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ABSTRACT 

STUDIES ON RUMEN METABOUSM 

by 

JOHN ALDEN ROBERTSON 

The present study has been concerned primarily with the effects of 

supplementary lipid on protein and carbohydrate metabolism in the rumen 

and with the degree of hydrolysis and hydrogenation of lipids by rumen 

microorganisms. In addition, in vivo and in vitro experiments were car­

ried out to determine the effect of the addition of soluble carbohydrates 

on the concentrations of fermentation end-products. 

In the early part of this work, the effect of lipid on protein and 

carbohydrate metabolism was investigated in rumen-fistulated twin cows 

fed freshly-cut pasture. Linseed and whale oil were used as supplementary 

sources of lipid. The infusion of either oil into the rumen resulted in 

reductions in feed intake and in the concentrations of acetic and butyric 

acids. Concentrations of propionic acid remained at or above those found 

during the pretreatment periods. Added linseed oil also resulted in in­

creased concentrations of ammonia in the rumen. Further investigation 

led to the observation that lipid depressed cellulose digestion and 

inhibited rumen motility. 

Lipid, incubated with rumen liquor obtained from animals fed freshly­

cut pasture and with ryegrass juice extract, increased the concentrations 

of ammonia and propionic acid but had no consistent effect on gas produc­

tion or on the concentrations of acetic and butyric acids. Following the 

replacement of the grass juice extract with grass fibre, lipid decreased 



the formation of acetic acid and the digestion of fibre, increased the 

formation of propionic acid but had no effect on the concentration of 

ammonia. 

The hydrolysis and hydrogenation of grass and clover lipids and of 

linseed oil were followed in conjunction with some of the above in vivo 

and in vitro experiments. Mono- and digl.ycerides, in addition to fatty 

acids, were found in the rumen liquor after infusion of linseed oil into 

the rumen. The proportions of linoleic acid found in rumen liquor 6.5 

hr. after infusion of oil were above normal but the proportions of lino­

lenic acid had returned to about the prefeeding level in this time. The 

free fatty acids were more saturated than the unhydrolyzed triglycerides 

but the proportions of unsaturated fatty acids in the partially hydro­

lyzed glycerides were not greatly different to those of the triglycerides. 

P�pid hydrogenation of the constituent unsaturated fatty acids of linseed 

oil also occurred in vitro. 

In the in vivo experiments in which starch was added to the rumen of 

cows fed pasture containing one of two levels of nitrogen it was found 

that the added carbohydrate brought about marked reductions in ammonia 

concentrations but had no consistent effect on total volatile fat ty acid 

concentrations. 

Incubation of each of a series of soluble carbohydrates with rumen 

liquor and ryegrass juice extract for periods of up to 3 hr. showed that 

galactose, glucose, sucrose, lactose, galacturonic acid, xylose and I.­

arabinose were readily fermented but that D-arabinose was not. A close 

relationship was found between the rate of fermentation, the degree of 

ammonia utilization and the production of volatile fatty acids. 



ACKNO\iLIDG:ElffiNTS 

The author wishes to thank Dr. J. C. Hawke for encouragement and 

guidance throughout the course of this work and Dr. A. T. Johns for 

helpfu� discussion and provision of some of the appa ratus and facilities 

required. 

Thanks are a�o d ue to Miss J. T. Barnett. for carrying out the 

a nalyses of the �ong-cha�n fatty a cids; to Dr. C. S. W. Reid for 

assistance in recording rumen motility; to Mr. M. R. Grimmett for photo­

g raphic reproduction of the graphs; a nd to Dr. R. E .  Munford for helpfu� 

criticism of the manuscript. 

This study was made possible by the receipt of a Com monwealth 

Scholarship a nd a grant-in-aid f rom the University Grants Committee. 



TABLE OF CONTENTS 

INTR.ODUCTION 

REVIEW OF I.JTgRATURE 

A. �1etabolisrn of Lipids by Ruminants 

Page 

1 

4 

1. Lipids of Pa sture Species 4 

2. Digestion and Metabolism of Lipids 4 

(a) Hydrogenation 5 
(b) Hydrolysis 8 

(c) Fermentation of glycerol 9 

3. Effect of SUpplementary Lipid on the Digestibility 
of Other Nutrients 10 

B. Metabolism of Nitrogenous Compounds and Carbohydrates 
by Ruminants 

1. Metabolism of Dietary Nitrogen 

2. Fermentation of Carbohydrates 

3. Effect of Protein on Cellulose Digestion 

4. Effect of Carbohydrates on Protein Metabolism 

OBJECT OF THE PRESENT WOP..K 

PARI' 1. THE CONCENTRATIONS OF AMMONIA, TarAL AND INDIVIDUAL 
VOLATILE FATTY ACIDS IN DIFFERENT REGIONS OF THE 
BOVINE P..ID-1EN 

