCarttv 1957; MOCartby , Shaw. MoCart!Q , Lukebalano ed 

Hol\er ,  1 958 ;  Browa, DaYla, S\aabu a aD4 ••l•a , 1960).  

ADaleo.a ( 1 965) po1Dted to �e d lttlcultlea o t  maln�aln1ns normal 

J)Qaloload.oal faao\ toa 1D a lars• l ao l e ted orgiiD , par,1c ul&rl7 

tile blood • PP17 will oh la generall)' lnadeq ate, lead tq to 

ano�ta. waner ( 1 964 )  ebaened 'hat the abaaoe ot al.xlq 

aDd laadequate 4lttualoD of prod ao\a caa M haNtal � \be 

atoro-oreat- la a ar\ltlo lal • lloCarttv e \  •J.• ( 1957) 

ct-.,uV. \ed a abU\ tro. BA te...ata\10D to oae produolq eoae 

lao\a\e 1 la\eQ t\er \be c eo . t of pertueto • 

A aUIIIMtr of otber taoton •uld Jaaye - be \ak• 1Dto 
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aoD• ld ra tion lt \be re•ulta were to l ead \o v l id conc l u e 1ona 

abou t  tbe lDtaot an imal . 

1. 3. 4  Iao tope D1l u t 1on MetboO• 

( 1 ) S1Dgle In� eotlon Tecbn lqu e  

Tracer amo unts o f  laotoploall;r labelled VPA o t  h1gb •pec l t l e  

a o t lvlty are 1D trod u c ed  lnto th e  r�en. Aft r an 1D t erval to 

allow mixing to t ke place , s a  plea ot rumea conten t s  are removed 

aDd the spec1 t1c a c t ivity ot the a c ld determlaed . Tbe d eol lne 

ln •P c 1 t lo aet l v l t)? gives a eaaur. ot d llutlon b7 unlabell ed  

acid l . e . of prod u c t ion. However tbla method d epend on the 

a • aumption that the to tal unt ot a c id under con a i d era tion ln 

the rumen oontenta r a ln conat n t , and Boyne , C ampbel l , D vidsGD 

nd Cu tbbertaon , ( 1956 )  have shown tha t the max�um and minimum 

YOlumea of rumen content s  are l ikely to co ino id wi th maximum ud 

1111n 1 VFA conontra tlon a .  Ad equ ate mlxlng o t  tbe l eo toplc 

nbatra tes with r content• and representa t i ve a ampl lng or the 

wbole ruaen pool a re al.o neoe•••17 ,  aDd tor accur cy lDterconver

• ion ot the a c id s abould be l lowed tor .  The method ba a been 

u•ed b7 Sh pp rd ,  Forbea and Jotmaon ( 1959 ) • GrQ' , Jone• aDd Pilgrim 

( 1960) wi th abeep aDd b;r Bron and D vta ( 1962 ) wi \b calve• , wl Ul 

� ••tlonable re•ulta la l lgbt o t  \be oond ltlon• • t loaed . 

Warner ( 19� )  Mgee'ed the\ \he aDOIIUll lee ln \be reeult• 

o t  Sheppard et el. ( 1959) Ora)' et 1. ( 1960) oou14 be 

110•t readll7 explelned b7 moo plate 1%iq 1n tbe time period 

under coualcleratlon. Iller\ • b•\anc • dded to "'e r ot 

.Uep orcatUe take at leaet u llour u b tb rousbl7 a1xec1 

wltb tile coDtenb ( ef!J', 1 \b and Lnt• , t958 J  01'117 1 al. ,  

1 960J BJda 1961 ) . Warner ( 1964) 



further s uggested that tbe need tor the amount of acid in 

the rumen to be conatu t  cou ld J:te avo ided it the apec ittc 

actiTity and concentrat ion of an acid together w i th the 

TOlume ot rumea contents could be measured autt1c ient!J 

often or lt the labelled ac id was cont inuoual7 1Dtu aed at 

a ra te wh lcb would keep the specific ac tivi ty constant. 

(2 ) Continuou s  Infusion Method 

A number ot workers have u sed ooa t tnuoua lnfu slon 

of label led VFA often preceeded b1 a large pr�lng doa� to 

oTercome thl a  problem o f  variation ln the au batra te content 

of tbe rumen. Bergman e t  al. ( 1 965) u aed a prlmlns doae 

followed b1 contlnuo ua lnfualon of the aame acid tor 4-5 

hours . A rumen pump ( Su therland • El l l  , Retd and Murray , 

27 

1 962 ) waa used to mlx and sample the rumen cont.enta and the 

rumen volume waa estima ted after the inJection of po ly e tbylene 

glJool .  To aob1eTe nearly constan t cono en t�a t1ona o t  

ma terial 1D the d tge a t l  Te tract \hey u aed cont 1Duoua feeding 

ot a d rled ra tion oYer �e 24 boar experl en tal period . 

llearly oon a tut apeo ltlo ao t1v1t.1ea, 1Dd 1cative of atead7 

atate coDd l t iona , were reached after 2-3 boura of 1Dtua 1on. 

Oro aa production ratea of the 1ad 1vidual VPA were eat1ma te4 

htom a aertea of expert ta uatng eaob acid aepara tel7, and 

net prod uc t ion ratea were series o t  

a1raul,neoua equattoaa u t.111a1Dg the d ata on sroea production 

and 1"8tea ot 1Dt.erconTera1oa trom t.beae esperlllenta. 

Ol'a7 , \feller , P11Sr11l ad Jonea ( 1 962) aDd GrQ • Well er 

ad Joa .. ( 1 965) ooat.1Du•d their 1nYeat.taa t1on lD \o  t.be uae 

ot \be lao'Mpe cJ 1lat1cm teolmlque t.o eaaure t.he produ t10D 



o f  more 'tban one ac id simul teneo a al7 b7 eettiug up u 

1n vitro temttnt a t ion clo sely parallel to the rumen in terme 

o t  tbe mixtu re o t  VFA tormed . U s ing 14c-labelled acid e 

they were able to demonstra te tha t a l tbo ugb transfer ot 

label between a c id s occured , par t iou larl7 between a c e ta te 

and bu tyra te , l i t t l e  ot tbe 14c l e bel was los t  from the 
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acid mixtu re , and they conclud ed tb t w 1 th mix ture con ta in

ing appropria te concen trat ions o t  l abel led ac id s ,  each 

ind i v id ual a c id could reta in nearly all ot its o r igin 1 amount 

ot 14c. Tbia me thod wae then appl i ed to the artific ial 

rumen and eatima tea o t  prod u c tion agreed c losely wi th d irec t  

•easurement wben d ue allowanc e ••• mad e tor amall loesea o t  

tbe rad ioac t i ve labela from tbe resp c t1ve ac1d e. Tbe method 

se a then applied to tbe rumen i t s e l f  u s ing tbe lo aaea ot 14o 

me asured 1n the aame ma terial fermented in an art1ticial 

r�imen aa co rrec t ion tac�ra , and ra tea ot produc t ion ot the 

three ac i a iD abeep meaaured . The t1Dd 1ag were 1n clo ae 

agreemen t 1th tbo a e  ot Stewart e t  1. (1958 ) wbo u sed an 

1n Y i tro t cbn1qu e .  

The necesai\7 ot mea surtng rumen tl a 14 volwaea betore 

'the uuts ot VFA formed co u ltl be mea sured ••• tbeD cons id ered 

_, ar_, , weller , Pilgrim and Jonea ( 1 966) .  D1lu �1on etbod a 

tor aaurlag rwzum volumee are tllae cou•u 1DS • and low 1D 

aocurec7 when applied ooat 1nuousl7 throusb tbe feeding cycle 

1n uormall7 ted an �l• { Ul7a 'tt , 1 964J Ora7 et al • •  1 966 ) .  

ID u effort. to aw ld thla probl th••• worker• deYeloped 

pro4 ac tton. 
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production thro ugh tbe feed ing cyc le a s  sugges ted by warner 

( 1964) .  

Both procedures lnYolYed the continuous infus ion o:t 

label led a c id mixtures 1n proportions s imilar to those existing 

in the rumen, and regular sampl ing thro ugho u t  the 12 hour 

feeding cycle. In Pro c ed u re A (�e tch ing infus ion" ) tbe 

ra te o t  intua ion was varied to follow tbe d iuraa l pattern o t  

VFA concen tra t ion eo tha t a nearly constant con c entration o t  

14c was ma intained in the to tal VFA thro ugho u t  the feed ing 

The amo unt o t  a c id prod uced 1n &Q sampl ing interval .  

o r  d uring the wbole cyol� wa s d et rm1ned :trom 

Acid prod uced (mo le ) • 14c added in t tme und er consid era t ion (�c) ; 

14c in z-umen a o 1 d  ()le/mole)  

W i th Procedure B ( "constan t  ra te infusion� ) infu s ion rate was 

mainta ined oonetan� and samples taken et 1 5 minu te interval s  

were composited tor tbe 12 hou r  infu sion period .  Produc tion 

trom thi s  per iod wa s th81 calculated trom 

Ac id prod uced (mo lee ) • 14c added to tbe rumen �wc l • } 
14c ln pooled sample o t  rumen ac id (_pc/mole ) 

The results obtained by these two methods were ln close 

asre at wi'tb 'bo •e obtained tro an artitlc lal rumen under 

••r.r almllar cond i tlona. 

PU rtber infusion experimen\a were tbeD perto� ( W.ller . 

OrQ , Pi lgrim and Jon•• •  1 967)  ua1Dg alqle labelled VPA a t  a 

CO poalte eamplea or rumen t1uld were collec ted 

during the 1 2  bour reed lq CJcle ualng u au toaaatlo Hlllpl l.Dg 

deYloe operat1DS eYer, alau•e. Calculated productlone ot � tal 



VPA were close, regardless ot the par tic u lar ac id 1ntu eed , 

and agreed well with the resu lts o t  previo u s  work ( Gray e t  al. , 

1966) and tha t of Bergman e t  al. ( 1965).  These resul ts 

gave a clear p ic ture ot the transfer o t  1 4c trom each a c id 

to the o thers enabling the c a lcu l a tion o t  1nterconvers1on 

ra te s. U s ing th i s  informa tion they were a b l e  to s e l ec t  the 

pro po r t io n s  1n a n ac id mixture wh ic h o u ld abow no change 1 n  

the d i s tr i b u t ion o t  
1 4c be tween them. T h e  ne t prod uc t i on 

ot all VFA co u ld then be me a su red simu l taneo u sly wi tho u t  

having to corre c t  tor tran sfer ot label between them. 

They furth er noted tha t these end previo u s  resu l t s  

(Grey et  al. , 1 962 , 1 965 ; Bergman e t  a l . , 1 965) abowed tha t 

the mi x tu re o t  a c id s  final ly prod uc ed in th e rumen had a 

compo s i t ion very a 1m1lar to t ha t  o t  t he mixt ure pre s en t  in 

the rumen flu id . Th i s  su ggesttrl tha t where there i s  l i t tle 

change in the compo s i tion o t  the rumen ac id mixture d ur ing 

the d ay ( Gray e t  a l . , 1966) , the va l u e  tor the to t a l VFA 

prod u c ed co u ld be mea su red u s i ng a s i ngle label led acid 

infusion and the val u e s tor the i nd i v id ual ac1de alloted 

accord ing to the i r  mol ar propor t ion s in the rumen . Appl ica t ion 

o t  th1 a technique to the dat ot Bergman et al. ( 1965 ) ,  

u a 1ng the mean values tor single acid infusions . resulted 1n 

the same ra te s as tho se ot Borgman et al . u sing 1ntu a ion ot 

the 'bree ac id s  sepa ra tely and th c orrect ion ot •aro se •  

rates to net ra t e s  tor each ot tbe•. 

Gray , Weller, P i lgr im and Jone• ( 1967) and 

Weller, Pilgrim and Gra7 ( 1969) 1D•es t iga ted tbe poaa 1ble 

etteots ot the regularity aad trequaoy ot teed iJta 
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uatns the single a c id 1Dfuaion teohDique. Al though increased 

vari a t ion in VPA concen tra t ion occurred a a  the t lme between 

feed s wa s  extended . very s imilar amounts ot VPA were produced 

under d ifferent frequency of feed ing regtmes whe ther steady o r  

irregul ar. Quant i ties produced on successive d ay s  varied 

oon a id erably, bu t the extent of tbe variation wa s s imilar to 

tha t occurring ln faecal ou tpu t and the7 concluded tbst tbe 

resul ts tor a cons id erable number o f  d ays sho u ld be u sed 

when VPA prod u c t ion from gra zed pa s tu res i s  belng compared, 

A further check on the val id i ty o t  the i so to pe 

d il u t ion method when the VPA pool la  no t constant ( as wi th 

irregular feed lag ) wa s made u atng aa equ ivalen t marker 

procedure la a model rumen ( Wel ler et al • •  1 969 ) .  The 

f1Ddlngs aga in supported the Ylew tha t an i ao tope d il u t ion 

method wou ld be applicable under irregular tntake condltlons 

and hence to grazing abeep, pro"Yided mean ra tes are deteralned 

over a auftio lea\ly long period.  

Gray et al, . ( 1 967) de'Yi aed a metb�d to allo w  

cont inuo u s  aampl lng of  rumen a c i d s  by d ialysla and applied 

thla to aheep srazlq a mlxed pasture ( Weller et  al  • •  1 969 ) .  

YFA produotlon rates indicated the obaasi.ng val u e  of the 

pasture aa  the aeaaona progressed . 

Lens aDd Leonard ( 1 965 ) also used a oontlnuoua  

latualon tecbDlque to mea sure VPA produ ction rates 1D sheep 

fed lucerne b«J. Prod u c t ion was c alculated on 'he basis o� 

ooaetant apeo1tlo actlvltlea 1D the ru en acl�s aohieYed b.J 

teedlns the aa�ala at bourl7 inter"Yala. To tal prod uc tion 

was eet11D11 ted b7 extrapolation as the measured rates applied 



onl7 \o a par\ of the �eed 1ng cyc le. Btngle ac id 1Btus1ons 

were used to enable measurement o t  1ate1"CODTers1on of tile 

acid s and "e�tec t1Ye produc tion ra tes "  of 1nd 1Y1d u al ao1da 

calcula ted a a  the meesared pro�uot1on rates trom the mean ,  

apec 1t1o ac t1Y1 ty nna rat.e o t  1ntu s 1on o t  rad 1 o ac t 1 v 1 't7, m1nue 

the auma ot the ra tes o f  convers ion in to the o ther maJor 

acids. 

S�ultaneou a  meaau r  en\ of prod uc tion ra tes ot �· 

ind ivid u al ac ida and hence tbe estimation ot to tal VPA 

production, wua then aob1eYed u a lng a constant 1atue 1cn ot 

the three actd • •  corrected tor 1ntereonYera1on ra te s tram 

single acid 1ntua1on experiment s  ( Long and Brett . 1 966) . 

The prtma� a� ot th1a 1DYeat1gs t 1on was to e s tabl i ab a 

rel a t ionship between tbe concentration ot 1nd 1v 1d u al VPA 
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and their ra tes ot prod uct ion in the rumen and cl ear general 

correla tion waa eetabllabed deeplte 1 rge obangee 1n the 

ruaen tluld volume. 

Ual.Dg tbe same procedures to meas u re tbe ra tes o f  

produc t ion ot VFA 1D arazlng sheep ( Leng et. tl• , 1968 ), 

atmilar rala\1onah1pa be\weeo entr.r rates and VPA oonoentra\loa 

1 the rumen " tboae me aured 1n peaaed sbeep were d na\rated . 

