
Chapter 3 

GENERAL MATERIALS AND METHODS 

3.1 ANIMALS 

Merino sheep and Angora goats were used in the growth 

studies reported in Chapter 5 and Holstein-Friesian cows were 

used in the studies of milk production from pasture and supplements 

reported in Chapter 4. Saanen goats and Border Leicester x Merino 

crossbred ewes in lactation were used for metabolic experiments 

reported in Chapters 6 and 7 respectively. 

The Holstein-Friesian cows were part of the University 

dairy herd and the crossbred ewes were obtained from the University 

flock. The Saanen goats, Angora goats and Merino sheep were 

purchased locally. 

3.1.1 Management 

The Holstein-Friesian cows were managed as part of the 

normal milking herd. The growth studies were carried out in 

individual pens in the University Animal House. The does 

and lactating ewes were housed in individual metabolism crates 

located in the University's Beef Unit. 

In all experiments conducted indoors, the pens were 

cleaned daily and water (available at all times) was changed 

daily. Prior to experimentation, all animals were treated to 

remove gastrointestinal parasites. In all experiments, at least 

21 days were allowed for adjustment to the basal diet or 

supplements (dairy cows). 



3.1.2 Surgery 

In order to conduct metabolism studies, it was necessary 

to make continuous infusions into the rumen or abomasum and have 
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access to ruminal and abomasal digesta. The Saanen does were surgically 

modified to include a rumen cannula and a single 

T-shaped cannula in the abomasum located approximately 5 cm anterior 

to the pyloric sphincter. The crossbred ewes were fitted with only 

an abomasal cannula. 

A post-operative period of at least two months was allowed 

prior to experimentation. In the metabolic studies, it was necessary 

to catheterize both jugular veins so that continuous infusions of 

radioactively labelled metabolites could be made and samples removed 

from the opposite catheter. A post-catheritization period of 18 hr 

was allowed prior to commencing infusions. 

3.2 DIETS A1~ FEEDING 

The diets and feeding regime varied between experiments 

and particulars are explained in the relevant chapters. 

3.2.1 Protein Supplements 

In the experiments with lactating dairy cows reported in Chapter 

4, extracted cottonseed meal was used as the protein supplement. 

To extract the oil, the cottonseed was first run through an expeller 

prior to solvent extraction. Heat generated during the extraction 

process was presumed to reduce the rumen degradability of cottonseed 

meal. 

In the other experiements, formaldehyde treated casein was 

used as the protein supplement. The treatment procedure was a 

modification of the method of Ferguson et ale (1967) based on further 

research conducted by C.S.I.R.O. (Prospect, N.S.W.). The casein was 

prepared by spraying 380 ml of a 37% formaldehyde solution 

(140 ml formaldehyde + 240 ml H
2
0) on to 5080 g of acid-precipitated 

casein while it was revolving in a sealed drum mixer. After mixing 

for 10 min, the treated casein was stored in sealed plastic bags for 

at least 7 days prior to use. 



3.2.2 Energy Supplements and Vitamin/Mineral Premix 

In the experiments reported in Chapters 4, 5 and 6, cracked 

polished rice was used as an energy supplement which was obtained from 

Coprice, Leeton, N.S.W. In the metabolism studies reported in Chapters 

6 and 7, glucose was infused into the abomasum. Glucose monohydrate 

was dissolved in water to make 12-24% solutions (wt/vol) and pumps 

adjusted to deliver the desired dose of glucose. Glucose solutions 
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were prepared daily to avoid bacterial growth. Other energy supplements 

that were utilized included cracked wheat and sucrose (Chapter 6) and 

dairy pellets (Chapter 4). The dairy pellets were manufactured by 

Fielders, Tamworth, N.S.W. and were primarily composed of barley and wheat. 

In experiments reported in Chapters 5, 6 and 7, vitamins and 

minerals were supplied by adding a commercial premix (Pfizer Quote 422, 

Pfizer Pty. Ltd., N. Ryde, Aust.). The premix contained (g/kg): 150 Ca, 

106 Mg, 60 P, 18 Fe, 18 Zn, 4 eu, 0.4 I, 0.1 Co, 4.4 x 106 I.U. Vito A 

and 1.76 x 106 I.U. Vito D
3

. 

3.2.2 Roughage Sources 

In the lactation studies reported in Chapter 4, pasture provided 

the source of roughage. In the growth experiments and lactating ewe 

experiments reported in Chapters 5 and 7 respectively, roughage was 

provided as oaten chaff which contained 70-85% chaff and 15-30% oats 

(wt/wt basis). Within each experiment one lot of oaten chaff was used 

to reduce variation due to fluctuation in composition of the oaten chaff. 

In the experiments reported in Chapter 6 which compared quantitative 

digestion and metabolism of carbohydrate supplements, it was necessary 

to remove the oats from the chaff. This was achieved by mechanical 

separation. Visual inspection verified that all oats had been removed 

from the chaff. 

3.2.4 Feeding Regimes 

In the lactation studies reported in Chapter 4, cows received their 

supplements twice daily during milking and were allowed to graze pasture 

between milkings. In the growth trials reported in Chapter 5, animals 

were fed once daily. In the metabolism studies reported in Chapter 6, 

feeding frequency was varied depending on the nature of the measurements 

being taken. During the adaptation period~ an:inals receival their daily ration 



in equal portions every 6 hr. During continuous infusion 

of digesta markers and collection of ruminal and abomasal 

samples, diets were fed in equal portions every 2 hr. To 

maintain a dynamic steady state necessary for measurement of 

metabolite entry rates, animals were fed equal portions of 

their ration every hour during continuous jugular infusion of 

labelled metabolites. Because of considerable fluctuation in 

methane production, during measurements of methane production, 

animals were fed equal portions of their ration every 30 

min. In the experiments reported in Chapter 7, animals received 

their daily ration in equal portions every 6 hr. During 

continuous infusion and sampling of labelled metabolites, feeding 

frequency was increased so that their daily ration was fed in 

equal portions every 3 hr. 

3.3 MEASUREMENTS OF PRODUCTION 

3.3.1 Liveweight Change 

In the lactation study reported in Chapter 4, cows were 

weighed every 10 days immediately following the morning milking. 

In the growth experiments reported in Chapter 5, weights were 

recorded weekly prior to the daily feeding. During the lactation 

experiment with ewes reported in Chapter 7, twin lambs were 

weighed every three days. Liveweight measurements were calculated 

as the combined weight of both lambs. In all experiments, 

liveweight change was calculated as the difference between initial 

and final weights over the experimental period. 

3.3.2 Fibre Growth and Fibre Diameter 

To measure wool or mohair growth, midside patches (8 x 

8 em) were clipped at the beginning and end of the experimental 

periods. The clean dry weight of the patches was determined 

by the method of Turner et ale (1953), and growth calculated as 
2 

mg/cm /day. Fibre diameter was estimated by sonic measurement 

on a C.S.I.R.O. Sonic Fineness Tester (P.T. Paton Ind. Pty. Ltd., 

Aust.) calibrated for wool (2.5 g/sample) and mohair fibre 

(3.0 g/sample) by the methods of Stapleton (1978). No allowances 

for emergence time were made in regards to measurement 

of fibre growth reported in Chapter 5. 
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3.3.3 Milk Production 

In the dairy trial reported in Chapter 4, milk production 

was measured every 10 days with an in-line milk volume measuring 

device (Tru-Test Milk Meter, New Zealand). Milk yield was 

calculated as the combined total for both morning and afternoon 

milkings. A sample from both milkings (in proportion to yield) 

was taken for milk composition analysis. 

In the experiments with lactating goats reported in 

Chapter 6, milk production was measured daily (hand milking) and 

yield calculated as an average for each experimental period. In 

the lactating ewe experiments reported in Chapter 7, milk 

production was estimated by the method of Corbett (1968). Ewes 

were injected intravenously with 3 IU of oxytocin. Immediately 

following injection, lambs were allowed to suckle and any 

residual milk was removed by hand milking. Lambs were removed 

from the ewes and after 4 hr a second injection of oxytocin 

was administered. Ewes were immediately milked out by hand and 

daily milk yield calculated by multiplying yield by six. Samples 

were taken and stored at 4
0

C for subsequent analysis of fat 

content or stored at -20
o

C for later analysis of protein content. 

3.4 STUDIES OF RUMEN DIGESTION AND METABOLISM 

3.4.1 Collection of Rumen Samples 

Samples of rumen fluid were collected from fistulated 

animals by fitting the rumen cannula with a stainless steel 

probe covered with nylon gauze. The probe protruded in the 

fluid of the dorsal sac of the rumen. Samples were collected by 

gentle suction into a 20 ml disposable syringe attached to the 

probe by a short length of plastic tubing. 

Immediately after collection, the sample (15-20 ml) was 

transferred to a McCartney bottle and pH recorded. The sample was 

then acidified by addition of 4 drops of 18 N sulphuric acid and 

stored at -20
oe for later analysis of volatile fatty acids and 

ammonia concentrations. In animals without rumen cannulae 
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(studies with lactating ewes reported in Chapter 7) rumen fluid 

samples were obtained by stomach tube. 

3.4.2 Collection of Rumen Methane Samples 

In experiments reported in Chapter 6, samples were also 

taken of rumen gas to measure rumen methane production during 

. . f' f 14C h Th 1 contlnuous ln USlon 0 -met ane. e rumen cannu a was 

fitted with a stainless steel probe covered with nylon gauze. 

The probe was directed into the gas space in the dorsal sac 

of the rumen. Gas samples were collected in a 100 ml glass 

syringe attached to the probe by a short length of plastic 

tubing. Attached to the glass syringe was a 3-way tap, a 

liquid trap and a 20 ml plastic syringe. After collecting 

the sample, the gas was redirected via the 3-way tap, into the 

20 ml syringe and any liquid in the sample was collected in the 

trap. The free carbon dioxide in the gas sample was absorbed 

by injecting 3 ml of IN NaOH (C0
2 

free) contained in a 5 ml 

syringe attached to the 20 ml syringe. After shaking vigorously 

to absorb the CO2 , the samples were left up to 12 hr prior to 

analysis (see Section 3.9.5). 

3.4.3 Estimation of Rumen Degradability of Feedstuffs 

To estimate the rate of rumen degradability of various 

supplements, approximately 5 g of feedstuff were placed in 

dacron bags (loose weave with pore size of approximately 

50 microns) along with a heavy marble to ensure submergence 

of the bag in rumen digesta. The bags were suspended in the 

rumen fistulated animals for 6, 12 and 24 hr. After removal 

from the rumen, the bags were washed and squeezed thoroughly 

for 3 min before being placed in an oven at 650 C for 24 hr 

prior to weighing. In all studies, animals used for this 

assay had received the feedstuffs in their diet for at least 

three weeks prior to the experiments. 

3.4.4 Estimation of Rumen Fluid Turnover Time 

To estimate rumen fluid turnover time (in the growth 
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studies reported in Chapter 5), animals were given a single 

dose per ~ of radioactive chromium comp1exed with 

ethy1enediamine-tetracetic acid (51Cr-EDTA). This has been 

shown to be a favourable liquid marker for digesta flow studies 

(see Downes and McDonald, 1964). The Cr-EDTA complex was made 

by the method of Binnerts et a1. (1968). After dosing, grab 

samples of faeces were taken at approximately 12 hr intervals for 

72 hr. Tared gamma-counting tubes were filled to a standard 
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height (35 rom) with faeces and radioactivity as Cr-EDTA was 

measured using an Autogamma Spectrometer (Model 3002, Packard 

Inst. Co., Illinois, U.S.A.). Samples were corrected for background 

with blank gamma-tubes. After counting, the tubes were dried 

at 600 in an oven and radioactivity was calculated per gm 

of faecal dry matter. Turnover rate was determined by regression 

of declining radioactivity in faecal DM over time by methods 

of Grovum and Williams (1973). 

