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INTRODUCTION 

Volatile fatty acids produced as a consequence of ruminai 

microbial degradation of ingested carbonaceous and protein-

aceous materials meet a large portion of the ruminants' total 

energy requirements. These volatile fatty acids are absorbed 

directly into the portal circulation via the rumen epithelium. 

In that the ruminant host does not secrete any digestive en

zymes or acids Into the rumen, microbial attack of ingested 

food is solely responsible for these metabolic end products. 

Thus, these facts accentuate the importance of factors affect

ing production and absorption of volatile fatty acids. 

The physiological and biochemical relationships between 

ruminai fermentation patterns and animal growth rate, feed 

efficiency and fattening are very poorly elucidated. How

ever available evidence Indicates acetate is the primary pre

cursor of butyrate as well as milk fat whereas propionate Is 

glucogenic. Although the exact relationship existing between 

these acids and animal biochemical systems is not clearly 

defined, it appears increased propionate production at the 

expense of acetate should enhance general performance of 

growing' animals. Likewise increased ruminai propionate levels 

are usually associated with finishing fattening type rations. 

Therefore increased propionate production effecting improved 

utilization of acetate would not only increase growth rate 

and feed efficiency but would accelerate the fattening 
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process. 

In many instances, the physical form of the ration in

gredients influences the levels and ratios of ruminai volatile 

fatty acids. Similarly, specific carbohydrate and protein 

fractions appear to alter ruminai fermentation. Some lipids 

have been shown to affect ratios of ruminai volatile fatty 

acids. A comprehensive review of the literature Indicates 

that acidity, buffering agents, select minerals and anti

biotics might have an effect on ruminai fermentation patterns. 

Current market conditions, grain surpluses and labor 

shortages have stimulated interest in increased ration con

centrate level. However high concentrate-low roughage feed

ing regimes can precipitate digestive disturbances character

ized by low ruminai pH and high lactic acid levels. 

In cognizance of these physiological and biological 

phenomena, thié study was initiated to appraise the effects 

of these dietary factors on ruminai fermentation patterns 

and animal performance. 
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REVIEW OF LITERATURE 

Production of Volatile Fatty Acids 

Formic, acetic, propionic, butyric and valeric acids 

arise largely from the microbial fermentation of dietary car

bohydrates • Iso-butyric, 2-methylbutyric and 1so-valeric 

acids arise primarily through the microbial deamination and 

decarboxylation of valine, leucine and isoleucine respectively 

(Annison 1954). Total concentrations and relative ratios of 

volatile fatty acids present in the rumen are dependent upon 

the composition of the rations and the feeding regime. 

Acetic acid predominates with somewhat lesser amounts of 

propionic and butyric acids. Minor proportions of iso-butyric, 

2-methylbutyric and iso-valeric acids are usually present. 

Although formic acid has been found in the rumen under some 

conditions, it is usually not present (Jamieson 1959 and Johns 

1955). Steam volatile fatty acids beyond valeric acid are 

usually present only in minute traces (Annison 1954). 

Highest total volatile fatty acid concentrations gen

erally occur three to six hours after feeding (Gray and Pil

grim 1951 and Stewart et al. 1958). In silage fed sheep, 

Williams and Christian (1959) observed peak ammonia and vola

tile fatty acid levels one hour after start of feeding. 

Whereas Stewart et al. (1958) and Shaw et al. (1959) found 

volatile fatty acid ratios to be fairly constant throughout 
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the day, Gray and Pilgrim (1951) found the acetate-propionate 

ratio to narrow shortly after feeding, and then to widen 

thereafter. In an In vitro study, Bladen and Doetsch (1959) 

observed fairly constant volatile fatty acid ratios. Whereas 

little variation in volatile fatty acid levels occurred 

throughout the day with animals on diets containing only hay, 

more concentrated type diets gave fermentation peaks two to 

six hours after feeding (Balch and Rowland 1957). Reid et al. 

(1957) and Balch and Rowland (1957) observed narrowed acetate-

propionate ratios and elevated butyrate levels in high concen

trate diets. Propionate levels increased somewhat for a short 

time after feeding. 

Gray ejt al. ( 1960) measured the rates of production of 

acetic, propionic and butyric acids in the normal rumen of 

sheep by the decline in specific activity of these acids 

after the introduction of their carbon labelled sodium salts. 

Since static levels of volatile fatty acids, as well as rumen 

volume, were fairly constant, rate of production was assumed 

to be equal to absorption rate. They determined the produc

tion rates of acetate, propionate and butyrate respectively 

to be 99, 44 and 21 millimoles per hour. Using a similar 

isotope dilution technique, Sheppard et, al. (1959) found ace

tate to be synthesized at the rate of 90 millimoles per hour. 

Gray and Pilgrim (1952b) concluded that acetate was a 

major precursor of butyrate. Sheppard et al. (1959) detected 
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considerable conversion of acetate to butyrate. 

While rations containing large amounts of cellulose are 

characterized by high numbers of gram-negative cocci, high 

grain diets result in elevated numbers of gram-positive cocci 

with S. bovls predominating and with lowered numbers of the 

gram-negative cellulose digesting cocci (Hungate et al. 1952). 

Also under a high grain feeding regime, protozoa were killed, 

pH was lowered, total volatile fatty acid levels diminished 

and rumen motility was inhibited (Hungate et al. 1952). 

In a review article, Oxford (1958) concluded that acetic 

acid was a primary product of cellulose digestion and pro

pionate, lactate and acetate primary products of starch and 

14 
soluble sugar degradation. Utilizing C Og in an in vitro 

study of the mechanism of propionic acid formation by a rumi

nant anaerobic micrococcus Velllonella gazogenes. Johns 

(1951a) and (1951b) concluded that COg is fixed in the csr-

boxyl group of propionic acid and that the amount of pro

pionate formed depends upon the COg concentration of the 

media. The following pathway was suggested: lactate 
COg COg 

pyruvate—-—r malate—pfumarate—r succinate— ,propionate. 

Herschberger and Bentley (1956) presented evidence indicating 

the major pathway of propionic acid formation in rumen bac

teria involves succinate decarboxylation. In contrast to 

this pathway, Johns (1952) concluded that Clostridium pro-
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plonlcum appears to form propionate from lactate by a more 

direct mechanism without production of intermediary dlcar-

boxylic acids and without Involving carbon dioxide fixation 

followed by subsequent decarboxylation. Elsden et al. (1956) 

isolated an unidentified organism from the rumen of sheep that 

fermented lactate directly to propionate. Ladd (19 59) con

firmed Elsden's observations. 

Ruminai propionate levels are influenced by physical, 

microbiological and chemical factors. Moist steam heat treat

ment appears to effect an elevation of propionate levels at 

the expense of acetate. Phillipson (1952), Eusebio (1959), 

Ensor et al. (1959), Balch and Rowland (1957) and Shaw (1959) 

found that substitution of flaked corn for non-heated corn 

narrowed the acetate-propionate ratio and lowered butyrate 

levels. Phillipson (19 52) observed that addition of cobalt 

to the diet containing flaked maize effected a further narrow

ing of the acetate-propionate ratio. In these studies he 

found elevated ruminai lactic acid levels with a disappearance 

of protozoa in the flaked maize diets. Clostridium butyrlcum. 

which normally produces acetate and butyrate, appeared to pro

duce lactate at lower pH's found where flaked maize was fed. 

Ensor et al, (1959) found that whereas the steam heated corn 

effected a marked narrowing of the acetate-propionate ratio 

and a corresponding decrease in milk fat percentage, dry 

heated corn had no effect on ruminai volatile fatty acids or 
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milk fat. 

Ground hay and pelleting moderately narrowed the acetate-

propionate ratio (Ensor et al. 1959). Using lactating dairy 

cows, Balch (1958) showed that relatively more propionic acid 

was produced from a diet containing finely ground hay than 

from the long hay diet. Addition of linseed meal to flaked 

corn elevated butyrate levels (Eusebio 1959). 

Annison (1954) and Balch and Rowland (1957) demonstrated 

that raising the protein level of a flaked maize diet in

creased butyric and branched chain acids. Johns (1953) 

and Waldo and Schultz (i960) found that glycerol is a pre

cursor of propionate. 

Lactic acid is widely considered to be a precursor of 

propionate (Waldo and Schultz 1960, Shaw 1956 and Eliot et 

al. 1957). Only traces of lactic acid are normally found in 

the rumen except on flaked maize, high grain, wheaten starch 

and other select diets (Balch and Rowland 1957, Hungate et 

al. 1952 and Phillipson 1952). Waldo and Schultz (1956) found 

lactic acid levels rose to a peak one-half to one hour after 

feeding and dropped rapidly after that. Supporting the 

hypothesis that lactate is an intermediate product in the 

production of propionate, a high correlation was demonstrated 

between decrease of administered lactate and increased pro

pionate levels (Waldo and Schultz 1956). However, the imme

diate effect of elevated lactic acid levels was lowered 
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ruminai pH and total volatile fatty acid levels with no appre

ciable change in acid ratios (Reid ejt al. 1957). In a com

parison of corn and hay silage as the only sources of rough

age, Eliot £t al. (1957) observed that corn silage, which was 

higher In acetic and lactic acids but lower in butyric acid, 

protein and fibre content than hay crop silage, gave higher 

ruminai volatile fatty acid levels and a higher proportion 

of propionic acid. Hay crop silage did not enhance total 

rumen volatile fatty acids but Increased butyric and higher 

acid levels and decreased propionic and acetic acid levels. 

Known pathways in the fermentation of lactate to pro

pionate suggest that single carbon units play a vital role in 

this process. In a series of in vitro studies with rumen 

epithelial tissue, Pennington and Sutherland (1956a) found 

that when carbon labelled sodium bicarbonate was added to a 

medium containing propionate, essentially all of the radio

activity was found in the carboxyl group of lactic acid con

firming carbon dioxide fixation. When propionate -1-C^ was 

added to the medium, the greater part of the isotope utilized 

14 
appeared as C 0% and the lactate was only slightly labelled. 

In a subsequent in vitro study, Pennington and Sutherland 

(1956b) found a diminished conversion of lactate to ketone 

bodies where a sodium bicarbonate buffer was used. 

In cognizance of the microbial metabolism of lactate to 

propionate via carbon dioxide fixation and decarboxylation and 
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the influence of carbon dioxide on the metabolism of pro

pionate by rumen epithelial tissue, the investigations of 

Matrone et al. (1957) and (1959) are of special interest. 

These authors found that quite satisfactory performance was 

obtained through the addition of either the salts of acetate 

and propionate or sodium and potassium bicarbonate to purified 

diets which contained casein, glucose, hydrogenated vegetable 

oil, vitamins and minerals. Where neither the salts of the 

volatile fatty acids nor the bicarbonates were added, very 

poor performance was obtained. Utilizing two sheep which had 

been fed on the foregoing purified diets with and without 

sodium and potassium bicarbonate additions, Van Campen and 

Matrone (1960) found that bicarbonate supplementation effected 

a narrowing of the acetate-propionate ratio. With in vivo 

and in vitro additions of carbon labelled sodium bicarbonate, 

most of the labelled carbon was found in propionate and the 

specific activity of valerate exceeded that of either acetate 

or butyrate in all cases. This indicates carbon dioxide is 

a precursor of propionate, and acetate and propionate are pre

cursors of valerate. 

In growth studies with calves and rabbits fed diets 

deficient in sodium, potassium and calcium, Thacker (1959) 

found that when these minerals were added in the form of ace

tates, bicarbonates and carbonates, mineral deficiency symp

toms were alleviated. However, addition of these minerals as 
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chloride and sulphate salts did not effect any alleviation of 

mineral deficiency symptoms. He suggested the need of an 

anion capable of being oxidized to carbon dioxide and water 

with a cation of an opposite charge to achieve a cation-anion 

balance. This thus illustrates another vital role a single 

carbon unit can assume in ruminant metabolism. Wooley and 

Mickelsen (1954) observed a similar response with sodium and 

potassium bicarbonates and calcium carbonate. Black et al. 

(1952) found a greater amount of bicarbonate and propionate 

than acetate and butyrate Incorporated in essential amino 

acids. 

Factors affecting silage fermentations might also influ

ence ruminai microbial fermentations. Klosterman et, al. 

(1960) observed that an addition of one per cent non-dolomitic 

limestone or one-half per cent non-dolomitic limestone and 

one-half per cent urea to chopped whole plant corn silage at 

the time of ensiling increased the lactic acid content of the 

silage. Similarly, addition of one per cent non-dolomit3c 

limestone to ear corn silage Increased lactic acid levels. 

Cattle fed the treated silages gained faster and required 

less feed per pound of gain than those fed untreated silage. 

Where one per cent dolomitic limestone was added to the sil

age, lactic acid levels were elevated but no improvement in 

animal performance was noted (Klosterman el: al. 1959). 

Dietary nitrogen intake can have a pronounced effect on 
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ruminai fermentation. Jamleson (1959) observed that nitrate 

administration narrowed acetate-propionate ratios. Of inter

est was the fact that he associated high propionate levels 

with periods of poor growth. Formate generally appeared 

only where acetate levels fell. Whereas the only effect of 

a single dose of potassium nitrate was to narrow the acetate-

propionate ratio, repeated doses also lowered total volatile 

fatty acid levels and elevated ruminai pH's. This author 

postulated that a lowered molecular percentage of acetic acid 

occurring as a consequence of nitrate administration may be 

due to a lack of acetic acid precursors usually present in 

the rumen, these probably being soluble carbohydrates or 

plant organic acids. Such a deficiency might be absolute, 

or brought about by competitive removal of these substrates 

in their function as hydrogen donors required to bring about 

the reduction of nitrate to ammonia. Such conditions can 

apparently occur during periods of high protein levels in 

the pasture. Annison et al. (1959a) and (1959b) observed 

elevated total volatile fatty acid, ruminai ammonia, amino 

nitrogen and lactic acid levels as well as narrowed acetate-

propionate and acetate-butyrate ratios when sheep were trans

ferred from dry roughage to lush green pasture. With elapsed 

time, rumen volatile fatty acid and ammonia levels were 

largely sustained. Observed lowering of pH and bicarbonate 

levels of the blood immediately after placement on pasture was 
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greatest where the animals had been previously fed high con

centrate diets and least with high roughage. The acidosis 

noted occurred simultaneously with an increase in ruminai 

lactic acid concentration. 

Stewart and Schultz (1958) observed that urea consis

tently increased volatile fatty acid production ana. narrowed 

the acetate-propionate ratio in vitro. However, these phenom

ena were not observed in subsequent in vivo trials (Stewart 

et al. 1958). Briggs et al. (1957) found that excessive 

ammonia concentration such as encountered in urea toxicity 

causes elevation of ruminai pH's above 8.0. Normal pH-

volatile fatty acid relationships were modified to a con

siderable degree by high ammonia levels. High protein rations 

produced elevated ammonia and butyric acid levels (Orth and 

Kaufmann 1959). Barnett and Held (1957) noted that whereas 

addition of a water extract of grass to an in vitro medium 

caused a widening of the acetate-propionate ratio, addition 

of the extracted grass markedly narrowed this ratio. Slro-

tonak et al. (1954) observed that 1-aspartate and succinate 

were precursors of propionate. 

Origin of the higher volatile fatty acids in the rumen 

was studied by Gray and Pilgrim (1952a) and Van Campen and 

Matrone (1960). Using labelled acetate, radioactive carbon 

appeared in the butyric and valeric acid fractions. With 

carboxyl labelled propionate, the valeric acid but not the 
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butyric acid became labelled. These data indicate a condensa

tion of acetate to fora butyrate and a condensation of acetate 

and propionate to form valerate. James et al. ( 1956) made 

the same conclusions. Using the organism L£, Ladd (1959) 

concluded synthesis of valerate represents a condensation of 

acetate and propionate. Shazly (1952) and Jamieson (1959) 

found that ruminai ammonia nitrogen values showed a highly 

significant correlation with concentrations of iso-butyric, 

2-methylbutyric and iso-valeric acids. Shazly (1952) con

cluded that the power of microbes to decompose amino acids 

to ammonia and volatile fatty acids increased with elevated 

soluble protein diet levels. 

Attempts to elucidate the physiological mode of action 

of antibacterial agents have not been too enlightening. 

Visek et al. (1959) proposed that select antibiotics sup

pressed bacterial urease activity. Young male rats fed a 

semi-purified basal diet supplemented with penicillin, chlor-, 

tetracycline or arsanllic acid metabolized significantly less 

carbon labelled urea than unsupplemented controls. Chlor-

tetracycline was most effective in suppressing urea metabol

ism. Penicillin and chlortetracycline significantly decreased 

ureolytic activity in the small intestine while chlortetra

cycline and arsanilic acid decreased ureolytic activity of 

the large intestine. Mangan et al. (1959) in bloat studies, 

observed that penicillin inhibited volatile fatty acid and 
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ruminai ammonia production, as well as protein breakdown. 

Reducing sugars and lactic acid accumulated while soluble 

protein concentrations rose rapidly during penicillin treat

ment. Using in vitro techniques, Brown (1959) concluded that 

penicillin apparently did not suppress general bacterial 

metabolism. Lambert and Jacobson (1955) observed that while 

chlortetracycline depressed in vitro cellulose digestion, no 

depression occurred in vivo . Horn et al. (1955) observed 

that whereas 100 mg. chlortetracycline per steer daily de

pressed roughage digestion by microorganisms, 32 mg. of the 

chlortetracycline or 100 mg. of penicillin did not. Hungate 

et al. (1955) concluded that although chlortetracycline feed

ing altered the composition of the rumen microbial population 

of steers, the potential for microbial activity was not 

appreciably affected. Although chlortetracycline feeding 

stimulated early growth rate of calves, this early weight ad

vantage was lost when the calves reached one year of age. 

Absorption of Volatile Fatty Acids 

Much contradictory evidence exists in early literature 

concerning the absorption of volatile fatty acids. Due to 

poor experimental techniques and conditions, much of this 

early work must be viewed with considerable reservation. Much 

greater unanimity exists in more recent Investigations re

ported herein. 

Anatomically the rumen wall consists of a layer of 
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stratified epithelium backed by a smooth muscle coat which 

can be readily stripped from the epithelium. Volatile fatty 

acids produced in the rumen as a consequence of microbial 

fermentation are absorbed directly into the portal circula

tion primarily via the ruminai epithelium (Phillipson and 

McAnally 1942 and Gray et al. 1954). Forty to 70 per cent 

of the total energy requirements of the animal are met by 

these volatile fatty acids (Carroll and Hungate 1954 and 

McCarthy 19 59). 

Most recent investigations indicate absorption of vola

tile fatty acids from the rumen into the portal blood via the 

rumen epithelium is strictly a passive process (Gray et al. 

i960, McCarthy 1959 and Stewart et al. 1958) . Sander _et al. 

(1959) found no preferential absorption of volatile fatty 

acids on a molar basis. Therefore the relative quantities of 

the various volatile fatty acids absorbed from the rumen are 

in general a reflection of the production or concentration of 

the individual acids in the rumen. 

Many factors can affect the absorption process. Danielli 

et al- (1945) showed that absorption rates increased as pH 

decreased from 7.5 to 5.8. Stewart et al. (1958) made a 

similar observation. In further confirmation of the passive 

role played by the rumen epithelium, Danielli et al. (1945) 

observed that the permeability of the rumen epithelium is 

such that the pH of the ingesta tends to move towards 
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neutrality, independent of the neutralizing action of saliva. 

This suggests osmotic movement of buffering substances into 

the rumen by the same mechanism whereby rumen volatile fatty 

acids move into the portal blood. Masson and Phillipson 

(1951) presented a similar hypothesis. 