Iahslor.a ot tbe aold abture was carried ou t u alq porkble 

pumpe oYer a a 1X  hour pertod and • plea w1tbdra e.er,r bour 

at\er \be third .bour ot 1atua1oa. Produo\lOD rake oould 

n t be aaured ooa\1nuou•l7 tor 24 boun at pas ture beca•u•• 

the metbod depend •  OD eteecl7 a\ te oonc11\1oaa darlq \he 

aea•uremeat perlo<J . tntualoua t pasture wen all 1184e 4ur1Da 

the lllle whea 1\ ultJ be ezpeoMd tbat VIA oouoab11tlOD.8 WO 1 
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BoweYer Leng et al. ( 1 968) auSBe a ted tha t the 

regress ion equations rela t ing en try rates and rwmlnal concentra

t ions could be u sed to obta in val id e s t imates o t  VFA prod uced 

in 24 boura, by d etermin ing a c id concentra tion s a t  regu lar 

in terval s  over 24 hou rs using an a u toma t ic col lect ion technique 

o t  the type u sed by fieller e t  al .  ( 1 967) .  Apply ing thia 

c a lcu l a t ion to these and earl i er resu l t s  ( Leng and Leonard , 

1 965)  produced e s t ima tes o r  the ame order ot magn i tud e as 

tha t reported by Gray and his co l l eagu es and Bergman t al. 

( 1 965) .  

Weller e t  al . ( 1 969) tested the u setu lnees ot the 

rel a t ionship between concentra t ion and prod uc t ion o t  VPA in 

the rumen tor c alc u l a t ing prod u c t ion ra tes as s ugge s ted by Leng 

e t  a l .  ( 1 968 ) .  Al tho ugh res u l ts ind ica ted a aomewbat 

d ifferent elo pe  in tbe regression to tb t ot Leng e t  al . 

( loc, c i t, ) tbe e au thors concluded tha t " the f ind ings have 

e imilar tmpl ica t iona". Tbe rela t ion shi p beld good under 

cond i tions ot irregular in take ot tood , provid ing exper iment a l  

evidenc e to support the assumption ot Leng e t  a l .  ( lo c. c i t .  ) .  

eaton net Hosan ( 1 968 )  also showed a clear rela t ionship 

be tweea to tal VPA produ c t ion and their concentrat ion in rumen 

liquor. Tb •• au thors measured \be ru inal prod u c t ion o t  

TIA tor d iets o r  l'J egraea and forage oats ualDg a etbod 

aimilar to tbat o f  Bergman et al, ( 1965), witb tbe mod i fication 

o t  mploytng 
51cr BDTA •• \be marker to meaeure rumen .olwae. 

The data obta ined ltUPJOrted the conclualon ot eller •' al, 

( 1967), Ula\ wb 1"c 1 belled VPA were 1Dtu aed e1 tber •111811 

or 1D mixturea, ,he total pro4 ue tion ot vrA oould be eat1mate4 



trom the 14c con ten t o t  the to tal VFA ln the rumen , u s ing tbe 

fo rmu l a : -

To tal VFA prod uct ion ( Moles/day ) • Ra te ot inf usion o t  14c (�c/daJ) ' 
14c in to tal VFA (pc/mole ) 

The i .o tope d i lu t ion me thod o t  Gray e t  a l .  (1967) 

bas thu s been demons tra ted to be sa ti sfac to ry �or mea su ring 

entry rates ot VFA into the rumen. Tbis i s  so bo th when tbe 

VFA pool l a  con stan t ln e l se and when lt varies wi th irregu l ar 

teed lng a s  d u rlng graztng .  

( 3 )  InterconYers1on o f  Fa t ty Ac id s 

The i so to pe d il u t ion method measures the gross production 

rates o f  VFA and these moy a pprec i ably exceed the i r  ne t production 

rates , par t i c u larly tor ace ta te and bu tyra t e  which undergo 

further met aboli sm in the rumen (warner , 1 964 ) .  Apprec i a bl e  

1nterconvers1on be tween ace t a te and bu tyra te h a s  been shown , 

bu t pro piona te appears to be s table und er mo s t  cond i t ions Gray 

e t  al. (1960). 

Reported estiiD8tes ot 1nt e rcon?erslon ot VP A  e re glven 

in Table 1 .  5. 

'l'be aasu pt1on that all carbon atoms ot the acids 

reacted a lmllarq ( Leq and Leonard , 1965) waa cona1dere4 b7 

lA'Jas and Bre tt ( 1 966) � be ln"t'alld ln the c a .e o t  the 

1nterconYera1on ot acetic and bu t,rlc acld e. Thla would 

explain the compara t1Yely low Yalue tor the proportion of 

bu�r1c aold prod uced from aoet1c aold &Yldeot 1D the work 

ot L-. and Leonara ( 1 965) .  



Table 1 . 5 .  

% propionic % butyric 
a c id produced a c iC. produced 
from a cetic from acetic 
a cid acid 

14 6 1  

4- 5 16 .9 

4 . 3  44. (:. 

.38 . 0  

Interconversion o f  VFA in the Rumen o f  Sheep 

% a cetic acid % butyric % propionic 
produced from a c id produced a c id produced 
propionic from propionic from butyr ic 
a cid acic. a c id 

4. 5  4. 8 4.8 

.3 . 2 0 . 9  .3 . 4  

0 . � 5 0 . 7  2 . 7  

% aceti c :t ':lC: 
;>Trxl u cPcl from 
butyri c  
acid 

2'J 

1 J.. . ?  

1 0 . 7  

1 1 . /._  

;: t't-:0. 

D:-ierl Sr<�. s o,  

lucer n e  
ch ff 

tv:-:. i z e ,  lu cerne 
che.ff, Hhe'l"': e'l 

Re:'.:rence 

BPrgrran et a l .  ( 1q65 )  

Leng &: Le onard ( 1965 )  

r:tr'� •·· chc>.ff Ler> g P, Brett ( 1966) 

Pbabris 
tubcros� 
,-,'i.�1t.ure Leng et .'ll .  ( 1968 ) 



SWIID81"7 :  

The l ao to pe d ilu tion technique tor the mea surement 

ot VFA prod uc t ion in the rumen haa aeveral advantages over 

o ther aYa i lable methods :  

( 1 ) It can be app l i ed to animals wh1ob are pbralolog1callJ 

re normal. 

( 2 ) It easurea tbe to tal VFA po tent1al l1  aTal lable to 

the ruminant trom rumen t rmenta t lon . 

( 3) I t  can be euccesetully appl1ed to the grazing 

animal. 

However tb m thod does no t allow the measuremen t ot VFA 

prod u c t ion 1n o ther parts o t  the al imen ta ry tract.  

35 



1 . 4. SamPltns trom the Rumen o t  \be Sbeep 
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When it i s  necessary to take samples o t  rumen conten ts 

tor analya 1a , two so urces of erl"'r mu s t  be acco un ted for. 

Tbe o ccurence of la7ering ot food res1d u es in the rwnen and 

the resultant concentration grad ients i s  wel l  do c umen ted 

( Smith ,  sweeney , Rooney , King and Moore , 1 956; Davi aon , 1 965; 

Bryan t ,  1 964; Lane , C�ngs ,  Boller and Collenbrand er , 1 966; 

Lane , Noller , Col lenbrander and Cumminga , 1 968 ) .  Diurnal 

varia tion in concen tra t ion and proportions o t  rumen metabol itea 

la al so wid ely recogn ised ( B�ant , 1 964 ;  Ulya tt and Head erson , 

1 968 ) . 

Brran t  ( 1 961 ) ha s reviewed the va r i a tions in rumen VPA 

concen t ra tion and pH a r i s ing thro ugh the method o t  ssmpl ing 

bu t l i ttle evid enc e i s  ava i l able per t in en t  to sheep. 

1 . 4. 1 .  Tbe D i s tribu t ion ot VP in Rumen Contents 

In general in c a ttle a dorso-ventral grad i en t  occurs 

in the rumen ingesta , tbe dorsal region be1mg higher in VPA 

conoen tr tion { Sml th et al. , 1 956: Lampila and Po u t 1 a tnen , 

1 96 6 ) .  Bo evid ence tor an an terior-po st rlor grad ient waa 

obta ined by ar,rant ( 1961 ) .  Be no ted a number ot taotora 

whlob atteot �e former grad ien' boweYer , 1D part icu lar Qpe 

of f ed and ttae a fter feed1Dg. Larerlna ot food particles 

waa leaa eYident aa 'be t1 • from feed lDS laoreaaed . 

ID abeep boweYer ,  la7erins formatioa appear• to be lea• 

PNDOUJlOed . Bope . lad le 81ld Ral tt ( 1 957 ) found DOll-

a1p1tican t d lf'terncee la pro tozoiiD o rant •• eweea the doraal 

aDd Yatral regioaa of tbe rumen• of •heep fed 7 aDd oonoeatra'le. 
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The d 1a tr 1 bu t1on ot po lJe·�ltme glyco l and a number of 

ino rganic 1ona in the rumen flu id wa s stud i ed  by Hyden ( 1 961 ) .  

He concl ud ed tha t  the rumen flu id was on ayerage o f  the same 

concentra t ion 1n all pa r ts o t  the rumen end reticulum. Gre7 

et a l .  ( 1 965) reached a a1m1lar conclus ion tor VFA concen tra

tion 1n d 1ttercm t parts ot the rumen o t  abeep fed chatted 

roughage d le t a. 

Tbere appear to �e no repo rts on concentra tion 

d lff'erenees ln tbe rwnen or sheep fed treab pa s t u re. 

Lane et al. ( 1 966, 1 968 }  found no d lfterence e  among 

locetlons ln the boYine rumen in the ra tio o t  VPA , el ther 

befo re or after feed ing. 

1 . 4. 2. Rumen s.ampl ing Proc ed ures 

Sampling proced ures based on ma terial from slaughtered 

animals ( Gray , 1 947 ; Palohelmo , Malkela and Salo , 1 955; Tu rner 

and Bodgette , 1 955 ) , cud ( DaYe7 and Brlgge , 1 959 } , and rumen 

punc ture , al tho ugh u seful in certa in e 1 tu e t lons a re obviou sly 

YerJ l lml ted in application. 

SatiiPl lng b7 s�macb tube ( Ponclen , 1 9541 Hobeon , 1 961 ) 

may 1ntrod uc e errors thro ugh eal1Yary contamina tion aDd \be 

uacertata t7 ot loca ting 'he end o f  the tube 1D a known po a i t ion 

wl tbln tbe r umeu (D Yey , 1 965a) .  

Sanapl1Dg b7 t latul le the moat commonly u sed me tilod 

but t.be problem ot eample wl ttbdrawal remalna. Some degree of 

baormall� ma)' b e  1Dduced lD Ule rumen eavlromaea\ ( Bqemt ,  1 961 ) 

ltu t DO ma�or atmorulltle are present ( 8111tb •  1 956; BUDS•'- • 

1 966). 



Tborough Dllalq o f  tbe whole o f  the J"WIIeD conteata 

e i ther with or wttbout remoYal from the rumea haa been u.aed 
lty a number ot wo rker• � red uce tbe errore 1D aampl 1ag. 

M 1�1ng ta altu la feasible when ao l id food part1clea 

are small ooush tor a al urft1 to be formed, tor example 1D 

tasted an imals or an imal s  fed gzaou nd or low fibre d ieta. 

Dau1ell i et al. ( 1945) a ttempted to improve mix1Dg Q Yigoro u a  

maaaage thro ugh the abdominal wall , w l th queatlonable results 

bowe._r. C irculating pumps haYe b ea deYeloped tor mtxlng and 

sampl ing ( Su tberland e t  al. , 1 962; Bbglehardt, Boeller and 

Boeraloke, 1 963) but are 11 1ted t.o u ae w i lb finely groUDd 

ell eta. 

RemoYal of rumen d 1gesta for thorough mixing ( •ba lling " ) 

ba a been u aed ln bo th cattle (Reld et al. , 1967; Ba i l ey, 1 965, 

1 967) 8D4 &beep ( atanabe 8Dd ume zu ,  1 962 ,  1963), bu t can be 

practised only for infrequent s ampl ing lleoau ae o f  aera tioa of 

the lqeeta and mechanical breakclowa reaul tlng in t•porary 

d1arupt1on o f  the normal c11geata d 1 e tribut1on pattera ( R  id , 

1 965; Br,Jant, 1961 ) . 

ere aerial ea.mpl 1Dg l a  1Dvo1Yed , tak ing aamplea t'rom 

a fixed loca t ion 1n the rumen l e  COJDOD ( BrJn t ,  1 964; D .,..., , 

1965b) o r  from a Duaber of eltee to oltbla a repreHJStat1ve 

aemple ( Lane et al. , 1968J Br71111t, 1 964 ) .  Al tbo ugll doubt 

baa •• eXJQ�e .. ed •• � tbe re11ab111t7 of 'ble eU.d 1D 

•he tM»YlDe amblal (Re1d et al. , i967) ••tdaoe for .. tiatactGJ7 

pllllg from a tued poal t1oa 1D � oY1De .-. a ben 

\ed 117 lfTd , ( 1961 ) 1 o-wQ, Te'ft7 ad TU1Q c ( 1"5), 

aa4 Gaa .. .rea_ ( 1905) . GrQ !' tl• - ( 1965, 1967) ualq auto-\lo 



... pltns deYlcea. 

However aga in there l a  no informa t ion on tbe accura07 

o f  the method 1n pasture-fed abeep. 

1 . 4. 3. Diurnal var iation in Rumen Metabolitea 

Compcaitton of ingesta in the rumen ts sub�ect to 

marked d iurnal variation , being affected by eucb fac tors aa 

ra te ot  fermentation , ga atric mo tll1't)', and 1Daeatioa ot food 

end water. 

Cballgea in VPA concentration with t ime after feed ing 
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have been well dooWDented tor pen-fed an�als , bo tb cattle 

( Br,Jent ,  1 964; DaTe)' 1 965a , 1 965bJ  Davi aon , 1 965;  Lane t al. , 

1 966, 1 968 )  and abeep ( Grs7 et al. , 1 965, 1 967; CanaWBJ et al. , 

1 965; Weller et al. , 1 967) . Cbangea in VFA pro portion• 

wtlb cbangea tn VFA concen tra -tion have also been noted on a 

vartet1 ot dleta { Bryant ,  1 964; DaYe7, 1 965a ; U lJatt and 

Henderaon , 1 968 ;  K 1Dgabuey , 1 965 ).  

To enable sampl ing of rwaen contente over the wbole 

day ,  o r  appro pria te teedtng period , autama t1c sampling d evices 

have been deYeloped \o aaaple a t  frequent 1Dtervala (Oanawa)' 

•! al. , 1 965; Weller et al. , 1 967 ) or oontinuoual)' (Gr&7 et al. , 

1 967 ) ualng a 4 1al7ala probe. 



S�ra �lflea � 1oD ot tood res 1d uee ad ao me tabo l1 te 

ooncentre tlons occure ln the boY1ne rdfm w1tb mo a t  d le\a. 

In t.be ovine tbe po e 1  t 1on le leea c er \a lD .  paJ"t1cularl)' 

wl\b regard to paature d 1eta. It la7ertDs 4oea no t occur 

\ben asapllng rWDSD coa\en\a troa a fixed poa1 t1on w1 tb1D 

the rUJieD abould provlde a repreanta \1Ye • ple ot �· 

u •e ot a con tinual or coDt1Duo u e  aaapl1ng teobD1qu e  ebould 

enable accura te ea ·pl lng under &DJ teed tng oond 1t 1ona to be 
done. 