3.5 STUDIES ON DIGESTA FLOW 

To correctly determine true digesta flow, it is necessary 

to use digesta markers which associate with either the liquid 

or solid phase (see Faichney, 1975). For these purposes, 

chromium (Cr) and ruthenium (Ru) were used as the liquid and 

solid phase markers. Cr was prepared as the Cr-EDTA complex by the 

method of Binnerts et a1. (1968) and Ru was prepared as the 

Ru-phenanthroline complex by the method of Tan, Weston and 

Hogan (1971). In the experiments reported in Chapter 6 (lactating 

goats), the infusion solution was made up with distilled water 

and contained approximately 55 and 30 mg/1 of Cr and Ru respectively. 

This solution was infused into the rumen at a rate of 0.3 

ml/min for 5 days and abomasal digesta samples were collected 

at frequent intervals over the last 48 hr. In the experiments 

reported in Chapter 7 (lactating ewes) the marker solution was 

sprayed onto oaten chaff and subsequently mixed into the basal 

diet. The basal diet contained approximately 20 and 14 mg/kg 

of Cr and Ru respectively. Animals were fed the diet containing 

the markers for 5 days and abomasal samples collected at intervals 

over the last 48 hr. Abomasal samples were bulked for each 

animal and after thorough mixing, divided into two equal portions. 
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One portion was centrifuged at 3000 g for 10 min and the 

supernatant discarded. The centrifuged digesta and the whole 

digesta (other portion) were dried at 6SoC in a forced draft 

oven. The dried digesta was ground and analysed for Cr and Ru. 

For Ru analysis, approximately 4 g of digesta or basal diet were 

compressed into a pellet and analysed by x-ray fluorescence 

spectrometry at the ICI laboratories (Merrindale Research 

Station, Croydon, Victoria). For Cr analysis, samples were 

digested and converted to chromic oxide by the method of Stevenson 

and DeLangen (1960) and chromium content determined on an atomic 

absorption spectro-photometer (Model 360, Perkin-Elmer, Connecticut, 

U.S.A.) using an acetylene-nitrous oxide flame. Standards of 

Cr were prepared in the same way as the samples. A weighed 

amount of infusion solution used in experiments reported in Chapter 

6 was added to Cr/Ru-free abomasal digesta and Cr and Ru 

content determined in the same way as the samples. 

True digesta flow rates were calculated by the methods 

of Faichney (1975) for digesta containing dual phase markers 

and separated into two fractions. 

3.6 DETERMINATION OF APPARENT DIGESTIBILITY 

To determine apparent digestibility two methods were 

employed: the change in marker concentration in feed and faecal 

grab samples, and total faecal collection. 

In the experiments reported in Chapter 5 (growing Angoras 

and Merinos), chromic oxide was added to the basal diet at a 

concentration of 300 mg/kg. The diets containing chromic 

oxide were fed for 7 days and faecal grab samples taken at 12 hr 

intervals over the last 72 hr. 

Diets and faeces were dried to constant weight and 

analysed for chromium (see Section 3.5). Digestibility was 

calculated by the difference in concentration between feed 

and faeces. 
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In experiments reported in Chapter 6 (lactating goats), diets 

were fed for 14 days in 4 equal portions every 6 hr. Total 

collection of faeces was made over the last 4 days. The faeces 
o 

were weighed and a 10% aliquot was bulked and stored at -20 C. 

Feeds and faeces were dried at 6~C in a forced draft oven, 

ground and stored for later analysis of constituents. 

3.7 MEASUREMENT OF METABOLITE ENTRY RATES 

3.7.1 Infusion Procedures 

In the metabolic studies reported in Chapters 6 and 7, 

metabolite flux rates were determined by continuous intravenous 

infusion of radioactively labelled glucose, NaHC0
3

, and palmitic 

acid. Infusions were made by means of peristaltic pumps, with 

the infusate delivered by silastic tubing to a jugular catheter 

which had been implanted at least 18 hr prior to infusions. 

All infusions lasted at least 10 hr, with samples taken over the 

last 6 hr of the infusion. Infusion rates were determined 

by measuring the weight loss from infusate reservoirs over 

time. To determine rumen methane production, continuous 

infusions were made with an all-metal delivery system to avoid 

losses of labelled methane via diffusion. 

3.7.2 Preparation of Infusates 

3 14 14 The tracers (2- H) and (U- C) glucose, NaH C0
3

, 

(6,lO_3H) plamitate and (
14C) methane were obtained from 

Amersham International, Amersham, Bucks, U.K. 

In the experiments reported in Chapter 6, the (2-
3

H) 

glucose and NaH 14co
3 

were prepared together in sterile saline 

containing approximately 10-15 mg/1 of non-radioactive carriers 

and 5 drops of ION NaOH to give a final solution of 10-15 pCi of 

each isotope per ml of infusate. 

The (6,10-3H) palmitic acid was prepared by adding 10 mg 

of non-radioactive palmitic acid to 0.4 ml of labelled palmitate 

58 



in toluene. The toluene was removed under a stream of N2 

gas. Palmitic acid was neutralized by adding 3 ml of .02N NaOH 

and solubilized by warming to 70oC. The resulting soap solution 

was added to sterile saline containing NaH14co
3 

(plus carrier) 

to give a final solution containing 10 pCi of NaH14co
3 

and 

1.6 pCi of (6,10-
3

H) palmitic acid/ml of infusate. In experiments 

reported in Chapter 7, (2_3
H) and (U_

14C) glucose were prepared 

together in sterile saline (plus carrier) to give a final solution 
14 3 containing 0.8 pCi of (U- C) glucose and 10 pCi of (2- H) glucose/ 

ml of infusate. 

The ( 14C) methane was prepared as an aqueous solution 

by the method of Murray et ale (1978). 

3.7.3 Preparation of Blood Samples 

During continuous infusions (10 hr), 8-10 blood samples 

(15 ml) were withdrawn at intervals over the last 6 hr from 

the jugular vein opposite to that into which the infusions were 

made. Blood samples were also taken before infusions and between 

infusions to check for any residual activity. At sampling, 

1.5 ml of blood were withdrawn and discarded. After sampling, 

the catheter was filled with heparinised saline (25 iu/ml) to 

maintain patency. A sub-sample of whole blood (6 ml) was 

immediately dispensed into a gas-tight bottle along with a 

small test tube containing 1 ml of IN CO2-free sodium hydroxide. 

After tightly capping, 1 ml of IN sulphuric acid was injected 

through the rubber septum of the bottle with a 26-gauge 

needle. Acidification of the blood resulted in release of 

blood bicarbonate which was trapped in the sodium hydroxide. 

This procedure took approximately 30 seconds. Samples were 

left for 12 hr prior to analysis. 

The remaining blood (9 ml) was heparinized, centrifuged 

(3000 g for 5 min) and the plasma stored at -20
o

C for subsequent 

determination of glucose and hormones. Plasma collected during 

the labelled palmitate infusions was stored at -80
oe to inhibit 

activity of any lipolytic enzymes. 
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3.8 BLOOD SAMPLES 

In other experiments (Chapter 4 and 5) where animals 

were not catheterized blood samples were taken by venipuncture 

of the jugular (Chapter 5) or tail vein (Chapter 4). These 

samples were withdrawn into heparinized tubes and immediately 

placed in crushed ice. Samples were then centrifuged (3000 

g for 5 min) and stored at -20
o

C for later analysis of hormones 

and other metabolites. For analysis of body water (Chapter 5) , 

samples of whole blood were taken and stored at -20°C. 

3.9 ANALYTICAL TECHNIQUES 

3.9.1 Dry Matter and Organic Matter Determinations 

Samples were dried to constant weight at 6SoC in a forced 

draft oven and organic matter was determined from finely 

ground (1 mm sieve) subsamples which were heated to 6000 C for 

4 hr in an ashing furnace. 

3.9.2 Analysis of Nitrogenous Constituents 

3.9.2.1 Total Nitrogen 

Total nitrogen in feed, faeces and digesta samples was 

determined by micro-Kjeldahl techniques. After digestion 

and steam distillation, ammonia collected in 2% boric acid 

(w/v) was titrated to pH 5 (Autoburette ABU12, Radiometer, 

Copenhagen, Denmark) with either .05 M or .0075 M sulphuric 

acid, depending on the nitrogen content of the sample. Samples 

were corrected to 100% recovery based on nitrogen recovery from 

known standards and blanks. 

3.9.2.2 Ammonia Nitrogen 

Samples were made alkaline with sodium tetraborate before 

steam distilling for 3 min with collection and titration of 

ammonia being the same procedure as for total nitrogen. 
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3.9.2.3 Milk Protein 

In experiments reported in Chapter 4 (lactating cows), 

milk protein was measured by near-infrared analysis by the New 

South Wales Dept. of Agriculture. In experiments reported in 

Chapter 7 (lactating ewes) milk crude protein was measured as total 

nitrogen ( see Section 3.9.2.1) x 6.25. 

3.9.2.4 Plasma Urea and Albumin 

Plasma was analysed for urea nitrogen using the diacetyl 

monoxime method (Marsh, Fingerhut and Kirsch, 1957) and for 

albumin using the bromcresol green method (Dow and Pinto, 1969) 

using an autoanalyzer (Technicon Instrument Corp., Tarrytown, 

New York, U.S.A.). 

3.9.3 Starch (alpha-linked glucose polymers) 

Starch in feeds, faeces and digesta was measured by 

the enzymatic method of MacRae and Armstrong (1968). 

3.9.4 Acid-detergent Fibre 

Acid-detergent fibre in feeds, faeces and digesta 

was measured by the method of Goering and Van Soest (1970). 

3.9.5 Methane 

The method of Leng (1982b) was used for isolating ( 14C) 

from methane gas samples and infusion solutions. Methane 

was oxidized to CO2 in a furnace containing ferric oxide 

and maintained at 7200c. Nitrogen gas was used to carry the 

injected gas sample (at 3 ml/min) through the furnace and 

effluent gases were mixed with CO2-free 0.5 M NaOH, which 

was infused at a 'T' piece so as to form gas bubbles in the 

stream of alkali which passed through an extended length of 

spiral glass tubing. The effluent was discharged into 2 ml 

of NH40H (50 g/l) and 3 ml of BaC1
2

·2H20 (200 g/l) which 

precipitated the discharged CO
2 

as barium carbonate. The 

precipitate was washed, dried, weighed and transferred to 

61 

\ 



scintillation vials. Two glass beads were added and by spinning 

the beads on a vortex mixer, the precipitate was ground into 

fine, homogenous particles. 

3.9.6 Blood Carbon Dioxide 

The CO2 in blood bicarbonate and infusion solutions 

had previously been collected in CO
2
-free IN NaOH (see Section 

3.7.3). The CO
2 

in the NaOH solution was precipitated as 

barium carbonate, washed, dried, weighed and ground in the 

same way as barium carbonate from oxidized methane (see Section 

3.9.5). 

3.9.7 Tritiated Water Space 

Tritiated water space was determined by extracting labelled 

water (3H20) from whole blood by the methods of Till and Downes 

(1962). 

3.9.8 Volatile Fatty Acids (VFA's) 

Total VFA and proportions were analysed from the 

supernatant of rumen fluid samples which had previously been 

centrifuged at 3000 g for 10 min. The samples were analysed 

using a gas-liquid chromatograph (Model 427, Packard lnst. Co., 

Illinois, U.S.A.) with isocaproic acid added as an internal 

standard. 

3.9.9 Glucose 

Plasma glucose concentrations were measured by the 

hexokinase method (Bondar and Mead, 1974) using a Glucose 

Rapid Test Kit (La Roche Co. Ltd.) on a Cobas-Bio Centrifugal 

Analyser (F. Hoffman-La Roche Co. Ltd., Diagnostica, Basle, 

Switzerland). For assaying radioactivity, plasma was deproteinized 

using barium hydroxide and zinc sulphate and glucose isolated 

as the penta-acetate derivative by the methods of Jones (19 65). 