In an early in vitro study, Pennington (1952) noted that 

the presence of carbon dioxide or bicarbonate in the rumen 

epithelium incubation media Increased the uptake of propionate 

but had little effect on acetate and butyrate uptake. He also 

observed the in vitro conversion of butyric acid to ketone 

bodies by rumen epithelial tissue. This Indicated ketone body 

production was not confined to the liver. In the following 

paper, Pennington (1954) again noted the effect of carbon 

dioxide In favoring absorption of propionate in vitro by sheep 

and ox rumen epithelial tissue. Carbon dioxide had no effect 

on rate of metabolism of propionate by sheep liver or kidney 

slices. Ammonium chloride inhibited the uptake of propionate 

by rumen epithelial tissue. In a later in vitro study, Pen

nington and Pfander (1957), utilizing rumen epithelial tissue 

demonstrated that butyrate lowered the uptake of propionate, 

acetate lowered the uptake of butyrate, and ketone body pro

duction from acetate was suppressed by the presence of pro

pionate. 
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In studies on the portal blood of sheep, Annison et al._ 

(1957) observed higher butyrate levels in the rumen than in 

portal blood. This difference was reflected in elevated 

portal blood ketone levels, which Indicated metabolism of 

butyrate by the rumen epithelium to jQ -hydroxybutyric acid. 

Conrad et al. (1958) also observed proportionately lower 

butyrate levels in the portal blood than in the rumen. These 

in vivo observations lend credence to Pennington's in vitro 

data. 

Using rumen perfusion techniques, Davis et al. (1958) 

and McCarthy (1959) did not detect any conversion of butyric 

acid to S -hydroxybutyric acid by the rumen epithelial tissue. 
In contradiction to the previously cited work, this indicates 

rumen butyrate was not a precursor of blood >£> -hydroxybuty

rate . 

Metabolism of Volatile Fatty Acids 

In goat liver perfusion studies, McCarthy (1959) observed 

that propionic, butyric and valeric acids were completely re

moved from the portal blood and metabolized by the liver. 

Acetic acid was not removed by the liver. Consequently it 

appears that acetate absorbed from the rumen is made avail

able as such to the extra hepatic tissues of the body. Formic 

acid and acetone bodies were formed by the liver. This author 

also demonstrated that introduced formate, propionate and 

4 
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butyrate were recovered primarily in liver glycogen, blood 

glucose and lactate. These acids thus contribute much more 

to carbohydrate metabolism than to lipid metabolism. Very 

little acetate was recovered in. these components, most of the 

label remaining in blood acetate. Kleiber et al. (1954) found 

that in the intact dairy cow there was appreciable labelling 

of milk lactose and casein from injected carbon labelled 

butyrate. Butyrate per se apparently contributed little to 

the formation of milk fat. 

Using rat liver homogenates and soluble liver prepara

tions, Pennington and Appleton (1958) found that the produc

tion of labelled carbon dioxide from carboxyl labelled acetate 

was almost completely abolished by propionate in only one-

tenth the concentration of acetate. Butyrate was a less 

powerful inhibitor of acetate oxidation. This same inhibi

tion occurred in sheep liver homogenate. Felts jet al. (1958) 

concluded that butyrate and propionate caused a reduction in 

14 labelled carbon dioxide and lipid-C production from labelled 

glucose and lactate in rat liver slices. 

Reid (1950) showed that acetic acid will not relieve 

insulin coma, whereas propionic acid is as effective as glu

cose. Schmidt and Schultz (1958) observed that in normal 

cows, sodium propionate feeding elevated ruminai propionate 

levels, but had no effect on blood sugar and ketones and milk 

production. Butterfat test was lowered slightly. However, 
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administration of sodium propionate for a six week period 

starting at calving increased blood sugar levels and milk pro

duction and decreased blood ketone levels. Administration of 

sodium propionate and sodium butyrate caused marked develop

ment of the rumen mucosa whereas sodium acetate did not. 

Black and Kleiber (1958) indicated propionate is as 

Important a precursor of aspartic acid and serine as it is of 

carbohydrate. 

Using rat liver homogenates taken from rats on vitamin 

B]_g deficient diets, Smith and Monty (1959) noted a severe 

depression in activity of the liver enzyme catalyzing iso-

merization of methylmalonyl-CoA and succinyl-CoA. 

In a study of the heat increments of individually admin

istered volatile fatty acids in fasting sheep, Armstrong and 

Blaxter (1957) determined the following heat increments: 

acetic acid 41 Cal., propionic acid 13 Cal. and butyric acid 

16 Cal. per 100 Cal. of metabolizable energy. However, a mix

ture of the acids gave heat Increment of 17 Cal. When heat 

increments of individual acids were measured in sheep receiv

ing rations at or above maintenance level, considerably higher 

values were obtained, i.e. acetic acid 67 Cal., propionic 

acid 44 Cal. and butyric acid 38 Cal. (Armstrong et al. 1958). 

Thus whereas a mixture of acetate, propionate and butyrate 

administered to fasting sheep indicated these acids were 

essentially equivalent to each other in efficiency of utiliza
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tion, propionate and butyrate were much more efficiently 

utilized in growing and fattening rations than was acetate. 

However, Davis et al. ( 1960). observed that the simultaneous 

administration of propionate with acetate to an intact animal 

as compared to acetate alone did not diminish acetate oxida

tion . 

Ensor ejt al. ( 1959) and Shaw et al. (1959) observed that 

dairy cow rations containing cooked high starch feeds narrowed 

ruminai acetate-propionate ratios and decreased the fat con

tent of milk as compared to rations not containing cooked or 

steam heated starch. Decreased fat content of the milk was 

highly correlated with narrowed acetate-propionate ratios. 

Van Soest and Allen (1959) observed that high concentrate-

low roughage type diets narrowed the acetate-propionate ratios 

and produced significant declines in milk fat percentage. 

Balch and Rowland (1959) found that the administration of 

sodium acetate to cows in which the milk fat percentage had 

been reduced by diets low in hay and high in concentrates 

usually brought about an appreciable improvement in fat per

centage. 

Feeding cod liver oil to milking cows effected a marked 

decline in milk fat percentage (Peterson 1932 and Shaw 1959). 
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EXPERIMENTAL AND RESULTS 

Ruminai Volatile Fatty Acid Studies Using Fistulated Lambs 

Experimental procedures common 
to all fistulated lamb trials 

Procedures were developed by the author for collection 

of rumen fluid, measurement of rumen fluid buffering capacity 

and gas phase chromatographic separation of volatile fatty 

acids present in rumen fluid. Techniques developed by other 

workers were used for the determination of lactic acid and the 

steam distillation of volatile fatty acids In rumen fluid. 

Collection of rumen fluid Twenty milliliters of 

rumen fluid was obtained via a small weighted suction strainer 

developed by the author coupled to a 50 milliliter plastic 

syringe. Fluid so collected was held In the syringe until 

discharged into a beaker for a pH determination using a Beck-

man pH meter, Model H-2. This technique facilitated pH 

measurements which were truly indicative of ruminai pH's with

out introduction of the electrodes directly into the rumen. 

Following pH measurement, one milliliter of saturated mer

curic chloride was added to kill the microorganisms. 

Steam distillation of ruminai volatile fatty acids 

Collected rumen fluid was brought to the laboratory where 

microorganisms and solid feed particles were removed by cen-

trlfugation. Following precipitation and filtration of pro-
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tein, volatile fatty acids were steam distilled from the pH 

adjusted rumen fluid (McAnally 1944). A Markham steam dis

tillation apparatus was used (Markham 1942)• The resultant 

aqueous solutions of the volatile fatty acids were then 

titrated with potassium hydroxide, dried and stored for later 

gas phase chromatographic analysis. Details of the collection 

and processing of rumen fluid prior to gas phase chromato

graphic analysis are given in the Appendix. 

Buffering capacity Centrifuged rumen fluid was taken 

down to pH 3.5 and base then added until a pH of 7.0 was 

reached. The amount of base taken to elevate the pH from 3.5 

to 7.0 in 2 milliliters of rumen fluid was the measure of 

buffering capacity. Although the author was primarily inter

ested in buffering capacity between pH 4.5 and 7.0, titration 

was commenced from pH j5.5. in that with the initial addition 

of acid, a sharp end point could be obtained at 3.5 whereas 

considerable difficulty was experienced in obtaining a good 

end point at pH 4.5. Also comparison of titration curves for 

centrifuged rumen fluid revealed great similarity of curves 

from pH 3.5 to 4.5. Thus the employed technique achieved 

precision and essentially measured differences in buffering 

capacity between pH 4.5 and 7.0. Details of this procedure 

are given in the Appendix. 

Lactic acid determination Lactic acid levels of 

centrifuged rumen fluid were determined by the oxidation-steam 
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distillation technique outlined by Elsden and Gibson (1954)• 

Details of this procedure are given in the Appendix. 

Gas phase chromatographic analysis The gas phase 

chromatographic technique employed represents a refinement of 

a procedure outlined by Rails (1960). He did not fully in

vestigate either the method's potentials or limitations. The 

basis of this technique is a transesterification reaction of 

a properly heated dry mixture of potassium salts of the vol

atile fatty acids and the diester, potassium ethyl sulphate. 

The following reaction takes place: 

RgOK + C2H5O|OK 8-10°sec ' HfiOCgH5 + KOSOK 

In this technique, the dried potassium salts of the volatile 

fatty acids are manually mixed with potassium ethyl sulphate, 

a small portion of the mixed material added to a bent capil

lary tube, the tube inserted in the Injection port of the gas 

phase chromatograph and the capillary tube heated with a tube 

containing 325° C oil. After approximately eight seconds, a 

spontaneous transesterification reaction takes place where the 

ethyl esters of the volatile fatty acids are volatilized 

directly into the chromatograph leaving potassium sulphate 

residually deposited in the capillary tube. This method has 

proven to be very reliable and does not entail any detailed or 

intricate manipulations. Examination of other workers' re

cordings using different techniques reveals that many experi-
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enoed extreme trailing in their peak patterns making accurate 

separation of components difficult, if not impossible. Using 

this dry distillation technique, formate, acetate, propionate, 

iso-butyrate, n-butyrate, iso-Cg acids and n-valerate are sep

arated. Only formate trails into acetate. Separation is 

complete between the straight chain and isomeric forms of the 

volatile fatty acids. However, 2-methylbutyrlc and iso

valeric acids cannot be separated due to their close boiling 

points, and as a consequence come through as one peak (desig

nated as I-C518) between n-butyrate and n-valerate. The de

tails of this procedure are given in the Appendix. 

Fermentation pattern after feeding 

Methods and results 

Flstulated Lamb Trial 1 Description of the 

fermentation patterns present in the rumen with elapsed 

time after feeding vary considerably. This lack of unanimity 

is no doubt primarily due to differences in feed intake, 

ration components and method of feeding. Since the author 

was interested primarily in physiological and biochemical 

aspects of high concentrate diets, it was of primary im

portance that the fermentation patterns of these type diets 

be characterized. 

Two flstulated wether lambs were selected for this study. 

The percentage composition of the 70 per cent concentrate-
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30 per cent roughage ration which contained approximately 12.5 

per cent protein is given in Table 1. Feed intake was con

stant during this trial and was limited to 1.3 pounds per 

animal twice daily. Rumen fluid collections were taken at 

Table 1. Composition of rations fed in Flstulated Lamb 
. Trials 1 and 2 

Ingredient Percentage 

Ground alfalfa 30.0 

Soybean oil meal 6.2 

Rolled corn 57.0 

Salt .4 

Limestone - 2  

Molasses 6.2 

Quadrex ( gm./100 lb. )S" 5 

^Contains 10,000 I.U. of Vitamin A and 1250 I.U. of 
Vitamin Dg per gram. 

2, 4, 6, 8 and 10 hours after feeding. These animals were 

well adjusted to this diet before collections were made. 

Determinations of total volatile fatty acid levels and buffer

ing capacity of centrifuged rumen fluid were made. Due to 

accidental contamination of the. alkaline potassium salts of 

the volatile fatty acids with acetic acid vapors in the drying 

oven, gas phase chromatographic analysis of the samples was 
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not performed. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by tinedecor (1956). 

Results of this trial are given in Table 2- A highly 

Table 2- Flstulated Lamb Trial 1 - ruminai fermentation 
patterns with elapsed time after feeding3-

Time after feeding 
Total volatile 
fatty acidsb 

Buffering 
capacity1* 

2 125 3.2 

4 125 3.0 

6 115 3.0 

8 96 2.6 

10 97 2.5 

aAll values are based on the mean of two animals, 

^kicromoles per milliliter. 

°Milliliters of N/10 KOH. 

significant decrease (linear regression P K. 0.005) in total 

volatile fatty acid levels arid buffering capacity of centri

fuged rumen fluid occurred with elapsed time after feeding. 

Flstulated Lamb Trial 2 In that the experi

mental data collected from the first trial was Incomplete, 

this trial was repeated. Experimental procedures were the 
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same except that two different fistulated wether lambs were 

selected. Determinations of total volatile fatty acid levels, 

buffering capacity, pH and relative ratios of volatile fatty 

acids were made. 

The results of this trial are given in Table 3. As in 

Table 3. Fistulated Lamb Trial 2 - ruminai fermentation 
patterns with elapsed time after feeding8-

Time 
after Percentage Ratio Total -u 

VFA ml-1 
Buffering 

feeding C2 °3 i-C4 C4 C2/Cg 
Total -u 

VFA ml-1 capacity® PH 

2 56.0 24.4 .9 18.8 2-3 70 2-6 5.9 

4 54.8 22.1 .8 20.8 2.5 89 2-5 5.8 

6 57.2 19.5 1.4 20.3 2.9 70 2.1 5.9 

8 58.7 19.6 1.1 18.6 3.0 71 2.0 6.0 

10 57.1 17.7 1.7 20 :8 3.2 65 2.0 6.0 

aAll values are based on the mean of two animals. 

^Micromoles of volatile fatty acids per milliliter. 

^Milliliters of N/10 KOH. 

the first trial, a decline in volatile fatty acid level and 

buffering capacity occurred with increased time after feeding, 

but to a lesser and non-significant degree (linear regression 

P <0.10). However, a significant widening (linear regression 

P < 0.01) of the acetate-propionate ratio occurred with elapsed 
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time after feeding. The slight increase in pH was not sig

nificant . 

Discussion and summary Results of Trials 1 and 2 

indicated that peak ruminai fermentation values were achieved 

two to four hours after feeding on this high concentrate 

ration. As shown by Gray and Pilgrim (1951), these data 

demonstrated that after the fermentation peak is reached two 

to four hours after feeding, thereafter total volatile fatty 

acid and propionate levels decline, acetate-propionate ratios 

narrow arid pH increases. Buffering capacity also declined in 

both trials after the fermentation peak was passed. All sub

sequent routine collections from fistulated lambs were made 

four hours after feeding since noted changes in the various 

measurement criteria were slight from two to four hours after 

feeding. 

Effects of sodium bicarbonate, calcium 
carbonate, magnesium carbonate, cobalt 
sulphate and autoclaved corn 

Methods and results 

Flstulated Lamb Trial 5 An attempt was made in 

this trial to demonstrate that the addition of an alkalizing 

agent(s) to a high concentrate ration when shifting from a 

less concentrated to a more concentrated ration might prevent 

possible lactic acid accumulations and thereby shunt this 

"potential" lactic acid into propionic acid. Shaw (1956) has 
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shown that sodium lactate feeding enhances ruminai propionate 

levels. Van Campen and Matrone (1960) indicated sodium and 

potassium bicarbonate supplementation of sheep purified diets 

increased propionic acid levels. The composition of the 90 

per cent concentrate-10 per cent roughage ration which con

tained approximately 11.7 per cent protein is given in Table 

4. Ground alfalfa was blended with this ration to achieve 

lower concentrate levels. Three animals were started on a 

ration containing 75 per cent concentrate and 25 per cent 

roughage. The concentrate-roughage ratio was gradually in

creased until a 90 per cent concentrate-10 per cent roughage 

ration was attained for all animals. Then to this final high 

Table 4. Composition of basic ration fed in Fistulated Lamb 
Trial 3 

Ingredient Percentage 

Ground alfalfa 10.0 

Soybean oil meal 8.0 

Rolled corn 73.1 

1X0 lass es 8.0 

Salt .5 

Limestone .4 

Quadrex (gm./lOO lb.)a 6 

^Contains 10,000 I.U. of Vitamin A and 1250 I.U. of 
Vitamin Dg per gram. 
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concentrate ration, 1.25 per cent and 5.00 per cent of a 

sodium bicarbonate-potassium bicarbonate mixture^ were added 

to the rations of animals 5 and 1 respectively whereas 4 re

ceived no supplementary bicarbonate. Determinations of vol

atile fatty acid levels and percentages, lactic acid levels, 

buffering capacity, pH and acetate-propionate ratios were 

made. Feed intake was constant during this trial and was 

limited to 1.3 pounds per animal twice daily. The animals 

were on the pre treatment ration for five days and the treat

ment rations for four days. While confounding of time-

bicarbonate-concentrate effects occurs in this design, none 

the less comparison of responses of each animal before and 

during treatment provides a measure of the physiological role 

of buffering or alkalizing agents under this kind of a feeding 

regime. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 5. Where no 

bicarbonates were added to the 90 per cent concentrate-10 per 

cent roughage ration, a 38 per cent Increase (P < 0.01) in 

total volatile fatty acid level, 12 per cent lowering in pH 

(P < 0.01) and a 62 per cent increase (P < 0.01) in buffering 

capacity occurred when the animals were shifted from the less 

concentrated to the more concentrated ration. Only slight 

166.6% NaHCOg and 33.3# KHCOg. 



Table 5. Fistulated Lamb Trial 3 - effect of dietary sodium and potassium 
bicarbonates on ruminai fermentation patterns 

Animal a ; Percentage Ratio Total b Buffering 
and treatment Cg Cg i-C4 C4 i-C^ig C§ Cg/Cs VFA ml-1 capacity0 pH 

#4 
Pretreatment a 59.9 22«9 .9 14.6 .9 .8 2.6 70 1.9 6.0 
Trt (0> ~HC03) 55.7 23.4 .9 18.0 1.0 .9 2.4 96 3.0 5.3 

f5 
Pretreatment b 55.1 29.9 .7 13.5 .3 .6 1.8 105 2.8 5.8 
Trt (1.&5# "HC03) 47.9 34.5 .6 15.9 .3 .9 1.4 103 3.4 5.4 

#1 
Pretreatment c 60.4 13.5 1.1 22.8 1.2 .9 4.5 75 2.2 6.2 
Trt (5.00# ~HC03) 56.0 16.9 1.0 23.7 1.4 1.0 - 3.3 88 2.8 5.9 

aAll pretreatment values based on the mean of two samples taken on separate 
days. 

^Micromoles of volatile fatty acids per milliliter. 

^Milliliters of N/10 KOH. 
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non-significant increases in volatile fatty acid levels, 

acidity and buffering capacity occurred In the bicarbonate 

supplemented animals. 

Concurrent shift to the high concentrate ration with 

addition of the bicarbonates effected a 25.2 per cent (P < 10) 

narrowing of acetate propionate ratios whereas only a 9.2 per 

cent narrowing occurred in the ration not supplemented with 

bicarbonate. Lactic acid was undetectable in all cases. 

Flstulated Lamb Trial 4 Klosterman et al. (1960) 

found that the addition of one per cent calcium carbonate to 

whole plant and ear corn silages at the time of ensiling 

approximately doubled the amount of lactic acid produced. A 

similar addition of high magnesium, dolomltlc limestone in

creased lactic acid formation only 40 per cent. Whereas no 

improvements in growth performance were noted with the cattle 

fed the silages treated with dolomltlc limestone, improve

ments in daily gain and feed conversion were noted In the 

cattle fed the limestone treated silages. In consideration 

of these observations, the glucogenicity of lactic acid and 

the neutralizing and buffering action of calcium carbonate, 

it was of interest to observe the effects of calcium carbon

ate additions to a high concentrate fattening type ration on 

ruminai fermentation patterns. 

Other than the designated carbonate additions, the ex

perimental procedure and rations used In Fistulated Lamb Trial 
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3 were also used in this trial. Four flstulated lambs were 

started on a 80 per cent concentrâte-20 per cent roughage 

ration and the concentrate was gradually increased until a 90 

per cent concentrate-10 per cent roughage ration was reached. 