CIIAPTBR '1'WO 

2. 1 .  AD1mala 

M ATEiUALS AND METHODS 

JJ1ne Ro Q Marah we'tber bogse'• were prepared w1 tb 

ruaen fla ,ulae 1:»7 'he teclmlque ot Jarrett ( 1948 ) . Tbeae 

abeep were trained to wear faecal oolleotlon harneasea and 

accuetomed to contlneaent 1D metabol1 er tea. 
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Tbe sheep bad aonataat access to water and a m1neral1sed 

aal� llok (Ra , 24. 2�; ea , 4. �; Mg ,  o.�J on DM �ala) 

and regular care of fistulae to guard agaln.st 1nteot1on. 

Durlng the experimental period the7 were Yacclnated against 

salmonelloala aDd reoe1Yed regular 'reat.en' wl� \be anthelm1nt1c 

tbla-.ndazole ( *fhlbasole•, Jlerck, Sba rp  aad Doblae ). 



2.2 .  Paatur•• 

Tile paature t7pea u aed 1n tb1 a 1nYeat1sat1on •d tbe1r 

aowtns da t • were •• to llowa t 

Graaalanda Ruaou l p erennial 

(Lollgm �erenae L. )  

r7egraaa 

Oraaalaada Uanawa rJesraas ( tormerl7 

abort ro ta t ion r,regraaa ) 

(L.periDQe x L.mqltlt1orgm) 

Graaalaada 4700 wb1te oloY r 

(trlt�l�� reo.n1 L.) 

( P)  AU tum 1958 

{ S )  Au tw. 1 967 

(C ) Au t umn 1 966 

Tbeae particular paature t7pea were obo aen tor thla 1nYeet1-

aat1on becnuae th'7 repreHnt the a iD tmproYed •peciea a ae4 

1a 11ew Zealaad. 

All narda reoe1 Yed dreaalqa ot 2 owt ot aup rpboapbate 

per acN nnualq, and the eyqraaaea 1 cwt ot n1trol111le per 

betab' wblah la l'lGNal tor sraaed pa!tare at thia tllle of 

,. ..... 



2. 3. Experlmeatal Dea lS! 

The general o u tl ine ot tbe exper1mcmt la g tvea ae 

follows: 

( a )  14th September to 1 November 1968 - abeep tt atulated and 
gra slftg on at1xed 
paa tu re 

( b )  1 November to 11  December 

( c )  1 1  to 14 December 

( d ) 18 to 24 December 

( •)  24 to 30 Dec.mber 

- prel im1Dar1 indoor 
teed inB period 

- teat run tor 
1Dtue1on aua 
aampl lng tecbn iquee , 
and faecal oolleot ioD 

- exper�ental 1Dtualoa 
end aampl iDS (Period 
I )  

- experlmen tal iatueion 
and aampltng ( Period 
II ) 

'fbe obJect1 Yea o t  the prel1111Daey feed ing period were tbreetold ; 

to allow the an 1ma la to adJ ust to the teed , \o acooetom them to 

the metabo l1• crates and faecal oo lleotlon baneeaea , and to 

Sueeea tn aob1eY1DB 

tbeae a �  ••• gauged troa the bebavlour and teed lntakee ot 

Ule an llaala. 

Durlq the teat period aetbod a ot taeoal oolleot1oa , ucl 

1atu e1oa aDd a pllag t cbn 1quea were put 1Dto opel'atlon. �he 

auoo.eaatul ti•lns aDd •a 1Dtft8Doe o t  tbeae aperatloaa waa 

aableved . 

Table 2 . 1 llloa\ratH tbe saeral plan followed darlq 

oae .aa.ep troa eaob �••• t BJIIO.UP na aoY.S to a aepante roo• 



fa'ilA 2. 1. 

Pert .. 

J 

II 

Dat.e of 
S.apltzac 

18 Deoeaber 

20 Deaal:Mr.r 

22 DeoaUer 

24 Dee.-. 

;n Deo..,_. 

29 n.-Mr  

Siepml fl'P ot tb• Ilialr'ent 

( 1) 

Treetj•pt ••• 
ln*r 

1 s 79 

2 s 94 

3 p 1 13 

1 p 3 

2 c 88 

3 c 7 

Set of A.ppe.ra t.s 

(2) 

'l'rttt4pt §htop 
lwpbef 

c 2S 

c 88 

s 29 

i 79 

p 122 

p 1 13 

(.3) 

trnw•' lhMe 
'nrbc 

p 3 

p 122 

c '7 

0 2S 

s 94 

s 29 



aad •here the tataa ioa and aampllng o pera tion• pertoraed. 

'lhla prooeae ne repea ted 1D Period II ue1DB �· .... group 
and aequeace but arraq1ng •be ebeep abou t the 1ntue1oo roOJa 

so \ba t each tatua ion and aampling apparatus waa u sed twice 

with eaoh •rea�ent. This enabled the compar1 aon of •rea�• 

to be c arried o u t  ladependaat ot aete o t  eppara tue. 
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Ma�erlal t1'011l eaeb plo t w • cu� dally a� 7 a.m. aa1q 

aa Alleza 'Mr aquae (JobD Alln and Sons L\4 , Oxford ) � 

a..-old 8Q uDDeeuaary bru lelng o f  �e plant ma terial, Rapid 

d e�ermtaatlon ot the dr, ma tter content (DM 1'} of U11a material 

-• ohtalDed from two samples o t  approx1 atel,- 100a ot eaeh 

reed , placed 1J'l large gause-bottoJned Uoaya iD foreed-d:raught 

'rbe nlpt ot "' teH requ ired \o 

PNY1de eaeb abeep w1Ul approxlma tel7 oue q of dq ID8\ter ••• 

calculated trG tbe formula & 

Wet herbage teeS ( 11» )  • 220,5 

rapid • 

Halt tb1a UD� waa tee! \o all abeep a t  10 a.m. Tbe r•alnder 

waa stored 111 plaat1o baga 1D the ateroom et a treeslq oluaber 

a\ �c aDd fed a\ 10 p.-. A tunaer aaaple of appnxlmatel.7 

400s of each feed waa d ried at 90°C tor 24 bo ura to proTide 8ll 

aoourate • aaureaea\ o t  417 utter peroea�e. ID addl\loD , 

dalq nmplea o t  100. wen trosea, bullted for eaola graaa o••• 

\be •n• 4Q' faMal lle \lo period • ad au-.aeq ea\17 drled 

ta a t.eese-drler. 

DD-1Da tile aeooDd expe.ptmeatal period teed a plea 

take& ., �· 10 p. 
0011pa.rt.oa w1 tll \he a. m. fee4e to cJe\eNtae taw ettee\ of 

........ 
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Paecal oollectioDa tram ell abeep were made eacb mora1Dg 

and 'Ule total wet taeooa weighed. s .. plea ot approx1ma,elJ' 

100g were weighed and dried at 90°C tor 24 boura for determ1Da-

t1on o f  DU oonteat. Further altquota ot 1� were tro a en .  

bulked oYer tbe aeYen day experlmeatal period • and e aubaample 

dr1ed b7 treese-41"71DB •  

The treese-dr1ed samples ot feec and taeo .. were t1ael.7 

ground through a 1IDID aeeh 111 a Wlle7 mlll aDd a�Nd 1D alrt1sht 

glaaa j ara. To allow oaloulat1on ot tbe reeulta on an organic 

matter baeia.  samples ot feed s  aDd faecee were aabed at 600°C 

tor 4 boura. 

The sro•• ••ru contents o t  tbe feed and taeoea aaaaplea 

were determ!Ded 1D a Gallenkaap .Automat1o Adlabatlo Bolab 

Calorlmeter. 
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2. 6. Infualon TecbrJ.lqu! 

Tbe eimgle acid intueion method ot Gray et al . ( 1 967 ) 

waa cboaen tor ita simpl icity aDd apparent accuracy ( See 1 . 3) .  

Sodlum aceta te -2-14c was uaed as tn tuaate becouee o t  ita low 

coat (Red loobem1cal Centre ,  Amer•bam) , a ltbougb lt bad the 

poaa1ble d iaadYutage o f  a grea ter d egree ot 1nterconYeraion 

than o ther 1 4c-labelled VPA ( Weller et al. , 1 967). 

o. s-o ot aod i wa  acetate -2-14c , apec 1t1c act1Yity 

464 'o/ms , wa s  eluted in� 200 ml o t  d e1oniaed wa ter and 

stored a t  -10°0. Por each 1Dtua1on 8 ml aamplea ot tbla 

eolu t lon were dilu ted to 750 ml w1th d e 1on1aed wa ter and 

del ivered at the ra te ot 50 ml/bour , i . e. 1 . 335 � c/hour , to 

tbe rumen. A aample o t  each tntuaa te was stored a t  -10°c 

tor later anal7ata. 

Tbe lntuaate wa a  deliYered fro a glaaa conta iner at 

tloor level , into the rumen u sing a D. c . L .  lntu a ton pump (See 

Plate I ) .  Pu plng aga1nat a head ot preaaure abould have 

Dally Rout1De : 

8 .... 

10 •••• 

1 0  p. m. 

Iatueloa beaun \o allow mlxtns and equ tll•ratlon 1D 
the raaea betore \he OOialleao•nt of aampltDa. 

Sampl1q 'b!&UD• 
A1111Ule tecJ . 

XDfualon \�ted. 
Smapllq atopped. 
ADJaale t • 



' . 

P l a t e  I .  I n fu s i o n  a n d  S ampl ing Appa r a t u s  i n  Ope ra t i o n  

a .  S a mp l i n g  a p pa r a t u s  

b .  I n f u s i o n  a p pa r a t u s  



VPA prna' 1D tbe ruma d urtq 1Jltuaion were nmpled 

b7 .... , ot �· d ia17aia e,-at. d eaorilaed b7 Gra7 ot al. , ( 1967). 

A auaber ot pl'Obee were made trom 1/4 1Dob tetloD rod , 

4. s- loq , 1t7 taralag • aptral obaDBel aloq tbree quarter• 

ot the leq\h ot probe. 'fbe enda of tbe chamael Uwa tonaed 

were ooneoted to ut.al tubes tbrougb bolea drilled the 1-tb 

ot the probe ( See Pla te II ) .  

V181t1Ds oellulo ae tubing ( Uatoa cantcle Corp. ) ,  1/4 mob 

1D dt•eter, ... lmo tted at one ad, pull-' onr tbe proM ad 

aealed � 1 t bl' a wlre band. Dlal7aing medlua ••• rorced 

tllrougll Uae qat• t a rate of 40 m1 per twelYe boun ,  trom 

a7rlqee ooDDeotecJ to tile 110l'ID dri Ye of a Palller 1nfue1on pump 

(c. :r. Palmer Lt4 , Lo11doa ) .  Care was \aken to eaaure t.be po tat 

ot latuaioft ot acld a ••• .. 11 aboYe the poaltlon ot aampltaa 

( a  .. Plate III) . Detalaed water ••• u aed •• \be d lal7ataa 

aedlua ( Gra.J  e\ el. , 1967). 

Dlalraatea .. re oolleoted 1Dto plaatlo bo ttle• la aa 

toe ba� to prenat loa• ot aotd 1.9 wlatUlea,toa. fte 

-.,u .. oo \abed 10 111 of tO lfBiiO�t nturatecl w1� lld04 to 

�· _.,.,.. callaDpa la ... .. ' ... 'lU ·'-�· 
aoU •h'lou "" aton4 at ...-10°0 attl nq lnd tor aaal7ata. 

�"'lDI of Dl�ala a..llD& Metllod 

r. o.r4er to cletei'IIJ.ae tbe aMtulae.. ucl a na7 •� 

•lal7•1• .-pltaa •tbocl , • IUIIDber ot SD•••tl.latl u were 

....,.._. o ' er t1a J.p •&U! h ylft l'tou to 

OOIIP&JPe 41817•1• aaiiPlS.. or 'BA wttll Uno-t aaQllaa. 



a 

\ 

Pla t e  I I .  

a .  
b .  

c .  

d .  

Pla te I I I . 

e 

\ 

D iagramma t i c  Represen ta tion of Dialys is Probe 

Inle t tube e .  O ll t l e t  tube 

Te flon rod t. Dialysis tubing 

O u t l e t  duct g. W ire band 

I n le t duct 

Rela tiYe Pos itions o f  Dialza ia Probe and 
Infusion Ou tle t 



prepared at ooaeeavat1a. elalllar � VioH 1a the n- o t  

abeep ted paature ( approx11Da\el7 15 11111/1001111 ), aDd plaoed la 
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oonloal tlaaka 1n a Maltlag wa ter bath at 38°C. fte d1al.7a1a 

pro.,ea nre aet up 1.D ihe tlaeke ad Cl lal7a1Dg mec3 1um NB 

thro ugh � tor por1o4a ot 6 or 1 2  boura. 

S plea ot the ol'lalDal 80lu t loa ad d lal7aa te were 

ete8m d latllled and titrated to neutral 1 t7 wl\b 0 . 051 KaOH 

uatng plleaolphtbalelD •• 1a4 1oa wr. Atter eYaporatlng to 

di7Jl••• 1D a torced-drauslat oYea at 90°C • the YrA proportion• 

preaen t 1D each • mple were determ1Ded by gaa llqu ld o.broma�

grapbJ ( See 2.8. 2� . 

( 2 )  lp YlJ! 

( a )  Tlle desenerat1Ye efteot o t  Nllln mloro-orsaal• 

aotlon , partloul.u-17 that ot oellulot7tlo baoterla , on Ule 

oellulo ae tublDg waa lDYeatf.gated b7 the auapenalon ot ruaea 

llqaor tilled leugttaa ot tultlJls la the rutDeR of a puture ted 

eheep. 

(') lD't'eatlsatloa ot d lalr•l• a pl tag waa estea4ed 

to a au•lter ot trial a m JlJ! ualag flat laUd almala. 

IB esperlaeat 1 ,  t aampllllg al ha la tb rtmt• ..-. 

00Qal'4td. 

1'110 Pl'Oitea wen po al tloaed 1D the ruaeD ot a alaeepJ • 

"'fllb" •  lnel wltla tbe atDDala J ad oae "Lo•"• approxlruH17 4 
J.Mbea below the OaJmtJla. DlalJ"ala medlaa -· Na �qb 
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tb• tor 1 2  hours while d irect, samples trom the aiddle of the 

rumen ( 1 . 4� were tatea b7 aspiration at bourl7 intervals oYer 

the 1 2  ho ur period. Rumen l iquor samples were cen trifuged at  

2000 &• tor 20 minu tes and the aupernatant stored a t  -10°0 

in glass bo ttles conta in ing 1 0N H2so4 saturated witk Mgso4• 

In experiment 2, single probes in tbe "Low" poai t1on 

were operated in each ot two sheep as  1D exper�ent 1 ,  to 

compare sampling ot rumen VPA lty d ialysi s  and by d irect means 

from a fixed position in the rumea. 



2 . 8 .  !D�lzt1cal Metbod a 

2 . 8 . 1 .  Chem1oel AnalJaia o t  Peed a 
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The tot a l  n 1  tro g en con t en t  ot tbe teed a wa s d etermined 

b� a macro KJ eldahl techD 1que ( A . O. A .c • •  1 965) u s ing merc u r i c  

sulpha te cala l7at. 

�be contea t  o t  cell wall co n s t i t uents ( cellulo se , 

bem1cellulo ae and l lgn 1n ) wa s det rm1ned b)' the me thod o t  Ven 

soe a t  and Wine ( 1 967) , aad l ign in b7 tbe metbod o t  Vaa Soeat ( 1 963 ) .  

The so lubl e  carbobJdra te content o t  asmplea o t  the a.m. 

and p.m. teeda trom Period II were compared b7 a etbod ba sed on 

tha t o t  Ba i l ey ( 1 964 ) .  The me thod u sed l a  summari sed ln Fts. 2. 2. 