The glucose penta-acetate crystals were washed, dried and 

weighed into tared scintillation vials. 
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3.9.10 Free Fatty Acids (Palmitate) 

Plasma lipids were extracted by a modification of 

the Dole method (Ko and Royer, 1967). Free fatty acids were 

extracted from the heptane phase by the methods of Pethick 

et ale (1983). The free fatty acid fraction was transferred 

to scintillation vials and concentration of free fatty acids 

determined by titration with IN tetrabutylammonium hydroxide 

under a stream of nitrogen gas (Ko and Royer, 1967). A 

standard curve was developed using palmitic acid. Samples 

were corrected to 100% recovery based on recovery of palmitic 

acid standards and blanks. The molar proportion of palmitate 

in samples was determined on a gas liquid chromo to graph (}10del 

438, Packard Inst. Co., Illinois, U.S.A.) after converting 

the fatty acids to methyl esters. To check whether interconversion 

of labelled palmitate with oleate had occurred during the 

infusions, extracted free fatty acids were separated by 

argentation thin layer chromotography (Kates, 1972) which 

separates fatty acids on the basis of the number of double 

bonds they contain. After separation, plates were exposed 

to iodine vapour to locate spots. The spots were scraped into 

test tubes and fatty acids extracted in 3 ml of solvent mixture 

(methanol/diethyl ether; 2/1, v/v). 

After transferring to scintillation vials, the solvent 

was removed under a stream of nitrogen gas. Scintillation 

cocktail was added (see Section 3.9.13) and assayed for 

radioactivity. 

3.9.11 Milk Fat 

Milk samples obtained from experiments in Chapter 4 

were analysed for fat content by near-infrared analysis by the 

New South Wales Dept. of Agriculture. }lilk samples obtained 

from experiments in Chapter 7 were analysed for fat content 

by the Babcock method (AOAC, 1980). 

3.9.12 Plasma Hormones 

Concentrations of insulin and growth hormone in plasma 
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were measured by radioimmunoassay techniques, 

essentially as described by Bassett and Thorburn (1971) and Wallace 

and Bassett (1970) for insulin and growth hormone, respectively. 

3.9.13 Assays of 14C and 3H Radioactivity 

The barium carbonate preparations from rumen methane 

and blood bicarbonate samples were assayed for ( 14C) radio

activity by suspending barium carbonate particles in 10 ml 
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of xylene containing 3.5% (w/v) Cab-o-sil (G. L. Cabot Inc., U.S.A.), 

0.4% (w/v) PPO (2-5 diphenyl oxazole) and 0.02% (w/v) POPOP (1,4 

(bis-2-5-phenyloxazolyl) - benzene). Suspension of the particles 

was accomplished using a rotary stirrer. 

3 14 Glucose pentaacetate was assayed for ( H) and ( C) 

radioactivity by dissolving the crystals in 10 ml of toluene 

containing 0.4% (w/v) PPO and 0.02% (w/v) POPOP. 

3 Free fatty acids were assayed for ( H) radioactivity 

in 10 ml of xulene containing 0.4% (w/v) PPO and 0.02% 

(w/v) POPOP. 

3 Water was assayed for ( H) radioactivity by adding 10 ml 

of toluene-Triton X 100 (Benson, 1966) to 0.5 ml of water 

extracted from blood. 

All samples, infusion solutions and blanks were counted 

in a Packard Tri-Carb automatic liquid scintillation counter 

(Model 3255, Packard lnst. Co., Illinois, U.S.A.) using the 

automatic external standard (AES) and counting efficiency to 

correct for quenching. Glucose samples were counted on the 

dual isotope setting and corrected for (14C) counts in the 
3 ( H) channel. 

3.9.14 Calculations 

Entry rates of metabolites (rate at which a metabolite 

leaves its respective pool and does not return during the 

infusion period) were calculated by dividing the rate of infusion 

of the isotope (uCi/min) by the plateau-specific radioactivity 



(uCi/g Carbon) (see Leng, 1970). All entry rates were expressed 

as g Carbon/day. 

Transfer quotients (the apparent proportion of either 

glucose atoms derived from blood CO
2 

atoms, or blood CO
2 

atoms 

derived from glucose atoms) were calculated by dividing the 

plateau-specific radioactivity of the product by the plateau 

specific radioactivity of the substrate. Tritiated water 

space was calculated as % of bodyweight by the methods of Till and 

Downes (1962). 

3.9.15 Statistics 

Statistical analysis of experiments was done by analysis of 

variance. In Chapter 5 and Chapter 7, it was necessary to calculate 
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a missing value, which was done according to procedures outlined by 

Snedecor and Cochran (1967). In cases where significance was intermediate 

between values listed in the tables of distribution of J and F, 

level of significance was determined by linear "interpolation of table 

values which gave conservative estimates. Differences between 

treatments were calculated by least significant difference (LSD) using 

a conservative approach, whereby LSD was calculated only if a significant 

F value was obtained. When appropriate, treatment differences were 

analysed by paired t-test (Snedecor and Cochran, 1967). 



Chapter 4 

EFFECT OF RUMEN DEGRADABILITY OF PROTEIN AND STARCH 

SUPPLEMENTS ON MILK YIELD AND BODYWEIGHT 

GAIN IN GRAZING DAIRY COWS 

4.1 INTRODUCTION 

In recent years, considerable interest has been directed 

toward the nutritional significance of bypass nutrients (proteins 

and starches that pass intact through the rumen and are absorbed 

in the small intestine) (Ferguson, 1975; Waldo, 1973). Protein 

escaping fermentation avoids the high losses as ammonia 

associated with deamination (Hagemeister, et al., 1981) and 

starch escaping fermentation avoids energy losses through 

methane and heat of fermentation. Armstrong et al. (1957, 1960) 

also observed an apparent difference in the efficiency of 

energy utilization favouring abomasal glucose over ruminal 

propionate infusions. 

Further advantages of bypass nutrients (especially starch) 

might be to avoid deleterious effects on rumen fermentation and 

feed intake. Dairy cows grazing pasture or fed conserved 

forages have been shown to reduce forage intake by 0.6 to 1 kg dry 

matter per kg of extra supply of concentrate (Leaver, et al., 1968; 

Gordon, 1981). Journet and Demarquilly (1979) also found a 

negative effect on organic matter digestibility when concentrates 

represented 23% of total dry matter intake in sheep receiving 

cut forage to appetite. In contrast, Stobbs et al. (1977) 

observed both increased milk yield and liveyleight gains in dairy 

cows grazing subtropical pasture when they ~iere supplemented with 

casein protected from rumen degradation compared to supplements 

of untreated casein. The researchers attributed the increased 

production to an increase in pasture intake. 



In order to investigate the role of bypass supplements 

for production, a practical study was undertaken in which 

grazing dairy cows were supplemented with commercially available 

protein and starch supplements which differed in rumen 

degradability. Production was evaluated in terms of milk 

yield and composition and liveweight change. 

4.2 MATERIALS AND METHODS 

4.2.1 Animals and Feeding 

Thirty nine Holstein-Friesian cows in early to mid

lactation were ranked according to days postpartum and randomly 

allotted to one of three supplements. Group means varied from 

138-142 days postpartum at the beginning of the trial. All 

cows in the experiment had previously completed at least one 

lactation. 

The group supplemented with "Slowly Degraded Protein" 

received a supplement containing solvent extracted cottonseed 

meal (70%) and cracked polished rice (30%). The group 

supplemented with "Slowly Degraded Starch" received a supplement 

containing cracked polished rice (74%) and solvent extracted 

cottonseed meal (26%). The group supplemented with "Degradable 

Nitrogen and Starch" received a conunercial pellet containing 

(g/100 g) 51 wheat, 33 barley, 8 wheat mill run, 2.3 cottonseed 

meal, 1.2 urea and 4.5 salt/minerals/vitamins. 

Animals were identified by colour-coded tail tags 

and gradually adapted to their respective supplements for 21 

days prior to the experimental period. Cows were fed the supplements 

at each milking (65% at 0700 and 35% at 1500 hr). Between 

milkings, cows were allowed to strip graze forage millet. Due 

to the smallness of the paddocks, it was necessary to move 

the animals to a different paddock every 10 days. Each paddock 

was designated as a period, giving a total of 6 periods 

within the experiment. 
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4.2.2 Animal Measurements 

Daily milk production was measured every 10 days at 

the end of each period. Representative samples of milk were 

collected and stored at -20
o

C for later analysis of fat and 

protein content. Body weights were recorded every 10 days 

after the morning milking. 

On days 57 and 58 of the experiment, blood samples 

were collected by venipuncture of the tail vein during the 

afternoon milking. Blood samples were centrifuged (3000 g for 

5 min) and plasma collected and stored at -20
o

C for later analysis 

of insulin. 

4.2.3 Forage Measurements 

To obtain an estimate of forage availability, random 

plots (1m x 1m) of the paddock were clipped before and after 

a strip had been grazed. Representative aliquots (10% of 

fresh weight) were dried in a forced draft oven (650 C) to 

obtain estimates of dry matter consumed. Observations were 

made during the grazing period to determine what portions 

of the forage were being consumed. Representative samples 

were collected of the consumed forage for analysis of dry 

matter, nitrogen and acid detergent fibre. 

4.2.4 Supplement Degradability Measurements 

In a 3 x 3 Latin square, the rate of digestibility 

of rice, cottonseed meal and the commercial pellets was 

estimated by suspending supplements in nylon bags in the rumen 

of dairy goats for various time periods. Three dairy goats 

which had previously been fitted with a rumen fistula, 

were adapted to a mixed diet containing (g/iOO g dry matter 

basis) 45 oaten chaff, 15 freshly cut grass, 10 wheat, 10 rice, 

10 cottonseed meal and 10 molasses. The goats received 1 kg 

of the diet fed in two equal portions daily. 
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TABLE 4.1 Daily intake and calculated composition of supplements fed to grazing dairy cows. 

Slowly Degraded Protein Slowly Degraded Starch Degradable Nitrogen/ 
Starch 

Cottonseed Meal (kg) 1.69 0.61 

Rice (kg) 0.72 1.72 

Commercial Pellets (kg) 2.40 

Total M. E. (MJ) 26 26 26 

Total Crude Protein (kg) 0.76 0.38 0.38 



4.2.5 Methods of Analysis 

Analytical methods have been reported in Chapter 3. 

Differences between treatments for milk yield and 

composition were determined by analysis of variance as a 

split plot design (13 replicates, 3 treatments, 6 periods). 

Differences between treatments for liveweight change over 

60 days and insulin levels were determined by analysis of 

variance for three treatments. Differences in DM disappearance 

in the rumen for the three feedstuffs was analysed as a Latin 

Square. 

4.3 RESULTS 

4.3.1 Forage Composition and Utilization 

Over the 60 day experimental perio~ forage passed from 

early maturity to the mature stage and was later regrazed. 

From the analysis of sampled herbage (approximate consumed 

portion), the forage contained 21-29% dry matter, 14-15% crude 

protein (N x 6.25) and 31-39% acid detergent fibre. 

From the clippings taken to estimate herbage utilization, 

it was determined that only 40-50% of the dry matter available 

was consumed by the cows. 

4.3.2 Composition and Degradability of Supplements 

The total intake and calculated composition (NRC, 1969) 

of the supplements are shown in Table4.1. All supplements 

were calculated to be isoenergetic and the slowly degraded 

starch and rapidly degraded starch and nitrogen supplements 

were calculated to be isonitrogenous. The slo 'wly degraded 

protein supplement contained twice as much nitrogen as the 

other supplements. 

Rumen degradability of the feedstuffs is shown in 

Table4.2. Cottonseed meal appeared to have two distinct 
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TABLE 4.2 Percentage dry matter (DM) disappearance of feedstuffs incubated in nylon bags in the rumen. 

Time Cottonseed Meal Cracked Rice Commercial Pellets SEM 

D.M. loss, 6 hr 31.0b 13.8a 
44.0c 

1.25 

D.M. loss, 12 hr 34.5
d 39.1 d 62.7e 

3.68 

D.M. loss., 24 hr 47.7
a 

73.4b 
73.4b 1.12 

a,b,c 
means within rows which do not share a common superscript differ (p < 0.01) 

d,e means within rows which do not share a common superscript differ (p < 0.07) 



TABLE 4.3 Effect of treatments on milk yield, milk composition~ liveweight change and plasma insulin levels. 