At this time, no supplementary calcium carbonate was supplied 

to animal 4 whereas 0.625, 1.250 and 2.500 per cent calcium 

carbonate were added to the rations of animals 5, 6 and 3 re

spectively. The calculated calcium percentages of these final 

rations are given in Table 6. Measurements of volatile fatty 

Table 6. Calculated amounts of calcium in diets used in 
Fistulated Trial 4 

Animal 
Per cent 

CaCOg addition Percentage Ca 

4 0.000 0.41 

5 0.625 0.65 

6 1.250 0.89 

3 2.500 1.36 

acid levels and percentages, lactic acid levels, acetate-

propionate ratios, buffering capacity and pH were made. Feed 

intake was constant during this trial and was limited to 1.3 

pounds per animal twice daily. The animals were on the pre

treatment ration for ten days and the treatment rations for 

four days. 

Statistical analyses of the data appear in the Appendix 
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and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 7. As was true 

with sodium and potassium bicarbonate supplementation, shift

ing from the less concentrated to the more concentrated ration 

effected an increase (P < 0.005) in buffering capacity. Addi

tions of calcium carbonate concurrently with the placement of 

animals on the 90 per cent concentrate-10 per cent roughage 

ration resulted in no change in buffering capacity from that 

observed when these animals were on the less concentrated 

ration. Also, as was true with bicarbonate supplementation, 

a marked reduction (P < 0.05) in pH occurred in the transition 

from the less to the more concentrated ration where no calcium 

carbonate supplementation was made whereas only a slight drop 

in pH occurred during this transition with calcium carbonate 

supplementation. Increasing levels of calcium carbonate 

appeared to lessen the narrowing of the acetate-propionate 

ratio when the lambs were switched from the lesser to the 

more concentrated ration. A highly significant narrowing 

(P < 0.005) of the acetate-propionate ratio occurred when the 

non-supplemented lamb was switched from the lesser to the 

more concentrated diet. An increase in n-valerate at the ex

pense of the branched chain five carbon acids accompanied the 

narrowed acetate-propionate ratios. Ko significant effects 

on volatile fatty acid levels were noted either as a conse-



Table 7. Flstulated Lamb Trial 4 - effect of dietary calcium carbonate on 
ruminai fermentation patterns 

Animal a Percentage Ratio Total % Buffering 
and treatment Cg Cg I-Q4. C4 i-C^i g C5 Cg/Cg VF A ml-1 capacity" pH 

•H 
Pretreatment a 58.9 16.7 .9 21.9 1.1 .6 3.5 87 2.3 6.5 
Trt (0# CaC03) 51.9 22.6 1.1 22.1 1.3 1.1 2.3 99 3.0 6.0 

-#5 
Pretreatment b 54.4 20.5 1.0 22-9 .7 .6 2.7 102 2.9 6.0 
Trt (.626# CaCOg) 50.6 k.6.2 1.0 20.6 .4 1.1 1.9 106 2.9 5.9 

#6 
Pretreatment c 50.7 28.3 .6 19.2 .1 1.1 1.8 97 2.7 5.9 
Trt (1.250# CaCOg) 41.8 34.8 .6 19.5 .5 2-9 1.2 96 2-7 5.8 

#3 
Pretreatment d 55.4 21.3 1.2 20.2 1.5 .4 2.6 87 2.5 6.1 
Trt (2.500# GaCO3) 52.5 18.5 1.0 25.6 1.8 .6 2.8 78 2.6 6.0 

aAll pretreatment values based on the mean of three samples taken on separate 
days. All treatment values based on the mean of four sajnples taken on separate 
days. 

^kicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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quence of calcium carbonate supplementation or increasing 

concentrate level. Lactic acid, was undetectable in all cases. 

Fistulated Lamb Trial 5 In Fistulated Lamb 

Trials 3 and 4, the sheep were shifted gradually from a ration 

of lesser concentrate-roughage ratio to a 90 per cent concen

trate-10 per cent roughage ratio ration. In this trial, the 

sheep received the 90 per cent concentrate-10 per cent rough

age ration both before and during bicarbonate treatment. Also 

in contrast to Trial 3 where a combination of sodium and 

potassium bicarbonate was added, only sodium bicarbonate was 

added in this trial. After a very brief pretreatment stabil

ization period during which each animal established his own 

control values, one lamb was continued on the 90 per cent 

concentrate-10 per cent roughage ration without any bicar

bonate supplementation, one received 1.25 per cent and two 

received 5.00 per cent sodium bicarbonate in their diets. 

The composition of the ration used is the same as used in 

Trial 3 with the exception of designated sodium bicarbonate 

additions. Feed intake was constant during this trial and 

was limited to 1.35 pounds per animal twice daily. Both the 

preliminary control and the subsequent treatment periods were 

four days in length, which was much too short for an accurate 

appraisal of control and treatment response. As a consequence 

any information gained from this trial is to be viewed with 

considerable reservation. 
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Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 8. Using each 

animal as his own control, statistical analysis of the data 

revealed only that sodium bicarbonate supplementation widened 

(P < 0.025) the acetate-propionate ratio whereas combined 

sodium and potassium bicarbonate supplementation in Trial 3 

narrowed this ratio. An increase of iso-valeric and 2-methyl-

butyric acids at the expense of valeric acid accompanied the 

widened acetate-propionate ratio. Sodium bicarbonate sup

plementation was without effect in altering total volatile 

fatty acid levels, buffering capacity and pH of centrifuged 

rumen fluid. 

Fistulated Lamb Trial 6 Pretreatment and treat

ment periods were of insufficient length to provide an accu

rate measure of ruminai fermentation measurement criteria in 

previous trials where each animal served as his own control. 

Also in that no lactic acid accumulation resulted in Fistu

lated Lamb Trials 3 and 4 when animals were shifted from 

lesser to more concentrated rations, this experimental tech

nique was abandoned in favor of a constant concentrate-

roughage ratio ration during pretreatment and treatment 

periods. This design avoids confounding of concentrate-

treatment effects. Again each animal served as his own con-



Table 8. Flstulated Lamb Trial 5 - effect of dietary sodium bicarbonate on 
ruminai fermentation patterns 

Animal Percentage Ratio Total b Buffering 
and treatment6 Cg Cg I-C4 C4 i-Cyg C5 Cg/Cg VFA ml~l capacity0 pH 

#1 
Pretreatment a 59.5 14.3 1.4 20.5 2-9 1.4 4.2 76 2.5 6.5 
Trt (0/6 NaHCOg) 60.1 16.3 1.3 19.4 2.0 1.0 3.7 89 2.7 6.1 

#3 
Pretreatment b 42.2 30.8 1.3 21.5 2.1 2-1 1.4 95 2.9 6.1 
Trt (1.25/6 NaHCOg) 45.5 23.9 1.1 26.2 1.8 1.4 1.9 90 2.6 5.9 

#5 
Pretreatment c 41.8 33.1 1.1 22.1 .4 1.5 1.3 118 3.1 6.1 
Trt (5.00# NaHCOg) 51.4 24.1 .9 22.0 .7 .8 2.1 118 3.0 6.3 

U 
Pretreatment c 55.4 20.2 1.3 19.7 2.1 1.3 2.7 91 2.6 6.7 
Trt (5.00/° NaHCOg) 58.7 17.7 1.0 20.5 1.3 .8 3.3 79 2.2 6.6 

,aAll pretreatment values based on one observation. All treatment values based 
on the mean of three samples taken on separate days. 

^kicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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trol• The composition of the 80 per cent concentrate-20 per 

cent roughage ration which contained approximately 11.6 per 

cent protein is given in Table 9. Two animals were on the 

pretreatment ration for ten days and on treatment for 24 days. 

During this treatment period, one ânimal received 1.25 per 

cent sodium bicarbonate whereas the other received 5.00 per 

cent sodium bicarbonate. Feed intake was constant at 1.45 

pounds per feed twice daily during the entire period. 

Table 9. Composition of basic ration fed in Fistulated 
Lamb Trial 6 

Ingredient Percentage 

Ground alfalfa 20.0 

Soybean oil meal 6.0 

Rolled corn 65.5 

Molasses 8.0 

Salt .5 

Quadrex (gm./100 lb.)a 6 

^Contains 10,000 I.U. of Vitamin A and 1250 I.U. of 
Vitamin Dg per gram. -

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 10. Both levels 



Table 10. Flstulated Lamb Trial 6 - effect of dietary sodium bicarbonate on 
ruminai fermentation patterns 

Animal Percentage Ratio Total ̂  Buffering 
and treatment Cg Cg i-C4 C4 i-C$ig C5 Cg/Cg VFA ml~^ capacity® pH 

n 
Pretreatment a 58.1 18.8 .9 20.0 1.3 .9 3.1 90 2.6 6.5 
Trt (1.25% NaHCOg) 54.9 25.1 1.1 18.8 1.2 1.0 2.4 100 2.8 6.3 

#6 
Pretreatment b 61.7 21.1 1.0 13.4 1.8 .9 2.9 94 2.4 6.4 
Trt (5.00# NaHCOg) 54.3 27.2 1.5 13.8 2.1 1.1 2.0 97 2.4 6.5 

aAll pretreatment values based on the mean of four samples taken on separate 
days. All treatment values based on the mean of 12 samples taken on separate days. 

bhlcromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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of sodium bicarbonate supplementation effected a decrease in 

the acetate-propionate ratio; 1.25 per cent sodium bicarbonate 

narrowed this ratio 23 per cent (P < O.Ol) and 5.0 per cent 

sodium bicarbonate produced a 31.5 per cent narrowing (P< 

0.005). Total volatile fatty acid levels, levels of acids 

other than acetate and propionate, buffering capacity and pH 

were not affected. 

Fistulated Lamb Trial 7 Since Phillipson (1952) 

observed that cobalt supplementation of a diet high in flaked 

maize narrowed the acetate-propionate ratio and lowered 

butyric acid levels, it was of interest to determine the 

effects of cobalt supplementation in a high concentrate fat

tening type diet. Ko supplemental cobalt was included in all 

previous fistulated lamb rations. These were calculated to 

contain approximately 0.16 ppm cobalt. Two lambs were select

ed to determine the effect of supplemental cobalt on volatile 

fatty acid ratios and levels, as well as buffering capacity 

and pH. One lamb went off feed, leaving only one lamb for 

this study. As in past trials, each lamb served as his own 

control. The composition of the 75 per cent concentrate-25 

per cent roughage ration which contained approximately 11.6 

per cent protein is given in Table 11. At the end of a 14 day 

pretreatment period 138.1 milligrams of cobalt sulphate 

(C0SO4•7 HgO) was added per 100 pounds of complete mix ration. 

This elevated the cobalt level to approximately 0.8 ppm. 

This cobalt fortified ration was fed during a 32 day treatment 
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Table 11. Composition of basic ration fed in Fistulated 
Lamb Trial 7 

Ingredient Percentage 

Ground alfalfa 25.0 

Soybean oil meal 5.0 

Rolled corn 61.5 

Molasses 8.0 

Salt .5 

Quadrex (gm./lOO lb.)a 6 

aCon tains 10,000 I.U. of Vitamin A and 1250 I-U. of 
Vitamin Dg per gram. 

period. Feed intake was constant and was limited to 1.3 

pounds per animal twice daily. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 12. Butyric 

acid levels were reduced 26.0 per cent (P < 0.01) and acetate-

propionate ratios were narrowed 13.5 per cent as a consequence 

of cobalt supplementation. These observations were in agree

ment with those of Phillipson (1952). Contrary to previous 

observations where an increase of valeric acid occurred at 

the expense of the branched chain five carbon acids when the 

acetate-propionate ratio was narrowed, in this instance the 



Table 12. Flstulated Lamb Trial 7 - effect of dietary cobalt sulphate on 
ruminai fermentation patterns 

Animal Percentage Ratio T° tal b 
VFA ml"1 

Buffering 
and treatment51 ^2 C3 1-G4 c4 1-0 5's C5 Cg/C3 

T° tal b 
VFA ml"1 capacity0 pH 

# 5 
Pretreatment 
0.64 ppm cobalt"-

50.3 
53.4 

20.0 
24.1 

.9 25.9 
1.0 19.0 

.9 
1.2 

1.9 
1.2 

2.5 
2.2 

121 
119 

3.1 
2.9 

5.9 
5.9 

aAll pretreatment values based on the mean of three samples taken on separate 
days. All treatment values based on the mean of 11 samples taken on separate days. 

bkicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 

^Supplied as C0SO4•7Hg0. 
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opposite relationship was observed. That is, the branched 

chain five carbon acids increased from pretreatment levels 

while valeric acid decreased. Total volatile fatty acid 

levels, buffering capacity and pH of centrifuged rumen fluid 

were not affected. 

Flstulated Lamb Trial 8 Klosterman et al. (1959) 

and (I960) observed that the addition of one per cent non-

do lo mi tic limestone to corn silage enhanced the lactic acid 

level and the feeding value of the silage. Addition of one 

per cent dolomitic limestone similarly increased lactic acid 

levels but did not effect any increase in average daily gain 

or feed efficiency. In that lactate feeding has been shown 

to enhance ruminai propionate levels (Hueter et al. 1956) and 

since the presence of excess dietary magnesium might interfere 

with normal ruminai fermentation or utilization of nutrients, 

it was of interest to investigate the possible effect of sup

plementary magnesium carbonate on ruminai volatile fatty acid 

levels, ratios and associated factors. 

Although three animals were originally selected for this 

trial, one was discarded in that he repeatedly lost his rumen 

fistula plug, throwing him off feed and producing an abnormal 

ruminai fermentation. Each animal served as his own control 

as in past fistulated lamb trials. The basic 80 per cent 

concentrate-20 per cent roughage ration used in Fistulated 

Lamb Trial 6 was fed during the 25 day pretreatment period. 
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At the conclusion of the pretreatment period, 0.5 and 1.0 per 

cent magnesium carbonate were added to the foregoing basic 

ration to formulate the two treatment rations. The basic 

ration was calculated to contain approximately 0.216 per cent 

magnesium; the 0.5 and 1.0 per cent magnesium carbonate sup

plemented rations to contain approximately 0.359 and 0.503 

per cent magnesium respectively. The treatment period lasted 

_for 43 days. Feed intake was constant and was limited to 

1.45 pounds per animaHTtwice daily. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 13. Supplement

al magnesium carbonate (0.5 per cent) effected an increase of 

14.4 per cent (P <0.05) in total volatile fatty acid levels 

while 1.0 per cent magnesium carbonate gave an increase of 

8.9 per cent. Observed increases in buffering capacity, 

widening of the acetate-propionate ratios and elevation of 

pH as a consequence of magnesium carbonate treatment were not 

significant. 

Fistulated Lamb Trial 9 Shaw (1959) and Phillip-

son (1952) and others have observed that the substitution of 

flaked corn for non-heat treated corn effected a narrowing 

in acetate-propionate ratios. Newland et ail. (1960) observed 

that substitution of flaked corn for ground corn improved feed 



Table 13. Fistulated Lamb Trial 8 - effect of dietary magnesium carbonate on 
ruminai fermentation patterns 

Animal Percentage Ratio Total , Buffering 
and treatment® Cg C3 i-C4 C4 1-0$,g Cg Cg/C3 VFA ml~l capacity0 pH 

n 
Pretreatment a 48.6 30.7 1.1 17.2 1.6 .8 1.6 102 2.8 5.8 
Trt (0.50/v MgC03) 52-6 26.2 .9 17.6 1.6 1.0 2.0 117 3.0 5.9 

Pretreatment b 52-1 27.8 1.0 16.6 1.4 1.2 1.9 104 2.7 5.9 
Trt (1.00/6 MgC03) 52.3 26.5 1.1 17.6 1.4 1.1 2.0 114 2.9 6.0 

aAll pretreatment values based on the mean of eight samples taken on separate 
days. All treatment values based on the mean of 12 samples taken on separate days. 

Dkicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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efficiency but slowed daily rates of gain. Salsbury _et al. 

(1960) found that autoclaving with added water greatly in

creased the rate of in vitro starch digestion whereas ordinary 

dry steam autoclave treatment had little effect on starch 

digestibility. Their studies indicated that in contrast to 

the more slowly digested starches, the more rapidly digested 

starches had been subjected to considerable hydration. With 

thi.8 information, it was of interest to investigate the effect 

of dry steam autoclaved rolled corn on ruminai volatile fatty 

acid ratios, levels and associated factors. Two wether lambs 

were selected for this trial, with each animal serving as his 

own control. The basic 80 per cent concentrate-20 per cent 

roughage ration used in Fistulated Lamb Trial 6 was fed dur

ing the 14 day pretreatment period. Rolled shelled corn con

taining 12 per cent moisture that was autoclaved for 60 min

utes at 15 pounds pressure per square inch was substituted 

for unheated rolled corn during the 56 day treatment period. 

Feed intake was constant and was limited to 1.3 pounds per 

animal twice daily. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 14. Autoclav

ing the corn effected a 46.2 per cent widening (P< 0.005) of 

the acetate-propionate ratio. Buffering capacity end total 



Table 14. Fistulated Lamb Trial 9 - effect of autoclaved rolled corn on ruminai 
fermentation patterns 

Animal Percentage Ratio Total , 
VFA ml-1" 

Buffering 
and treatmenta C2 C3 1-C4 C4 i-Cô's C5 C2/G3 

Total , 
VFA ml-1" capacity0 pH 

Pretreatment 
Autoclaved corn 

50. £ 
56.2 

29.0 
22.2 

.9 17.5 

.9 17.8 
1.2 1.1 
2.3 .6 

1.7 
2. 5 

116 
104 

3.0 
2.7 

5.8 
5.9 

aAll pretreatment values based on the mean of two animals, four samples per 
animal taken on separate days. All treatment values based on the mean of two 
animals, 10 samples per animal taken on separate days. 

Dkicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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volatile fatty acids levels were lowered, but not signifi

cantly as a consequence of autoelaving the corn. pH was not 

affected. Consistent with previous observations, the widened 

acetate-propionate ratio was accompanied by an increase of 

branched chain five carbon acids at the expense of valeric 

acid. 

Discussion The bases for investigating the roles of 

sodium bicarbonate, calcium carbonate, magnesium carbonate, 

cobalt sulphate and autoclaving of corn have been presented. 

Due to convenience of sampling, fistulated lambs were em

ployed. The only practical experimental design was one where 

each animal served as his own control because of limited num

bers of animals and the high variability of response between 

animals to a given treatment. 

Although the data reported represent a total of 175 sep

arate samples, all information reported must be viewed with 

reservation. Constant difficulty was encountered in keeping 

these fistulated wether lambs on feed during the course of 

these seven trials. Minor stress conditions which would have 

little or no effect on an intact animal caused the lambs to 

go off feed, giving very abnormal fermentation patterns. 

Accidental removal of the rumen fistula plugs resulting in 

nearly complete evacuation of rumen contents generally pro

duced anorexia, abnormally high propionate and abnormally low 

acetate levels. Usually a period of ten days would have to 
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elapse before the lamb returned to a normal microbiological 

and physiological state. The vulnerability of these lambs 

to these stress conditions provided a potential source of 

error and caused considerable delay in completion of many of 

the trials. Although the literature abounds with volatile 

fatty acid studies where fistulated lambs have been used as 

the experimental units, the extreme sensitivity of these indi

viduals to stress factors encountered in these investigations 

very strongly suggests that they are unreliable experimental 

animals. 

Nonetheless, some information is to be gleaned from these 

trials. Attempts to produce ruminai lactic acid accumulation 

when sheep were switched from less concentrated to more con

centrated diets were unsuccessful. A combination of sodium 

and potassium bicarbonate supplementation, as well as sodium 

bicarbonate and calcium carbonate alone, concurrently with 

the shift from the less concentrated to the more concentrated 

diet dampened the drop in pH, had no effect on total volatile 

fatty acid levels and appeared to lower buffering capacity of 

centrifugea rumen fluid. This stability of buffering capacity 

is apparently caused by diminished movement of buffering sub

stances from the blood into the rumen when a dietary buffer

ing agent, such as sodium bicarbonate, is fed. Whereas com

bined sodium and potassium bicarbonate supplementation, and 

in one case sodium bicarbonate supplementation alone, narrowed 
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the acetate-propionate ratios, in Trial 5 sodium bicarbonate 

widened the ratio. Trial 5 however was of insufficient 

length. Although Van Campen and Matrone (1960) reported that 

sodium and potassium bicarbonate supplementation narrowed the 

acetate-propionate ratio, these fistulated lamb trials sug

gest that sodium bicarbonate has little effect on acetate-

propionate ratios. However as reported by Pennington (1954), 

increased carbon dioxide tension favors absorption of pro

pionate by the rumen epithelial tissue. Ko absorption studies 

were conducted in these trials. 