Introduction 

Materials and Methods 

Treatment of Animals 

Rumen Sampling 

Analytical Methods 

(a) Pasture Analysis 

15 
15 
18 

20 
22 

26 

34 

34 

J4 

34 

34 



Page 

(b) Rumen Liquor Ana lysis 3 5 
Results and Discussion 37 

Feed Intake 37 
Ammonia 37 
Test o f  Method for Quantitative Determination 
of VFA 40 
T otal and Individual Volatile Fatty Acids 43 

Summary 51 

PART 2. EFFECT OF UPIDS ON THE CONCENTRATION OF AMMONIA, TOTAL 
AND INDIVIDUAL VOLATILE FATTY ACIDS AND ON THE DIGESTION 
OF CELWI.OSE IN THE RUMEN 

Materials and Methods 

Treatment of Anima 1s 

Experiment (i) 

Experiment (ii) 

Experiment (iii) 

Experiment (iv) 

Experiment (v) 

Experiment (vi) 

Analytical Methods 

Pasture Analysis 

Rumen Liquor Analysis 

Fluid Volume of the Rumen 

Results 

Effect of Lipid on the Ammonia, Total and 
Individual Volatile Fatty Acid Concentrations 

52 

52 

53 
53 
53 
54 

54 
55 

55 
56 
56 

in the Rumen 58 

Pasture Composition 58 



F eed Intake 

Ammonia Concentration in the Rumen 

pH Measurements of Rumen Liquor 

Total Volatile Fatty Acids 

Individual Volatile Fatty Acids 

Fluid Volume o£ the Rumen 

Effect o£ Lipid on Cellulose Digestion 

Effect o£ Lipid on Rumen Motility 

Discussion 

Summary 

PART 3. In ill.Q HYDROLYSIS AND HYDROGENATION OF LIPID 

Materials and Methods 

Page 

59 

60 

62 

63 

64 

6/) 

67 
7J 
76 

82 

Treatment of Animals and Collection of Samples 83 

Extraction of Lipid from Rumen Fluids 83 

Separation of Lipids by Thin Layer and Column 
Chromatography Using Silicic Acid 83 

Separation and Determination of Fatty Acids 84 

Results 

Variations with Feeding in the Amounts of 
Lipid in Rumen Liq�or 85 

Fatty Acid Composition of Rumen Liquor 85 

Fatty Acid Composition of Rumen Supernatant 89 

Qualitative Separation of Lipid by Thin Layer 
Chromatography 91 

Discussion 9.3 
Summary 96 



PARI' 4. EFFECT OF UPID ON MICROBIAL ACTIVITY ,!u vitro 

Materials and Methods 

Preparation of Rumen Liquor and Substrates 

Measurement of Fermentation Rates 

Incubation of Rumen Fluids with Lipid and 
Grass Juice 

Incubation of Rumen Fluids with L ipid and 
Grass Fibre 

Analytical Methods 

Results and Discussion 

Effect of Lipi.d on the Fermentation of Soluble 

Page 

97 

97 

98 

98 

99 

Ryegrass Constituents lOO 

Hydrogenation of Linseed Oil by Rumen Liquor 103 

Effect of Lipid on the Fermentation of Grass 
Fibre 107 

Summary 111 

PART 5. EFFECT OF ADDED CARBOHYDRATE ON MEI'ABOUC ACTIVITY 
in vivo AND in vitro 

Introduction 

Iv"..aterials and Methods 

l12 

Treatment of Animals for ill !!!£ Experiments 114 

Treatment of An�Als for the in vitro 
Neasurement of Fermentation Rates 114 

Incubation of Rwnen Liquor with Carbohydrate 115 

Analytical Methods 115 

Moisture 115 

Crude protein 115 
Non-protein nitrogen 115 



Page 

Separation and identification of soluble 
sugars in grass juice extract 116 

Results 

Quantitative estimation of sugars 116 

A. I!! .!i!£. Experiments 

Nitrogen Levels in the Feed and the Level 
of Intake 118 

Ammonia Concentrations in the Rumen and the 
Effect of Addition of Starch 118 

Volatile Fatty Acid Concentrations in the Rumen 120 

B. In !ik£ Experiments 

Soluble Sugars and Crude Protein in Ryegrass 
Juice Extract 120 

Effect of Addition of 0.1 or 0.2 g. of 
Soluble Carbohydrates on Metabolic Activity 
1!:! vitro 122 

Comparison of Rates of Fermentation of 
Soluble Carbohydrates 122 

Discussion 127 

Summary 131 

GENERAL DISCUSSION 132 

REFERENCES 148 

APPENDICES 