Milk yield l/day 

Milk fat % 

Milk protein % 

Liveweight change 

Insulin (ng/ml) 

Slowly Degraded 
Protein 

18.1 

3.9 

3.2 

(g/day) +SOe,f 

0.36x 

Slowly Degraded 
Starch 

17.9 

4.0 

3.2 

+210e 

0.4SY 

Degradable Nitrogen/ 
Starch 

16.7 

3.9 

3.2 

-110f 

0.38x 

e,f means within a row which do not share a common superscript differ (p < 0.09) 

x,y means within a row which do not share a common superscript differ (p < 0.20) 

SEM 

3.33 

0.03 

0.04 

97.0 

0.032 

'" N 



fractions. A highly degradable fraction was evident from the 

31% loss of DM during the first 6 hr in the rumen. For the 

following 18 hr cottonseed meal was only slowly degraded, 

suggesting that over 50% of the DM was largely resistant to 

degradation. The commercial pellet showed rapid degradabi1ity 

in the first 6 hr and by 24 hr approximately 75% of the DM had 

disappeared. In contrast, rice showed an equal amount of DM 

disappearance by 24 hr but there was a fairly constant rate 

of disappearance for 0-6, 6-12 and 12-24 hr, indicating that 

the potential existed for substantial portions of: rice to 

escape rumen fermentation. 

4.3.3 Effects of Supplements on Milk Yield, Liveweight Change 
and Plasma Insulin 

The effects of the three supplements on milk yield, 

milk composition, liveweight change and plasma insulin levels 

are shown in Table 4.3. 

Despite marked differences in rumen degradabi1ity of 

the supplements and twice the crude protein content in the 

bypass protein supplement, there was only a slight (7-8%) 

nonsignificant increase in milk yield in favour of the slowly 

degraded supplements. Concentrations of fat and protein 

were not affected by treatment. 

The changes in 1iveweight over the 60 day period 

indicated that weight loss occurred in the cows fed the 

degradable protein/starch supplement and weight gain occurred 

on the slm.,ly degraded supplements. Liveweight change 

tended t.o be increased (p < .09) in cm.;s fed the slowly degraded 

starch supplement compared to cows fed the degradable supplement. 

Resul ts suggested (p < .20) that plasma insulin levels may have 

increased on the slowly degraded starch supplement compared to 

the other supplements. 

4.4 DISCUSSION 

The objective of this study was to examine the effect 

of nutrients digested postrumina11y on milk production and 
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liveweight gain in grazing cows during midlactation. 

Only minor improvements in milk yield (7-8%) were observed 

in cows fed slowly degraded supplements. This increase in 

milk yield was similar to responses obtained with abomasal 

infusions of casein when lactating cows were fed high quality 

diets (Clark, 1975; Clark, et al., 1977; Oldham, 1981). 

Although protein content was twice as high on the slowly 

degraded protein supplement compared to the slowly degraded 

starch supplement, milk yields and milk composition were 

very similar. The results suggest that the animals were not 

deficient in protein and that the observed effects between 

supplements were more attributable to energy availability. 

The large increase in liveweight gain in cows fed the slowly 

degraded starch supplement compared to the degradable 

supplement strongly suggests that energy availability was 

increased when slowly degraded starch was fed. 

Energy availability could have been increased by either 

more efficient utilization of energy yielding nutrients or 

an increase in pasture intake. If liveweight change was 

assumed to require 28 MJ ME/kg gain (MAFF, 1975), then the 

difference in liveweight change between cows fed slowly 

degraded starch and cows fed the degradable supplement 

(-110 g/day + 210 g/day = .32 kg) would be equivalent to 

9 MJ additional ME/day. If all of this additional energy 

came from the supplement, utilization of energy would have 

increased by 35% (9 MJ/26 MJ total) on the slowly degraded 

starch supplement compared to the degradable supplement. 

From fermentation balance equations, ¢rskov et al. (1968) 

estimated that 15-25% of the energy of carbohydrates may be lost 

as methane and heat of fermentation. Armstrong and Blaxter 

(1957) and Armstrong ~ ale (1960) also observed an apparent 

difference in the efficiency of energy utilization favouring 

abomasal glucose over ruminal propionate infusions. These 

observations suggest that if all the ME had escaped rumen 

fermentation on the slowly degraded starch supplement, the 
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difference in liveweight change might be explained. However, 

the limited data on rumen degradability of the feedstuffs does 

not support the assumption that all the supplemental energy 

escaped degradation. 

Thus, the results suggest that pasture intake may have also 

increased in cows fed the slowly degraded starch supplement 

compared to the degradable supplement. Assuming that the pasture 

contained between 9-12 MJ ME/kg DM, increased intake of 1 kg 

DM of pasture could have accounted for the additional gain. 

If intake did increase, this suggests that slowly degraded 

starch may not cause the substitution effects so often 

observed with degradable supplements. Overall, the increased 

availability of energy on the slowly degraded starch supplement 

may have been due to both an increase in efficiency of energy 

utilization and an increase in pasture intake. 

Plasma insulin levels tended to increase in cows 

supplemented with slowly degraded starch. Since insulin 

secretion stimulates glucose uptake by body tissue and inhibits 

mobilization of fat and protein reserves (see Baird, 1981)~ the 

increased insulin levels may explain why additional energy 

was deposited in tissue rather than secreted in milk. 

Although the differences were small, the cows supplemented 

with slowly degraded protein appeared to yield slightly more 

milk and gain less weight compared to cows supplemented with 

slowly degraded starch. These observations suggested a 

shift in partitioning of nutrients towards milk yield when 

cows were supplemented with slowly degraded protein, while 

supplementation with slowly degraded starch may have directed 

nutrients more towards liveweight gain. 

The practical approach taken in these initial studies 

allowed observations to be made on the effects that supplement 

degradability might have under field conditions. Although 

simplistic in design, practical studies are often difficult to 

interpret due to the lack of precision in estimating feed intake, 

rumen degradability of commercial supplements and pasture, 
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variation in environmental conditions and variation in production 

within the treatment groups. 

In further studies, it would be necessary to design 

experiments so that these sources of variation were eliminated. 

In this way, it might be possible to more precisely identify 

the factors involved which result in productive responses to 

postruminal supplementation. 
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Chapter 5 

PRODUCTIVE AND METABOLIC RESPONSES TO 

SUPPLEMENTS OF PROTECTED PROTEIN AND SLOWLY 

DEGRADED STARCH IN GROWING ANGORA GOATS 

AND MERINO SHEEP 

5.1 INTRODUCTION 

Studies with sheep on diets low in true protein have 

shown that supplemental protein which escapes rumen fermentation 

and is digested in the small intestine increases wool growth 

(see Ferguson, 1975), feed intake (Egan, 1965) and feed intake 

and liveweight gain (Kempton and Leng, 1979). The diets 

used in these studies were generally high in cellulose and responses 

have been largely attributed to an increase in the amino acids 

relative to energy absorbed (usually as VFA's). The same observations 

have been reported for cattle consuming low-digestibility/low-N 

pastures (Lindsay, et al., 1982; Hennessy, et al., 1983) 

Much less information is available on the effects of starch 

escaping rumen fermentation, although it has been shown that on a 

number of diets, an increase in glucogenic precursors (propionate) 

in the products of digestion increases the efficiency of energy 

utilization (see Preston and Leng, 1984). Theoretically, starch 

digested in the small intestine should be more efficiently utilized 

compared to starch fermented in the rumen (see Waldo, 1973). On 

diets based on molasses or sugar cane, supplements of cracked rice 

have been shown to escape rumen fermentation (Elliott, et al., 1978; 

Rowe, et al., 1979), increase glucose entry rates (Ferreiro, et al., 

19 79), increase liveweight gain and the efficiency of utilization 

of feed for growth (Silvestre, et al., 1977) in cattle. 



These data suggest a role for both protein and starch that 

can bypass the rumen in increasing feed intake, efficiency of feed 

utilization and growth of ruminants on low protein diets. The 

influence in the animal of such bypass supplements appears to be due 

to either a balancing of available nutrients or through effects on 

the hormonal status of the animal. 

It thus becomes of major interest to study the effects of 

postruminal starch supplements in wool or hair producing ruminants 

in relation to the effects achieved with supplements of protected 

protein, and whether partitioning of protein towards wool or hair 

growth or liveweight gain is affected by postruminal protein and/or 

starch. Studies by Walker and Norton (1971), Black et ale (1973) 

and Kempton et ale (1978) have shown that wool growth and liveweight 

gain respond differently depending on the amounts of protein 

and energy yielding nutrients supplied postruminally. 

Different ruminant species may also exhibit different responses 

to nutrition. In a comparison between Angora goats and Rambouillet 

sheep, Gallagher and Shelton .(1972) reported that relative to sheep, 

Angora goats partitioned more nutrients towards mohair growth at the 

expense of liveweight gain. Therefore these species might respond 

very differently to postruminal supplements. 

To elucidate these apparent differences, comparisons were 

made of the responses of growing Angora and Merino wethers fed 

a basal diet high in non protein nitrogen and soluble carbohydrates. 

The basal diet was then supplemented with either protected protein 

alone (formaldehyde-treated casein) or a combination of protected 

protein and slowly degraded starch (rice). 

5.2 EXPERIMENT 1 

5.2.1 Materials and Methods 

5.2.1.1 Animals and Design 
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Twenty-four Angora and twenty-four Merino wethers approximately five 



months of age and weighing 19±3 kg liveweight were each randomly 

allocated to one of three dietary treatments. The animals were 

individually penned in an animal house with different species in 

adjacent pens. The experimental period lasted for 133 days. 

5.2.1.2 Diets and Feeding Regime 

The composition of the experimental diets is shown in Table 

5.1. The basal diet was formulated to be high in nitrogen and 

carbohydrate which was rapidly degraded in the rumen (excepting 

the oaten chaff). Formaldehyde-treated casein (formal casein) 

and cracked polished rice were added as supplements. Prior to 

the commencement of the experiment all animals were treated for 

internal parasites. All animals were adapted to the basal diet for 

30 days prior to the experimental period. During the experiment, 

diets were fed ad libitum. Feed intakes were measured each day prior 

to feeding by weighing any leftover feed. 

5.2.1.3 Measurements 

An outline of measurements taken during the experimental period 

is shown in Table 5.2. Liveweights were measured at weekly intervals. 

Midside wool and mohair patches were clipped on days 20 and 90 and 

reclipped on day 133 to estimate fibre growth. The initial patch 

clipped on day 20 and its subsequent regrowth were used to determine 

change in fibre diameter during the experimental period. 
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Plasma samples were taken 6 hr after feeding on day 125 of the 

experimental period for measurement of albumin, urea nitrogen, insulin 

and growth hormone. 

To measure tritiated water space~ animals received an intravenous 

injection of 100 uCi of 3H20 • Whole blood samples were taken 7 hr 

after injection for determination of specific radioactivity in body 

water. Due to the ongoing nature of the experiment, animals were 

not fasted prior to measuring tritiated water space. 

Apparent digestibility was measured by mixing chromic oxide 

into the basal diet at a level of 300 mg/kg. Chromic oxide was 

fed for 7 days and faecal grab samples taken during the last 3 days. 



TABLE 5.1 Composition of diets (g/kg DM) fed to Angoras 
and Merinos in Experiments 1 and 2. 

Basal and 
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Basal and 
Formal Casein 

Ingredient Basal Formal Casein and Cracked Rice 

Oaten Chaff 354 336 305 

Cornflour 254 241 219 

Sugar 156 148 134 

Molasses 130 124 113 

Cracked Barley 50.0 47.5 43.1 

Urea 50.0 47.5 43.1 

Salt 4.7 4.5 4.1 

Vit/Minerals 1.3 1.2 1. 1 

Formal Casein 50 45.4 

Cracked Polished Rice 92 

1000 1000 1000 

Analysis (DM basis) 

Total Nitrogen (g/kg) 30.0 36.0 34.0 

Urea Nitrogen (g/kg) 23.3 22.1 20.1 

Organic Matter (g/kg) 951 955 957 

Gross Energy (MJ/kg) 16.6 17.0 17.0 
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TABLE 5.2 Experimental Schedule for Experiments 1 and 2. 