Available evidence strongly indicates a single carbon 

unit such as a carbonate or bicarbonate could well affect 

the conversion of lactate to propionate. In that lactic acid 

accumulations were not produced in Trials 3, 4 and 5, no con

clusions car. be drawn as to bicarbonate or carbonate facil

itating the shunting of lactate to propionate• 

Interest in the role of calcium and magnesium carbonates 

on ruminai fermentation stemmed primarily from the reports of 

Klosterman ej; al. (1959) and (i960). They showed that addi

tion of calcium carbonate alone to corn silages effected a 

greater increase in lactic acid levels than did dolomitic 

limestone additions. The limestone treated silage improved 

animal performance whereas dolomi tic limestone treated silage 

did not. This of course suggested the possible enhancing role 

of calcium carbonate and the deleterious nature of excess 
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magnesium. In these investigations, calcium and magnesium 

carbonates were essentially without effect on ruminai fer

mentation as gauged'by the outlined measurement criteria. 

In Trials 3 and 4 increasing the amount of concentrate 

in the diet narrowed the acetate-propionate ratio as has been 

widely reported. Also, elevated valeric acid levels were cor

related with narrowed acetate-propionate ratios. 

Supplementary cobat narrowed the acetate-propionate 

ratio and significantly lowered butyric acid levels as re

ported by Phillipson (1952)• Contrary to the relationship 

observed in other trials, here the narrowed acetate-propionate 

ratio was accompanied by an increase in the branched chain 

five carbon acids at the expense of valeric acid. As Gray 

and Pilgrim ( 1952a) consider propionate to be a precursor of 

valeric acid, the observed effect of cobalt sulphate supple

mentation in lowering valeric acid levels defies explanation 

in that cobalt supplementation elevated propionate levels. 

While corn that has been subjected to wet steam treat

ment appears to narrow the acetate-propionate ratio (Euseblo 

1959), in Trial 9 dry steam autoclaved corn effected a sig

nificant widening of the acetate-propionate ratio. Investiga

tions of Salsbury et al. (1960) suggest little hydration of 

starch occurs with dry steam autoclavlng whereas considerable 

hydration occurs under wet steam treatment. Total volatile 
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fatty acid levels, buffering capacity and pH were not affected 

as a consequence of dry steam autoclaving of corn. 

Summary ' While recognizing the limitations of the 

experimental data obtained from these fistulated lamb trials, 

several conclusions can be made• 

Sodium bicarbonate, potassium bicarbonate, calcium car

bonate and magnesium carbonate have little effect on the 

absolute or relative amounts of acetate and propionate. Of 

these compounds, the bicarbonates tend to narrow acetate-

propionate ratios. Also the bicarbonates tend to elevate 

ruminai pH's. 

Supplementary cobalt tends to narrow acetate-propionate 

ratios and to lower butyric acid levels. 

Narrowed acetate-propionate ratios or elevated propionate 

levels appear to presage elevated valeric acid levels at the 

expense of 2-methylbutyric and iso-valeric acids. This pro

vides further evidence that acetate and propionate are the 

building blocks of higher molecular weight fatty acids. How

ever the opposite relationship between acetate-propionate 

ratios and valeric acid was observed as a consequence of 

cobalt supplementation. 

Dry steam autoclaving heat treatment appears to increase 

acetate at the expense of propionate• 

Increasing dietary concentrate levels tends to narrow 

acetate-propionate ratios and lower pH. 
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Ruminai Volatile Fatty Acid, Growth and Carcass 
Studies Using Intact Lambs 

Collection of rumen fluid was performed as described in 

the section devoted to comparison of fistulated and intact 

lambs. Samples were taken three hours after feeding in all 

intact lamb trials as contrasted to sampling four hours after 

feeding in all fistulated lamb trials. 

All other laboratory procedures employed in these two 

intact lamb trials were identical to those used in the fistu

lated lamb trials. 

Effects of calcium carbonate and sodium 
bicarbonate supplementation in a high 
concentrate lamb ration: effects of 
urea and chlortetrac.vcllne additions 
to a high roughage fattening ration 

Methods and results 

Intact Lamb Trial 1 Fifteen wether lambs weigh

ing approximately 95 pounds were selected from lambs previous

ly used in a group feeding trial. Three lambs were selected 

from each of five treatments. The lambs were individually 

fed for 23 days on the same rations as fed during the group 

feeding trial. The rations were : 1) shelled corn, supplement 

and long alfalfa hay, 2) basal complete mix, 3) basal plus 0.5 

per cent calcium carbonate, 4) basal plus 1.5 per cent sodium 

bicarbonate and 5) basal plus 3.0 per cent sodium bicarbonate. 

Rations 2, 3, 4 and 5, which contained 80 per cent concen-
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trates, were full-fed whereas intake of Ration l^ was limited 

to 1.60 pounds per animal twice daily. All rations contained 

approximately 12.5 per cent protein. The percentage composi

tion of the supplement for Ration 1 and the complete com

position of Rations 2, 3, 4 and 5 are given in Table 15. 

Table 15. Composition of supplement used in Ration 1 and 
complete composition of Rations 2, 3, 4 and 5 
used in Intact Lamb Trial 1 

Percentage 
Ingredient la 2 3 4 5 

Corn 60.2 59.7 58.7 57.2 
Cobs 20.0 20.0 20.0 20.0 
Soybean oil meal 71.8 10.0 10.0 10.0 10.0 
Dicalcium phosphate .7 .7 .7 .7 
Salt 

o
 
o
 

1—
1 

.5 .5 .5 .5 

Urea h .5 .5 .5 .5 
Aurofac 10 1.0 .1 .1 • 1 .1 
Trace mineral mix0 .2 .2 .2 .2 
Calcium carbonate .5 
Sodium bicarbonate 1.5 3.0 

Vitamin A and 16.2 .8 .8 .8 .8 
Molasses 7.0 7.0 7.0 7.0 

^Supplement only. 

^10 grams chlortetracycline per pound. 

cTrace minerals added per pound of ration, in mg., were : 
Fe, 15; Mn, 8; Zn, 2; Cu, 1; and Co, 0.3. 

^74,000 I.U. Vitamin A and 9,250 I.U- Vitamin Dg per 
pound• 

3-0.86 lb. shelled corn, 0.08 lb. supplement, 0.66 lb. 
alfalfa hay• 
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Chemical composition of Rations 2, 3, 4 and 5 is given in 

Table 16. 

Rumen fluid collections were taken three times weekly. 

One replication of each treatment was sampled each time 

Table 16. Average chemical composition of the complete mix 
rations fed in Intact Lamb Trial la 

Percentage 
Ration Protein Calcium 

2 12.5 .28 

3 12.4 .50 

4 12.1 .28 

5 12-5 .30 

^Determinations based on an air dry basis. 

giving one sample per week per animal. A total of four rumen 

fluid collections were taken from each animal during the 23 

day treatment period. Determinations of volatile fatty acid 

levels and percentages, acetate-propionate ratios and pH were 

made. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 17. Much wider 

(P <0.01) acetate-propionate ratios were found in the long 



Table 17. Intact Lamb Trial 1 - effect of ration form and concentrate-roughage 
ratio, dietary calcium carbonate and sodium bicarbonate on ruminai 
fermentation patterns and growth performance 

Treatment3 
Percentage Ratio Total b 

VFA ml-1 
Feed con

Treatment3 °2 °3 i-C4 c4 i-Os's c5 c2/c3 
Total b 

VFA ml-1 PH ADG version 

Long hay 
Shelled corn 50.4 24.4 1.0 21.4 1.1 1.6 2.1 91 6.6 .45 6.73 

Basal 41.4 32.8 .5 21.2 .5 3.4 1.3 82 6.0 • 32 8.60 

+ 0. CaC03 42.8 37.0 .6 17.5 .5 1.7 1.2 81 6.2 .42 7.37 

+ 1 • 5/Ô K slHC 0 g 41.5 36.5 .6 18.4 .5 2.5 1.1 101 6.1 .55 6.29 

+ 3.0/<? KaHCOg 4ti.8 26.3 .9 20.5 1.3 1-2 1.9 96 6.2 .39 7.76 

aAll treatment values based on the mean of three animals, four rumen fluid 
samples per animal taken on separate days. 

DMcromoles of volatile fatty acids per milliliter. 
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hay-supplement-shelled corn and the 3 per cent sodium bicarbon

ate rations than in the other rations. Higher pH (P < O.Ol) 

was noted in the long hay ration than in the more concentrated 

complete mix rations. While not significant, sodium bicarbon

ate supplementation tended to elevate ruminai pH. No signifi

cant differences in total volatile fatty acid levels were 

noted. Interpretation of growth data differences is highly 

speculative in consideration of the method of selection of 

the experimental animals as well as the brevity of this trial. 

Intact Lamb Trial 2 Critique of the first intact 

lamb trial affirmed the efficacy of using the intact lamb as 

an experimental unit in volatile fatty acid studies. The 

technique employed in sampling these lambs proved to be both 

rapid and simple to perform. Other than the differences noted 

between the long-hay (less concentrated) ration and the com

plete mix (more concentrated) rations, the possible effects 

of calcium carbonate and sodium bicarbonate supplementation 

were inconclusive. Also in the first trial, it was not pos

sible to correlate growth performance with ruminai fermenta

tion patterns in that the trial was too short and secondly, 

the lambs had attained market weight and finish prior to being 

used in ruminai fermentation studies. 

It therefore seemed desirable to repeat this first intact 

lamb trial with the exception of the long-hay, shelled corn, 

supplement ration. Ration 1 had served only to provide a com-
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parlson between a complete mix high concentrate ration and a 

conventional lamb fattening ration. 

Reports in the literature suggest that urea and anti

biotics could have a dynamic effect on ruminai fermentation. 

Also, Visek et al. (1959) reported that a possible mode of 

action of an antibiotic was to inhibit bacterial urease activ

ity. Jamieson (1959) reported that excessive ruminai ammonia 

levels were of course toxic to ruminants and produced narrowed 

acetate-propionate ratios. Burroughs et al. (i960) concluded 

that antibiotic supplementation most often shows a response 

for ruminants in a high roughage type ration. Urea toxicity 

occurs most readily in high roughage diets (Sapiro ejt al. 

1949). Mindful of these facts and supporting evidence in the 

literature, it was deemed advisable to make a preliminary 

investigation of the effects of urea and chlortetracycline 

in a higher roughage type fattening ration than that used in 

the carbonate-blearbonate trials. 

Twenty-four western crossbred wether lambs weighing 

approximately 70 pounds were randomly allotted to eight treat

ment groups of three animals each. Prior to beginning the 

trial, they were vaccinated for sore mouth and enterotoxemia 

and drenched with phenothiazine. Whereas Rations 1, 2, 3 and 

4 contained 80 per cent concentrate and 20 per cent roughage, 

Rations 5, 6, 7 and 8 contained 50 per cent concentrate and 

50 per cent roughage. The composition of Rations 1, 2, 3 and 
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4 is identical to Rations 2, 3, 4 and 5 used in Intact Lamb 

Trial 1. Rations 5, 6, 7 and 8 were: (5) basal, (6) basal 

plus 10 milligrams chlortetracycline per pound, (7) 0.7 per 

cent urea and (8) urea basal plus 10 milligrams chlortetra

cycline per pound. These rations were calculated to contain 

11 per cent protein. The percentage composition of Rations 

5, 6, 7 and 8 is given in Table 18. Chemical composition of 

all rations is given in Table 19. The lambs were placed in 

individual feeding stalls twice a day for a 2 hour feeding 

period. Feed was kept before the lambs at all times during 

Table 18. Composition of Rations 5, 6, 7 and 8 used in 
Intact Lamb Trial 2 

Percentage 
Ingredient 5 6 7 8 

Soybean oil meal 7 .25 7 • 25 2.25 2.25 
Rolled corn 36 .25 36 .15 40.55 40.45 
Molasses 5 .00 5 .00 5.00 5.00 
Ground cobs 25 .00 25 .00 25.00 25.00 
Ground alfalfa 25 .00 25 .00 25.00 25.00 

Iodized salt .50 .50 .50 .50 
Mineral mixa 1 .00 1 .00 1.00 1.00 
Urea - .70 .70 
Aurofac 10 .10 .10 
Quadrex (gin./lOO lb.) 6 6 6 6 

^-Minerals added per pound of ration, in mg., were : 
Ca, 300; P, 231; Mn, 16; Co, 0.3. 

^10 gm. chlortetracycline lb~^. 

c10,000 I.U. Vitamin A and 1,250 I.U. Vitamin D% gm"1. 
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Table 19. Average chemical composition of the complete mix 
rations fed in Intact Lamb Trial 2a 

Percentage 
Ration Protein Calcium 

.1 11.8 .33 

2 11.8 .50 

3 12.1 .25 

4 11.7 .30 

5 11.4 .47 

6 10.9 .39 

7 10.5 .42 

a 11.2 .37 

^Determinations based on an air dry basis. 

these periods. During the rest of the day, the lambs had 

free access to water and exercise lots. The initial, final 

and two week weights for the lambs were taken after 12 hour 

shrinks during which the animals did not have access to feed 

or water. 

Rumen fluid collections were made during the last four 

weeks of the 62 day trial. Collections were taken three 

times weekly. One replication of each treatment was sampled 

§ach time giving one sample per week per animal. A total of 

four rumen fluid collections was taken from each animal. 

Determination of volatile fatty acid levels and percentages, 



62 

acetate-propionate ratios, buffering capacity and pH were 

made. 

The lambs were slaughtered at a local plant where car

cass weights and U. S. Government grades were obtained. 

Chilled carcass weight was obtained by shrinking the warm 

carcass weight by 2 3/4 per cent. Dressing per cent was based 

on the chilled carcass weight and the shrunk weight at the end 

of the experiment. Per cent separable fat and lean were 

determined from "hotel" rack sections. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance and 

correlation as described by Snedecor (1956). 

Results of this trial are given in Tables 20 and 21. 

Total volatile fatty acid levels and pH were higher in the 

50 per cent concentrate-50 per cent roughage rations than 

in the 80 per cent concentrste-20 per cent roughage rations 

(P < 0.005). Acetate levels were higher in the less concen

trated rations (P < 0.01) whereas butyric acid levels were 

higher in the more concentrated rations (P < 0.025). Acetate-

propionate ratios were narrower in the more concentrated 

rations (P < 0.10). Somewhat greater buffering capacity of 

centrifuged rumen fluid was noted in the less concentrated 

rations• 

Calcium carbonate and sodium bicarbonate supplementation 

were without effect in altering levels and ratios of volatile 



Table 20. Intact Lanib Trial 2 - effect of concentrate-roughage ratio, calcium 
carbonate, sodium bicarbonate, urea and chlortetracycline on ruminai 
fermentation patterns 

Treatment3-
Percentage Ratio Total , Buffering 
i-C4 C4 i-C^ig C5 Cg/Cg VFA ml-1 capacity0 pH 

80 per 1 cent concentrate -20 per ' cent roughage 

Basal 52.7 26.2 .4 18.7 .1 1.9 2.0 70 2.0 6.3 
+ 0. bfi CaCOg 51.8 24.3 .3 22.0 .4 1.1 2.1 73 2-2 6.2 
+ 1.5# NaHCOg 52-2 24.4 .5 21.6 .4 .9 2.1 72 2.0 6.4 
+ 3.0# NaHCOg 55.4 24.4 .7 17.3 1.1 1.1 2.3 79 2.1 6.5 

50 per 1 cent concentrate -50 per cent roughage 

Basal 57.9 25.7 .5 15.1 .3 .5 2.3 89 2-2 6.5 
+ 10 mg. chlor. 
lb-1 61.2 19.7 .5 18.0 .2 .3 3.1 83 2.1 6.5 

0.7# urea basal 62.1 23.9 .3 12.9 .2 .5 2.6 87 2.1 6.6 
+ 10 mg. chlor. 
lb-1 59.4 22-9 .3 16.7 .2 .4 2.6 92 2.2 6.3 

aAll treatment values based on the mean of three animals, four rumen fluid 
samples per animal taken on separate days. 

^kicromoles of volatile fatty acids per milliliter. 

Chilliliners of N/10 KOH. 



Table 21. Intact Lamb Trial 2 - effect of concentrate-roughage ratio, calcium 
carbonate, sodium bicarbonate, urea and chlortetracycline on growth 
performance and carcass traits 

Average Feefd Carcass Dressing Separable Separable 
Treatment ' daily gain conversion grade*3 per cent fat lean 

80 per cent concentrate-20 per cent roughage 

Basal .63 5.97 8.0 50.8 29.5 51.5 

+ 0.5> CaCOg .71 5.13 7.7 52.2 33.3 51.2 

+ 1.5% NaHCOg .62 5.95 8.0 51.1 32.1 50.5 

+ 3.0# NaHCOg .64 5.80 7.7 52.5 32.6 51.2 

50 per cent concentrate-•50 per cent roughage 

Basal .65 5.86 7.0 49.1 26.1 52.8 

+ 10 mg. chloro lb" -1 .61 6.46 6.7 50.1 24.8 53.7 

0.7~/o urea basal .63 6.35 5.7 49.0 27.5 52.4 

+ 10 mg. chloro lb" -1 .63 6.00 7.0 49.6 25.7 54.3 

aAll treatment values based on the mean of three animals. 

°U. S. Government grade value: 5 equals good, 6 equals high good, 7 equals 
low choice, 8 equals choice. 
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fatty acids and buffering capacity in the high concentrate 

rations. Sodium bicarbonate tended to elevate ruminai pH. 

In the low concentrate rations, chlortetracycline and 

urea did appear to exert an effect on ruminai fermentation. 

While both chlortetracycline (P < 0.005) and urea alone tended 

to widen the acetate-propionate ratio, a significant negative 

interaction (P < 0.005) was noted between the two. Similarly 

urea and chlortetracycline alone tended to elevate acetate 

levels, but again a significant negative interaction (P < 

0.005) occurred between urea and aureomycln. Aureomycin also 

appeared to elevate butyric acid levels (P < 0.005). 

Analysis of growth and carcass data reveal that carcass 

grade, dressing per cent and separable fat were higher in the 

80 per cent concentrate-20 per cent roughage rations than in 

the 50 per cent concentrate-50 per cent roughage rations (P < 

0.005). Also, more efficient feed conversion occurred in the 

more concentrated rations (P <0.05). However, separable <" 

lean percentages were higher in the less concentrated rations 

(P <,0.05). The various treatments were without effect on 

average daily gain. 

In the low concentrate rations, urea tended to have a de

pressing effect on carcass grade. However the combination or 

urea and chlortetracycline overcame the depressing effects of 

urea (P <_ 0.10). 

No significant growth and carcass differences were noted 

between the high concentrate ration treatments. 



66 

Several correlations between volatile fatty acid patterns 

and growth and carcass characteristics were determined. Cal

culated correlations are given in the Appendix. A correla

tion coefficient of 0.81 was obtained between total volatile 

fatty acid levels and rumen fluid buffering capacity (P < 

0.01). A significant correlation existed between carcass 

grade and ruminai butyric acid levels. Using all animals, 

a correlation coefficient of 0.63 was obtained (P < 0.01). 

Analyzing the high concentrate and low concentrate diets 

separately, correlation coefficients of 0.51 (P <. 0.05) and 

0.66 (P< 0.01) respectively were obtained. Whereas a cor

relation coefficient of 0.58 (P < 0.01) was obtained between 

separable fat and butyric acid levels when all animals were 

pooled, non-significant correlations were obtained when the 

high and low concentrate data were analyzed separately• 

Discussion Concurrent collection of ruminai fermenta

tion, growth and carcass data from intact lambs proved to be 

a reliable and productive technique. Only ruminai fermenta

tion data were obtained from the first trial. 