Pla. 2 . 2 .  

ADalya1a ot To t 1 §ol uble Susa ra 

Pa sture Sample ( 2g t�eeze-dr1ed ) 

Extract w1 tb 2 X 400ml 80� 
ethanol tor 5 m1nu tea ea cb 
t ime ; t1l t er 

F i l tra te 

BYapora te 1 0m1 
allquot o ver a 
water ba'b• 
aoapend ln 
4 X 1Qal wa t er 
8Dd tllter 

Co.e1ned Superaataat 

Rea1d u e  ( d i scard ) 
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�be to ta l  soluble sugars were estima ted by the method 

ot Bath ( 1 958 ) .  One •1 of aupema taDt wa s  dilu ted to 100ml 

with water and 1ml o t  this so l u t ion added to 6ml ot 98� 

H2so4 1D a test tube , cb1lled ln a toe-wa ter bath , and s t irred. 

�be test tu be was tben placed ln boiling wa ter tor exac tly 

5 mtnutes and finally cooled to room tempera ture in a oold 

water ba\11. Optical densit7 was measured on a Beckmann 

Spectrophotometer a t  322 tll}1 aga inst a wa ter blank and compared 

with a set o f  stand ard gluoo e .alutlon • 

2.8.2. Volatile Patty Acid AD&lJ&ia 

RWHD l iquor samples •�red at  -10°0 were thawed and 

further cen trifuged a t  105, 000 &• tor 30 miau tea. 

All aamplea , i. e. clarified rumen liquor samples and 

d 1alyae tea , were s team d latllled in a Markbam ( 1942 )  Still. 

As the samples were already aoid lfled wltb 10B Baso4 satura ted 

w i th ��gso4 (MoADalq , 1 944; Olaleted , 1 929) turlher aoid 1f1-

cation was unnece••&F.J• D 1atillatea of 70ml were oolleoted 

and titra ted aga ln•t o.05N HaOH u a 1Dg pbenolphtha leln a a  

lm Ucator. 
for three m1au tea prior to ti tra tloa aad co2- tree wa ter 

uaed tbroQSboat tor washing. 

Tbe BaOB w a atandardlaed asatn at eod l po'aaalw. 

phtbala te 8Dd a bluk oorreotlon ••• mad e  tor organi c  acld a  

wbtob were al lghtl7 •'e .. vol 'lle , by collec'lDB aad titr8'1Ds 

a aeoond 70ml d l etllla \e ey�ry five a plea. Determ1Dat1ona were 

repeated wbere tbe 4 1tterence - tween d u pl ica tes was great•r �aa 

exoeaa ot � ot 
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BaOB waa added . 

Bulked d�pl lcate d 1at1lla tea were then eYaporate4 to 

0 
dr,vneaa a t  90 c, red laaolYed ln o. s-1 o t  d latllled wa ter , and 

the pro portions ot 1Dd 1Yldual VPA determined bJ gae-1 1qu 1d 

chroma tograpJl7 u atng the metbod of Ja ea and Mart in ( 1 952 } .  

Tbe column u aed wee packed wl th 20J' P.E. G. A.  on C el t te 545 

( Storr,r and Millard , 1 965) , and rUD at 137°C wl tb a c arrl r 

ni trogen flow ra te ot approxlmate!J' 1 5 ml/mlD. oae en- two 

drops of eodln salta ot VFA were added with a Jl7podermto 

•1r1nge to a tetlon ltoat contain ing a d17 mixture ot equal 

part a ot cell te and lfaBS04• 'tht a  boat was tben puahed 

qu i ckly into the co lumn and �· n l  trogen auppl)r connec ted. 

Repeat determ1nat1ona were oarrled o u t  wbere dupl lcatea 

d lttered by mor than one percentqe un l t  1D any ot \be three 

ac lda. The aocurao.r ot the resu l ts wa a checked by u a lng a 

nu•ber ot stand rd aolutlona coata1D1ng d ltterent proportions 

ot VPA. 

Some ot the amplea from the prel 1 lnary tea ts were 

analysed on a Varlan Aerograph 117-Pt III Gaa Cbromatograpb 

equipped wl th a tl me toataatton d etector. Reapoaaea were 

recorded b7 a Lee4s and llorthrop recorder tl tted wl tb a Dlso 

1Dtegrator ( Dlac I1aaU'ulll8llta IDa. , Callfornla ) .  Tile oolu 

u aec! waa ot i boil •h1Dl••• •�eel paoked wtth 2.01' RAP oa 

60/80 ... b Cbrolaoeorb W ( B•-aratraa4 . 1966; Boaell l • pen. 

eo-. ) .  'file ool.a. l.apenkre -• 1�C and lbe tlow ra'• ot 

ralbo a ,  20 oo/alllate. Appros'--t•lJ' 1 11 of pboapborto aold 

n• drea lA� a Haaall too 87rla • • followed b7 th a qaantl '7 

ot WA aal t • aDd '-be two 1D�eote4 ln� \be islq obaalaer. 



Detee'hr reaponae facto.ra were estimated from standard 

aolut.lona ot pare VPA using the following formgla ( Packet.t and 

McCune , 1 965)  :-

Relative reapon.ae 
factor for VPJJ. 

• area ot butyric acid peak X molar I ln aample 

area of VFA x peak X molar " in aaaae sample 

Molar percentages o t  VIA aamplea were then determined 

from the corrected peak areaa.  Tbe aame coDd it.lona of  acceptance 

of resu lts were uaed as with tbe James and Martin apparatus. 

2.8. 3. Separation ot VPA for Scintlllation Count.tag 

( 1 )  Separa tion Tecbnlque 

Tbe titration cell ot the Jamea and Martin appara tus 

was fitted wltb a r flux cond nsor ( Storey and H 1118l"d , 1 965) 

to minimi se poaa1ble acid losses through Yol t1li aat1on. 

After the VPA asmple bad been pplied to the column and 

the gas flow connected , 20ml of pbenol red. ( 0 . 01� w/Y ) {J ea 

and Martin , 1 952 )  was added to the titration oell and the 

pbot.ocell aeneltiaed. 

acid waa complete , the oonteats of tb titration cell were 

a spirated ln• a beaker containlna 111ll of o. 05R BaOH, followed 

�7 � .. waabtnaa of 2a.l of 4latllled water. 

Jreab lDdleat.or aolutlon wae tbeD pou� lnto the tlt.ra

tlon chamber aDd t1tra t.1on oarrled oat to brlag the colour to 

the preYloua aaaaltlYl\7 aetttng. !bla �rooeaa wee lbea repeated 

tor prop1on1c aDd b 'rrlc aolda. 

(2)  Decolourl•atloB 

Pbeaol red 1Dd 1oa �r 1D �· ao1d aolu�loD caa•e4 
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considerable quenching ot rad ioaetiv1� 1D the aoin tlllatlon 

mixture. A number ot metboda ot decolour1a1ng tbe aepara ted 

VPA aamplea were 1nveat1gated. 

( a )  Paper chrome tograpfl7 

Because pheDOl red ( pbenolsultonpbtbale1n ) l a  sol uble 

ln alcobo l , (Merck Index. 1 968) aacend tng paper chroma tography 

•• • tried as a means ot removing the 1nd 1cetor trom the aalt 

aolutiona. 

A aolu t lon cont a in ing pbenol red , 14c-labelled acetic 

acid , and NaOJI •• • pplled , wlth d ry ing , to one end o t  a piece 

ot chroma�grapl'q paper 2am x 10cm. The paper waa auapended 

in a cbroma tograpft7 bath contain ing acetone dried witb 

an!qdroua aod iwn sulphate ,  and a sc end ing ohromatograptq 

carried out tor 24 hours. The piece ot paper c rr.r 1ng the 

Ha aalta na then removed and placed in a v1al conta 1n1Dg a 

sc intillation mixture tor mea au rement o t  \he ao t i  v1 t1 present. 

( 'b )  Centrituga t 1on 1 tb oharoo al blaclt (Rapldn , 1 961 ) 

Solu tions o t  VPA salts containing indica tor were spun 

at 1 500 1.• tor 1o-1 5 mlautea w i th cbarooal black. 

( c )  Bo11 1Ds  w1 tb Zlao 1D Aqaeoua Alial1 or c rbonate 
(Merok Index, 1 968 )  

'lo 20.1 o t  1D4ioator aolu t lon , a qunt1t7 o t  14c-acetate 

w1 tA exeeaa BaOB • a adcl.cl ud the aolu\ion eYapor �eel to dJ7b•••· 
0. 1 Ba2co3 ••• tben added and the aolu ,lon bolled wltb stnc 

powder cantll l t became eolourle... The aupema•ant. waa then 

cleoanted ott, and the stac powder waab.ed twice wltll turtber 

11a2co3, followed 1 eenv1tusat.1on at 1 500 &• for 10.1 5 alDu�••· 
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'the clttar ao l u l lon was evapora ted lo dl7ft••• � taka up wl lh }lal 

o t  d l a tllled wa ter and 5m1 o f  Br&J ' •  ( 1 960 ) co unt ing solu tion , 

and eo ontea ln a 5uolear En te rpr ise acin tllla t 1on co unter. 

( d )  S team Dl at 1lla t lon ( Leng and Leonard , 1 965) 

Sol u t ions ot ind i vi d u al VFA co llec ted trom the t i tra tion 

cell o t  the chroma togram were eYapora t ed to d eynesa over a 

wa ter ba til. Each sample was tha w abed 1Dto a Jlarkham s t i l l  

wi th 10m1 ot d l a tllled wa ter , c ld i fied w i th 1ml o f  1 01  H2so4 

aa lure ted w l tb Kgso4 , and 150ml ot d la t lllate col l ec ted lnto 

exceaa o. 005B IfaOH. Tbe amo un t ot JlaOH requ ired tor exoeaa 

was calculated from tbe amount Deeded to neu tra l l ae each a c id 

pa aeing through tbe Jam a and Mar t in d etec tor. After evapora-

t lon the d eco loured VFA aal ta were waahed c areful ly lDto oo un t 1Dg 

vial• and aga in evapora ted to d ryneaa. 

( 3) Recever7 ot 14c Label 

To 4 e t erm1De tbe reco ver)' of labelled VPA a f ter �e 

aepara t lon trea '-en t  a s tand a rd aolu t ion o f  known a o t lvl ty wa a 

u aed . 

Bl-87 ' •  ( 1 960 )  Nlut lon •• • u ae4 e a  tb 8C 1D t1llat10D 

lllnure 1n tile earl.7 lDYeat1gaWJ7 work beoau ae o f  lte oapac lt7 

countlDg ett1o1eac1ea were eubaequeat17 achl Yed with a Trltou-

wluene lllxture (Palle D aDd 

tbla mJ.xlure are obeap 8ll4 de 

• 1965).  fte CI01QO eata of 

t deteriorate Ola aWrqe. 
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l i ttle quenching. 

VPA samples dr1ed 1n tbe ooUD�1ng Yiala were taken u p  

wl th o. 5ml o t  d e1on1aed wa ter and 10ml ot tbe Tri ton-tolueae 

mixture. The ac �1v1t7 o f  tbe aamplea wa a determined e i ther 

1n a Baclear BDterpr1sea coun�er or automa t icallJ 1D a Pack rd 

Tbe etteot 

ot qyencbins cau sed by e.xceaa a lkal 1 ,  wa ter or inc Uca tor waa 

de�erm1ned b7 plo�t1Dg COIJDtlns e.tt1c1enc)' asa1Dat Channels 

Ratio u atng a\andard 14c-acetate aolu tlona ooa�a ln1as variable 

amo unt• ot quenching as•� ( Ba 1llie , 1 96o; Bruno ad Cbristiaa , 

1 961 ) .  \'he u ae of the qu ate:rna17 oompoumd lf7amlne (Ro.tliD and 

Haaa , Inc . ) 1Da tead ot BaOB , d id no� red u ce quencb1D&. 

2.8. 5. De�erm1nat ion ot Spec 1t1c Ac �1v1ty of Total VFA 

The 14c coatent ot to t  1 VPA 1n the d1al7aed aamplea 

waa alao aaaqed , a nd compared w1 tb acti vl tJ rro the par\1 �toned 

ac ids. Tbls was a n  alternat1ve method ot tbe oaloulatlon ot 

apec 1 t 1c act1v1�y ( Gray et a l . , 1 967; weaion and Hosan , 1 968; 

eller et al . , 1 969 ) .  

Dupl icate 5ml aamplea o t  d lalJaate were d latllled and 

collected lD an amouat o'f alka l l  ealculated from preYloua 

determtaa tlona ot VPA eoaoentration to prov id e  e ellgbt exeeaa. 

Theae aolutlona w re d r1ecl tn a t'ol"Cect-c!reupt oyee at 90°C acJ 

washed earetull-7 1Dto oounti g vtala. After dr'71Rg 1D the Ylala 

th VBA aal.t were talum up wttb 0. 5m1 d latilled water aad 1011al 

fte aeaa tota l  aotl Yl \7 

per 5ml ot • ple ••• \beD c btDed wl tb �· pre•1oual7 determlaed 

VPA ClODOeDtftt i•n la tbl 41al.7aate , to d termllle the epeoltto 



act1Y1'7 (po/mMole ) or �he to tal VFA presen� .  

Percentage recoYeey o t  to t.al lsbelled VFA was d eterm1Ded 

l:t)' Ule u ee of a atandard sola t ion ot known aot.1v1 t7. 



2 . 9. S t a t i s t ical Ana ly s i s  o f  Da t a  
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Ind i v i d u a l  e s t ima t e s  o f  the re t e  o f  VFA prod uc t i o n  i n  

the r umen w e r e  obta ined to r e ach o f  t h e  12 ho ur sampl es t rom : 

Pro d u c t io n  r a te { ��/min ) = 1 4c infu s ed (pc/m1n ) 

14c in VFA o f  d i a ly a te {p c/mM ) 

The e l im i n a t io n  o f  a number o f  the e s t ima t e s  o n  the 

ba s i s  o r  fa u l ty t echn 1 q � e  { 3ee 3.7. ) , resu lted in uneq u a l  s u b-

c l a s s  number s in e a ch per iod . A t e s t  to r d i spro po r t io n a t e  

n umbers { Sned eco r , 1 967 ) w a s  a pp l i ed t o  the r em a 1n 1ng d ata to 

d e t ermine the s lgn i t i c en oe o f  the d i fferenc e s  b e tw e en trea tmen t s , 

per io d s  and s e t s  o f  a ppar a tu s in the pre sence o f  unequa l  sub-

c l a s s  n umber s .  



3. 1 . teobD1goet 

RBSUL�S 

The metbod ot meaaurement ot V"'A production d eolded 

upon . required cona1derable prel1m111U7 1nYeat1gat1on before 1\ 

was applied to \be exper�eatal ant-ala. ID particular three 

aectlon o t  th metbod need d preparator,r �rk. 1' eae were; 

the acour c7 of dlal7aia aampl1DB , '\he aubaequent trealrant of 

the a ple ,  and �· eanr ent ot tbe rad 1oact1Y1Q it contained. 

Reaulta and d1acuaaion o t  tbeae lnYe!tlga tlona are given bare . 

3. 1 . 1 .  Sampling o f  the Ramen VPA b7 Dlallal a  

( 1 )  Reaulta of 1a vttro Teata ( See 2. 1. ( 1 ) )  

!'be molar proponiona o f  V7A 1D atalld I'd salt aol\lt1ona 

were OOJaPared wl \h tboae ot a mplea takn from them by d lal7a1a. 

Table 3. 1. 111uatrates the reau lta ot resreaa1on anal7ela of tbe 

data obtained. 