E~T Dfl 

-30 

1 

20 

90 

1 
125 

129 

130 

131 

132 

133 

135 

162 

2 
163 

164 

184 

185 

FUNCTION 

Begin adaptation to basal diet 

Begin experimental diets 

Fibre (wool and mohair) patches clipped (left side) 

Fibre patches clipped (right side) 

Begin feeding chromic oxide; plasma samples collected 

Oral dose of 51Cr-EDTA 

Faecal samples collected, intravenous dose/sample 3H20 

Faecal samples collected 

Faecal samples collected 

Fibre patch regrowth clipped 

Animals sheared and reweighed 

Plasma samples collected 

Fibre patch regrowth clipped 

Change diets 

Plasma samples collected 

Fibre patch regrowth clipped 



To measure apparent rumen fluid turnover rate, animals were 

dosed ~~ with 15 ml of solution containing approximately 

65 uCi of 51Cr-EDTA. Faecal grab samples were taken at regular 

intervals for 72 hr after dosing. 

To measure the degradability of supplements in the rumen, nylon 

bags containing 5 g of either formal casein or cracked polished rice 

were suspended for 24 hr in the rumen of 3 goats and 3 sheep that had 

been fistulated and had previously been adapted to the basal diet. 

Intestinal availability and efficiency of protein utilization 

of formal casein was determined by comparing untreated and formal 

casein in a chick growth assay. Sixty broiler chicks that were 

10 days of age at the beginning of the growth assay were randomly 

allotted to one of two diets. The chicks were fed for 21 days on 

diets containing (g/kg) 800 wheat, 50 vegetable oil, 30 bone meal 

and 120 untreated or formal casein. Weight gains and feed 

consumption were measured over the 21 day period. 

5.2.1.4 Analytical Methods 

Chemical methods and calculations have been described previously 

(see Chapter 3). 

of variance. 

The experiment was analysed by two~way analysis 

Due to one goat dying of unknown cause early in 

the experiment, a missing value was estimated for that particular 

treatment (formal casein) as described by Snedecor and Cochran (1967). 

The data wereanalysed as follows: 

Source degrees of freedom 

Grand Mean 1 

Replicates 7 

Diets 2 

Species 1 

Diet x Species 2 

Error 34 

47 
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Treatment means for diets, species and diet x species were compared 

using least significant difference at the 1% and 5% level. Differences 

between mohair or wool growth rates within animals (day 20 patch vs 

day 90 patch) were compared by paired t-test. 

Table 5.3 summarises mean values of measurement for diets and 

species. Significant differences were measured at this level but 

not at the diet x species level. Table 5.4, 5.5 and 5.6 summarises 

mean values of measurements for diets x species. Effects of diet 

and species have been listed next to each parameter measured. 

5.2.2 Results 

5.2.2.1 Nylon Bag Digestibility and Chick Growth Assay 

After 24 hr of suspension in the rumen in nylon bags, 45% 

(SE = 1.2%) of the DM of rice had disappeared, while only 1% (SE 

of the DM of formal casein had disappeared. 

0.1%) 

In the chick growth assay, the mean feed conversion ratio was 

2.20 and 2.25 g feed/g gain for diets containing 12% untreated casein 

and formal casein respectively. Mean liveweight gain was higher 

(p < .05) for the chicks fed supplements of formal casein (13.8 g/day) 

compared to chicks fed the untreated casein (9.7 g/day). 

5.2.2.2 Effects of Supplements on Production in Sheep and Goats 

Table 5.3 shows that mohair or wool growth rates over 113 and 

43 days did not differ within any of the groups (p > .10; mean 

SD = 0.156) so patch weights (day 20 and day 90) were combined. 

The effects on production of supplementing the basal diet 

with formal casein or formal casein and rice are shown in Table 5.4. 

Supplementation with formal casein alone significantly (p < .01) 

increased DM intake by 30 and 40%, liveweight gain by 113 and 138% 

and fibre growth by 62 and 65% in Angoras and Merinos, respectively. 

Further addition of rice to the formal casein supplemented diet 

caused non-significant increases in liveweight gain of 19 and 11% 

and non-significant decreases in fibre growth of 10 and 13% in 

Angoras and Merinos respectively. The formal casein supplement 



TABLE 5.3 The effect of diets and species on dry matter (DM) intake (g/d) , liveweight change (g/d), food co~version 
to gain (FCR-G; DM intake/liveweight gain), clean wool or mohair growth

2
rate (Fibre growth; mg/cm /d) for 

43 and 113 days, food conversion to fibre (FCR-F; 100 g DM intake/mg/cm /d), fibre diameter change (% 
change during experimental period) rumen fluid turnover rate (hr), tritiated water space (TOR space; % 
of bodyweight), plasma concentrations of urea nitrogen (mg/100 ml), albumin (mg/100 ml), insulin (ng/ml) 
and growth hormone (ng/ml) in Angora and Merino wethers fed a rumen degradable basal diet and supplemented 
with forma]. casein or formal casein and rice for 133 days. Mean values and standard error of means (SEM). 

Number of 
Animals 

Angora 

23* 

Initial Wt. (kg) 19.6 

DM Intake 578
a 

Liveweight 
Change 

FCR-G 

Fibre Growth 
(43 days) 
(113 days) 

FCR-F 

Fibre Diameter 
Change 

Rumen Fluid 
Turnover 

TOR Space 

Albumin 

Urea Nitrogen 

Insulin 

Growth Hormone 

11.8 

17.8 

65 

1.89 

26.2 

1.77c 

18.2 

* Missing value estimated 

SPECIES 

Merino 

24 

18.6 

676
b 

b 1.00
b 

1.04 

7.0
d 

17.2 

63 

1.95 

28.9 

1.24
d 

17.3 

SEM 

20.2 

5.2 

1.20 

0.050 
0.050 

0.74 

1.40 

2.16 

0.9 

.031 

0.60 

0.139 

1.60 

Basal 

16 

19.1 
a 

501 

0.64
a 

0.64
a 

8.3 

21.8a 

65 

1.78c 

25.9
a 

0.93
a 

22.3c 

DIE T S 

Basal plus 
formal casein 

15* 

18.9 
b 

679 

b 1.05
b 

1.04 

7.2 

12.7b 

65 

1.96
d 

29.4b 

1.77b 

17.1 c ,d 

a,b different superscripts differ (p < .01); c,d (p < .05) 

Basal plus 
formal casein/rice 

16 

19.2 
b 

700 

b 0.91
b 

0.94 

7.9 

17.9a ,b 

64 

2.02
d 

27.4a ,b 

1.81
b 

13.9d 

SEM 

30.3 

7.1 

1.51 

0.61 
0.060 

0.88 

2.14 

2.60 

1.10 

0.040 

0.80 

0.168 

2.01 



significantly improved (p < .05) the efficiency of feed conversion 

to liveweight gain by 47 and 41% in Angoras and Merinos respectively. 

Compared to the formal casein supplement alone, further addition of 

rice tended to reduce feed conversion efficiency in Angoras by 9% 

and increase efficiency by 13% in Merinos, but these differences 

were non significant. 

Compared to fibre diameters measured at the beginning of the 

experiment (day 20), fibre diameter in both Angoras and Merinos fed 

the basal diet was reduced over the experimental period. 
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Supplementation with formal casein significantly increased fibre 

diameter in Merinos by 14% (p < .01) but did not affect mohair diameter. 

Tritiated water space was used as an indirect measurement of 

body fat content. Calculated as % of liveweight, tritiated water space 

averaged 64-67% of liveweight and did not differ between diets or 

species, suggesting that body composition was similar in all animals. 

5.2.2.3 The Effects of Supplements on Apparent Digestibility 
and Rumen Fluid Turnover Rate 

The apparent digestibilities of dietary organic matter (OM) 

and nitrogen (N) are shown in Table 5.5. Although apparent 

digestibility of OM exceeded 80% on the basal diet, OM digestibility 

increased slightly in both Angoras and Merinos when supplemented 

with formal casein. Addition of rice caused a significant increase 

(p < .05) in digestibility in both species compared to the basal diet. 

Apparent digestibility of N was also high on the basal diet Whlch 

would be expected since the bulk of N was provided by urea. However, a significant 

increase (p < .05) in N digestibility was observed when Angoras and ~rinos were 

suppl6IHlted with fonml casein. 

Compared to the basal diet, supplementation with formal casein 

significantly increased (p < .01) the apparent rumen fluid turnover 

rate 50 and 28% in Angoras and Merinos, respectively (Table 5.5). 

Compared to supplementation with formal casein alone, addition of 

rice did not change the turnover rate in Angoras but appeared to 

slow do~~ the turnover rate by 32% in Merinos. 



TABLE 5.4 Mean values for dry matter (DM) intake (g/d), liveweight gain (g/d), feed conversion ratio (FCR-G; 
DM intakelliveweight gain), fibre growth (mg/c~d), feed conversion ratio (FCR~F; 100 g DM intake/ 
fibre growth) and fibre diameter change during experimental period (% change) in Angora and Merino 
wethers fed a rumen degradable basal diet supplemented with formaldehyde treated casein (formal 
casein) and cracked polished rice. 

Basal Formal casein Formal casein/rice Effects 

Angora Merino Angora Merino Angora Merino SEM Diet Species 

DM intake 465 538 604 755 664 736 39.6 ** ** 

Liveweight gain 32 45 68 107 81 119 9.1 ** ** 

FCR-G 16.9 12.2 8.9 7.2 9.7 6.2 2.11 * 

Fibre Growth 0.53 0.75 0.86 1.24 0.77 1.08 .082 ** ** 

FCR-F 11.3 7.5 8.4 6.3 8.9 6.9 1.28 ,'t 

Fibre Diameter 
Change -3.3 -1.9 2.8 13.8 2.7 10.2 3.06 *,'t ** 

* p < 0.05 ** p < 0.01 

00 
0'1 



TABLE 5.5 Mean values for organic matter (OM) and nitrogen (N) intake (g/day) and apparent digestibility 
(g/100 g) and rumen fluid turnover rate (hr) in Angora and Merino wethers fed a rumen degradable 
basal diet and supplemented with formaldehyde treated 
casein (formal casein) or formal casein and cracked polished rice. 

Basal Formal casein Formal casein/rice Effects 

Angora Merino Angora Merino Angora Merino SEM Diet Species 

OM Intake 422 511 577 721 635 704 38.5 ** ** 
OM Digestibility 81 82 83 83 84 84 0.9 * 
N Intake 14.0 16.1 22.1 27.6 22.6 25.0 1.31 *,~ * 
N Digestibility 84 86 88 86 88 88 0.8 * 
Rumen fluid 
Turnover rate 23.3 17.5 11.6 12.5 11.8 16.7 2.33 ,'c* 



5.2.2.4 Dietary Effects on Nitrogenous Components and Hormones 
in Plasma 
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Compared to the basal diet, supplementation with formal casein 

significantly increased (p < .05) serum concentrations of albumin and 

plasma concentrations of urea nitrogen in both Angoras and Merinos 

(Table 5.6). Further addition of rice did not affect the concentration 

of albumin, but reduced the concentrations of urea nitrogen compared 

to supplementation with only formal casein. 

Insulin concentration was significantly increased (p < .01) 

by 100 and 68% in Angoras and Merinos, respectively, when the basal 

diet was supplemented with formal casein. Compared to the basal diet, 

growth hormone concentration tended to decrease in both species when 

the basal diet was supplemented with formal casein and was significantly 

decreased (p < .05) when animals were supplemented with both formal 

casein and rice. 

5.2.2.5 Species Differences 

Relative responses to supplementation were very similar in both 

Angoras and Merinos. However, when all diets were pooled, (Table 5.3) 

Merinos showed a 17% higher increase in DM intake (p < .01), a 

50% higher increase in rate of liveweight gain (p < .01) and a 40% 

higher increase in rate of fibre growth (p < .01) compared to Angoras. 