The first intact lamb trial revealed only that acetate-

propionate ratios were narrower and pH's lower in high con

centrate complete mix rations than in a long hay-shelled corn-

supplement lamb fattening ration. Possible effects of calcium 

carbonate and sodium bicarbonate supplementation were ill-

defined. Other than the noted effect of concentrate level on 
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ruminai fermentation, the only indication was that addition 

of 3 per cent sodium "bicarbonate to a high concentrate ration 

tended to widen acetate-propionate ratios whereas 11/2 per 

cent sodium bicarbonate did not. 

In view of the previously outlined limitations of the 

first trial, initiation of the second trial provided an 

opportunity to collect growth and ruminai fermentation data 

simultaneously, and associated carcass data at the termina

tion of the trial. To better assess the value of calcium 

carbonate and sodium bicarbonate supplementation of high 

concentrate rations, these treatments were repeated per se 

in the second trial. Explanation has been previously given 

for exploring the effects of urea and chlortetracycline in 

a high roughage type ration. 

An overall assessment of the fistulated lamb trials 

indicated that neither calcium carbonate nor sodium bicar

bonate exerts a pronounced effect on ruminai fermentation 

patterns. However, there was an indication that sodium 

bicarbonate supplementation tended to narrow acetate-

propionate ratios and elevate pH. This is compatible with 

the observations of Van Campen and Matrone (1960). The re

sults of the first intact lamb trial indicated only that 3 

per cent sodium bicarbonate widened acetate-propionate ratios 

in a high concentrate ration. This is contrary to the hypoth

esis presented previously by the author that sodium bicarbon
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ate or a similar single carbon buffering substance might 

facilitate the shunting of lactate to propionate. Review of 

the results of the second intact lamb trial certainly do not 

lend any credence to this hypothesis. In retrospect, it 

appears that sodium bicarbonate and calcium carbonate have 

little, if any, effect on ruminai fermentation patterns, 

growth and carcass characteristics. It must be emphasized, 

however, that no absorption studies were conducted. Extensive 

in vitro studies conducted by Pennington (1952) and (1954) 

strongly suggest sodium bicarbonate favors absorption of pro

pionate by the rumen epithelial tissue. If this were true, 

ruminai propionate levels would not reflect absorption rates. 

Ruminai fermentation patterns observed in fistulated lambs 

that were off feed as well as those of Jamieson (1959) suggest 

that elevated propionate levels are often indicative of ani

mals that are suffering from some digestive disturbance or of 

inherently poor performing animals. This accentuates the com

plexity of assessing the efficacy of a given biological 

measurement criteria in evaluating a ration treatment. 

Vlsek ejt al. (1959) observed that a possible mode of 

action of antibiotics was to inhibit bacterial urease activity 

in the gut of the monogastric animal. If this were true, 

then an orally administered antibiotic could well perform the 

same function in the rumen where pH and other environmental 

conditions are quite similar to those found in the small 
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intestine. Further examination of the chemical nature of urea 

reveals it could have pronounced effects on ruminai fermenta

tion. Urease catalyzes the enzymatic breakdown of urea to 

ammonia and carbon dioxide. Urea can act as a buffer or 

alkalizer (Klosterman et al. 1960 and Jamieson 1959). How

ever, as is well known, excessive Intakes of urea can produce 

the urea toxicity syndrome (Hale and King 1955). A commonly 

assumed mode of action of an antibiotic is to selectively 

inhibit certain strains of microorganisms. Thus an anti

biotic could well effect an alteration in ruminai fermentation 

via selective microorganism inhibition. Comprehensive review 

of these facts concerning antibiotics and urea suggested these 

agents might well play integral roles in rumen fermentation. 

While recognizing there were Insufficient replications 

in the chlortetracycline-urea treatments, critique of the 

data indicates both chlortetracycline and urea exert separate 

as well as combined effects, on ruminai fermentation patterns, 

growth performance and carcass characteristics. Addition of 

10 milligrams of chlortetracycline per pound of the 50 per 

cent concentrate-50 per cent roughage ration lowered feed 

efficiency. Antibiotic supplementation also produced a widen

ing of the acetate-propionate ratio and increased butyric acid 

levels. Substitution of 0.7 per cent urea for soybean oil 

meal and corn on an iso-nitrogenous basis depressed feed 
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efficiency and carcass grade, widened acetate-propionate 

ratios and lowered butyric acid levels. 

The combined additions of chlortetracycline and urea 

tended to overcome the depressing effects of each on feed 

efficiency and of urea on carcass grade. Not to be overlooked 

is the fact that chlortetracycline supplementation coupled 

with urea feeding tended to overcome the widening effect of 

each on acetate-propionate ratios. Perhaps antibiotic sup

plementation of a high urea ration could improve ruminant 

performance via increased ruminai propionate production as 

compared to a urea ration not containing antibiotic. Also 

of particular interest was that per cent separable lean in

creased and separable fat decreased somewhat concurrently with 

an improvement in carcass grade as a consequence of combined 

urea and chlortetracycline supplementation. Urea supplementa

tion alone lowered carcass grade markedly and increased per 

cent separable fat. Although no nitrogen retention or ruminai 

ammonia studies were conducted, these trends indicate that 

chlortetracycline could very well inhibit bacterial urease 

activity effecting more efficient use of urea nitrogen. 

These foregoing facts emphasize that antibiotic supple

mentation of urea containing rations might effect more effi

cient use of urea nitrogen, enable incorporation of higher 

levels of urea in high roughage rations and finally, to serve 

as a means of simultaneously improving carcass grade and per 
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cent separable lean. 

Calculated correlation coefficients revealed no correla

tion between acetate-propionate ratios and gain, whereas a 

trend towards improved feed efficiencies was noted as acetate-

propionate ratios were narrowed. Of major interest was the 

fact that carcass grade was highly correlated with butyric 

acid levels. In the high concentrate rations, a correlation 

coefficient of 0.51 was obtained; in the low concentrate 

rations, 0.66. While a high correlation was noted between 

separable fat and butyric acid levels when all animals were 

pooled, no correlation was noted when the high and low con

centrate data were analyzed separately. 

Summary Calcium carbonate and sodium bicarbonate 

were without effect in altering volatile fatty acid levels 

and ratios and buffering capacity of rumen fluid in high 

concentrate rations. Sodium bicarbonate had a tendency to 

elevate ruminai pH. Neither exerted any effect on growth or 

carcass characteristics. 

Chlortetracycline supplementation of a high roughage 

fattening ration tended to decrease feed efficiency but had 

little effect on carcass characteristics. Addition of chlor

tetracycline appeared to widen acetate-propionate ratios and 

to increase butyric acid levels. Urea supplementation in a 

high roughage ration decreased feed efficiency and carcass 

grade, widened acetate-propionate ratios and lowered butyric 

acid levels. 
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Chlortetracycllne supplementation of a high roughage fat

tening ration containing urea tended to overcome the depress

ing effects of urea on carcass grade, separable lean and 

feed efficiency. Also this combination tended to narrow 

acetate-propionate ratios from those observed with chlor

tetracycllne alone. 

Higher ration concentrate levels resulted in increased 

feed efficiency, carcass grade, dressing per cent and separ

able fat and decreased separable lean. Narrower acetate-

propionate ratios, higher butyric acid levels, lower total 

volatile fatty acid and pH levels were noted in the high than 

in the low concentrate rations. 

Effects of Sodium Bicarbonate and Lactic Acid 
on Ruminai Fermentation 

Under high concentrate-low fiber feeding regimes, ele

vated ruminai lactic acid levels are apt to occur. Matrone 

et al- (1959) found that sodium and potassium bicarbonate 

additions to roughage-free purified diets, where lactic acid 

accumulations were apt to occur, gave superior lamb perform

ance to those not receiving the bicarbonates - Subsequent 

isotope studies indicated higher propionate levels where 

bicarbonate supplementation had been made (Van .Campen and 

i'iatrone 1960). Pennington (1954) indicated the presence of 

sodium bicarbonate favored the in vitro uptake of propionate 

by rumen epithelial tissue. Extrapolation of these observa-
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tions suggested that sodium bicarbonate coupled with lactic 

acid supplementation would not only alleviate acidity produced 

by lactic acid, but would also elevate propionate levels 

above those produced from lactic acid alone. 

Methods and results 

Lactic Acid-Sodium Bicarbonate Trial 1 Several rumen 

fluid samples were taken from a fistulated lamb that was well 

adjusted to a 80 per cent concentrate-20 per cent roughage 

ration (Ration 2, Table 15). Samples were taken one and 

three hours after feeding. After taking collections on five 

different days, 90 milliliters of lactic acid was administered 

in an aqueous solution via rumen fistula. As the animal was 

immediately placed in stress, 60 grams of sodium bicarbonate 

was administered from three to eight hours after the initial 

lactic acid dosing. A final rumen fluid collection was taken 

24 hours after dosing with lactic acid. 

The experimental plan and the results of this trial are 

given in Table 22. During the pretreatment period, no differ

ences were noted in volatile fatty acid levels and rstios, 

buffering capacity, lactic acid levels and pH of rumen fluid 

samples taken one and three hours after feeding. In the 

three hours following the administration of 90 milliliters 

of lactic acid, no change occurred in the relative amounts 

of the volatile fatty acids, but there was a tremendous drop 



Table 22. Lactic Acid-Sodium Bicarbonate Trial 1 - effect of lactic acid and 
sodium bicarbonate additions on ruminai fermentation patterns^ 

Time and Percentage Ratio Total c Buffering Lactic 
dosage*2 Cg Cg 1-0^ C^ i-Cgis C5 Cg/Cg VFA ml-1 capacity* acid6 pH 

f Pretreatment 

1 hr. — 58.3 21.5 .9 17.8 1.0 .5 2-7 97 2.5 .6 6.2 
3 hr. — 58.6 20.7 .9 18.6 .7 .5 2.8 98 2.4 .4- 6.2 

Lactic Acid 

O hr.-
90 ml • 
1 hr. 10.0 56-2 18.7 .3 14.2 .5 .0 3.0 53 3.4 >27.5 4.3 
3 hr. 3.0 57.8 20.9 .3 16.5 1.3 .3 2.8 57 2.9 >27.5 5.1 

Added sodium bicarbonate 

3-8 hr•-
60 gm. 
24 hr. 8.2 38.1 29.2 2.2 11.2 3.4 7.6 1.3 82 2-1 — 6.6 

aAll values based on one fistulated lamb. 

Milliliters of lactic acid and grams of sodium bicarbonate. 

cMicromoles of volatile fatty acids per milliliter. 

Milliliters of N/KOH. 

eMcromoles of lactic acid per milliliter. 

fCollections made one and three hours after feeding. 
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in total volatile fatty acid level and pH. A marked increase 

in buffering capacity occurred. Due to an error in adding 

insufficient oxidant in the lactic acid determination, it is 

known only that the amount of lactic acid per milliliter of 

rumen fluid was in excess of 27.5 micromoles. Nonetheless 

this indicates the lactic acid level was very high, which of 

course was to be expected as a considerable quantity of lactic 

acid had been added. The addition of 60 grams of sodium 
/ 

bicarbonate from 3 to 3 hours after the lactic acid dosing 

had quite a dramatic effect. As measured by a rumen fluid 

collection made 24 hours after the administration of the 

lactic acid, subsequent sodium bicarbonate supplementation 

sharply decreased acetic acid and markedly increased propionic 

acid levels. Concurrent with the marked increase of propion

ate was a similar increase in valeric acid. Addition of 

sodium bicarbonate returned total volatile fatty acid levels 

to normal, elevated pH above normal and surprisingly lowered 

buffering capacity to subnormal levels• The noted large 

amounts of formic acid produced as a consequence of lactic 

acid and sodium bicarbonate supplementation are of special 

interest as formic acid is normally not found in significant 

amounts in rumen fluid. No lactic acid was detectable after 

sodium bicarbonate administration. 

Lactic Acid-Sodium Bicarbonate Trial 2 In the first 

trial, too large a dose of lactic acid was administered plac

ing the animal in stress, throwing him off feed even though 
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sodium bicarbonate was given to alleviate the acidic condi

tion. Whereas the initial plan was to administer lactic acid 

for a few days prior to combined lactic acid and sodium 

bicarbonate treatment, the extreme response produced from the 

lactic acid dosing necessitated immediate sodium bicarbonate 

therapy to neutralize excess lactate present in the rumen. 

Therefore it was desirable to repeat Trial 1 with two 

modifications. First, administer lactic acid more slowly 

over a two day period and then follow this with sodium bicar

bonate and lactic acid additions. Second, two intact sheep 

were substituted for the fistulated animals in that fistulated 

animals have repeatedly demonstrated themselves to be more 

vulnerable to digestive disturbances. 

After becoming well adjusted to the same ration used in 

Trial 1, four collections were made from each of two sheep 

over a ten day period. Following this pretreatment period, 

40 to 60 milliliters of lactic acid was administered in 20 

milliliter increments throughout the day for two days. Two 

collections were made three hours after feeding during this 

treatment. Following the second day's collection, concurrent 

sodium bicarbonate and lactic acid supplementation was com

menced. Two collections were made during this treatment 

regime. One was made five hours and the other three after 

sodium bicarbonate additions. Both the sodium bicarbonate 

and lactic acid were administered via stomach tube. 
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Results of this trial are given in Table 23. Lactic acid 

administration Increased propionate levels markedly, primarily 

at the expense of acetate. In that dosage levels were much 

lower than in Trial 1, total volatile fatty acid levels, buf

fering capacity and pH were not affected by lactic acid 

administration. However, as would be expected, ruminai lactic 

acid levels were increased. In contrast to the narrowing of 

the acetate-propionate ration in Trial 1 produced by sodium 

bicarbonate supplementation, here it had a widening effect. 

However as was true with the first trial, sodium bicarbonate 

supplementation increased pH, and decreased buffering capacity 

and lactic acid levels. No formic acid was noted where only 

lactic acid was administered. However lactate combined with 

sodium bicarbonate produced some formate. Lactic acid was 

still detectable after sodium bicarbonate dosing. 

Discussion 

Narrowed acetate-propionate ratios and lowered pH are 

usually associated with high concentrate-low fiber type 

rations. Elevated ruminai lactic acid levels also resulted 

where flaked corn was substituted for rolled corn in high 

concentrate fattening rations (Phillipson 1952)• 

In contrast to this pattern, high roughage rations are 

characterized by widened acetate-propionate ratios and higher 

pH's than those found in a high concentrate ration. These 



Table 23. Lactic Acid-Sodium Bicarbonate Trial 2 - effect of lactic acid and 
sodium bicarbonate additions on ruminai fermentation patterns8-

Time and Percentage Ratio Total Buffering Lactic 
dosage"3 G% Cg C3 i-C4 C4 i-Cgig 05 Cg/C3 VFA ml-1 capacity^ acid® pH 

Pretreatment 

— 53.5 23.8 .7 20.2 .7 1.0 2.3 65 2.0 -- r 6.2 

Lactic acid 

1st day 
1100-20ml 
1400-20ml 
1600-20ml 
2nd day 
0800-20ml 
1030 — 42.0 31.2 .4 24.8 .6 .9 1.4 66 2.0 24.0 6.1 
1600-20ml 
3rd day 
0800-20ml 
1030 — 45.6 28.3 1.0 21.9 1.5 1.5 1.6 62 1.9 8.0 6.2 

aAll values based on mean of two intact sheep. 

^Milliliters of lactic acid and grams of sodium bicarbonate. 

cMcromoles of volatile fatty acids per milliliter. 

Milliliters of N/KOH. ^ 

eMicromoles of lactic acid per. milliliter. 



Table 23. (Continued) 

Time and Percentage Ratio Total Buffering Lactic 
dosage Cj Cg Cg i-C4 C4 i-C51 s C5 C2/C3 VFA ml-1 capacity acid pH 

Lactic acid plus sodium bicarbonate 

3rd day 
1100-20ml 

-30gm 
1600 4.-3 48.0 25.6 1.2 18.2 1.5 1.1 1.9 52 1.6 6.7 6.8 
1630-20ml 

-30gm 

4th day 
0800-20ml 

-30gm 
1030 — 47.6 28.8 .8 20.2 1.3 1.2 1.7 63 1.8 13.4 6.5 
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observations indicated that an agent that lowered pH would 

probably narrow acetate-propionate ratios whereas an elevation 

of pH would result in widened acetate-propionate ratios. 

Held et al. (1957) observed that administration of sodium 

carbonate to lactic acid producing diets either had no effect 

or lowered propionic acid levels. However investigations by 

Van G ampen and Matrone (i960) indicated sodium and potassium 

bicarbonate supplementation of a potential lactate producing 

diet enhanced propionate levels at the expense of acetate. 

As they administered these bicarbonates at extremely high 

levels, pH's were no doubt elevated. Thus two somewhat con

tradictory observations have been presented. However compre

hensive analysis of these observations suggests that pro

pionate levels could possibly be increased concurrently with 

increased pH. 

Results of the first lactic acid-sodium bicarbonate 

trial indicated that the immediate effect of sodium bicar

bonate in alleviating excess lactate acidity was to dramatic

ally narrow the acetate-propionate ratio. Although it is 

recognized that lactate is a precursor of propionate, the 

sharp increase in propionate produced after sodium bicarbon

ate supplementation suggested that this alkalizing or buffer

ing agent would elevate propionate levels above those obtained 

from lactic acid alone. 

This pattern was not repeated in the second trial. Here, 
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lactic acid alone produced higher propionate levels than re

sulted from the combination of lactic acid and sodium bicar

bonate. Thus the exact role sodium bicarbonate might play in 

lactic acid producing diets remains unclear. 

Of major physiological interest in both trials was the 

fact that buffering capacity of rumen fluid either increased 

or remained the same with lactic acid supplementation, whereas 

buffering capacity diminished when sodium bicarbonate was 

added. This indicates that coincidental with the elevated 

ruminai acidity caused by lactic acid, there occurred a simul

taneous movement of buffering substances from the blood into 

the rumen contents to temper this acidic condition. Similar

ly, administration of sodium bicarbonate had no effect on 

buffering capacity of rumen fluid probably because there was 

a diminished movement of buffering substances from the blood 

into the rumen cecause of the dietary buffer, sodium bicar

bonate . Masson and Fhillipson (1951) postulated that sub

stances can enter the rumen from the blood stream or periton

eal cavity in the same manner that they are absorbed through 

the rumen wall. 

Also noteworthy was the increased formic acid levels 

produced either by excessive lactate administration or by 

sodium bicarbonate addition following lactate supplementa

tion. Jamieson (1959) observed that when acetate levels were 

reduced as a result of nitrate administration, formic acid 
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generally appeared. He also noted that appreciable amounts 

of formic acid were often found in poorly growing sheep, 

while formic acid was normally not detectable In healthy, 

animals. Again the observations made in these two trials 

coupled with those of Jamieson (1959) suggest that formic acid 

accumulations occur as a result of abnormal ruminai fermenta

tions . 

Summary 

As has been widely observed by other workers, these 

trials indicate lactic acid is a precursor of propionate. 

Simultaneous administration of lactic acid and sodium 

bicarbonate does not appear to alter ruminai propionate 

levels from those produced by lactic acid alone. Sodium 

bicarbonate combined with lactic acid lowers ruminai lactate 

levels and elevates pH from thos existing when lactic acid 

alone is administered. 

The concurrent administration of lactic acid and sodium 

bicarbonate tends to produce formic acid accumulations whereas 

lactic acid alone in moderate dosages does not elevate formic 

acid levels. Apparently conditions that diminish the reduc

ing capacity of the rumen tend to precipitate formic acid 

accumulations. 