'l'he dla�Jaia brane appeared to exblbl t a !l1ghtl7 

greater permeablll ty to acetate than to proplnat • Tb1a  ••• 

ot a a lmllar order to that obaerYed b7 GrQ ot al. ( 1 962 ,  1965. 

1 967) .  BoweYer the oorrel tlona between the proportloaa in 

d ial)'aatea aDd at ndarda were hlgb ( ) o. 92 ) .  'llle regre•alona 

ot d lal7aate upon standard were above oae for acetate and 

propionate ( 87 waa al1Bb�l7 greater than SX ae might 'be expeoted ) 

bat tb 95" t1duelal lhlll• 1D laoth caa • lael d d 1 . 0. I'Or 

lautpate Ule rqreaaloa ooetflelent we• olon \o oae. It na 



Mle 3. 1. 

Yr.l 

.loe\lo 
•old 

�· 
aeY 

��· 

et 
Sulpl.e• 

• 

1 1  

1 1  

1 1  

HeaD Molar .  

�- staDdaft 

' I 

61.91 6?.81 

18.66 19.36 

12.60 12.82 

Conelatlc Repreaaion 
Coeftlolellt Coett1o1eat 

� b s.1. t p "' Colatldeaee 
Lild.t• 

O.tfl 1. 1 1  0.09 12.33 < .0 1  o.c;o6 ' !l �  1.314 

0.93 1.21  0. 17 '7.20 (.01 o.so3 q� � 1 . 59  

0.92 0.92 0. 13 6.87 ( .0 1  0.617 '-fl� 1.223 

-------------------------- -
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ooaol.ade4 tllat ad3 uaant of the d lal)'n t.e reaulta on the 

bea t  a o f  the •all d ltference a  1D pro portions was not warranted 

(et Gray et al. , loo. c lt. ) . Aa the acetate prod u c ed in t.he 

rumen d u ring infu s ion ot 14c-acete te would be mo re h ighly 

la belled than the o ther aold e ,  8 higher proportion o t  thi a  

a c id i n  the d ia lysa te could resu lt in an und ereat1ma tlon ot 

VF A  prod uc tion ra te. HoweYer a d i fference ot the o rd er of 2 

per cent in the mo lar aceta te pro portion wo uld no t affect the 

final estima te o t  the prod uc tion ra te by more than 3 per cat. 

Tbl a  la considered to be well wi thin the randoa error. 

( 2 )  Reaulta o f  1D YiYO Tes t a  ( See 2.7 . ( 2 ) ) 

( a )  Dlal7aia tublag au apended in the rumen o f  a sheep 

fed fre sh pa s ture abowed no Tlaual ind i c a t ion o t  degenera t ion 

atter 48 bo u ra .  It wa a conc luded tba t the etteot o t  oollu lo l.7t 1c 

r:n1croorg an 1 ama on the t ub ing wo u ld be un important dur1Ds 8 1 2 

bo ur 1Dtua lon period (cf. \fell er et al. • 1 969) .  

( b )  The ean molar pro portions o t  VPA from aample a  

taken by d1alya1s a t  the "Low" and "Higbq po a i t lona ln the rumen, 

and b7 d irect sampl ing � approxtmatel7 tbe middle of the 

pro'be lD tbe "Low• poal tlon , approx111aatel7 4 1Dohea below the 

leYel ot \he rumen caDnula , gaYe a more aocura le aample ( See 1 .4� 

than one altueted l eYel wltb t e c&DDula ( •Hll " ) . !be lower 

poe1t1oa waa a•ed tn all aubeequent work ( See Plate III ) .  

'the proportloaa ot DA 1D the d l  l7eu a plea lak• 

from the "Low" poaltl&D were e pa"" wltb \bo•e take b7 dlreot 

aampllq b7 resr•••1oa aal7•1• ('table 3.3� .  Ylle proportion ot 



Table 3. 2 .  

l.qlar Proport1o1Uf o t  y:rA 1D Ru•en Sample• 

VPA "Low" Probe "H1gbu Probe 

Acetlo aold 66. 8 62. 8  

Prop1on1o acld 23. 0 25. 0 

1 2. 0  10. 2 1 2 . 8  
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Bow..,er � leee o t  tbe Yar1at1on 1n V'FA 

DA proportion• 1n tbe direct eamplea. 

a reaul\ ot var1a\1on w l � tn  \be ramen. 

Tb1a could beve been 

3. 1 .2. Prepara tion o t  Rumen VfA Sample• tor Determina tion 
ot 8pec1t1o Aot1v1t7 

.A numb r ot metbo4a ot d eoolour1a1ng aolu \1ona ot v-IA 

ealta conta1n1ng pbeaol red 1nd1cator atte� aeparat1on la7 o. t.c .  

were 1nveet1sated (2. 8.2. (2 ) ) .  0Bl7 ateas d1at1llat1on 

completely r..oyed tbe tnd lcator wltbout cODa 1derable loae 1n 

act1v1t7. Tile recoYeJ7 ot 14c label after tb1e prooeae 1 s  

SlYeR iD Table 3. 4. 

Table 3.4. 

ljtooYe£1 ot 14a �el after Preparation for 
ynilDi 

Process 

aepara t1oD ot 
VPA 1J1 G. L. C. 

!'otal VPA b7 
.,. 
dla\1llat1cm 

Bu•lter ot 
detersa1Dat1oaa 

7 

7 

Meaa Recove17 
(") 

92 

95 

s.E. 

� et al . ( 1965) aY0 1ded t.be aeoeaa1t7 ot 

deoolourlalq VPA eolu\1oD• after HJ)aratloa 1t7 a tq plaeaol

pb'Uaaleb lad lo•wr wll1ob la oolourl••• 1D \be alkaline r- ot 
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pH. HoweYer thla etllod eatatled redea1plng o t  the t1 tratton 

cell ot the Jamea and llartlD cbro���awgraa ao that tbe gaa 

bubbles "re not be de\ected by tbe pbotocell. Leq and 

Leonard { 1965) u aed a column obroll8\ograpb7 tectmtque 1DY01Y1ng 

two chromatographic aeparat lone and monitoring b7 G. L.c. 

Tbe aYatlabll l t� ot reontlJ deYeloped electronic G. L. c .  

equlpmeat baa enabled a number ot tecbntquea to be deYeloped 

tor the aeparat1on , me sur cmt and co llection o t  aamplea wl Ul-

o u t  the Deoeeatt� o t  tl tratloa {Haenaratrand , 1966} . 

could proYe eat1ataotor.r tor VPA ana l7a1a. 

Tbe meaaura.en t ot speet tlc act 1Yliy o t  the total VFA 

aample wttbo u t  aeparatloD o t  \be 1nd lY1dual aclda waa also 

lnYeattga ted ( See 2.8. 5� .  

l a  g1Yen also 1n Table 3. 4. 

Recovery of 14c label by thta process 

Tbe error tn d eterm in ing tbe spec1t1c act1T1 ty of VPA 

waa reduced 'by tbe aee ot the to tal VPA rather tban \he separated 

actd e ,  and the percentage reooYer,r was hllber. 

3. i . 3  Determ1na 't1on o t  Co tmttng Etttotenc7 

Th onened quench.tng ot ra� 1oac t 1T 1. ty la the VFA aamplea 

-l.J'aed lgllt ba�e beftl due w tbe presence ot 8117 ot aneral 

kDoWD queaeblDg agn't-a. Pbenol red ,  RaOH , aodlua ealta ot YPA , 

aa4 water .. � all baYe oau •ed a reductloa ln oou ttng ett1c 1eno7 

� 8011le eneat (Bt.Jta, 1969) .  Bowner \he \7Pft ot quenchlq 

qat appears to haTe llttl or no erreot on the val14 1 tJ ot th 

oallbra \lon cunee tor a eolYeat •7elela ( Brao aad Cl:al-1atlu, 

1961 ) .  

o tilu  type• o t  queDoblq u 1••• tile eample le lllabl.J' queuo!led 
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( Ba 1 1 11 e , 1 960 ) . 

A plo t o f  channels  r a tio versus co unt ing et r l c 1 ency wa s 

d erived trom e seri es of  seri a l ly qu enched sample s o t  known 

activity . Using a s erie s  o f  samples con ta in ing phenol red a s  

the qu en ch ing agent and a few qu enched with wa t er ( Fig. 3 .1J , 

a regre s s i on line f i � t�d to t h e  d a ta d emo n s tr a t ed a a 1 gn 1 f 1c an t  

relationsh!p {p  < . 01 )  to r : -

y • 

(Coun t ing etf 1 c i enoy ) 
99. 99 - 48 . 77X ; 

( Channels ra t io ) 
Sb a 3. 2 1  

I t  thi s l ine l a  extrapola ted toward s t he Y axis 1 t  can 

be seen tha t when qu enching i s  zero the co unt ing ett i c i ency is  

close to 1 00 p e r  cen t , a s  wo u ld be expec ted 1 n  a n  i d e a l  sy stem. 

Sampl e s  con ta in i ng so d i um hyd ro xi d e  or sod i um a c e t a te 

a t  lo w conc en tra tions ( (  0. 2ml 1 N  NoOH or 1 M  Na aceta te ) a s  

qu enching agen t s  gave r e s u lt s  con s istent w i th this rela t ion ship. 

However at con c en tra t io n s  h igher than the se the rela t ionship 

d id no t ho ld and a marked o paqu eness ot the so l u t ions wa s no t ed . 

A. O. Tay lor { pers. comm. ) ha s sugges ted tha t large amo un ts o f  

alkal1n subs tances might a ttect the m1 cel l e-torming abi l i ty o t  

the d e tergent {Tr1 ton x- 1 00 ;  {Rohtn and Hae s ,  Inc . ) )  and 

rela t ively la rge micelles  o t  the aqu eo u s  phase c o u ld be to rmed . 

Con ta c t between the red 1o ac t t v e  9o u r o e  1n the aqu eo u s  phase  

and the sc 1n t 1 l le to rs 1n the  to luene pha e wou ld then be 

di sru p ted end co un ting etf 1c 1 ency lowered . High and low en ergy 

em1 s t on e wo u ld be que l ly a tteoted end hence there wo u ld be 

little or no chang 1n the channels ra t i o .  
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The amovnte ot eocJ 1um ace�e te and sod 1wa .U �e ot VPA 

u ae4 d ur1ns experimental enal7a1a were well below the ltml t 1DS 

Yaluea men tioned and the tabl 1shed rela t 1onab1p waa used to 

oompu te the eount 1Dg ett1 c 1 eae)' of all sample s  meaau�. 



" 

Ocosalonal al1gh� 1nteot1on occurred around tbe 

cannula and was trea�ed with S'treptopen 1nJ oct1on (GlaD 

Laboretortes ; 250.000 unt ta/ml prooa1ne benQl pen1o1llia 9 

. 25g/ml debydroatrep�o1D aulphate} 

A low illt ke of 17•sra ea , part1cularl.7 too fibro u s  P ,  

during the prel1m1Dar7 per1Gd , waa attribu ted 'to tee'lb1Dg 

troubles aa the su a of tbeae abeep appeared awolln aDC.'l 

ill�lamed . Where a aer1oaa decline 1n intake ooeurred , 

V1tam1D B1 2 (Cytamon , Gl� Laborawr1ea) wa a a4m1a1 atere4 

1n traawaoularly. 

Table 3. 5. 1 .  lllua tra t • tbe 11-. welgbta and 11ft wetght 

changes ot the abe p oyer 'lbe t o week expert ent-al period. 

'!be mean 11Te weight cbaage ot the sheep tec:l P na greater 

( p  < 0. 05 ) tbaa tha t or the ebeep fed c ( Appenclf.x I ) .  

•• 11 aheep were ot a 1m11 r 11Y welsbt pr� to t1atula t1on . 

Ul1a reault probab.l-7 retl o'te a reoove17 la oondltlon loat 

durlDS tbe prellm1Daf7 period wbera tbe lDtake ot P appeared to 

be 4epreaae4 b7 '-•th� troublea. 



!'altle 3. 5.1 • 

lelD !!lab!• M! Ltn Welallt C!!•M•• oTe£ !M 
kp!rlraea!§l Period ( lp l 

'treaUteDt Shettp Lift Welgbt LJ.Ye welpt L1Ye Weight Ilea 
Rumber 5th »eo. 31a! Deo. Cbanse Cbaqe 

c 7 120.0 1 18.0 -2. 0  

25 87.0 89.0 +2. 0 
88 109.0 108. 0 -1 .0  

8 79 96.0 98.0 +2.0 

94 93. 5 95. 5 +2.0 

29 8 1 . 5  82. 5  +1 . 0  

p 3 86. 5 91 . • 5 +5.0 

1 13 

122 

81 .0 86.0 

17. 0 

+5. 0 

+2.0 

ad s . B. 

-. 33 .t. 0. 92 

1. 67 .t. 0. 92 

4. 0 .t 0. 92 
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'!be botanical compo st tton ot the pa sture anrcJe uaed 

\hl"ougbout the ezperlaleut l a  given 1D Table 3. �. 8Jid abows tbat 

tbe pas tures were reaeonablJ pure. Tbe greatest contamination 

waa tbe 1 0  per cent ot poa species 1n \be s. 

CloYer Speo1ea 

Ji7ep-aas Speotea 

Poa Spect ea 

Other Speo1ea 

Botanical Compos1t1on ot Pastures 

(% mr)  

c s 

91 . 7  0. 25 

J 8. 1 89. 2 

1 0. 3  

0. 2 0. 25 

p 

0 

93. 6  

4. 5  
1 . 9  

Data on the cb•1oal oompoe1 t1oa aad gro aa energ ( cm) 

e»nteat o t  the pastures are g1wa 1D fable 3. 6. 

tftle eatl&la tea ot the structural oubobJ'drat.e coateD' ot 

the paaturea appeuecl to be all8btl7 bJ.Bh when coQared wtth 

preytoua eattmatea uatns e�llar t•ed• (e • •  Ul7att . 1 969). 

Bowner � low lnela ot soluble oarbo-,cJra\e preaeat la tbeae 

.-pl .. ( ... below) wuld aaYe 1Dtla ... \he proportion• of the 

otber ooaapcnaeata. 

atnoturel outaob7dnte oontnt � ne c. 

De renl ta ot tile soluble oarllo�tlrah uaqala ot tile 

•••• aDd P•� teeda ere SlYeR 1D �able 3. 7. 



!able '·' 

Pe1'1o4 

I 

Il 

Pastul'e 

c 

s 

p 

0 

8 

, 

9rl•' Qer=•1t1cm ed &aerll es.t.opt ot lfcbta 
(DM bae1B) 

� Car'bob;rdrate 
(l.val-deteJopllt 
titn) �) 

26. 12 
4).§8 
4).81 

25. 12 

I/J. 16 

47.68 

LipiD 
(�) 

3.75 
2.'7) 

s.43 

).38 

2.89 

4.0S 

lltropn 

�) 

4.?0 

4.8) 

4.6s 

4eff7 

s.06 

4.3 1 

ABh 

(%) 

9.38 

9.92 

10.)2 

8. 1S 

?.?s 

8.86 

Ql Coatet 

C•l/a) 

4S26 

4424 

4556 

4671 

4579 
4616 



Table 3. 7. 