Efficiency of feed conversion to liveweight gain did not 

significantly differ between species but Merinos tended to have 

increased efficiencies of conversion compared to Angoras. Merinos 

were 27% more efficient (p < .05) at converting feed to fibre than 

Angoras. Fibre diameter significantly increased (p < .01) in Merinos 

when supplements of formal casein were added to the basal diet but 

Angoras showed only minor changes in fibre diameter in response to 

supplementation. Angoras had significantly higher levels of insulin 

than Merinos (p < .05) except on the basal diet where levels were 

similar in both species (Table 5.6). 



TABLE 5.6 Mean values for plasma concentrations of albumin (mg/100 ml), urea nitrogen (mg/100 ml), insulin (ng/ml), 
growth hormone (ng/ml) and tritiated water space (TOR space; % of bodyweight) in Angora and Merino 
wethers fed a rumen degradable basal diet supplemented with formaldehyde treated casein (formal casein) 
and cracked polished rice. 

Basal Formal casein Formal casein/rice Effects 

Angora Merino Angora Merino Angora Merino SEM Diet Species 

Albumin 1.7 1.9 2.0 2.0 2.0 2.0 O. 11 ,,< NS 

Urea Nitrogen 24 27 28 31 26 29 1. 1 1< NS 

Insulin 1.0 0.9 1.8 1.4 2.3 1.4 0.31 ** * 
Growth Hormone 22 19 14 13 13 17 3.2 * NS 

TOH Space 67 62 66 64 64 64 1.5 NS NS 

1< P < 0.05 *1-. P < 0.01 NS P > 0.05 



5.2.3 Discussion 

5.2.3.1 Assays of Rumen Degradability and Intestinal Availabili~ 

Incubation of formal casein in nylon bags in the rumen 

indicated that it was highly resistant to microbial degradation. 

The very low rate of DM disappearance from the nylon bags led 

to speculation that this formal casein might be "overprotected" 

and resistant to intestinal digestion. However, the results 

of the growth trial with broiler chicks showed that formal 

casein was available to the same degree as untreated casein 

since efficiency of feed conversion did not differ between the 

two types of casein. Lower growth rates observed on the 

untreated casein diet may have been attributable to physical 

characteristics. The untreated casein tended to stick to the 

chicks' beaks and it was necessary to clean their beaks 4 times 

during the 21 day period. This effect may have discouraged 

maximum intake of the untreated casein diet and thus reduced 

growth rates without affecting feed conversion efficiency. 

Incubation of rice in nylon bags in the rumen indicated 

that rice was relatively resistant to microbial attack. It is 

interesting to note that DM disappearance of rice at 24 hr (45%) 

was considerably less than observed in studies with dairy goats 

(73%) reported in Chapter 4. These results suggest that the 

basal diet may have substantial effects on rumen degradability 

of rice. The observations on this basal diet supports the 

assumption that some rice would escape rumen fermentation as 

reported by Elliott et ale (1978) and Rowe ~ ale (1979). 

5.2.3.2 Effects of Supplements on Intake 

Addition of formal casein supplement to the basal diet, 

which in this instance contained mainly soluble nitrogen and 

carbohydrates, resulted in DM intake markedly increasing. A 

similar intake response to postruminal :infusions of protein (Egan, 1965) or 

protein supplements resistant to rumen degradation (Kempton aid Leng, 1979; Lindsay 

et al., 198 2; Hen n e sse y, g ~., 1 983) has bee nob s er ve don 

diets containing low concentrations of N a~d 

high concentrations of cellulose. These results 
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indicate that the intake response associated with postruminal 

protein supplements operates over a range of diets. 

By subtracting the supplement portion from total intake, 

it was evident that intake of the basal diet was markedly 

increased on the formal casein supplemented diet. In contrast, 

when further additions of rice (along with casein) were subtracted 

from total intake, intake of the basal diet was not increased 

on the formal casein/rice supplemented diet compared to the formal 

casein supplement alone. Basal intake was actually reduced in 

Merinos on the formal casein/rice diet, suggesting that a 

substitution effect was occurring when Merinos were supplemented 

with additional energy yielding nutrients. 

5.2.3.3 Effects of Supplements on Production 

The dramatic increase in liveweight gains in response to 

supplementation with formal casein ~ similar to responses 

reported by Kempton and Leng (1979). When the observed growth 

rates were compared to predicted growth responses based on 

energy intake (MAFF, 1975) much of the response in gain due to 

the formal casein supplement could be explained in terms of increased 

energy intake. This suggests that the formal casein may have 

altered the protein/energy ratio, thus stimulating the animals to 

consume more energy to balance the increased availability of protein. 

The increases in liveweight gain associated with the 

additional supplementation of rice were low but the basal diet 

probably produced a fermentation pattern with a high concentration 

of propionate (as indicated by results reported in Chapter 7), 

so that it is unlikely that glucogenic precursors were limiting. 

In previous studies where growth responses to slowly degraded 
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starch (Silvestre, et al., 1977) or postruminal glucose (Kempton, 

et al., 1978) have been reported, the basal diets (sugar cane 

or oaten chaff, respectively) would probably have produced 

a fermentation pattern with a low concentration of propionate, so 

that glucogenic precursors may have been limiting. 

The increase in fibre growth associated with the formal 

casein supplement is in agreement with the studies discussed 

by Ferguson (1975) and indicated that the casein bypassed the 

rumen and was digested and absorbed in the small intestine. 

Additional supplementation with rice tended to reduce 

fibre growth which may have been due to the dietary concentration 

of formal casein being diluted by the rice or by addition of 

rice shifting the partitioning of absorbed amino acids towards 

liveweight gain instead of fibre growth. The dilution effect 

might be a plausible answer for the effects seen in Merinos, 

where compared to the diet supplemented with only formal casein, 

total intake of formal casein decreased by 12% and wool growth 

decreased by 13% on the formal casein/rice diet. However, in 

the Angoras, an increased intake of the formal casein/rice 

supplemented diet resulted in the total intake of formal casein 

remaining the same as on the diet supplemented with only formal 

casein, yet mohair growth decreased by 10%. These results suggest 

that rice may have caused protein to be partitioned more towards 

liveweight gain than fibre growth. In growing lambs, Kempton 

et al. (1978) observed that at high levels of postruminal 

protein intake, provision of postruminal glucose increased 

liveweight gain but decreased wool growth. 

5.2.3.4 Efficiency of Utilization of Dietary Energy and Protein 

The feed conversion ratios yielded gross estimates of 

the efficiency of nutrient utilization (Tables 5.3 and 5.4). 

The results indicated that efficiency of conversion of feed 

to gain in both sheep and goats significantly increased 

with supplementation. The feed conversion ratios also suggested 

that efficiency of feed conversion to fibre increased slightly 

with supplementation but the differences were not significant. 
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Net efficiencies of use of metabolizable energy (ME) for 

liveweight gain were estimated by calculating the ME intake 

and estimating the energy equivalent of liveweight gain. ME 

intake was calculated by determining the M/n ratio of the diets 

(MJ of ME/kg DM) according to MAFF (1975) with modifications 

suggested by Dr. J. Corbett (personal communication). The 

following calculations and assumptions were used. 

1) DOMD% = Digestible organic matter intake (DOMI)/DM intake (DMI) 

2) M/D = DOMD% x (0.12 + 0.0005 x DOMD%) 

3) ME intake = DMI x M/D 
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4) ME for maintenance = 102 kcal = 0.43MJ/kg· 73 bodyweight (from Graham, 
1967) 

5) Energy content of gain = 20MJ/kg 

6) Net efficiency of use of ME for gain 
for production (MEl-ME maint.) 

Energy in gain/ME available 

Maintenance requirements were calculated using the bodyweights 

at the midpoint of the experiment (Initial bodY'oleight + rate of gain x 00 days). 

Since tritiated water space did not differ between treatments, it 

was assumed that body composition did not differ and that the 

energy equivalent of liveweight gain was similar for all treatments. 

Estimates of efficiency of energy utilization for liveweight 

gain are shown in Table 5.7. 

Compared to animals fed the basal diet, supplementing Angoras 

and Merinos with formal casein resulted in an 18% increase in the 

net efficiency of ME utilized for liveweight gain. Increasing 

the supply of glucogenic nutrients through further addition of 

rice increased net efficiency of gain by 14% in Merinos. However, 

addition of glucogenic nutrients had little effect on efficiency 

in Angoras compared to goats supplemented with only formal casein. 

This apparent difference in response between species was associated 

with a slight decrease in total feed intake in ~ferinos and a slight 

increase in total feed intake in Angoras when supplemented with 

formal casein/rice (compared to supplements of only formal casein). 



TABLE 5.7 Estimates of the net efficiency of energy utilization for liveweight gain (MJ of gain/MJ of productive 
ME), efficiency of nitrogen (N) utilizat~on for liveweight gain (g gain/g digestible N intake), efficiency 
of N utilization for fibre growth (mg/cm /g digestible N intake) and the ratio between efficiency of N 
utilization for gain and fibre growth in Angoras and Merinos fed a rumen degradable basal diet and 
supplemented with formal casein or formal casein and rice. 

Basal Formal casein Formal casein/rice 

Angora Merino Angora Merino Angora Merino 

Efficiency of ME for Gain 0.36 0.36 0.42 0.43 0.41 0.49 

Efficiency of N for Gain 2.72 3.25 3.50 4.51 4.07 5.41 

Efficiency of N for Fibre 0.045 0.054 0.044 0.052 0.039 0.049 

Efficiency of N Ratio 60 60 80 87 104 110 
Gain: Fibre''( 

.,~ divisor (fibre) = 1 



Estimates of the efficiency of N utilization for liveweight 

gain or fibre growth are also shown in Table 5.7. Efficiency of 
2 

N utilization was calculated as gm liveweight gain or mg/cm 

of clean fibre divided by digestible N intake. 

Trends were very similar in both species. Supplementation 

of the basal diet with formal casein increased the efficiency 

of N utilization for gain by 29 and 39% in Angoras and Merinos 

respectively. Compared to formal casein alone, further addition 

of rice increased the apparent efficiency of N utilization for 

gain by 16 and 20% in Angoras and Merinos respectively. 

Although fibre growth rates increased by at least 60%, 

there was little change in the efficiency of N utilization for 

fibre growth when Angoras and Merinos were supplemented with formal 

casein. However, when compared to the basal diet, supplementation 

with both formal casein and rice reduced the efficiency of N 

utilization for fibre growth by 13 and 10% in Angoras and Merinos 

respectively. Thus, the increased efficiency of N utilization for 

liveweight gain and decreased efficiency of N utilization for 

fibre growth on the formal casein/rice diet strongly suggests 

that supplementation with glucogenic nutrients (rice) partitioned 

amino acids toward tissue deposition and away from fibre 

growth. 

The ratios between efficiencies of N utilization for liveweight 

gain:fibre are shown in Table 5.7. Both species showed similar 

increases in the gain:wool ratio with supplementation, again 

indicating that although the efficiency of N utilization for 

wool remained fairly similar across treatments the efficiency of 

N utilization for liveweight gain increased with supplements of 

formal casein and formal casein/rice. 

5.2.3.5 Effect of Supplements on Blood Constituents 

When the basal diet was supplemented with formal casein, the 

concentration of albumin and urea nitrogen in blood plasma 

increased, indicating an increased protein status in the supplemented 

animals (see Payne, 1973). Addition of the rice supplenent however, 
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did not affect albumin levels but decreased urea nitrogen levels 

compared to supplementation with only formal casein. These 

results suggested that supplementation with rice may have 

decreased urea formation, possibly by increasing the amounts of 

amino acids deposited in tissue protein rather than being deaminated. 

Plasma concentration of insulin increased in both sheep 

and goats receiving supplements compared to animals fed the 

basal diet. This is in agreement with previous studies which 

showed that insulin levels were higher in sheep fed diets containing 

formal casein compared to untreated casein and studies showing 

that plasma insulin levels increased as flow of protein to the 

small intestine increased (see Bassett, 1975). The observed 

association between increased insulin levels, increased 

liveweight gains and increased efficiency of N utilization for 

gain suggests that the higher levels of insulin may have increased 

amino acid utilization for protein synthesis. Although stimulatory 

effects of insulin on protein synthesis have been demonstrated 

in vitro, Bassett (1981) emphasized that in vivo evidence is lacking. 