Administration of lactate tends to increase the buffer

ing capacity of rumen fluid. This appears to be caused by 

an influx of blood buffering substances into the rumen to 
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temper the added acidity produced by lactic acid. Sodium 

bicarbonate supplementation did not increase the buffering 

capacity of rumen fluid. In this instance, supplying the 

exogenous buffer apparently lessens the need for endogenous 

buffer movement into the rumen. 

Comparison of Intact and Fistulated Lambs as Experimental 
Units for Volatile Fatty Acid Studies 

Procedures developed for obtaining 
rumen fluid samples from Intact lambs 

Fistulated lambs were selected initially for in vivo 

studies of ruminai fermentations due to the ease with which 

rumen fluid samples could be obtained. Critique of previously 

conducted trials utilizing fistulated lambs strongly indicated 

that they were very poor experimental units for assaying rumin

ai fermentation patterns under varying dietary regimes. These 

fistulated animals were prone to lose their ruminai fistula 

plugs resulting in semi-complete evacuation of rumen contents 

causing the animals to go off feed. Secondly, fistulated 

lambs appeared to be inherently much more vulnerable to diges

tive disturbances than were intact lambs. Both of these ob

served phenomena precipitate abnormal,and distorted ruminai 

fermentation patterns. Thirdly, considerable leakage gen

erally occurred around the rumen fistula. As a consequence, 

during summer months the immediate area surrounding the 

fistula was extremely vulnerable to screw-worm Infestation. 
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While Drori and Loosli (1959) found similar digestibility of 

nutrients in intact and fistulated animals, it is certainly 

possible that as a consequence of leakage of material out of 

the rumen, entrance of atmospheric oxygen into the rumen 

around the fistula and also possible ruminai microorganism 

differences between intact and fistulated animals, that the 

ruminai fermentation patterns observed in fistulated animals 

could very well not reflect those in the intact animal. 

Fourthly, due to the expense, time and labor involved in 

fistulating animals, it is generally impractical and too 

costly to have sufficient numbers of fistulated animals to 

correlate growth performance with ruminai fermentation pat

terns. 

Suction strainer design It appeared advisable to 

explore the feasibility of developing a procedure whereby 

representative rumen fluid samples could be easily and rapidly 

taken from intact animals. To achieve this end, a suction 

strainer for passage via the oral cavity was designed using 

some of the basic principles employed in the suction strainer 

used in fistulated animals. The final design and dimensions 

of the suction strainer are illustrated in Figure 1. Fabri

cation of the suction strainer was done in the Physics 

Department Instrument Shop of Iowa State University. Stain

less steel rod having a diameter of 0.625 inches was used as 

the starting material. One hundred and eighty 0.050 inch 



Figure 1. Dimensional drawing of rumen fluid suction strainer 
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holes were drilled Into the strainer. As illustrated in 

Figures 2 and 3, the strainer is coupled to a 3 foot length 

of 1/4 inch outside diameter rubber tubing to which a 50 

milliliter plastic hypodermic syringe is connected. 

This overall design gave a strainer which was very dur

able and sturdy, easily passed into the rumen, sufficiently 

heavy to sink through the upper layers of the rumen contents 

into the lower fluid layers and one which permitted free 

entry of fluid without undue admittance of solid material. 

Method used for passing suction strainer and collection 

of rumen fluid A 36 inch length of 1/4 inch rubber tubing 

to which the suction strainer was attached was passed inside 

a 3/4 x 18 inch section of rubber tubing (Figure 3). Leaving 

the sheep's mouth closed, the rubber "guide tube11 with the 

strainer projecting out the end was passed between the molars 

and lower incisors, over the tongue and past the epiglottis. 

Holding the rubber guide tube, the strainer with the connected 

rubber tubing was allowed to pass down the esophagus into the 

rumen. After a few seconds, the strainer gravitated into the 

fluid layer. When in the fluid layer, blowing through the 

suction line gave a bubbling sensation. The suction line was 

then connected to the 50 milliliter hypodermic syringe and 

20-30 milliliters of fluid were drawn. This fluid was then 

discharged back into the rumen, syringe disconnected and the 

line and strainer blown out. This was merely a "flushing 



Figure 2• Components of rumen fluid sampling apparatus 

Figure 3. Assembled rumen fluid sampling apparatus 
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action" which effectively eliminated any saliva contamination 

qhich might have occurred during the drawing of the initial 

sample. Contamination with saliva was of minor proportions 

for these reasons: 1) saliva cannot readily enter the 

strainer, 2) blowing into the line after the tube was passed 

to determine whether or not the strainer was in the liquid 

layer also effectively dispersed any saliva surrounding the 

strainer, 3) the saliva should be quite effectively stripped 

off as the strainer sinks Into the rumen lngestum. After this 

"flushing", the syringe was again connected to the line, 20 

milliliters of rumen fluid drawn (Figure 5) and the syringe 

then disconnected. The line and strainer were then blown 

out to remove feed clinging to the surface of the strainer. 

Holding the guide tube secure, tension was placed on the suc

tion line, drawing the strainer out of the rumen, up the 

esophagus until it butted up against the guide tube, at which 

time the complete assembly was withdrawn from the animal. 

Rumen fluid was discharged from the syringe into a beaker 

for pH determination (Figure 4). This entire operation, in

cluding rinsing of syringe, suction line and strainer from a 

previous animal sampling took no more than 3-5 minutes. 

Methods and results 

Comparison of rumen fluid samples taken via rumen fistula 

and stomach tube from fistulated animals It was only 



Figure 4. Discharging rumen fluid into Figure 5. 
ceaker for pH determination 

Drawing rumen fluid sample 
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remotely possible that different volatile acid ratios would 

exist in samples collected via stomach tube as compared to 

those taken via the rumen fistula. Nonetheless the possibil

ity did exist that since stomach tube samples would be taken 

in the anterior section of the reticulo-rumen whereas rumen 

fistula samples would be taken more posteriorly that the 

constant Inflow of saliva in the anterior ruminai area could 

produce a localized differential fermentation pattern. It was 

felt however that this influx of saliva could be reflected in 

total volatile fatty acid level, buffering capacity sud pH 

differences• 

To investigate these possibilities and in order to estab

lish the validity of the stomach tube collection technique, 

eight samples were taken simultaneously via stomach tube and 

rumen fistula . These samples were taken over a six month 

period, from various fistulated animals that were on diets 

ranging from 50 to 80 per cent concentrates. Measurements of 

volatile fatty acid levels and ratios, buffering capacity and 

pH were made as previously outlined. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table £4. No differ

ences in volatile fatty acid percentages and ratios were 

noted. As would be expected due to salivary dilution in the 



Table 24. Analytical comparison of rumen fluid samples taken by stomach tube and 
by rumen fistula in fistula ted animalsa 

Collection Percentage Ratio Total b Buffering 
route C2 °3 1-C4 C4 i"C5's °5 c2/c3 VFA ml-1 capacity0 pH 

Stomach tube 59.1 20.7 .8 17.6 1.2 .7 2.85 73-3 2.02 6.4 
Rumen fistula 58 .2 20.7 .8 18.3 1.4 .7 2.81 85.8 2-29 6.2 

aMean of eight animals. 

^kicromoles of volatile fatty acids per milliliter. 

Milliliters of N/10 KOH. 
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cardial area of the rumen, pH was elevated (P < 0.005). Al

though not significant, total volatile fatty acid levels and 

buffering capacity were lower in rumen fluid samples taken 

via stomach tube than those taken via rumen fistula. 

Comparison of response to change in ration treatment 

between fistulated and intact lambs Although rigorous com

parisons had not been previously made between the ruminai fer

mentations of intact and fistulated lambs, available data 

indicated that the ruminai fermentation patterns in fistulated 

lambs changed little when ration treatments were changed dras

tically while similar ration changes in intact lambs produced 

marked differences in ruminai volatile acid percentages. 

Having made these preliminary observations, two intact 

and two fistulated wether lambs were selected to compare 

ruminai responses with change in ration treatment. All ani

mals were placed on the 50 per cent concentrate-50 per cent 

roughage Ration 5 used in Intact Lamb Trial 2. The composi

tion of this ration is given in Table 18. After a 14 day 

ration adjustment period, a series of four rumen fluid samples 

were taken over a ten day period. All animals were then 

slowly switched to an 80 per cent concentrate-20 per cent 

roughage ration (Ration 2, Table 15) over a ten day period. 

Another ten day adjustment period elapsed before any rumen 

fluid collections were taken. Again, a series of four samples 

were collected over a ten day period. All samples were taken 
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3 hours after feeding. 

Intact lambs were sampled via stomach tube and fistulated 

lambs via the rumen fistula. 

Statistical analyses of the data appear in the Appendix 

and were conducted by the method of analysis of variance as 

described by Snedecor (1956). 

Results of this trial are given in Table 25. Ruminai 

fermentation patterns were very similar between intact and 

fistulated lambs when all were on the 50 per cent concentrate-

50 per cent roughage ration. The only difference was that pH 

of rumen fluid was higher in the intact animals than in the 

fistulated lambs (P < 0.005). 

However when all animals were switched to 80 per cent 

concentrate-20 per cent roughage rations, this similarity did 

not persist. While acetate-propionate ratios were narrowed 

considerably in the intact lambs, the acetate-propionate ratio 

did not change in the fistulated lambs when switched from the 

less to the more concentrated ration. Statistical analysis 

of the data revealed that both the variation due to type of 

animal and that due to treatment x type approached signifi

cance (p <0.10). As was true, when all animals were on the 

less concentrated diets, pH of centrifuged rumen fluid from 

intact lambs was higher than that from fistulated lambs (P < 

0.005). Total volatile fatty acid levels and buffering capac

ity patterns were similar between intact and fistulated lambs. 



Table 25. Comparative ruminai response of flstulated and intact wether lambs to 
change in ration treatments3-

Ration C2 03 
Percentage 
I-C4 C4 i-C 5's G 5 

Ratio 
O2/O3 

Total h 
VFA ml-1 

Buffering 
capacity* PH 

Intact lambs 

50-50 60.3 21.1 .9 16.2 .8 .7 2.9 83 2.0 6.5 
80-20 53 .5 23.8 .7 20.2 .7 1.0 2.3 65 2.0 6.2 

Flstulated lambs 

50-50 60.9 20.8 .8 16.2 .8 .5 2.9 86 2.1 6.3 
80-20 58.4 20.0 .8 18.2 1.7 1.0 2.9 64 2.0 6.0 

aAll values based on mean of two animals, four rumen fluid samples per animal 
taken on separate days. 

^Micromoles of volatile fatty acids per milliliter. 

Milliliters of K/10 KOH. 
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Acetate-propionate ratios tended to be narrower on the 

more concentrated rations (P <0.25), butyric acid levels 

were higher (P < 0.01), and pH was lower (P < 0.005) than 

with the less concentrated rations. These observations were 

of secondary interest, but did confirm previous experimental 

data. 

Discussion 

Previously accumulated data very strongly suggested that 

flstulated and intact lambs oftentimes did not react similarly 

to change in ration treatment. Therefore it was of prime 

importance to first test the validity of the stomach tube 

collection technique in obtaining representative rumen fluid 

samples and second, to ascertain any differences in treatment 

response between flstulated and intact animals. 

Although total volatile fatty acid levels were lower and 

pH was higher in samples taken via stomach tube as compared 

via the rumen fistula, these differences were consistent and 

of small proportions. These disparities are probably caused 

primarily by salivary dilution in the anterior section of the 

reticulo-rumen. No differences were noted in volatile fatty 

acid percentages in samples taken by the two methods simul

taneously from a flstulated animal. This established the 

validity of the stomach tube collection technique. 

As has been suspected, the flstulated animal is not a 
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reliable experimental unit for ruminai fermentation studies. 

The flstulated animal represents one that has been surgically 

altered, one where ruminai environmental atmosphere and pres

sure are often different than in the intact animal due to 

leakage around the rumen fistula plug, one where various skin 

irritations around the rumen fistula might alter animal be

havior and appetite and one where semi-complete evacuation of 

rumen contents resulting from accidental removal of rumen 

fistula plug produces an extremely distorted fermentation 

pattern. Acetate-propionate ratios were not narrowed in 

flstulated lambs when they were switched from less concen

trated to more concentrated rations while considerable narrow

ing occurred in intact lambs. Although the other ruminai 

measurement criteria were similar between intact end flstu

lated animals, the observed disparity in acetate-propionate 

ratios is a reflection of the outlined physical and physio

logical differences between these two types of animals. 

Summary 

The stomach tube collection technique is a valid and 

efficient method of obtaining rumen fluid samples. Although 

pH tends to be somewhat high and total volatile fatty acid 

level somewhat low in samples taken via stomach tube as com

pared via rumen fistula, these differences are small and 

consistent and therefore do not lend any error to comparative 
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measurements. 

The intact lamb is far superior to the flstulated lamb 

as an experimental unit in ruminai fermentation investiga

tions. Also the intact lamb can be used for combined growth, 

carcass and ruminai fermentation studies. 

While total volatile fatty acid levels, buffering capac

ity and pH trends tend to be similar between flstulated and 

intact lambs, marked differences in relative percentages of 

acetate and propionate are often found. Ruminai acetate-

propionate ratios narrowed considerably in Intact lambs when 

switched from less concentrated to more concentrated diets. 

Little change occurred in flstulated lambs. 

Effects of Calcium Carbonate, Sodium Bicarbonate 
and Protein Level in a High Concentrate 

Heifer Fattening Ration 

Methods and results 

Currently there is widespread interest in the feasibil

ity of employing so-called "high" concentrate rations in 

cattle and lamb feeding. This interest has been spurred by 

the decrease in the cost of corn, sorghum and other feed 

grains relative to the cost of roughage materials. Mechanical 

feeding, labor and convenience considerations have similarly 

heightened interest in these "high" concentrate fattening 

type rations. In relationship to nutritional aspects of 

these type diets, it seemed desirable to investigate 1) the 
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role of an alkalizer such as sodium bicarbonate in preventing 

associated digestive disturbances, 2) the calcium requirement 

of such diets and 3) the effect of protein level on animal 

performance and carcass characteristics. 

Fifty-seven yearling heifers weighing approximately 645 

pounds were utilized in a completely randomized design. The 

percentage composition of the complete mix rations fed is 

given in Table 26. The average chemical composition of these 

rations is given in Table 27. Rations 1 through 5 contained 

approximately 12 per cent protein while Rations 6 through 10 

contained 15 per cent protein. Calcium carbonate (0.5 per 

cent) was added to Rations 4 and 9 while 1.0 per cent calcium 

carbonate was added to Rations 5 and 10; 1.5 per cent sodium 

bicarbonate was added to Rations 2 and 7 and 3.0 per cent 

sodium bicarbonate to Rations 3 and 8. Rations in which no 

calcium carbonate additions were made contained approximately 

0.3 per cent calcium; 0.5 per cent added calcium carbonate, 

0.5 per cent calcium and 1.0 per cent added calcium carbonate, 

0.7 per cent calcium. The heifers were fed a mixed ration in 

bringing them on feed. When up to full feed, the heifers 

were full fed the complete mix rations twice daily and were 

given free access to salt and water. 

The feeding period extended over 155 days. The heifers 

were weighed on three consecutive days at the beginning and 

end of the trial. Weights were taken at 28 day intervals 



Table 26. Percentage composition of rations fed in heifer fattening trial 

Low protein High protein 
1 1/2# 370% ÔTFfo ÔTÏfo 1 1/2# 3.0# 075% qTT% 

Ingredient Basal NaHCOg NaHCOg Ca Ca Basal NaHCOg NaHCOg Ca Ca 

Rolled corn 74 .5 74, .5 74, .5 74, .5 74, .5 65, .5 65, .5 65, .5 65, .5 65, .5 
Corn cobs 10 .0 10, .0 10, .0 10, .0 10, .0 10. .0 10. .0 10. ,0 10, .0 10. ,0 
Molasses 5 .0 5, .0 5, .0 5, .0 5, .0 5, .0 5, .0 5, ,0 5, .0 5. .0 
Urea . 5 .5 .5 .5 .5 .5 .5 .5 .5 .5 
Soybean oil meal 3 .35 3, .35 3, .85 3, .85 3, .85 12 .85 12, .85 12, .85 12 . 85 12, .85 

Stilbo sol* .05 .05 .05 . 05 .05 .05 .05 .05 .05 .05 
Ground alfalfa, 5 .0 5-.0 5-.0 5 .0 5 .0 5 .0 5, .0 5, .0 5, .0 5, .0 
Vitamin premix0 .1 .1 • 1 .1 .1 .1 .1 .1 .1 .1 
Mineral premix0 2 .0 2 .0 2, .0 2. .0 2 .0 2 • .0 2, .0 2 • .0 2. , 0 2. .0 
Calcium carbonate .5 1. .0 .5 1, .0 

Sodium bicarbonate 1, .5 3, .0 1, .5 3 .0 

al gm. diethylstilbesterol per pound. 

^Contains approximately 725,000 I.U. Vitamin A and 90,000 I.U. Vitamin Dg per 
pound• 

^Composition: soybean oil meal, 309 lbs.; calcium carbonate (oyster shells), 
48 lbs.; dicalcium phosphate, 90 lbs.; iodized salt, 150 lbs.; MnSO^'HgO, 3.63 lbs. 
and CoS04/7H<j0, 42.9 gm. 
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Table 27. Average percentage chemical analysis of rations 
fed in heifer fattening triala 

Dry matter. Ash Protein Ca 

Basal 
+ 1 1/2# NaHCOg 
+ 3.0# NaHCOg 
+ 0.5 "/o C aCO g 
+ 1.0#. CaCOg 

Basal 
+ 1 1/2# NaHCOg 
+ 3.0# NaHCOg 
+ 0.5# CaCOg 
+ 1.0# CaCOg 

Low protein 

89.8 3.3 12.1 .36 
90.5 4.5 12.2 .34 
89.8 5.3 11.9 .34 
90.4 3.7 12.2 .49 
89.6 3.8 12.0 .66 

High protein 

90.8 4.0 16.1 .37 
90.5 4.4 15.4 .31 
90.1 5.8 15-7 .35 
90.8 4.0 15.9 .55 
90.6 4.6 15.6 .70 

^Determinations based on an air dry basis-

throughout the trial. At the end of the feeding period, 

cattle xvere trucked to a local packing house where federal 

carcass grades and carcass weights were obtained. Dressing 

per cent was determined on the basis of final live weights in 

Ames and hot carcass weights shrunk 2 1/2 per cent. 

Results of this experiment are given in Table 28. No 

apparent differences in average daily gain, carcass grade and 

dressing per cent were observed between the 0.3 per cent cal

cium, 0.5 per cent calcium, 1.5 per cent sodium bicarbonate 

and 3.0 per cent sodium bicarbonate nor between the 12 and 15 

per cent protein rations. The 0.7 per cent calcium rations 



Table 28. Effect of dietary sodium bicarbonate, calcium carbonate and ration 
protein level on feedlot performance and carcass traits of fattening 
heifers 

Low protein High protein 
' o % x n n n ' î i i ocl % nS m 

Basal 
1 1/2% 
NaHCOg 

3.0# 
NaHCOg 

0.5# 
Ca 

0.7# 
Ca Basal 

1 1/2# 3.0# 
NaHCOg NaHCOg 

0.5# 
Ca 

0 7# 
Ca 

Animals/lot 6 6 6 6 6 6 5 5 5 6 

Average 
daily gain 2.7E i 2.71 2.82 2.82 2.58 2.83 ' 2.80 2.85 2.94 2.66 

Average 
daily feed 20.7 21.4 22.3 21.2 19.7 21.0 22.2 24.3 22.5 20.9 

Feed/10u? 
gain-lbs. 745 790 792 751 765 744 793 854 767 784 

Dressing # 58.5 57.9 59.0 58.2 57.9 59.3 59.5 58.1 58.9 58.1 

Carcass grade* 6.8 6.5 6.3 6.3 5.8 6.5 6.0 6.8 6.8 6.6 

aC arc as s grade was computed using the following numerical values : high good, 
6.0; low choice, 7.0; average choice, 8.0. 
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appear to cause depression In average dally gains. Observed 

lowering of feed efficiency, dressing per cent and carcass 

grade in the 0.7 per cent calcium diets is of too small dimen

sions to be meaningful. No differences were noted between 

the 0.3 and 0.5 per cent calcium diets• Sodium bicarbonate 

supplementation lowered feed efficiency• Due to the higher 

relative cost of soybean oil meal as compared to corn, feed 

costs were higher in the 15 per cent than in the 12 per cent 

protein rations. 