Sample 

•••• reed 

P••• Peed 

Solaltl . c �-gante CoateD' ot ea• heda 

(" DM) 

c 

10.74 

7. 72 

8 p 

5. 58 

4. 82 

All r .ul'• were low (C Balle)' , 1 964) but thla ma7 haYe 

lten a result ot cv ,tlq 1B �· e t-17 momlq ( Wal\e aDd Bo7d , 

1953; Klagabo17, 1965).  'fbe a\onge ot cut paa,ure tor t.welYe 

boura reaul t.ed 1D a lower aolu'ble oubohJ'drate ooa\ezat. , partloular-

17 1D c .  Rquae aad satt.h ( 1 965) baYe abown a rapid deol1ae 1a 

the augar coat.ent. ot gnaaea att.er cu t t.1ag , t.hroup reaplra t.loa 

loa•"· HoweYer, ti11a raat.er1al wee not. used duriq the ••••ure-

aeDt. ot VFA produot.1oa� 



!able 3.8. 

Jillp Qt1ll l;Dtakea eM Di,goatiMU'X qt Paatprta 
.Period I 

Trat.at Sbaep Do. DM Iatake Dlpat. of OM DOM I.Rtake DE Intake 
<s> (%) <a> (kaal) 

c 88 980 8 1 .9 ?ZI 3245 

7 994 81 .9 737 3291 

25 978 8 1.3 721 )215 

... 984 81.7 728 .3250 

8 79 937 78.3 661 2884 

29 855 78.6 605 2652 
94 960 80.7 698 3041 

Mlu 917 79.2 655 2859 

p 1 13 628 82.2 463 2>65 

' 958 80.9 696 3106 
122 796 79.5 'J67 2562 

Mltm '794 80.9 "' 2578 



'lalll.e ).9. 

Trea'-lt SHep Jo. 

c 88 
7 

25 

MMD 

s 79 

29 

94 

Mean 

p 1 13 

, 
122 

IliaD 

JMM Jln'lt Xnt.okeq and Dipatib!lity 9f PaetuJ:ta 
Period II 

DM Intake I>1pat. of OM OOM Intake 
(g) <•> <a> 

9111 81.7 741 

W'J 8 1 .9 732 

m 8 1 .6 7'Z7 

m 81.7 733 

994 76.2 699 
93> n. s 658 

100.3 78.0 722 

972 77.2 693 

964 76.0 678 

996 78.7 7 14 

80.3 77. 1 S64 

921 77.3 652 

DE Intake 
(kcal) 

3451 

ll94 

3174 

3406 

3 184 

2996 
3m 

31S2 

3025 

.3224 

2560 

2936 
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Data on ind iTid u a l  intakes o t  dry mat t  r (DM ) ,  

digestible organic matter ( DOM), and d igestible energJ ( DE) , 

and apparent d1ges t 1 bi l 1 ty ot organic ma t ter ( OM )  are 

present ed in Tables 3. 8. and 3. 9. The a lm o f  reed lng each 

sheep approxima telJ one kg ot DM per day waa aohieTed when 

al l sheep were ea ting to appe t i te .  

Mean DE 1n takea of the three p sture t7pea oYer both 

experimental period s are given in Teble 3. 1 0. 

Tabl e 3. 10.  Digest ible Energy Intakes (kcal/daz) . 

Means and S tand ard Errore ot Difference s  Between Means 

I 

eek 

II 

Trea eD 
Keane 

t 

Treatment 

c s 

3250 j:, 2 1 0. 5 2859 ± 210. 5 

3406 + 2 1 0. 5 - 31 52 .t. 210. 5 

3328 .t. 185.3 3006 j;. 185. 3 

p Week Means 

2578 + 2 1 0. 5 - 2896 .t 59. 7 

2936 + 2 10. 5  - 31 65 j:, 59. 7 

2758 + 185. 3 -

Dttterencee betwen trea eat.a were oloH � aip tttoance ( p (  0. 1 0) 
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and d ltterence a  between perloda were aignltlcant ( p ( 0. 05) .  

There were no a1gnlt1cant interac tion ettecta { Append ix II ) .  

The hlgher intakes overall during Period II appear 

� be primar1lJ due to the recovery ot appeti te o t  the sheep 

fed P .  and aecondarlly to the slight lncreaae 1n energy conten t  

ot  the teed a  ( See 3. 3J .  



The weight ot �he lntuaatea before and after the 

12 hour 1ntu sion period was used to calcu late the ra te o t  

1Dtusion o f  acid . Speoit1c activity ot the intusates was 

determined from duplica te samples ot 0. 5ml .  

range ot  eana o t  apec1t1c act1Y1t7 ot 1ntusatea there was 

71 

DO apparent relat1onablp between the variance between dupl icate• 

and the random count ot aot1Y1ty ot the sample. 

The ra tes ot 1ntus1on ot 1�-labelled aceta te were 

calculated aa:  

• rate ot 1ntua1on (g/mtn ) x apec1t1c 
aot1v1t7 of 1Dtuaate {fc/s ) 

and are g iven ln AppeDd 1x Ill. 

Errors 1D the dete�1na t1on ot spec 1t1c act1Y1 t7 

dld not attect the dltterencea betweea 1afuaatea ( Append ix 

IV) .  



72 

OD a nwabeP o t  oooaalona during the operat ion ot tbe 

aampl1DS probea , the 41al7a1a tublDg waa bole4 , pre.aumab17 b7 

the abraelve act lon ot the ruaen coateata. TJlla was noted 

tro �e ceaaatloa ot tlow ot 41al;raate from the probe and tbe 

pro 'De 1aned1atel.7 w1 tbdnwn tor replacement of t.be cellulose 

tubing. Thu s there waa onl7 a1D1aal t lme lo st 1D aampl lq. 

The conoentratlcm of YPA 1D the dlal7MtH was coDalatent 

over the wbole experiDia� tad loat lng tbe coaalateut operatloa 

o t  the dlal7a1e probea. 

The •lar pro po r�1oaa of VPA lD the dlal7aatea are 

aw.arlaed lD 'fable 3. 1 1 .  Molar penatage ot aoetlc acld 

••• greatest tor P and leaet tor C wblle tor but7r1o \be 

re.erae ••• true .  These re.u l ta •USB••t that the d leta 

used were coaaparable wlth tboae 111 prnloua work •1� the 

same apeclea ( Jobaa et al. , 1 963; Ul7att ; 19&9).  

'the labelled canoa 1B tbe VPA 8Dal7aed wu predoalDau\-

17 1D tile :tona o t  t.he acid latuaed (Table 3. 12J.  fte .. r ealt.a 

....- well w1 th valuea ob�alaed ualDg 
14a-1aHlled aoet.at.e t.o 

. aaure pndot.loa ot VPA hola d17 teeda ( �abl• 3. 13).  



7a!tlAt ). 11.  

"'-'-' Slaeep ••• 

0 7 

2J 
81 

Mlua 

79 

94 
29 

.... 

p , 
1 1) 
122 

-

-- ---

Kgl,tr Prppgrt.lgpn of VlA 1n DSalXMtt• (5) 

Per1ed I 

Acet1o PJ'opioala 8ut7J'1C Aoetlo 

acid ao14 acid add 

69 19 12 69 
65 21 14 65 
67 21 12 68 
-
67 ao ,, fll 

7 1  19 10 70 

72 18 10 71 
'10 20 10 66 

71  19 10 � 

73 18 9 71 
'10 20 10 73 
69 2D 1 1  74 

71 19 10 '13 

Period II 

Pnplonlo But.Jr1o 
aeld acid 

20 1 1  
22 13 
20 12 

21 12 

20 10 

18 11  
21  13 

;eo 1 1  

19 10 

18 9 

17 8 

18 9 



Table 3. 1 2. 

fer!entese ot To tal 1 4c lrt l!cb RWDen !EA 

( Reaul t s  tor two aeta ot appara tu s onlJ ) 

Treatment Period sheep Bo .  Aoeilc Propionic But7r1c 
acid acid acid 

c I 25 80. 3  8. 6 1 1 . 1  
I 88 83. 1 6. 9 10. 0 

I I  88 75. 1 1 2 . 2 1 2 . 7  
II 7 89. 0 4. 2 6.8 

M eaD 8 1 . 9  8. 0 10. 1 

s I 29 84. 4 5. 4 10. 2 

I 94 86. 1 6. 6 7. 3 
I 79 84. 6 6. 9  8 . 5 

I I  79 88. 4  6. 7 4. 9 

lleaa 85. 9 6. 4 7. 7 

p I 1 1 3 74. 6 1 3. 4 1 2 . 0  

II  1 1 3  84. 7  7. 5 7. 8 

II  3 83. 9 8 . 6  7. 5 
II  1 22 87. 6 5. 0 7. 4  

.... 82. 7 8. 6 3. 7  

OYerall MeaD 83. 5  7. 7 8.8 
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Table 3. 1 3. 

Reco very o t  Rad 1oac t i v i t� in Rumen VFA d � rins 

In traruminal In f u s ion o t  
1 C-l abel led Ace t i c  A c i d  

1 4c-1abelled A c id 
u sed 

1 - 14c Aceta te 

1- 1 4c A ce ta te 

1 -1 4c Ace ta te 

� o t  1 4c Reco vered 

Ace t i c 
Ac id 

77 

80 

84 

Pro pion i c  
A c i d  

4 

6 

8 

Bu tyr i c  
Ac i d  

1 9  

1 4 

8 

Referen c e  

Bergman e t  a l .  
( 1 965 ) 

\"<e l l  e r  e t  a l .  
( 1 967 )  

we s to n  a nd 
Hogan ( 1 968 , 

Mean e s t ima tes o t  the perc en tage o t  VPA a r i s ing trom 

a c e ta te ( Table 3. 1 4� were con s i s ten t  o ver the three t.rea �en t s  

a l tho ugh there wa s co n s id erable v e r t  t ion within t r  a �ent re a u l t e .  

The v a l u  o t  35 p r cen t tor the pro po r t ion o t  bu tyra te 

carbon a ppar ently prod uc d by in tercon version trom ace t i c  a c id 
'fob\.q, 

is  in agreemen t w i th repor ted e s t imates (N . 5J .  The pro po r t ion 

o t  propionate a r i s ing in tbe same w y ( appro x .  20%) wa s bigber 

than mo a t  repor ted e s t ima t e s  exc ept tha t of Bergman et a l .  

( 1 965) . 

3. 6. 3. Uea a u remen t. ot Spec i f i c  Act i v i ty of Ru en VPA 

Dur1Dg Period II samples of ru n l iquor • re taken 



�able 3. 14. 

'treatmen• Period Sheep Ho. 

c I 25 
I 88 

II 88 

II 7 

· -

s I 29 

I 94 
I 79 

II 79 

MeaD 

p I 1 1 3 

II 1 1 :i 

II 3 

II 122 

.e&D 

OYer 11 lteaa 

• Prop1oa1 c  Ao1d 
Produced trom 
Acetlo Acid 

21 . 5  
17.8 
32. 7 
1 1 . 1  

20.8 

20. 6 

20. 2 
1 5. 8  
1 7. 3 

1 8. 5  

42.8 
26. 0 

1 6. 2  
23. 5 

27. 1 

� BUtJPlO .Ac14 
Produced trom 
Acetic Ac 1d 

33. 7 
32. 2 
45. 8 
23. 7 

33. 9 

40. 1 
29.8 
39. 9 

1 9 . 2  

32 . 3 

52 . 3 
32. 3  
37. 5  
37. 4  

39. 9 
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prior to la�ua loa and anal7aed tor a poaalble oarr7oYer o �  

l abelled acids tro tbe preYlou a  1ntua1on. There waa no 

caP.r7oYer tro. Period I to Period II.  

{ 1 )  Specltlc Activity ot Ind ividu al VPA 

The apeoitic actlvl'Q' ot the separated acids was 

calcu l ated � the act iv1t7 ot duplicate samples after cbroma

tograptq (Append ix V) . Errors 1D de,erm1Dation bad no 

effect on the d ltterencea between aaplea ( Appcmd lx VI ) .  

(2) Specific Aot 1vit7 o t  To tal VPA 

The apeeltio act1Y1 ty ot tbe total Y.rA ta tbe d lal7aa tee 

was calculated trom tile a o t i Y i t7 ot dttpllcate 5aal aamplee ana 

the VPA conoentratloa ( Appendix V) . Dltterence a  between dupl i

cates had little ettect OD the acourac7 of the results ( Appendix 

VII ) .  

Speoitlc activitlea o t  total VPA dete�ined iD thla 

manner were coaaiateu'l7 lower than tboee calc u l a ted from 

aumm1ag the 1Dd1v1dual values tor the aeparated aoida. The 

d1ttereneea between tbe two aeta ot results varied coneideralal7 

( 2-�) auaseat1DS tha t  •7•temat1c errors ••re no t 1avo1Yed . 

Honver there was a conaiderallle t1 .. lag betnea tJle two 

operatloaa ( 1 2 maths) aDd l t  la oonald end that the lower 

naulta troa to tal VPA malted tl-o• loaaea b7 vo1at111aa t 101l 

cl&trlng tlla t period. 

a .. wlta tJIOil the .. parated aold e wen u...S la all 
turlber o al ulatlODe. 



3. 7. yPA Prod uction &atea 
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SeYeral o t  the va lues tor spec 1t1c act ivity o t  VFA 

aamplea were mucb lower than the rematnder and resulted 1D 

extremely blgh eat1ma tea ot VPA produc tion ra te. When tour 

o t  theae values were compared wi th the res t  ot tbe da ta tor 

eacb t rea�ent tbey were found to 11e between 1 0  and 25 

standard deviation QDlta beyond the mean ot the remainder 

{ Appeodlx VII I ) .  The probabi l i ty o t  a va lue l71ns 3. 9 

atandard deviation unlta from tbe mean l a  .o� ( l'laber and 

Yates , 1 949 ) . Hence 1t la unlikely that tbeee eatlmatea 

were fro the aame population as �e rema ind er and th«7 ean be 

dlacarded oa thla baala ( Flux; pera. coam. ) . l'u rtbermore , 

eat �tea ot the energJ contributed by tbeae particular VPA 

production rates were near to or 1D excess of 1 �  ot the DE 

intake. All tou r  resul ts were trom one aet ot infu sion and 

aampl 1DS appara tu s ,  and aa a conaequenc a faulty technique 

was auapected .  All results fro. tbla aet o f  appara tus were 

dl aregarded ln la ter oaloulat1ona. 

The rematntng eat 1matea ot VPA prodoot1on ra tes and 

thelr treataent meaaa are gtven 1ft '!'able 3. 1 5. •• both 1110lea 

aad kllocalortea produoed per dq. 'l'be total oalorltlo 

values o t  the VPA prod uced were calcu la ted aa1ng tbe molar 

proportion• ot YrA aad calorltto Yeluea et the 1Dd 1vi4ual 

ac id a. AD example oalculatlon le ehown 1Ja Append ix IX. 

Beoaa ae o f  tbe dlacarded data ,  the aubclaae au•bera 

of VPA produc•loD rate estt.a\ea wltbta treataea\a 1D a 

period .. re unequal. 



�·1al• 3. 1 5. 

Trea �ent Per1o4 Sb .. p Molee/da7 Meaa koal/da7 MeaD 

c 

s 

p 

I 

I 

II 

II 

I 

I 

I 

II 

I 

II 

II 

II 

!lumber and SB. and sx. 

25 

88 

18 

7 

29 

94 

79 

79 

1 13 

1 13 

' 
122 

2. 54 

3.05 

3. 38 

2. 98 

1 . 49 

2.00 

2.28 

1 . 33 

728 

855 

942 

821 

2. 99 + 0. 22 - 837 .t 1 06 

4o6 

539 

618 

362 

1 .  78 i. 0.22 481 .t 1 06 

3. 33 %. 0.22 887 �106 



4ue � 4 itterencea hetwen \reatmata , perlod a ,  aets ot appara tu a  

and their interaotlolltl waa not poaslble. Ina tead tbe erteota 

of treatments Yeraaa period • •  appara tu s Yeraua period s and 

treatmen ts veraua apparatu a , w1 tb tbelr respectiTe 1nteract1ona , 

were anal)'aed "para tel; u a lDs in Ule 1'1rst case tbe auma of 

aquarea adJ u s ted tor unequal au bclaas numbers ( Saedecor , 1967) ,  

(Append ix X) . 