Plasma growth hormone levels in sheep and goats decreased 

when formal casein was added to the basal diet and addition of 

rice further decreased growth hormone concentration. These 

results agree well with the findings of Bassett et al. (1971) 

where growth hormone concentration was negatively correlated 

with the amount of organic matter digested in the alimentary tract. 

5.2.3.5 Species Differences 

In general, both Angoras and Merinos exhibited similar 

patterns of response to supplementation although the degree 

of response differed according to the particular parameter. 

One major difference of economic importance was the effect 

of supplementation on fibre diameter. Angoras showed little 

or no increase in mohair fibre diameter when the basal diet 

was supplemented with formal casein, but Merinos exhibited a 

large increase in wool fibre diameter. Reis et al. (1973) 
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showed that the fibre length/fibre diameter ratio remained constant 

when Merinos were infused with casein into the abomasum. The 

present results support this finding in the Merinos but not in 

the Angoras. It appeared that the ratio did not remain constant 

in Angoras. Presumably, the increased fibre growth was associated 

with an increase in fibre length only. This result would be of 

major economic significance since fineness of hair fibre is 

highly desirable for commercial reasons. The change in fibre 

diameter measured in the Merinos supplemented with formal casein 

represented a mean increase of 2.3 microns which would significantly 

lower the quality of wool produced. Supplementation with protected 

protein would be economically beneficial in terms of mohair 

production, but may be of doubtful benefit for Merinos if a 

fine wool clip is the objective of the production system. 

The studies of Gallagher and Shelton (1972) led them to 

suggest that Angoras were as efficient as Merinos in fibre 

production, but this is clearly not the case in these studies. 

Overall, production and efficiency of feed utilization for 

liveweight gain or fibre growth was higher in the Merinos 

compared to Angoras. Much of this increase may be attributed 

to the higher feed intake of Merinos on all diets studied. 

This difference in feed intake was observed even in the pre

experimental period when both species were of equal bodyweight 

and had only the basal diet available. During this period, 

Merinos still exhibited a 28% higher DM intake/kg bodyweight 

compared to the Angoras. A larger rumen volume in the Merinos 

compared to Angoras might explain the difference. Goats do 

however, appear to retain feed for a longer period of time in 

the rumen compared to sheep (Doyle and Egan, 1980). On low 

quality feeds, an increased retention time should be reflected 

in an increased total digestibility of organic matter which 

would be a major advantage, but the digestibility of organic 

matter was extremely high in the present experiment so that 

longer retention times would presumably show little effect. 

On these diets, the differences in rumen volume seem a more plausible 

explanation for the differences in intake observed between Angoras 

and Merinos. Another possible reason for intake differences may 

be related to the increased plasma concentration of insulin 
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observed in supplemented Angoras compared to Merinos, since 

De Jong (1981) reported that insulin tended to be associated 

with control of food intake in goats fed ad libitum. 

In these experiments it ap~ed that, although Angoras and 

Merinos depend on products of rumen fermentation (volatile fatty 

acids and microbial protein) for their nutrients, these were 

insufficient to support maximum levels of liveweight gain and 

fibre growth. Supplementation with protein which is digested 

and absorbed postruminally dramatically increased production and 

additional supplementation with starch resistant to rumen 

degradation further increased liveweight gains. 

5.3 EXPERIMENT 2 

5.3.1 Introduction 

Shearing has been shown to increase intake in sheep on 

pasture and low quality roughage (Wheeler, et al., 1963; Weston, 

1970). Most of this effect can be attributed to changing the 

thermal environment of the animal and a change in metabolic 

rate (Webster and Lynch, 1966; Farrell and Corbett, 1970). 

However, the direct effects of shearing and whether the effects 

of shearing vary in relation to diet are largely unknown. It was 

felt that a study of the effects of shearing might further reveal 

the mechanisms involved in partitioning of nutrients. 

When feed intake in young ruminants is restricted so as 

to reduce growth rates over a period and then the restriction 

is removed, growth rates are accelerated above the normal rate 

for any given diet. This phenomenon is termed compensatory growth 

(for review see Allden, 1970). Compensatory growth is attributable 

to both an increase in feed intake and an increase in the 

efficiency of feed utilization. In periods of compensatory growth 
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in sheep, the efficiency of wool growth is reduced during realimentation, 

suggesting that amino acids are being directed towards liveweight 

gain at the expense of wool growth (Williams, 1966; Wodzicka

Tomaszewska, et al., 1968). Supplements of postruminal protein 

may overcome this depression in efficiency of wool growth 

associated with compensatory gain. 



When animals have been receiving supplements over a period 

and then the supplements are removed, the level of growth sometimes 

continues at a higher rate than expected without supplementation. 

Carryover effects of nutrition have been observed in dairy cattle 

under a variety of conditions as summarized by Broster and Broster 

(1984). Increased intake and productivity was maintained when 

cattle received protected protein supplements twice a week 

compared to daily supplementation (Hennessey, 1982). Further 

study on the possible carryover effects of postruminal supplements 

might again aid in understanding protein/energy interrelationships 

and the partitioning of nutrients. 

The design of Experiment 1 resulted in an opportunity to 

study some of these questions regarding effects of shearing, 

compensatory gain and carryover effects in animals supplemented 

with postruminal protein and starch resistant to rumen degradation. 

5.3.2 Materials and Methods 

In Experiment 2 there were three periods, each lasting 21 

days: a pre-shearing period, a post-shearing period, and a 

post-diet change period. For the pre-shearing period, measurements 

were taken over the last 21 days of Experiment 1. Since wool 

and mohair growth rates did not vary over time during Experiment 

1 (see Table 5.3), these values were used for the pre-shearing 

period. 

After completing Experiment 1, all animals were then 

shorn and reweighed. During the post-shearing period, measurements 

of liveweight gain were made weekly, plasma samples (6 hr 

post-feeding) taken on day 20 and midside fibre. patch regrowth 

clipped on day 21. 

The groups of Angoras and Merinos were then changed to 

another diet so that animals previously fed only the basal diet 

were supplemented with formal casein and animals previously 

receiving supplements were fed only the basal diet. Measurements 

were made over another 21 day period. The significance of 
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differences between pre-shearing and post-shearing periods or 

post-shearing and post-diet change periods were determined by 

paired t-test (Snedecor and Cochran, 1967). 

5.3.3 Results 

5.3.3.1 Effects of Shearing 

The effects of shearing on liveweight gain, fibre growth 

and also plasma concentration of hormones are shown in Tables 

5.8, 5.9 and 5.10. Shearing caused DM intake to significantly 

increase in animals supplemented with formal casein (p < .01). 

Although there was a tendency to increase the intake of DM, 

this was not significant in animals fed either the basal diet 

or the basal diet supplemented with formal casein and rice. 

Shearing had little effect on hormone levels in plasma 

of all animals except for an increase in GH levels in }1erinos 

on the diet supplemented with formal casein. 

Liveweight gains and efficiency of feed conversion to gain 

were not significantly increased except in Merinos supplemented 

with formal casein (p < .05). Fibre growth rates were significantly 

increased (p < .01) in all groups after shearing. Efficiency of 

conversion of feed to fibre was significantly increased (p < .01) 

in animals supplemented with formal casein and rice and Merinos 

fed the basal diet (p < .05), with nonsignificant increases 

in efficiency observed in Angoras fed the basal diet and both 

groups supplemented with only formal casein. 

5.3.3.2 Effects of Change-over of Diets 

The effects of diet change on feed intake, liveweight 

gain, fibre growth and plasma hormone concentrations are shown in 

Tables 5.8, 5.9 and 5.10. In both Angoras and Merinos previously 

fed only the basal diet, DM intake increased by 40% (p < .01) 

when supplemented with formal casein (Table 5.8). In animals 

that had previously been receiving supplements, DM int2~e did 

not change after the supplements were removed (Table 5.9 and 5.10). 
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TABLE 5.9 Effect of shearing (Shear) and removal of supplementation (Diet) on dry matter (DM) intake, plasma 
concentrations of insulin and growth hormone (GH), liveweight gain (LWG), fibre growth and feed 
conversion to gain (FCR-G) and fibre (FCR-F) in Angora and Merino wethers previously fed a basal diet 
supplemented with formaldehyde treated casein. Mean values and standard error of mean difference (SE). ~[~[ 

DM intake 

Insulin 

GH 

LWG 

FCR-G 

Angoras Effects (SE) 

Pre-Shear Post-Shear Diet Change Shear Diet 

739 892 

1.8 2.2 

14 22 

107 151 

8.1 6.6 

881 

2.1 

10 

62 

NS(0.51) 

NS(2.4) 

NS(4.4) 

NS(5.2) 

NS(0.56) 

NS(1.9) 

-J~ (4.4) 

16.2 NS(1.15) **(1.41) 

Merinos 
Diet 

Pre-Shear Post-Shear Change 

830 939 935 

1.4 1.6 1.4 

13 19 15 

105 176 56 

7.6 5.6 18.1 

Effects (SE) 

Shear Diet 

*,'c (4. 7) NS (4. 3) 

NS(0.35) NS(0.32) 

* (1.4) NS(1.8) 

**(2.8) *-J~(3.1) 

* (0.52) **(1.41) 

Fibre Growth 0.86 1. 39 1.17 **(0.307) §(0.273) 1.24 1.65 1.39 **(0.229) §(0.287) 

FCR-F 8.1 7.6 8.3 NS(l.Ol) NS(0.7l) 6.8 6.0 

NS p > 0.05 * p < 0.05 -Jd, P < 0.01 § p = 0.06 

~f~f values shown are means of 7 observations for Angoras and 8 observations for Merinos 

6.8 NS(0.53) NS(0.63) 

...... 
o 
N 



TABLE 5.8 Effect of shearing (Shear) and supplementation with formaldehyde treated casein (Diet) on dry matter (DM) 
intake, plasma concentrations of insulin and growth hormone (GH), liveweight gain (LWG), fibre growth 
and feed conversion to gain (FCR-G) and fibre (FCR-F) in Angora and Merino wethers previously fed a 
basal diet. Mean values and standard error of mean difference (SE).~~ 

Angoras Effects (SE) 

Pre-Shear Post-Shear Diet Change Shear 

DM intake 416 483 693 NS(4.1) ~'o'c(5.0) 

Insulin 1.0 1.0 1.7 NS(0.32) ,,( (0.45) 

GH 22 31 15 NS(2.0) ~'o'c(1.5) 

LWG 20 41 138 NS(2.8) 

FCR-G 23.6 10.2 4.5 NS(2.04) NS(1.27) 

Fibre Growth 0.53 0.78 0.79 **(0.212) NS(0.245) 

FCR-F 8.5 5.8 8 . L~ NS ( 1 . 01) 

NS p > 0.05 * p < 0.05 ** p < 0.01 

Merinos 
Post-

Effects (SE) 

Pre-Shear ~ar Diet Change Shear 

489 524 

0.9 0.9 

19 22 

24 51 

22.8 12.0 

0.75 0.93 

6.8 5.8 

740 NS(5.5) **(5.2) 

1.3 NS(0.32) NS(0.45) 

11 NS(1.6) * (1.7) 

175 NS(3.7) **(3.8) 

4.6 NS(2.13) * (1.29) 

1.11 * (0.200) NS(0.240) 

6.7 * (0.52) NS(0.60) 

~[~[ values shown are means of 8 observations except for FCR-G where values are means of 5 observations in 
Angoras and 6 observations in Merinos (due to 1iveweight loss). 