Discussion 

Bases for investigating the effects of sodium bicarbonate 

and calcium carbonate in high concentrate fattening rations 

have been previously presented in the flstulated and intact 

lamb experiments. In addition to these considerations, the 

observations of Hubbert et al. (1960) suggested that increas

ing the protein level would improve weight gains and feed 

conversion. 

It appears the optimum calcium level in a high concen

trate fattening ration lies between 0.3 and 0.5 per cent cal

cium • A calcium level of 0.7 per cent depressed weight gains. 

Consistent with results of the intact lamb trials, sodium 

bicarbonate supplementation did not improve weight gains or 

carcass characteristics. Although feed efficiencies were not 

affected in Intact Lamb Trial 2, feed efficiency was decreased 
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as a consequence of sodium bicarbonate supplementation in this 

heifer fattening trial. 

Increasing the protein level from 12 to 15 per cent only 

slightly improved weight gains and had no effect on feed effi

ciency or carcass characteristics. In contrast to previously 

cited data, these results indicate no advantage in protein 

levels in excess of 11-12 per cent. This conclusion is con

sistent with that of Goodrich et al. (1961). 

Summary 

The optimum dietary calcium level appears to be between 

0.3 and 0.5 per cent in a high concentrate-low roughage type 

cattle fattening ration. Calcium levels in excess of 0.5 per 

cent appear to depress weight gains. 

Sodium bicarbonate supplementation of high concentrate 

cattle rations had no effect on weight gains or carcass char

acteristics . Feed conversion was poorer in the bicarbonate 

supplemented rations. 

Increasing the protein level from 12 to 15 per cent did 

not improve feedlot performance or carcass characteristics 

of heifers fed high concentrate fattening rations. 
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GENERAL DISCUSSION 

Vfhen research was initiated on this research problem 

interest centered primarily in dietary factors that would in

crease ruminai propionate at the expense of acetate. It is 

reasonable to assume that narrowing of the ruminai acetate-

propionate ratio should Improve animal performance as pro

pionate is universally considered to be glucogenic whereas 

acetate is not and since the heat Increment of acetate con

siderably exceeds that of propionate in fattening rations. 

Wide ruminai acetate-propionate ratios are normally found 

in high roughage rations while narrower ratios are found in 

high grain rations. However the physical and chemical nature 

of these grains influences the degree of narrowing of the 

acetate-propionate ratio. Flaked corn and bread narrow 

acetate-propionate ratios from those found with rolled non-

steam heated corn (Shaw 1959). Phillipson (1952) observed 

that wheaten starch increased propionate levels above those 

found where corn starch was fed to lambs. Now in association 

with the narrowing effect of acetate-propionate ratios of 

flaked corn and wheaten starch, sizeable amounts of lactic 

acid accumulated in the rumen during fermentation immediately 

following feeding. Lactic acid is normally not detectable in 

appreciable quantities in the rumen and is considered to be 

an intermediate in ruminai fermentation. Lactic acid is 

widely considered to be both glucogenic and a precursor of 



108 

propionate. Nominal dietary lactic acid intake as well as 

temporary lactic acid accumulation in the rumen are not harm

ful. However as lactic acid is a strong organic acid as com

pared to the weak volatile fatty acids, either excess intake 

or ruminai accumulation of lactate produces a rumen dysfunc

tion typified by low ruminai pH (4-5), ablation of ruminai 

motility and increased blood lactate levels. 

In recognition of these facts, it was possible that 

addition of a dietary alkalizer such as sodium bicarbonate 

to these high lactate producing diets would be beneficial. 

Not to be overlooked at this point is the fact that high grain-

low fiber rations, in which there is now considerable interest, 

can often precipitate severe digestive disturbances which are 

often typified by low ruminai pH's caused by excess lactic 

acid- The investigations of Matrone et al. (1959) indicated 

that dietary alkalizers such as sodium and potassium bicar

bonate exerted a beneficial effect in the all concentrate 

purified diets that they used. This suggests suppression of 

lactic acid formation by the bicarbonates. Subsequent iso

tope studies conducted by Van Campen and Matrone (i960) indi

cated sodium and potassium bicarbonate supplementation of 

these all-concentrate purified rations enhanced ruminai pro

pionate levels. 

The in vitro studies of Pennington (1952) and (1954) 

indicated that increased carbon dioxide tension as supplied by 
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sodium bicarbonate increased uptake of propionate by ruminai 

epithelial tissue whereas the presence of ammonium chloride 

suppressed propionate uptake. 

Johns (1951a) using washed cells of Velllonella gazogenes 

found that lactate was fermented only in the presence of car

bon dioxide and that the amount of propionate formed increased 

with carbon dioxide tension of the medium. A process of car

bon dioxide fixation followed by decarboxylation was involved 

in the fermentation of lactate to propionate. 

A composite of these foregoing observations and hypoth

eses strongly suggested that sodium and/or potassium bicar

bonate additions to high concentrate-low roughage type rations 

would serve two purposes : first, to suppress excess acidity 

caused by lactate accumulation and second, to elevate pro

pionate levels by shunting more lactate to propionate via 

carbon dioxide fixation and decarboxylation. 

A summary of three trials conducted with flstulated lambs 

and two with intact lambs indicates that sodium bicarbonate 

supplementation of high concentrate-low roughage type diets 

has little if any effect on relative amounts of acetate and 

propionate, total volatile fatty acid levels and buffering 

capacity of centrifuged rumen fluid- As would be expected, 

bicarbonate supplementation tended to elevate ruminai pH. 

It is to be recognized that whereas percentage additions of 

sodium and potassium bicarbonates ranged from 1 1/2 to 5 per 
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cent ln diets containing from 85 to 90 per cent concentrates, 

Matrone jit al. (1959) incorporated a 11.7 per cent mixture of 

sodium and potassium bicarbonates in their purified diets 

that contained no fiber. However, in view of the fact that 

the concentrate levels were below the 100 per cent level of 

hatrone's, it would be expected that considerably lower levels 

of bicarbonates would have a similar effect in a ration con

taining a lesser percentage of concentrates. Sodium bicar

bonate supplementation definitely did not improve feedlot 

performance or carcass characteristics in a high concentrate-

low roughage heifer fattening ration. 

As lactic acid accumulations were not detected on the 

most concentrated diets, it is possible that with natural 

ration ingredients, the 100 per cent concentrate level would 

have to be approached before lactic acid would accumulate. 

Then, if this did occur, addition of sodium and/or potassium 

bicarbonate could well aid in shunting lactate to propionate, 

while simultaneously elevating pH. Rations containing some 

roughage or fiber were chosen in that it was felt considerable 

difficulty would be experienced with a ration containing no 

fiber in getting the animals on feed and establishing valid 

control values. 

Investigations of the effect of administering sodium 

bicarbonate concurrently with lactic acid to sheep receiving 

a moderately high concentrate ration revealed that propionate 
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levels were no higher than when lactic acid alone was admin

istered. However in the first of these studies when an 

extremely large dose of lactic acid was administered, subse

quent sodium bicarbonate therapy appeared to greatly increase 

propionate levels over those produced by lactate alone. Of 

secondary interest in these investigations was the observation 

that simultaneous sodium bicarbonate and lactic acid supple

mentation resulted in formic acid accumulations that were 

otherwise not evident. This observation tends to confirm 

the suggestion of Jamieson (1959) that formic acid accumula

tions result as a consequence of abnormal ruminai fermenta

tions. 

Dietary sodium bicarbonate did not increase the buffering 

capacity of centrifuged rumen fluid. But a large dose of 

lactic acid markedly Increased ruminai buffering capacity. 

These phenomena suggest the movement of buffering substances 

from the blood into the rumen under severe ruminai acidic 

stress as indicated by Masson and Phllllpson (1951) and 

Danielll et al. (1945). Administration of a dietary buffer 

such as sodium bicarbonate obviates the need of this influx 

of blood buffering substances. These observations further 

support the theory of reciprocal movement of soluble sub

stances between the rumen and the portal circulation via the 

rumen wall. 

. Fermentations taking place in silage and in the rumen 



112 

are somewhat similar. Klosterman et al. (19 59) observed that 

addition of one per cent dolomltic-limestone appreciably 

elevated corn silage lactate levels. However, the treated 

silage gave no better animal performance than untreated corn 

silage. In a subsequent study, Klosterman et al. (i960) ob

served that the addition of one per cent non-dolomitic-lime

stone instead of dolomitic-limestone elevated silage lactic 

acid levels above those produced by dolomitlc-limestone. Also 

this non-dolomitlc-limestone treated corn silage improved 

animal performance over that obtained from non-treated silage. 

A combination of 0.5 per cent non-dolomitlc-limestone and 0.5 

per cent urea similarly increased lactic acid levels. The 

higher lactic acid levels in all instances were accompanied 

by a higher final silage pH when the fermentation reached a 

stable point. Obviously limestone and urea acted as buffer

ing or alkalizing substances, permitting a greater accumula

tion of volatile fatty acids and lactic acid before a limiting 

pH was attained• Even though total organic acid levels were 

higher in the silages treated with the buffering substances, 

the final limiting pH's were higher in the treated than in 

the non-treated silages. 

These highly interesting observations suggested that 

first, a buffering substance such as limestone might in

directly affect propionate production via the ruminai meta

bolic intermediate, lactic acid and secondly, that excess 
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magnesium might deleteriously Influence ruminai fermentation. 

In flstulated lamb trials, calcium carbonate and magne

sium carbonate additions were without effect in influencing 

ruminai fermentation patterns. As previously emphasized 

this is not particularly meaningful since the author considers 

the flstulated lamb to be a notoriously poor experimental 

unit for volatile fatty acid studies. However the addition 

of 0.5 per cent limestone in two intact lamb trials had no 

effect on ruminai fermentation, growth, performance or car

cass data. Neither did a 0.5 per cent limestone addition in 

a heifer fattening trial have any effect on growth performance 

or carcass characteristics. A 1.0 per cent addition of lime

stone appeared to depress rate of gain and feed efficiency. 

Phllllpson (1952) observed that cobalt supplementation 

of a cobalt deficient diet narrowed acetate-propionate ratios 

and lowered butyric acid levels. A similar ruminai fermenta

tion pattern was observed in a single flstulated lamb trial. 

Shaw (1959) and others observed that flaked corn and 

bread effected considerable narrowing of acetate-propionate 

ratios. Wet steam heating has been implicated as being re

sponsible for this fermentation pattern. Salsbury et al. 

(1960) suggested wet steam heating increased starch hydration 

which in turn favored its more rapid degradation by rumen 

microorganisms. Fermentations that proceed at faster initial 

rates are generally associated with narrowed acetate-proplon-
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ate ratios than found in slower initial fermentation rates. 

They also noted that dry steam autoclaving apparently did not 

effect appreciable starch hydration as reflected by no in

crease in the rate of in vitro microbial degradation of 

starch. In a single flstulated lamb trial, where dry steam 

autoclaved corn was substituted for non-heated corn in a 

high concentrate ration, acetate-propionate ratios were 

widened. These combined observations indicate the type of 

heat is highly instrumental in determining the ruminai fer

mentation pattern. While moist heat treatment of high starch 

foods tends to narrow ruminai acetate-propionate ratios, dry 

steam heating does not have this effect. 

As would be expected, increasing the concentrate per

centage from 50 to 80 per cent increased feed efficiency and 

carcass grade. Narrowed acetate-propionate ratios, elevated 

butyrate and lowered total volatile fatty acid and pH levels 

resulted in the higher as compared to the lower concentrate 

rations. With the exception of the lowered total volatile 

fatty acid levels in the higher concentrate rations, the other 

observations are consistent with those widely reported in the 

literature. Of particular interest in Intact Lamb Trial 2 was 

the observed high correlation between carcass grade and 

butyric acid levels. There also tended to be considerable 

correlation between separable fat and ruminai butyric acid 

levels. Thus, one might postulate butyrate is a major pre
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cursor of body fat. 

Review of the literature revealed that urea and anti

biotics separately could likely exert dynamic effects on 

ruminai fermentation. Klosterman et al. (1960) observed that 

urea apparently acted similarly to limestone In its buffering 

or alkalizing action in favoring lactic acid accumulations. 

Also excessive intakes of urea cause marked elevation of 

ruminai pH (Briggs et al. 1957). 

Several modes of action have been assigned antibiotics. 

Hungate et al. (1955) concluded that although chlortetracycline 

feeding did not alter appreciably the total potential for 

microbial activity, the composition of the rumen microbial 

population was altered. The observations of Visek et al. 

(1959) are of paramount interest. They suggested that select 

antibiotics suppressed bacterial urease activity. Therefore 

in ruminai fermentation, an antibiotic-urea interaction could 

certainly be possible. The observation of Mangan et al. 

(1959) that penicillin inhibited ruminai ammonia production 

supports this hypothesis. 

Recognition of these possibilities was the basis for the 

2 
2 chlortetracycline-urea factorial portion of Intact Lamb 

Trial 2. Analysis of ruminai fermentation, growth and carcass 

data indicated chlortetracycline alone had little effect 

while urea tended to lower carcass grade and dressing per 

cent. However, chlortetracycline-urea interactions on 
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acetate-propionate ratios, feed efficiency, carcass grade, 

separable fat and separable lean were indicated. Although 

nitrogen balance, ruminai urease and ruminai ammonia levels 

were not determined, the apparent ability of chlortetracycline 

to overcome the depressing effects of urea on feed efficiency 

and carcass grade supports the theory of antibiotic suppres

sion of bacterial urease activity. This could result in more 

efficient use of urea nitrogen. Also to be noted Is the 

simultaneous increase in per cent separable lean and carcass 

grade when chlortetracycline and urea are fed concurrently 

as compared to urea alone. In other instances increased 

amounts of separable fat tend to be correlated with improved 

carcass grade. The possible action of an antibiotic in sup

pressing bacterial urease activity deserves further study. 

Concluding comments made in this discussion will be de

voted to some of the experimental techniques employed. 

First, a gas chromatographic technique originally pro

posed by Ralls (1960) was refined and developed for separation 

of volatile fatty acids from formic through valeric acids. 

This method has proven to be not only reliable, but one 

which does not require highly trained technicians nor complex 

manipulations. Communications with other researchers in this 

field indicate many have experienced considerable difficulty 

in achieving separation of steam volatile fatty acids. 

Secondly, this author is convinced and has presented 
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arguments and documentary evidence indicating that the flstu

lated lamb is a very poor experimental unit for ruminai fer

mentation investigations. Although Drorl and Loosli (1959) 

found no difference in digestibility of nutrients between 

intact and flstulated steers, many of the shortcomings of 

flstulated lambs no doubt also apply to flstulated bovine. 

Intact lambs can be used for concurrent ruminai fer

mentation, growth and carcass studies while flstulated ani

mals can be used only in ruminai fermentation studies. How

ever in many instances, intact animals have not been used 

due to the inconvenience of sampling, as well as inability 

to make accurate laboratory measurements on the collected 

rumen fluid. The stomach tube collection technique developed 

facilitated easy and rapid collection of rumen fluid samples 

that are representative of ruminai fermentation patterns and 

conditions. 

Although comparative treatment data obtained from the 

flstulated lamb trials appears to be legitimate, this author 

seriously questions much of its validity. This apprehension 

is caused by personal knowledge of distorted ruminai fer

mentation patterns caused by stress factors that would have 

no effect on an intact animal. The real value of the flstu

lated lamb trials conducted was to demonstrate their short

comings in assaying the effects of dietary factors on ruminai 

fermentation patterns. 
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SUMMARY 

Trials have been reported that include: l) ruminai fer

mentation studies utilizing flstulated and intact lambs, 

2) combined ruminai fermentation, growth and carcass studies 

using Intact lambs and 3) growth and carcass studies in a 

heifer fattening trial. 

In rations containing approximately 85 per cent concen

trates and 15 per cent roughage, sodium and potassium bicar

bonate, calcium carbonate and magnesium carbonate additions 

were without effect in altering acetate-propionate ratios 

and total volatile fatty acid levels. Supplementary bicar

bonates rather consistently elevated ruminai pH. Concurrent 

sodium bicarbonate and lactic acid supplementation produced 

ruminai propionate levels no higher than produced by lactic 

acid alone. 

Using similar high concentrate rations, sodium bicarbon

ate and calcium carbonate additions were without effect on 

growth performance and carcass traits of fattening heifers 

and wether lames. 

Addition of cobalt sulphate to a high concentrate lamb 

ration tended to narrow acetate-propionate ratios snd lowered 

butyric acid levels. Substitution of dry steam putoclaved 

corn for non-autoelaved corn effected a widening of acetate-

propionate ratios. 

Chlortetracycline supplementation of a high urea-high 
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roughage type lamb fattening ration tended to overcome the 

depressing effects of urea on carcass grade and feed effi

ciency. Where no urea was included in these rations, chlor

tetracycline additions tended to widen acetate-propionate 

ratios and to elevate butyric acid levels. 

Narrowed acetate-propionate ratios, higher butyric acid 

levels, lower total volatile fatty acid levels and lower pH's 

were produced in the 60 per cent concentrate-20 per cent 

roughage rations than in those containing only 50 per cent 

concentrates. While overall weight gains were similar be

tween the two types of rations, improved feed conversion, 

higher dressing percentage, higher per cent separable fat 

and lower per cent separable lean resulted in the higher con

centrate rations. 

In the second intact lamb trial, a high correlation was 

demonstrated between ruminai butyric acid levels and carcass 

grade in both high and low concentrate rations. 

Rumen fluid buffering capacity measurements support the 

hypothesis that substances can enter the rumen from the blood 

stream or peritoneal cavity in the same manner that they are 

absorbed through the rumen wall. 

An efficient gas phase chromatographic technique was 

perfected to determine percentages of volatile fatty acids 

from formic through valeric acid. 

The flstulated lamb was shown to be a poor experimental 
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unit for ruminai fermentation studies. Thus to obviate the 

need of using fistulated lambs, a stomach tube sampling tech

nique was developed whereby representative rumen fluid samples 

co^uld be easily and rapidly taken from intact animals. 
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APPENDIX 

A. Collection and Steam Distillation of Ruminai VFA1s 

1. Withdraw 20 ml. of rumen fluid using a suction 
strainer coupled to a 50 ml. syringe. 

2. Add 1 ml. of saturated HgClp to kill the micro
organisms to prevent any alteration of in vivo 
ruminai VFA ratios. 

3. Centrifuge raw rumen juice in a. high speed angle 
centrifuge for 40' to remove microorganisms and 
solid feed particles. 

4. Decant or pipette off clear amber colored super
natant . 

5. Place 5 ml. of this centrifuged' rumen juice in a 
100 ml. beaker. 

6. Add 5 ml. of HgO• 

?. Add 10 ml. of McAnally reagent; i.e. solution satu
rated with MgSQ^ and containing 2 1/2,;' HgSO^,. 

8. Filter through Whatman #40 into a 50 ml. volumetric. 

9. Adjust pH to 2.3 with 2K KaOH and ION HgSOa using 
bromphenol blue indicator; then dilute to volume 
(50 ml.) 

10. Place 10-20 ml. aliquot (i.e. VFA1 s from 1-2 ml. of 
rumen juice) into I-iarkham steam distillation appara
tus . 

11. Collect 150 ml. of distillate. 

12- Using phenol red as indicator, titrate with N/10 KOH 
while maintaining COg free atmosphere (COgfree air 
bubbled through distillate)• Use a 5 ml» buret, 
preferably one modified as an alkali and a filling 
buret in order that the buret need not be cleaned 
after each day's use and in order to facilitate easy 
filling. 