Dltterences between treatmeata wer s ignificant 1D 

all aalyaea ( p (  o. 01 ) ;  .. an V'BA production ra tes troa c 

and P -•1aa higher thaa that troa s. There were ao s1SD1ticant 

d ifferences between periods ,  between aeta of appara tus ,  uor 

a lgn1t1cant 1n terac t 1ons , 1D any of tbe analyeea. 



n 

3. 8. 

Tb percn tage ot the meaD dall)' DB lDtake aecouated tor 

b7 the calorltlo Yalue ot tbe VPA produced 1s g lYea 1D Table 3. 1 6 .  

tor each ot tbe trea�ts. 

Appad 1x IX. 

ADal7als ot Yarlanoe ot the mala etteots , treatment• 

aDd perlod a ,  us1Dg the oor:reotlota tor d l sproportlonate sub

clas s  nullbers (Appeadlx XI ), d.oDstrated a blgbl7 slpltlcaat 

41Uerence betweea 8 aDd P ( p (  0.01 ) .  The difference �etween 

c ad P was clo se � s1p1tlceDce (p  < 0. 1 ) . 

Analysle u atng the etteota ot treatments and apparatus 

gaYe a s�ll r result tor the d ltferences between treatments 

( p < 0. 05 ) .  There were no s1gnlt1cant dltter ncea betweera 

perloda and beben aeta ot appa:rtatg a , aDd no a 1pltlcat 

1D teraotlon etteota ( Appeadlx XI ) .  



Treatmen t 

c 

s 

p 

Per1od 

I 

I 

II 

II 

I 

I 

I 

II  

I 

II 

II 

II 

Sheep Number 

25 

88 

88 

7 

29 

94 

79 

79 

1 13 

1 13 

3 

1 22 

22. 6 

26. 3  

27. 3 

24. 2 

1 5. 3  

17.7 

2 1 . 4 

1 1 .4 

Keam anc1 
s . E. 

25. 1 %. 2.  7 

1 6. 5  %. 2. 7 



CHAPTER FOUR 

DISCU SSION 

4. 1. The Prodyct�on ot VFA oa Dltteregt Pasture Tlpea 

78 

Two ma�or d i acuaalon po ln te arlae trom the resu lts ot 

tbls atud7: 

( 1 )  To tal rumen prod u c t ion ot VPA trom the d iets u sed 

a ppeared to be generall7 lower than tba t reported in 

the l i terature tor a Yar1et7 ot teeda. 

( 2 )  Tbere appeared to be conaid erable d i tterencea 1n VPA 

prod uction among the pasture apec1ea u sed .  

A a  the accurac7 o t  the technique u sed to mea sure VPA 

production 1n the rum.,n co u ld not be ver1t1ed unde� the eond i t iona 

o t  the experiment ,  tbe po a aibil i ty tha t the final results were 

apur1ou s  mu st � co na1dered . Por example ,  i t  tbe mixing o t  

labelled aubatrate wi th rumen eontenta waa incompl ete , u nrepre senta

tive dial7a1 a  sampl ing o t  rumen VPA migbt have resul ted 1n 

erroneou a  aee auremen ta ot VFA prod uction rate. HoweYer tbere 1a 

no aY&i lable evidence to suggest tha t tb1 d id 1�aot occur. 

rurthermore, the eatlaa tea o t  �A prod uc tion were conalateat w1 thta 

trea enta aDd this DW St add support to the reau l te obta1aea . 

Ot 'tile put.l 1 abe4 eat1me tes o t  VPA prod uo t 1ora . 1n ab.eep , 

al l but one haYe bean made uatna 4P7 or poor qua l 1 t7 teecSa ( a" 

produotloa 1D abeep gracing a pure awal'd of 70UJI8 • P'O•iag white 

oloYer. VP.A prtOduced 1D tb I'WHD con-trlbuted 57 per cent ot tile 

eatimatftd. DOff intake • 1'1h1le tbe comparable t1aure ror peaaM abeep 



fed l u cerne ebeft wa a 53 per cen� No detaila o t  the a c tu a l  

l evels ot in take , no r o f  the method o f  est ima t ing these are 

given howeveD and tu rther comment 1a no t. possible. 

19 

Fa ichne7 ( 1 968a ) ,  us ing an 1n vi tro techn i qu e ,  tound 

d ifferences in VPA prod uct ion between lucerne , straw and con

centrate d 1 e t. a , and augges ted these might have been cau sed by 

d itt rent reten t ion t i  e a  ot organ ic ma t ter 1n tbe rumen . The 

ra tionale beh1nd tbia argument 1e that the longer food particles 

are ret a 1Ded in the rumea , tbe longer they ere aob J eoted to 

m.1crob1al degrad a t ion w1 th eubaequ a t  grea ter Vi' .A procl uc t1oD .  

In la ter work h 1cbney ( 1 968b ) no ted tha t VFA energy accoun ted 

tor a lower proportion of the energy intake w i th increasing 

intake . He suggested tha t  wi th higher in takes food re sid u e• 

would remain in the rumen tor a sho rter time ( Belch and C ampl ing , 

1 965 ) and so tbe extent ot breakdown wo u ld be red uced . On the 

baaie ot tbia reaaon 1ng he concluded tha t varia tion 1n tho level 

o t  intake o t  tooa, and 1n pro tein and eoluble carboh7dra t e  con ten t ,  

would be expec ted to cbange the ratio o t  VFA produced to DE 

intake . 

'there are o ther report• o t  a deer aaed conua1but1on o t  

ruiHB VPA to DE intake w l  th an 1norea ae 1n tbe level o t  intake 

(Gra7 et al. , 1 967b , 1 968 ;  Nlobolaon aDd Sutton , 1 969 ) , and 

Grq aud bla colleague aupported t.h b7.Po theala tha t thla ls 

cau aed b7 change• ln rwaen ret.eat.ion t.tmea. 

QfretoY et al. ( 1 969 ) noted tbat an 1acrease4 leYel ot 

teedtns deoreaaeo tile extent ot termeatatlon 1D th ra a, and 

Ul7att ( 1 969) nported lower retention t1mea o t  organlo .. t.ter 

· 1D the I'U.OB for freab pasture apeolea than tboae B1YeD b7 
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Mtn aon ( 1 966) tor dry teeda.  The turooYer tlmea to r the cbatt 

die'• us� by Hogan ( 1964) were aho1m by Hunga te ( 1966)  to be 

longer th n those for treah pastures. 

On the ba s i s  o t  thla n idence 1 t ia auueated tha t the 

low contri bu t ion o t  VYA to the in take ot DE demonatra ted tor 

treah pa sture spec i e s  1n the preaen t work . co u ld be d ue to 

the ir low reten t io n  t �ea in the rumen. 

Armatrong ( 1 969 ) bae presented eat�a tea tor aeYeral 

d iets o t  the probable proport ion o f  the to tal d lgeated ener&J 

abaorbed b7 the an imal e a  VPA trom the r e t i c u lo-ru.eu . 

were calcu la ted from the d i aappe ranee o t  to tal d iA(estible euers7 

prior to the small in tes t ine . loaeea ot energr •• methane .  and 

loaaea as beat ot fermenta tion. POr a be7 and cereal ra tion 

where 6o-70 per c ent o t  tbe d igeated en e ru  d i sappeared prior to 

the naall lnteatlne • the pro port ion ot DE absorbed a a  VBA wea 

calcula ted to be 48-52 per cent. Thls figure ia comparable 

wi th moa t  publ i shed estima te• ( ••• Table 1 . 3. ) . HoweYer . with 

ground and pelleted lucerDe dleta tbe d l aappearance o r  d ige s ted 

energ trom the retlculo-rume was low ( 2-'!C) ud the est ima te ot 

t.h contr1 bu t 10D o t  abeorbed DA was as low •• 1 3-1 5  per cetrt. 

Henee tor aome 41eta YPA 11187 contribute re la t1Yel7 11\tle to tbe 

enerSY u t 111aed b¥ tbe an�l. 

'!be 41Herencea obaened la BA productloD la tb.e preaezat 

work .., also be accounted tor _, 4 1tterenoea la rwaea r t�\ion 

t 1••• of food par t lolea . P • wblob pHduce4 t e area teat amopt 

ot VPA ln the ruaa . baa been abown to be reta1Ded loqer 1D tbe 

rn•• \baD a or c (Bo•••• 1 964J Ul7att. 1969) . 
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o t  d iges t ion be iween tbe rumen and po et-rumen s i tes , 1ntlu enoed 

bJ the type o r  tood . i tb t he lucern d i e t s  o t  Arm.trons ( 1 969) 

men t ioned above , 51 pe r c en t  ot the d iges ted en ers� d i sa ppeared 

in the smal l  inte s t i n e .  Th smal l i n t e s t ine h s be en d emon-

s trated to be an impo rtant site o r  d ige � t1on tor the eolubl 

cons t i tu en t s  ot tre h plant ma terial ; soluble c a rbohydra te 

( Arma trong and BeeYer , 1 969) aDd pro t e in ( Hogan , 1 965 ) .  Blazter 

( 1 962 ) demon tre ted tha t gluco se and pro tein are u t i lis ed 31 end 

44 per c en t  mo�e etf 1 c 1 en tl� by shee p  wh n d ige st d 1n the smel l  

lnte t ine b y  the bo a t ' en � a ,  then by the microorganisms in 

the rumen. Thu a ln a d i et d ige ted l a rgely d 1  t 1 to the rumen , 

tood substra tes wo u ld be avail able to r the more etf 1 c 1en t process 

ot in t e s t inal d 1gest lon . Thi s  migh t expla in in per t  the su per ior-

i ty o r  C and s ov er P ln pa s t u re qu a l i ty .  

F1nall� there l s  the po s sibil ity o r  d lge t ion a n d  aub-

equen t VPA prod u c t ion in the co lon end c aecum. There appears 

to be no publ i shed eYid enoe ot the impo rt anc e ot tbi a factor 

wi th fre sh hlsh qu al i ty d 1e1s ( See 1 . 2. 2 ) .  Howner tb d iets 

which underwent l i ttle rumin s l  d igest ion ln the wo rk ot Thomsoa 

et a l .  ( 1 969) ,  underwent exten a lvo d ige stion ot oel l u lo ae la the 

lower traot ( Ma oR  e and A�atrong , 1 969 ) .  

To aummar iae , the reported r ulta augg a t  that tbe ruminal 

production ot VFA tro blsb qu llt7 pa ture ·•P o lea la leaa 

�portent to th to t 1 u t l l l aa t ion ot 4 1ge ted too� b� the ru lnant 

than ba a been preY1ou alN au ppo e d .  

true o t  pa a t u re apeo i e a  h lgh ln pro t 1n nd ao l u ble oarbob¥4 rate 

where po at-rumlnal d ige t lon could plaJ a lgn i t i cani ro le .  



4. 2. The Relattqaahip Between VPA Concentration !d 

yPA production tn the Ruaea 

Prior to tbe deYelopment o f  accura te methods or 

82 

measuring VPA production , there exi sted cone1derable controvera7 

aa � whe tber the ra te• of produc tion ot rumen VPA were reflected 

b.v tbe concentra tion ot VYA la the rumen content s  ( Rook , 1 964 ) .  

However,  w1 tb \be recent  use o f  t ao tope d1lut1on methods o f  

measuring VPA production , rel a t ionsh i ps between VFA concentration 

and produc tion 1D the rumen have beeu es tabl i shed { Lena and Bret t ,  

1 966; Leng e t  1. , 1 968 ;  weaton and Hogan , 1 968 ;  Weller et al . , 

1 969 ) some appl icable to a wide range or diet { e .g.  Long et al . , 

1 968 ;  v.eaton and Hogu , 1 968 ) .  

I t  waa considered undesir'&ble in t�e present experiment 

to collect aepar te eamples ot  rumen l iquor 1n order to mee 8ure 

VFA concen tra t ions , becau se o f  the � 1 sk o f  dl aruptlng the d ielyeia 

• Weller et al. ( 1969) oorr lated the ooncentra-

. •  

th1e valu e  in their publ i shed rel a t 1on•b1p ot VPA ooncentrat1on 

aD4 produc tion. 

the d lal7aate wa• conaide�a 17 below tha t in the ru en aDd 

oonaequea\17 •• • no t  eul\able tor predic t1Ye purpoeea. 

A oona1dera t1oD ot pre�ioua d a ta oo the pe ature apeoi .. 

ueed ( a  .. Table i . 2� aDd tbe preeent reeulta , auggeata that 

there would oe l ittle poaa1bilit7 ot stabllebins e relation

hip tor A conc«D tra\ioa nd prod c t1on applic able to \be•• 

'the two l7•sr••• epnl • ,  wbicb baY 1n preYioua work 

al llar ra111al 
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1 �bou\ data on VPA concen tra tions end production ra tes tor the 

same pas ture material li�tle can be aa 1d ot thi s  apparent lack 

ot rela tionship. BoweYer i t  ma7 be perttneat tha t d t ttorences 

in weight ot rumen contents and rumen vo lume baYe been demonstrat

ed wi\b these teed a ( aee Table 1 . 2J .  weston and Hogan ( 1968 ) 

found with a Yeriety or dry teed a the t ra tes o t  rumen VFA 

produc tion ana absorpt ion were more closely co rrela t ed with 

rumen VPA pool than w 1 tb V'IA concen tra t ion. It is poesible 

then that  a similar VFA ooncm:rtra t to n  in aheep wt th large and 

small rumen vo lumes might be a ssoc i a ted with a gre a t er VPA 

prod u c t ion ana henc e VFA pool , in the larger rw.en . Gra7 et al. 

( 1 967b ) showed tha t tbe correla�ion be �ween VFA prod u c ti on and 

concentra tion was mo st  prec i se w i th in eheep nd wi thin d iete. 

None o f  the repor ted rela t ionabipa haTe included wid el)' 

differen� pa s t u re apec iea ot the types u sed here. Al though 

the exi stence o t  a fixed rela �tonabip between VFA concentration 

and VFA prod uction in the rumen would otter a atmple and hence 

desirable appro a ch to field s tud ies , unless it can be appli ed 

to pasture plants wi thin a spec ies . tor example tbe r7egraaae• • 

l t  will proY1do l it�le 1atorma t 1on on the �portanoe ot VPA 

production iD determining pasture qu eltt7. 



4. 3. Tbe Veaaurement o t  VPA P�d uc tio n in the Rwaen 

o t  G£as iy Sheep 

84 

A recent reY1ew ot the nu tri t ion ot gra siag ruminan t •  

(McDonald , 1 968 )  ha s drawn attention to the d ifferenc e s  between 

pen feed ing and grazing cond i tions. Tbe hazards in equ a t ins 

knowl edge ot the nu tri t 1  Ye value of a to rage determined with 

penned an imala fed cut  paature , wi th the situation under 

grazing cond itione was po in ted o u t .  

Tbu a the logical appro ach to the inYeatigat1on o f  tbe 

role ot VPA in d e term1n tns the qua l i ty ot pa s tu re species 

abou ld be to extend produc t ion measurement atud tes to an�a l s  

actu ally grasing these pastures. Tbi a procedure has been 

suoceastully carr ied o u t  by Leng et al. ( 1 968 ) and by Well er 

et al . ( 1 969 ) .  

Tbe intu aion pump u sed in the presen t study would 

obY io u aly not be ot u se wi th grazing aniaals. 

et al. ( 1 968 ) and Weller et 1. ( 1 969 ) baYe d eYeloped aa t i a

tao to ry portabl e  infu s ion pumpa. 