TABLE 5.10 Effect of shearing (Shear) and removal of supplementation (Diet) on dry matter (DM) intake, plasma 
concentrations of insulin and growth hormone (GH), liveweight gain (LWG), fibre growth and feed 
conversion to gain (FCR-G) and fibre (FCR-F) in Angoras and Merinos previously fed a basal diet 
supplemented with formaldehyde treated casein and cracked polished rice. Mean value and standard 
error of mean difference (SE). ~l~l 

Angoras Effects (SE) Merinos Effects (SE) 
Pre-

Pre-Shear Post-Shear Diet Change Shear Diet Shear Post-Shear Diet Change Shear Diet 

DM intake 720 739 693 

Insulin 2.3 2.4 2.0 

GH 13 12 12 

LWG 106 91 61 

FCR-G 12.3 20.1 16.2 

Fibre Growth 0.78 1. 24 1.22 

FCR-F 9.7 6.4 5.8 

NS P > 0.05 * p < 0.05 ** p < 0.01 § p 

~r~r VHlu(,\.H shown nrc mcnns of 8 observations 

NS(5.0) NS(4.6) 830 

NS(0.61) NS(0.57) 1.4 

NS(I.5) NS(1.8) 17 

NS(4.8) NS(4.4) 114 

NS(2.83) NS(2.12) 7.4 

**(0.283) NS(0.229) 1.08 

**(0.67) NS(0.71) 7.8 

0.06 

886 

1.2 

14 

162 

6.1 

1.56 

5.8 

881 

1.6 

16 

30 

17.2 

NS(4.8) NS(5.4) 

NS(0.27) NS(0.32) 

NS(I.4) NS(I.5) 

NS(4.1) **(4.2) 

NS(0.96) §(1.57) 

1.33 **(0.229) *(0.255) 

6.8 **(0.62) NS(0.62) 



Plasma insulin levels increased significantly (p < .05) 

and plasma growth hormone levels decreased (p < .01) in Angoras 

when the basal diet was supplemented with formal casein. Similar 

trends in hormone patterns were also evident in the Merinos, 

although changes in insulin levels were not significant. In 

animals that had previously been supplemented with formal casein 

or formal casein/rice, insulin and growth hormone levels showed 

no significant change when the supplements were removed. 

In animals previously fed the basal diet, supplementation 

with formal casein increased liveweight gains in both species 

by 240% (p < .01). Efficiency of feed conversion to liveweight 

gain was increased, with significant increases (p < .05) 
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observed in Merinos supplemented with formal casein after previously 

being fed only the basal diet (Table 5.9). Fibre growth was 

not significantly increased in response to supplementation of 

the basal diet with formal casein. Efficiency of feed conversion 

to fibre decreased, becoming significant (p < .01) in Angoras 

supplemented with formal casein after previously being fed only 

the basal diet. 

In animals previously receiving supplements, liveweight 

gains decreased by 60-80% (p < .01) when supplements were 

removed, except in the case of Angoras on the formal casein/rice 

supplemented diet where liveweight gain was reduced by only 

30% when the supplement was removed. 

Efficiency of feed conversion to gain was significantly 

reduced (p < .01) in both Angoras and Merinos when the formal 

casein supplement was removed from the diet. Fibre growth 

tended to be reduced in all groups (p $ .06) when supplements were 

removed except in the Angoras on formal casein/rice supplement. 

Efficiency of feed conversion to fibre was not significantly 

affected by supplement removal. 

5.3.4 Discussion 

The objectives of this experiment ~ere to test the 

hypotheses that the effects of shearing would differ in sheep 



and goats fed either the basal diet or the basal diet plus 

supplements, that the reduced efficiency of feed conversion to 

fibre reported during compensatory gain could be alleviated 

by supplementation with protein digested postruminally, and that 

animals previously fed this protein and also supplements of 

slowly degraded starch would exhibit carryover effects in fibre 

growth and liveweight gain when the supplements were removed 

from the diet. 

5.3.4.1 Effects of Shearing 

In agreement with these hypotheses, it was observed 

that the effect of shearing differed in animals on different 

diets. Although changes in animals on all diets tended to follow 
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a similar pattern, DM intake and liveweight gains were significantly 

increased only in animals on the diet supplemented with formal 

casein. Experiment 1 showed that formal casein supplements markedly 

increased intake of the basal diet by Angoras and Merinos. 

The present results agree with the intake response previously 

observed following shearing in sheep (Wheeler, et al., 1963; 

Weston, 1970) but indicate that a supplement that stimulates 

intake (protected protein) enhances the overall intake effect 

that occurs following shearing. 

An increase in fibre growth following shearing was observed 

in Angoras and Merinos on all diets. In animals supplemented 

with formal casein, this might be explained as an indirect 

effect brought about by the increase in feed intake. However, 

this does not explain increased fibre growth rates in animals 

that did not significantly increase their feed intake in 

response to shearing. Furthermore, significant increases 

in liveweight gains would also be expected to be associated 

with increased feed intake, which was.only observed in Merinos 

supplemented with formal casein. If shearing resulted in 

partitioning of amino acids towards fibre growth rather than 

liveweight gain, changes in the efficiency of N utilization ratio 

(gain:fibre) would be expected. The estimated efficiencies of 

nutrient utilization are shown in Table 5.11. It is evident that 



TABLE 5.11 Estimates of efficiency of energy utilization for liveweight gain (Eff.ME-G;MJ gain/MJ productive ME), 
efficiency of N utilization for livewe~ght gain (Eff.N-G; g liveweight gain/g digestible N intake) and 
for fibre growth (Eff.N-F; mg fibre/em /g digestible N intake) and ratio of efficiency of N utilization 
for liveweight gain or fibre growth (Eff.N ratio-G/F; gain/fibre) in Angoras and Merinos for a period 
of 21 days post shearing. 

Basal Basal plus formal Basal plus formal 
casein casein/rice 

Angora Merino Angora Merino Angora Merino 

Eff.ME-G 0.52 0.58 0.51 0.59 0.46 0.60 

Eff.N-G 3.36 3.78 5.26 5.96 4.11 6.12 

Eff.N-F 0.064 0.069 0.048 0.056 0.056 0.059 

Eff.N ratio G/F* 53 55 110 106 73 104 

* divisor (fibre) = 1 



TABLE 5.12 Estimates of efficiency of energy utilization for liveweight gain (Eff.ME-G;MJ gain/MJ productive ME), 
efficiency of N utilization for livewe~ght gain (Eff.N-G; g liveweight gain/g digestible N intake) and 
for fibre growth (Eff.N-F; mg fibre/em /g digestible N intake) and ratio of efficiency of N utilization 
for liveweight gain or fibre growth (Eff.N ratio-G/F; gain/fibre) in Angoras and Merinos after 21 days 
of being changed from one diet to another. 

Basal plus formal casein Basal (previously plus Basal (previously plus 
(previously only Basal) formal casein) formal casein/rice) 

Angora Merino Angora Merino Angora Merino 

Eff .ME-G 0.65 0.80 0.24 0.20 0.43 0.10 

Eff.N-G 6.18 7.52 2.78 2.33 3.48 1.32 

Eff.N-F 0.035 0.048 0.053 0.058 0.070 0.059 

Eff.N 
ratio G/F* 177 157 53 40 50 22 

* divisor (fibre) 1 



efficiency of utilization of both energy for gain and N for 

fibre and gain all increased following shearing compared to 

pre-shearing values (see Table 5.7). However, compared to 

pre-shearing values, the ratio of N utilization for gain:fibre 

changed very little following shearing. In fact, the ratio 

actually increased in favour of liveweight gain (from 84:1 

to 108:1) when animals supplemented with formal casein were 

sheared. Thus the evidence does not suppo·rt a partitioning 
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effect as an explanation for the increased fibre growth following 

shearing. Ferguson (1949) demonstrated (through sympathectomy) that 

if blood flow to the skin was increased, wool growth also increased. 

An increased flow of blood to the skin might explain why the 

increased fibre growth following shearing was observed in 

all animals regardless of diet. 

5.3.4.2 Compensatory Gain 

Supplementation with formal casein markedly stimulated 

DM intake and liveweight gains in animals previously fed only 

the basal diet. However, fibre growth did not increase in 

response to supplementation. Estimates of efficiency of nutrient 

utilization (Table 5.12) illustrate the effects of compensatory 

gain. Compared to the previous period (post-shearing; Table 

5.11) the efficiency of ME utilization for gain was increased 

by 25 and 38% in Angoras and Merinos respectively, when 

they were supplemented with formal casein. These values for 

efficiency of ME utilization were considerably higher than 

previous estimated efficiencies for these diets (see Table 5.7), 

indicating the improvement in efficiency of feed utilization 

associated with compensatory gain. Efficiency of N utilization 

for gain was also considerably higher than previous estimates 

for animals fed this diet. Compared to post-shearing values, 

the efficiency of N utilization for fibre was reduced by 45 and 

30% in Angoras and Merinos respectively when they were supplemented 

with formal casein. The efficiency ratio for N utilization 

increased nearly 3-fold in favour of liveweight gain:fibre, 

indicating partitioning of amino acids towards liveweight gain 

rather than fibre growth during compensatory gain. Therefore, 



the hypothesis that supplements of protected protein could 

overcome the depressed efficiency of wool growth during 

compensatory growth was not proven. 

The increase in plasma levels of insulin and decrease 

in growth hormone levels when animals were supplemented with 

formal casein agrees well with hormonal patterns observed in 

the animals in Experiment 1. 

5.3.4.3 Carryover Effects 

Removal of supplements from the diet of animals previously 

receiving either formal casein or formal casein and rice 

resulted in a marked reduction in liveweight gain and feed 

conversion efficiency except in Angoras previously fed the formal 

casein/rice supplement. Fibre growth also tended to be reduced 

following removal of the supplements. These results indicated 

there were no carryover effects of supplements on production. 

However, DM intake did not decrease when supplements were 

removed, resulting in marked decreases in efficiency of nutrient 

utilization for liveweight gain (Table 5.12). Compared to the 

post-shearing period (see Table 5.11), efficiency of ME utilization 

for gain was reduced by 53 and 66% in Angoras and Merinos 

respectively, that had previously been supplemented with formal 

casein. 

In Experiment 1, efficiency of ME utilization for gain 

was increased by 18% when animals were supplemented ~vith formal 

casein (Table 5.7). A similar decrease in efficiency would be 

expected when the supplement was removed. The considerably larger 

apparent decrease in efficiency after supplement removal suggests 

that other factors must have changed. One possible change could 

be the energy value calculated for gain. In all calculations, 

gain was assumed to be equivalent to 20 MJ/kg gain. If this 

factor was increased to approximately 40 MJ/kg gain during the 

period when the formal casein supplement was removed, there would 

be approximately 20% difference in efficiencies of ME utilization 

before and after supplement removal. These calculations suggest 
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that without formal casein, there was little protein deposition 

and most of the gain observed would have been due to fat deposition. 

The marked reduction in efficiency of N utilization for gain when 

the formal casein supplement was removed tends to support this 

explanation (Compare Tables 5.11 and 5.12). If the removal of 

the formal casein supplement imbalanced the protein/energy ratio, 

resulting in an excess of energy yielding nutrients, then a 

suitable solution for an animal consuming excessive energy 

nutrients would be to deposit it as fat. 

A surprising observation was that plasma concentrations 

of insulin and growth hormone did not change when the animals 

no longer received supplements. These results suggest that 

hormonal patterns were related to dietary energy intake but not 

to productivity. 

5.4 SUMMARY 

The results of Experiments 1 and 2, suggest that 

products of rumen fermentation ITBy not support maximum 

production in growing ruminants producing mohair or wool. 

Supplementation with protected protein dramatically increased 

production, by supplying additional amino acids, increasing 

intake of the basal diet and increasing the efficiency of ME 

and N utilization for liveweight gain. Additional supplementation 

with glucogenic precursors in the form of starch resistant 

to rumen degradation tended to increase liveweight gains and 

reduce fibre growth by directing nutrients towards liveweight 

gain and away from fibre growth. 

The role of circulating hormones in growth is not entirely 

clear. Plasma concentrations of growth hormone appear to decrease 

and insulin increase when dietary intake increases. Circulating 

hormones appear to be more closely associated with intake per se, 

rather than liveweight gain or fibre growth. 
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