13. After end point is reached, add 10/= extra ICOH. 

14. Place aqueous potassium salts in 100°C oven, take 
to dryness or near dryness. 



132 

15. If necessary, dissolve in HgO. Transfer to 5 dram 
snap cap opticlear vials or any other type of wide 
mouth vial of similar size. Take to dryness in 
100°C drying oven. Store in dessicator• Do not 
store potassium salts of VFA1s for extended length 
of time in 100°C oven. 

CAUTION: It is imperative that an acid free atmosphere be 
maintained in the drying oven. If any acid is 
present (for example acetic acid), the extra base 
present in the dried sample will absorb the acid, 
resulting in completely distorted VFA ratios. Thus 
to insure complete protection against contamination 
by extraneous acids present in the oven atmosphere, 
it is advisable to place only titrated VFA samples 
in a particular oven. 

B. Determination of Buffering Capacity 

1. Place 2 ml. of centrifuged rumen fluid in beaker; 
add 5 ml. of HgO; add bromphenol blue indicator. 

2. Titrate to pH 3.5 using O.IK HC1. Make final adjust
ment of pH with aid of pH meter. 

3. 'Add phenol red indicator. 

4. Titrate to pH 7.0 using O.IK KOH. Make final adjust
ment of pH with aid of pH meter. 

5. ml. of O.IK KOH needed to titrate from pH 3.5 to 7.0 
is the measure of buffering capacity. 

C. Determination of Lactic Acid 

1. Place 5 ml. of centrifuged rumen fluid in a 50 ml. 
beaker. 

2. Add 1/2 ml. of 20/2 w/v CuSO^'SHgO and spatula full 
of solid Ca(OH)let stand 30 minutes. 

3. Filter through Whatman #40. 

4. Add 10K HgS04 to make concentration of HgSO^ 1.0K 
in reaction flask. 

5. Place 10 ml. of 0.5,'S w/v KaHSOg in receiving flask 
with tip just below the surface. 
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6. Heat the reaction mixture with the mlcroburner until 
it just boils. 

7. Turn steam on, discontinue flame, distill rapidly 
for 1-3 minutes. 

8. Add 0.05N eerie sulphate dropwise until the yellow 
color becomes permanent ; then add 3 ml. more. 

9. Raise receiver to collect last 5 ml. (total collec
tion approximately 25 ml.). 

10. Cool in refrigerator. 

11. Add 1 ml. of starch indicator. 

12. Remove the excess bisulphite with strong iodine 
solution; back titrate carefully with 0.1K Na.gSgOg. 

13. Ada 15 ml. saturated KaHCOg. 

14. Titrate rapidly with dilute (0.01K) standardized 
iodine solution. 

15. Before the end point is reached, add 1 ml. of 10)2 
KagCOg• 

16. Titre te to end point. 

17. Each ml. of 0.01 N iodine solution required equals 
5 micromoles (urn) of lactic acid. 

D• Gas Phase Chromatographic Technique 

1. Instrument 

s. Aerograph 110 C connected to a Brown-Honeywell 
1 mv recorder. 

b. Column: stainless steel, 10 foot, 1/4 inch 
diameter packed with silicone stearate (Non-
polar) . 

2. materials 

a. 3.1 mm. x ^1.5 cm. pyrex capillary tubes ; 120° 
bend 1 1/8' from end. 

b. High boiling point oil 
c. CgH^SO^K 
d. Filling funnels (medicine dropper with a rubber 

tube splicing unit). 
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3. Preparation of C2H5SO4K 

a. Mix 27.1 cc. of absolute alcohol with 25.0 cc. of 
• reagent grade H2SO4. Maintain at 20°C during 
addition of acid to the alcohol. Allow reaction 
to proceed for 3 hours at room temperature. 

b. At end of three hour period, neutralize the re
action mixture with an aqueous suspension of 
CaCOg (35-40 gm. of CaCOg required). As the 
equilibrium in the reaction of GgHgOH and HgSO^ 
is very far to the right, no danger exists in 
adding the aqueous CaCOg. It must be added in 
the aqueous form in order that the precipitated 
CS.SO4 may be filtered out. Continue adding the 
aqueous CaCOg until effervescence discontinues. 
Filter out the C8.SO4 and wash with HgO. 

c. Next add slowly a KgCOg solution until precipi
tation of CaCOg is complete. Digestion of the 
reaction mixture will aid in the precipitation 
of the CaCOg and will facilitate detection of 
the end point. Filter off the CaCOg. Evaporate 
the filtrate (C2H5SO4K solution) to dryness. 
A yield of approximately 25 gm. should be ob
tained . 

4. Preparation of Samples 

CAUTION: With exception of weighing the C2H5SO4K, perform 
all scraping, mixing and capillary tube filling in 
front of the oven as the potassium salts of the 
VFA1 s are extremely hygroscopic. "Wearing of cotton 
gloves will facilitate handling of hot vials, spat
ulas, funnel and capillary tubes which must be kept 
in the oven to insure their complete dryness. 

a. Place dried samples (K salts of VFA's) in 100°C 
drying oven. 

b. Using a spatula, scrape the dried salts away 
from the bottom of the container. Place scraped 
sample back in oven. 

c. Using the titration data and assuming en average 
molecular weight of 110 for the potassium salts 
of the VFA's, add an equal weight of C2H5SO4K 
to the potassium salts. 

d. Thoroughly mix the potassium salts and C2H5SO4K 
with a small spatula. Place mixed sample back 
in oven. 

e. While standing in front of oven, connect filling 
funnel and capillary tube. Hold this unit and 
the wide mouthed vial in one hand and then place 
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approximately 10 mg, of the reaction mixture in 
the capillary tube. It is not necessary to accu
rately weigh out a prescribed amount. A visual 
gauging of the amount in the capillary tube is 
sufficiently accurate. Gently tap the capillary 
tube to vibrate the mixture to the bottom of the 
tube. If filling is done rapidly and if the 
reaction mixture was perfectly dry prior to fill
ing, very little of the reaction mixture will 
cling to the sides of the capillary tube. Store 
capillary tube in oven until ready to be inserted 
in injection port of gas phase chromatograph. 
Mixed samples should be analyzed a few hours 
after initial mixing of the salts and C2H5SO4K. 

f. Do not store C2H5SO4K in 100°C drying oven. Ex
tended storage at this temperature degrades the 
C2H5SO4K. Store in a closed container or des-
sicator. Any moisture present in the C2H5SO4K 
will be removed when the mixture of potassium 
salts of VFA's and C2H5SO4K are placed back in 
the oven after mixing. 

5. Qualitative analysis in gas phase chromatograph 

Operating conditions Q 

1) Oven temperature - 85-90 C 
2) Gas flow (helium) - 35-40 ml. per minute 
3) Injector and collector temperatures - 210-225°C 
4) Filament - 250 ma. 
5) Sensitivity - 64X 
Place a silicone collector gasket in the injec
tion port compression nut. 
Allow machine to stabilize and sufficiently 
warm up (several hours) with an empty capillary 
tube inserted into the injection port and with 
the compression nut tightened only tight enough 
to prevent gas leakage. 
When the machine has stabilized, remove charged 
capillary tube from oven, cover end with dry 
tissue, loosen injector compression nut slight
ly, remove old capillary tube and immediately 
insert new one. Retighten compression nut. 
As some air is introduced into the chromatograph, 
allow 5-10 minutes for the machine to re stabil
ize. In our case, this is indicated by the re
cording needle being on the base line without 
the benefit of any manual fine adjustment. 
Heat a pyrex tube containing Dow-Corning 550, or 
any other high boiling point oil, till the oil 
reaches 325°C. Amount of oil in the tube should 
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be adjusted so that the tube is nearly full at 
325°C. 

g. Through use of this pyrex tube containing the 
325°C oil, immerse the capillary tube as com
pletely as possible in the oil. The following 
reaction takes place spontaneously 6-8 sec. 
after heating is commenced: 

ROOK + C2H5S04K—325°C—»K2S04 + RCOCgHg 

As the temperature of the oil and the injection 
port is far above the boiling point of these 
ethyl esters, they are volatilized into the 
chromatograph while KgS04 is left residually 
deposited in the capillary tube. Continue 
immersion of the capillary tube for 30 sec., 
then remove the tube of hot oil. 

h. After 25-30', all VFA's through n-valeric will 
have passed through the column. 

i• The chromatograph is now ready for recharging 
with a new sample. 

CAUTION: It is absolutely mandatory that the capillary tube 
and contained reaction mixture be completely free of 
any traces of HgO to minimize trailing of peaks and 
to achieve optimal separation and sharpness of peak 
patterns. Thus, the foregoing procedures and pre
cautions must be observed in order to achieve this 
end. 

j. As the area under each peek is -oroportionsl to 
the molar amount of each acid, the relative 
ratios of the VFA's can therefore be obtained. 
Through reference to the total VFA level deter
mined by titration, the absolute amount of each 
acid can be ascertained if desired. 

If each peak reaches the base line before 
the next peak commences, the disc integrator 
recording will give directly the area under each 
peek. If not, some extrapolation will have to 
be performed and the adjusted peak area for oach 
component may be measured through use of a 
planimeter. 
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Table 29. Fistulated Lamb Trial 1 - analysis of variance of 
the effects of time after feeding on ruminai 
fermentation patterns 

Mean square 

Source D.F. 
Total Buffering 
VFA ml-1 capacity 

Total 9 -

Animal 1 3803 2•294 

Time 4 428 .213 

Linear regression 1 1514 .772 

Deviations from 
regression 3 67 .026 

Remainder 4 4 .014 

Table 30. Fistulated Lamb Trial 2 - analysis of variance of 
the effects of time after feeding on ruminai 
fermentation patterns 

Mean square 

Source D '.F. 
Total . 
VFA ml"1 

Buffering 
Cg/Cg capacity pH 

Total 9 

Animal 1 392 •037 .296 .650 

Time 4 276 .292 .173 .016 

Linear regression 1 936 1.109 .545 .050 

Deviations from 
regression 3 56 .019 .049 .004 

Remainder 4 204 .038 .107 .023 
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Table 31. Fistulated Lamb Trial 3 - analysis of variance of 
the effect of dietary sodium and potassium 
bicarbonate on ruminai fermentation patterns 

Mean square 

Source D . F .  
Total 

VFA ml-1 C2/C3 
Buffering 
capacity PH 

Total 14 

Treatment 5 475 £.873 .723 .274 

Pretrt vs trt 1 544 1.424 2.178 .560 

Pretrt vs "HCOg 1 67 1.571 .838 .193 

Pretrt a vs 
Ojg-HCOs 1 830 .086 1.592 .456 

Pretrt b vs 
1 • is 5/6 HCOg 1 5 .327 .374 .147 

Pretrt c vs 
5.00% -HCO3 1 193 1.44 .466 .056 

Remainder 9 65 .347 .148 .037 
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Table 32. Fistulated Lamb Trial 4 - analysis of variance of 
the effect of dietary calcium carbonate on ruminai 
fermentation patterns 

Mean square 

Source D .F. 
Total 
VFA ml"1 C2/G3 

Buffering 
capacity pH 

Total 27 

Treatment 7 32 1.859 .180 .126 

Pretrt vs trt 1 12 2.144 .194 .247 

Pretrt vs CaCOg 1 21 .602 .001 .041 

Pretrt a vs 
0/6 CaCOg 1 222 2.510 .846 .414 

Pretrt b vs 
.63)6 CaCOg 1 24 .914 .008 .027 

Pretrt c vs 
1.25/S CaCOg 1 0 .597 .000 .010 

Pretrt d vs 
2.50> CaCOg 1 150 .148 .002 .008 

Remainder 20 72 .204 .079 .076 
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Table 33. Fistulated Lamb Trial 5 - analysis of variance of 
the effect of dietary sodium bicarbonate on 
ruminai fermentation patterns 

Source D  . P .  

Mean square 
Total Buffering 
VFA ml-1 Cg/Cg capacity pH 

Total 15 

Treatment 7 

Pretrt vs trt 1 

Pretrt vs HCOg 1 

Pretrt a vs 
0;2 "HCOg 1 

Pretrt b vs 
l.£5# -HCOg 1 

Pretrt c vs 
5.00% -HCOg 1 

Remainder 8 

485 

1 

66 

139 

16 

51 

246 

1.812 

.498 

1.092 

.159 

.255 

.851 

.117 

.182 

.032 

.122 

.049 

.034 

.078 

.189 

.16 

.03 

.00 

• 12 

.02 

.01 

.05 
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Table 34. Fistulated Lamb Trial 6 - analysis of variance of 
the effect of dietary sodium bicarbonate on 
ruminai fermentation patterns 

Mean square 

Source D .F. 

Total , 
VFA ml-1 Cg/Cg 

Buffering 
capacity9- pHa 

Total 28 

Treatment 3 132 1.524 .258 .102 

Pretrt vs ""HCOg 1 293 3.686 .078 .023 

Pretrt a vs 
1.25% "HCOg 1 344 1.313 .137 .101 

Pretrt b vs 
5 - 00/6 HCOg 1 32 2.462 .001 .010 

Remainder 25 261 .152 .108 .077 

aOnly 27 degrees of freedom. 

Table 35. Fistulated Lamb Trial 7 - analysis of variance of 
the effect of dietary cobalt sulphate on ruminai 
fermentation patterns 

Keen square 

Source D.F. c2/°3 C4 

Buffering 
capacity®-

To t al 13 

Treatment 1 .133 111.73 .086 

Remainder 12 . 265 9.52 .061 

aOnly 11 degrees of freedom. 
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Table 36. Fistulated. Lamb Trial 8 - analysis of variance of 
the effect of dietary magnesium carbonate on 
ruminai fermentation patterns 

Mean square 

Source D.F. 
Total 
VFA ml-1 Cg/Cg 

Buffering 
capacity® pHb 

Total 36 

Treatment 3 486 .420 .213 .102 

Pretrt vs trt 1 1373 -914 • 512 .045 

Pretrt a vs 
0.5# KgCOg 1 1033 1.133 • 316 .009 

Pretrt b vs 
1.0# MgCOg 1 411 .083 .203 -043 

Remainder 33 214 .322 .153 -037 

&Only 31 degrees of freedom-

DOnly 35 degrees of freedom -

Table 37. Fistulated Lamb Trial 9 - analysis of variance of 
the effect of autoclaved corn on ruminai 
fermentation patterns 

Lean square 

Source D.F. 
Total 
VFA ml-1 c2/c3 

Buffering 
capacity® PH 

Total 27 

Treatment 1 998 4.192 .378 .108 

Animal 1 1473 2.611 .358 .023 

Animal x trt 1 705 .135 .173 .079 

Remainder 24 60 .319 . 034 .027 

aOnly £3 degrees of freedom. 
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Table 38• Intact Lamb Trial 1 - analysis of variance of the 
effects of concentrate-roughage ratio, dietary 
calcium carbonate and sodium bicarbonate on 
ruminai fermentation patterns 

Source D . F .  
Total 
VFA ml 

Lean square 

-1 Cg/Cg PH 

Total 

Time 

Treatment 

Time- x trt 

Remainder 

55 

3 

4 

12 

36 

1132 

873 

410 

548 

.250 

1.675 

.328 

.478 

.23 

.49 

.07 

.08 

Shortest significant ranges: 

c2/°3 
p: 

Treatments 
lue ans : 

PH 
P: 
Rr 

. a 

( 2 )  
.78 
1 
2.07 

P ' 
Treatments : 
Leans :a 

( 2 )  
.3c 
1 
6.56 

(3) 
• 81 

5 
1.89 

(3) 
.33 
3 
6.23 

(4) 
.83 

2 
1.26 

(4) 
.34 
5 
6 . 2 1  

(5) 
.84 
3 
1.16 

(5) 
.35 
4 
6.10 

4 
1.14 

2 
6.04 

aAny two means not underscored by the same line are 
significantly different at the 0.01 level of probability. 



Table 39. Intact Lamb Trial 2 - analysis of variance of the effects of dietary 
calcium carbonate, sodium bicarbonate, urea and aureomycln on ruminai 
fermentation patterns 

Lean square 

Source D -F. 
Total _ 
VFA ml"1 C2 C4 C2/G3 

Buffering 
capacity pH 

Total 95 

Time 3 127 7 8 .098 .051 .12 

Treatment . 7 860 206 113 1.349 .112 .21 

80-bO vs 50-50 1 5016 1222 426 4.502 .300 .48 

o
 

i\J i 
o
 

CO 

3 157 30 62 .111 .100 .23 

Lone vs HCOg 
Con vs 1 1 /'cL)o "HCOg 
Con vs 3 '/o ""HCOg 

1 
1 
1 

50-60 3 177 43 59 1.536 .061 .10 

Aureomycln 
Urea 
Aureo x urea 

1 
1 
1 

5 
133 
393 

1 
17 
110 

137 
36 
2 

2.284 
.102 
2.223 

.000 

.000 

.181 

.22 

.02 

.05 

Time x trt 21 84 13 23 .399 .065 .01 

Time x 80-20 
Time x 50-50 
Time x con ratio 

9 
9 
3 

107 
78 
33 

17 
A 

29 

39 
8 
18 

.632 
. .065 
.700 

.082 

.046 

.073 

.02 

.01 

.01 

Remainder 64 173 17 18 .216 .083 .04 



Table 40. Intact Lamb Trial £ - analysis of variance of the effects of dietary 
calcium carbonate, sodium bicarbonate, urea and aureomycln on growth 
performance and carcass traits 

Mean square ; 

Average Feed Carcass Dressing Separable Separable 
Source D.F. daily gain conversion grade per cent fat lean 

Total 23 

Treatment 7 .0027 .494 1.90 5.41 34.34 5.42 

80-20 vs 50-^0 1 .00 £4 1.321 9.38 29.56 203.59 29.26 

80-20 3 .0048 .437 .11 1.29 8.30 .61 

50-50 3 .0012 .275 1.19 1.48 3.97 2.27 

Aureomycln 1 .0011 . 056 .75 1.88 7.52 6.02 
Urea 1 .000% .000 .75 .34 4.20 .00 
Aureo x urea 1 .0009 .766 2.08 2.22 .19 .79 

Remainder 16 .0028 .242 .67 2.08 10.06 6 .36 



146 

Table 41. Intact Lamb Trial 2 - correlations between ruminai 
fermentation, growth and carcass data 

X Y Ex2 Ey2 Exy r 

Average daily gain C2/C3 .06 4.09 -.06 -.12 

Average daily gain 
Total 

.06 268.45 .06 .02 

Average daily gain VFA ml"1 .06 2613.52 .00 .00 

Average daily gain pH .06 .79 -.05 — • 24 

Feed conversion Cg/Cg 7.3-3 4.09 1.60 .29 

Feed conversion c4 7.33 268.45 -16.04 -.36 

80-20 2.26 91.4-0 -5.41 -.37 

50-50 3.75 69.94 1.27 .08 
Buffering 

Total VFA ml 1 capacity 2613.52 .75 35.79 -81a 

Carcass grade C2/G3 23.96 4.09 -3.72 -.38 

ec-20 7.67 .89 .77 .29 

50-50 6.92 1.77 -.83 -.24 

Carcass grade C4 23.96 b68.45 50.4 .63^ 

80-20 7.67 91.40 4.3 • 51b 

50-50 6.92 69.94 14.4 .66& 

Separable fat C4 401.42 268.45 190.85 .58® 

80-20 113.57 91.40 48.02 .47 

50-50 84.26 69.94 -4.80 - .06 

£P 0.01. 

Dp 0.05. 
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Table 42. Analysis of variance of the effects of route 
collection of rumen fluid samples on ruminai 
fermentation patterns 

of 

Mean square 

Source D.F. 
Total 
VFA ml-1 

Buffering 
capacity® PH 

Total 15 

Treatment 1 619 .250 .330 

Remainder 14 265 .134 .023 

aOnly 13 degrees of freedom. 

Taole 43- Analysis of variance of comparative ruminai 
response of fistula ted and intact wether lambs 
to change in ration treatments 

keen square 
Source D .F. C4 c

2 /c 3  PH 

Total 31 -

Treatment 1 72.00 .456 .78 

Type ar.imal 1 7.80 .898 .24 

Trt x type 1 7.61 .800 .01 

Remainder 28 9.21 .236 .014 
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