Tbe d ialyaia sampl ing techn iqu e  ba a been euoceaatul ly 

appl ied to grazing sheep (Weller et al. , loc .  c i tJ . Exper i ence 

in tbe present trial waa no t aa promising boweYer. Weller • a  

group replaoecJ \he complete pro-• aaaembly neey two dQ'a 

altbough tes ta abowed tha t 1t. oo uld remain etteot1Ye lD the 

rumen tor longer p rioda. ID the reported work tbe cellulo se 

'ubtDg bad o ttea to be replaced durtDg tbe 12  bour aaapl las 

period becauae of perforation. !hls ••• pre.umabl7 eauaed b7 

t11tder sna1ag cond 1 \1ona thi a  wo u ld .. an tbe 
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natage ot a large n umber of sample•• The slightly greater 

permeablllty of the d lalfal a  mesbrane to aoet 1c a c to than to 

'be o ther VFA, whl l e  baYlq 11 ttle ettect on the final ea·uaa tea 

( 3. 1 . 1 . ), alao cas ta �me doubt on the aulta b111t7 of the 

d ia ly s i s  method tor VPA aampl lDg. 

Some ton ot direct sampl ing deYlce • opera ting 

cout1Duo u ely or near coat1nuoualy , which could no t be blocked 

by teed partlclea ln the rumen would be prefer bl e. A sample 

produced by aucb a deYlo wo u ld be more repreeentat iYe o t  

rumea contents than a c1 1 a ly a 1 s  aample and would aleo pro Yid e  

1Dtorma t ion on VFA concentra tions 1n the r umen ( aee 4. 2. ) .  

It the pl"' po r t tone o t  VPA prod u ced 1D the rumen haYe 

l i ttl e or no ettec t on tbe etf t c l ency ot u t 1 1 1 sa t 1on ot energy 

tor growth , ae recen t work sugges ts ( see 1 . 2. 5. ) ,  then there 

a ppears to be l i t tl e  purpoae in compu ttng tbe contribution o t  

o t  to ta l  apec itlc a o t 1Ylty 1D a sample of rumen V'IA , tollo•ln& 

the 1ntua1on ot a s ingle , labelled acid , wo uld be a l l  that i s  

required � determine VPA product ion ra te. Tbe recovery ot 

1 4c label by th 1 a  me thod i a  blsb and the errore in 4eterm1Da t 1on 

low ( .. • �able 3. 4. ) .  

l tb  pastq aallaal a  the ... l hl1 \a,loa ot aa 

enluatlcm ot pea \ure qua l l  t7 7 the Mt.hoda deaorlbed • ia 

llkeq t.o be \be .. ,eN1Da \1oD ot DB 1Dt.alte . �here are 

teotmtoel d lttloultlea tn aooun tel.J eettaa t.tq t,be feed to 

faecea :ra t. lo la t.he field <•oule, 1965; 8t.neter . 1969).  

It Ulla problem oa be aa\1 atao to:rlly reeolYed the 

.. d ttted t.eobnlque d eaortbed aboYe ebould eaable the read7 
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eattmatton ot tbe contribution o t  YFA production t o  t.be DE 

intake o f  a�ep gra slng pasture. The couttnu lng mea suremen t 

ot VFA produc tion on a pasture wo u ld  pro•14e useful 1ntorma

tloa on the c hanging •alue of pas ture as the sea aona progress. 

The d 1t:terencea 1D VFA production among tbe pasture 

apeoies stud ied tn this work mus t,  be clo s e ly checked bo tb under 

pen feed ing cond i tions 1n compari son with dry teede , and under 

graztng cond 1 t 1ous , before they oen be con s id ered oonclu s 1 •e. 

Downer , i t  these results are Yer itied , then VF.4 product.1on in 

the rumen mB7 no t. be tbe u seful ind ica tor o t  pa sture valu e  i t.  

has been tho ught to be .  Deurmtaa t.lon ot the 1lllportance o f  

pos\-rumlnal d 1gest.1on wou ld then be the logical proced ure tor 

continu ing 1n•est1gat1on o t  pa s ture qua l i ty .  Tbe use of sheep 

f i tted v i tb re-entrant cannulae tnto the proximal duodenum and 

termf.Dal ileum ( Brown , Arms trong and MacRae , 1 968 ) , otters a 

au i table techn ique tor aucb s tud ies ( Toppa , Kay aDd Goodall , 

1 968 J Arms trong and BeeYer , 1 969 ) o 



SUMMARY 

A a tud7 wa s mad e ot the prod u c tion o t  Yo l a t 1 le 

t a t ty a c 1d s ( VFA)  in the rumen o t  sheep fed d i fferen t  

pa s ture apec i ea .  

Nine wether aheep were caged indoors a nd  three fed 

on each o f ,  Gra aeland a 4700 whi te c lo Yer (C ) ,  Gra asland a 

Man awa ry egra aa ( s ) , and Ora aeland a Ru anu i perennial ry egraaa 

( P) , freshly cut. Raminal VPA prod u c t ion wa a mea s ured by 

i so to pe d il u t ion u s i ng a s ingle ac 1d 1n t u a 1 on techn i qu e , and 

rumen a c id s were sampled con t inuo u s ly by meana o r  a d la ly a i a  

pro be . D 1ge s t 1 b11 1 ty d e termina t ion• were c a rr i ed o u t  con

cu rren tly . 

There w ere no a 1gn i f 1c a n t  d i fferences in intake o f  

d lgeatlble energy be tween treatmen t a , bu t tbe VPA prod uc t ion 

ra tea from P and C were a ign itioantl7 h igher than fro s. 

The proport ion o f  d iges t ible ener17 intake acco u n ted tor by 

VFA prod uc t ion in the rumeu waa e ip 11'ieantl� b igber tor P 

than tor s. 

Tbeae reau l ta were d 1 eou aaed lD rel t ion to publ i abed 

eat 1ma tea ot VPA prod uc tion in sheep and po aa lble explanations 

of the result s  pu t forward. 

The rela tionablp between VPA prod uc t ion aDd VfA 

coaoen•rat lon lD the rwaen ••• d l acuaaed la rela t ion to 1 ta 

poaalble u s e  1D determtalng paature Yalae. 

Coaalderatioa ••• C1Yen to tbe po a a lble appl l oa tloa 

of ... aur1DS VPA productloa ln tbe eYalua,1oD of paa ture 

qoal l "  under sraalns oo d l l toae. 
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APPERDIX I 

LiYe We ight Change s (lb) 

Analysis of Var i ance 

So urce a . f . s . s .  M . s .  F .  Resu l t  

Between Treatmen t s  2 28. 22 1 4. 1 1 5. 51  ( 0. 05 

Wi thin Treatmen t s  6 1 5. 34 

To tal 8 43. 56 



APPBIIDIX II 

ptseatlble Bg!£11 Ip\ake (koal/d ey) 

ADalrala ot Varlaaoe 

ct . t. s.s. M . s .  •• lleaul\ 

'lreatllen\a 2 984741 492371 4. 78 a. s. ( �) 

Sh•ep wl\blD 
'l'rea an\a 6 61 7746 102958 

Weeke 1 326432 326432 20. 34 < 0. 05 

WMka X 
Trea-.\a 2 32102 1 6o51 0. 34 B. s. ( �) 

Weeka X Sheep 
wl\b1D 
Trea\aen\a ' 280409 46735 

Total 17 2241430 



Period 

I 

II 

APPENDIX I l l  

Rate or Infu sion o t  1 4c-labelled VFA 

Trea tment. 

c 

s 

p 

c 

s 

p 

Sheep No. 

25 

88 

7 

79 

94 

29 

3 

1 22 

1 1 3 

25 

88 

7 

79 

94 

29 

3 

122 

1 1 3  

Rate o f  Infu s ion 

{ 10-2 po/mln ) 

0. 5909 

0. 8225 

0. 9984 

0. 5606 

0. 6587 

0. 8369 

0. 62.38 

0. 761 7 

0. 7072 

0. 9009 

0. 5286 

0. 7604 

o. 65n 

0. 8722 

0. 7454 

0. 5275 

1 . 6439 

1 . 0536 



Sou roe 

BetneJt 
Solut1ona 

Bet we a 
dupl1oa\ea w1\b-

1 7  

1a aolu\1ona 1 8  

35 

APPEJIDIX IV 

ADal7a1e ot Var1aaoe (DPV/g )  

s . s .  M. s. .,_ Reaul\ 

1 5436o6535 90800384 349. 1 7  ( 0. 01 

4680792 



APPF.JIDIX V 

§P!g1t1c Ac t 1Y1ttes o t  Rumen VFA Semplea 

Period Treatmen t  Sbeep No . 

I c 

s 

p 

I I  c 

p 

25 
88 

7 

79 
94 
29 

3 
1 22 
1 13 

25 
88 

7 

79 
94 
29 

3 
1 22 
1 1 3 

Spec 1 t 1o ao t1Y1ty ( 10-2
po/mM )  

Partit ioned To tal VPA 
Acids 

. 3346 

. 3886 

.2184 

. 3540 

. 4754 

. 8094 

. 3366 

. 2362 

. 3094 

. 1 229 

. 2254 

. 3698 

. 71 02 

. 0964 

. 1 350 

. 2592 

. 5917 

. 4902 

. 2998 

. 3449 

. 1 725 

. 3482 

. 4293 

. 6674 

. 2849 

. 1865 

. 1 827 

. 1143 

. 1 919 

. 361 9  

. 591 9 

. 0674 

. 0914 

. 2242 

. 5531 

. 4233 



Source 

...... 
aamplea 

Between 
Duplicates 
wilh1D 
aamplea 

'to tal 

APPENDIX VI 

Uepaur!!!ftl of tbe Spocttlo Ac,1v1ll ot 

Ru!!!p VP4, trom Separated Acids ( 1 0-2 po/1111) 

ADalpls ot Var1&Doe 

d . r. s . s. • . s. P. Result 

1 7 1 . 3023 0.0766 1 74 . 1 0  (0.01 

18 0. 0079 0. 00044 

35 1 . 31 02 



APPENDIX VI I 

of total Rumen yP4 (DPM/5ml Solution ) .  

ADal7•1• o t  Vari ance 

Source d. t. s . s .  u: . s .  F. Reault 

Bet wen 
Dlalyaatea 1 7  1 3993264 8231 33 708. 38  ( 0. 01 

Betweea 
Dupl lcatea 
w1th1n 
d 1al)"aa tea 18  20908 1 1 62 

Total 35 1 40141 72 



APPDDIX VIII 

El\!ipaS1op ot §pgrtoye Rtaylt& 

VPA Producttoa Ratea 

Trtataeat Reaul ta tl'OIB lleaD aDd Stud arcS 
Two Seta ot DtY1at1oa ( • ) 
Apparato• 

c 1 .766 2. 075 .t. 0. 238 

2. 1 17 

2. 345 

2. 072 

8 1 . 034 1 . 233 j;, 0. 305 

1 . 386 

1 . 584 

0.926 

p 2. 216 2. 312 t. 0. 327 

2. 149 

2. 035 
2. na 

At 3. Oe tJIOJJI r:aua. p • o .... 

"' '·'• tNa .... . P • o.� 

(d/atn) 

Reault! troa D1!tanoe rrDm 
Third Set Meaa ot o ther 

1'wo Set• 

4. 571 1 0. ,. 

7. 330 22. 1 • 

9. 048 25. 6a 

5. 521 14. 1 a  

1 . 482 1 . 4a 

3. 255 2.8. 



I n fusion 

APPENDIX IX 

Example Ca l cu l ation of VFA Produc tion Ra te 

and Con tr ibu t io n  to DE Intake 

12 hours ; 62 5 ml con tain in g 0 . 0085 p c/ml 

14c infu s e d , � c/min = 0 .007}78 

Dialysate Sampl e : 

VFA molar propor tions : A ce ti c  a c id 70� 

Total s pe ci fi c  a c tivi ty 

Propion i c  acid 20� 
Bu tyr i c  a c id 10% 

o f  all VFA 0 . 00}0 9  pc/mM VFA 

Produc tion of To tal VFA = 0 . 007378 mM/min 
0 . 00}09 

= 2 . }9 mH/min 

= 3 . 44 moles/day 

Calo r i f i c  Value of Total VFA 

Ace tic a cid : 3. 44 x _1£ moles/day x 207. 4  k cal/mole = 499 kca l/day 
lOO 

Propionic acid : 3 . 44 x 20 moles/day x 367 . 2  kcal/mole = 2 53 kcal/day 
loO 

Bu tyric acid 3 . 44 x 10 mo les/day x 524. } kcal/mole z 180 kcal/day 
lOO 

Total 

Mean daily In take o f  DE : }000 kcal 

Percen tage contr�bution of 
VFA to D E  intake : _2g X !22_ a 3000 1 

9}2 kcal/day 

-



APPDDIX X 

frodaotton Rat�e .ot VPAA!M/ain) 

Analy s t s  o t  Variance 

( a )  Treatments x Period s ( D1eproport1onat.e numbers ) 

So urce dt' ss ¥S ., 

Periods 1 0 0 0 
Treatlaeta 2 2. 1 93 1 . 097 1 1 . 43 
IDteractloa 2 0. 1 98 0 . 099 1 . 03 
Error 6 0. 577 0. 096 
To tal 1 1  

so uroe d t  ss MS p 

Appara tus 1 0. 073 0. 073 1 . 24 
Trea"talen te 2 2. 575 1 . 288 21 . 83 
Inte�act lon 2 0. 345 0. 1 73 2. 93 
Error 6 0. 354 0. 059 
'to tal 1 1  3. 347 

source dt ss MS p 

ApparatQa 1 0.073 0. 073 ( 1  
Period• 1 0. 379 0. 379 1 .05 
IDteraotioa 1 o. oo6 o. oo6 ( 1  
Krror a 2.869 0. 361 
t'otel 1 1  3 • .3Q7 

Result 

HS .  ( 5�} 
< 0. 01 

N.S .  ( 5�) 

Resu l t  

BS . ( 5") 
< 0. 01  

ItS .  ( 5") 

Reaul t 

u. tl BS . � 
ws. 5% 



APPmfDI.X XI 

Conu&bu,1og ot VPA rroc:s u c t 1on la !!E ,In ,a,ke (*) 

Ana ly s i s  o t  Va� tsn� 

( a )  Trea tmen ts x Periods ( D1 spro po r t 1 ona te Numbera ) 

SO urce dt ss liS p Resul t  

Pe?loda 1 70. 01 70. 01 2. 39 HS .  ( �) 
Trea tments 2 674. 76 331. 38 1 1 . 50  < 0. 01 
Inlerao,lon 2 85 . 39  42. 70 1 .45 1'1.8. ( 5%) 
Error 6 176. 02 29. 34 
To tal 1 1  

( b )  Trea �en t s  x Aepare tua 

Source dt ss MS p Reault 

Appare. tus 1 1 9. 55 1 9. 55 < 1 KS .  ( 5%) 
Treatmsn te 2 61o. n 305. 39 6. 29 < 0. 05 
Interac tion 2 20. 60 1 0. 30 ( 1  JIB. ( �) 
Error 6 291 . 27 48. 55 
Total 1 1  942. 1 9  

( c )  Pertodo x APP!ratga 

So rce dt ss •a Reault 

Apparake 1 19. 55 1 9. 55 ( 1 u. t,.� Period• 1 6.02 6. 02 ( 1  118. � 
IlatenotloD 1 37. 73 37.73 ( 1  BB. � 
Er:rur a 878.89 109.86 

·to tal 1 1  9&a. 1 9  
• 
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