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I N T H 0 D U C T I 0 N 

Early studies involving dietary protein level effects on wool 

growth (Fraser and Roberts, 1933; Slen and Whiting, 1 952; Ferguson, 1959) 

noted that over a wide range, dietary protein level remains relatively 

independent of wool growth rate. These observations led to the conclusion 

that once minimum protein levels were met, dietary protein was no longer 

a major factor limiting wool growth (Ferguson, 1959). 

For some time dietary protein has been known to be involved in a 

complex series of biochemical reactions within the rumen ( reviewed by Barnett 

and Reid, 1961). Most notable of U1e reactions related to this study are 

those involved with deamination and fermentation of protein by the rumen 

microorganisl!".s. 

After considering results of protein level experiments, kno.-ledge 

of rumen microbial action on protein, and work with sheep indicating that 

nitrogen retention was increased by abomasal or duodenal protein infusions 

(Cuthbertson and Chalmers, 1 950), Reis and Scbinckel (1961) decided to by­

pass rumen action by administering casein supplements through an abomasal 

cannula. 1'he effect of "b7-paased" protein supplements on wool growth rate 

was then assessed. 'Following supplementation, wool growth rate increased 

by 41 to m. 'l'he:se results suggested that protein nutrition is a .. jor 

factor limiting wool growth. 

1'be early protein-level resulta indicating that wool growth rate 

is relatively independent of dietary crude protein level, have subsequently 

been explaiDed b,y the work ot !logan and nton (1967). Using radioactive 

and orgaaic lm'ker techniques, the aJDOUnt ot no�nia. Ditrogen ( representing 



2 

majnly proteiD and amino acids) reaching and absorbed from the intestines 

was found to be similar for i.socaloric diets varying significantly in crude 

protein content. 'l'hua. rumen action can regulate the amount of protein 

made available to the host with subsequent effects on wool growth rate. 

The work ot �farston (1935) suggested that the sulphur-containing 

amino acid content of protein fiB.y be i.llportant tor wool growth. Reis and 

Schinckel (1963) used abomasal infusion as a "by-pass" technique tor testing 

��rston•s suggestions. L-cysteine and DL-methionine were infused, producing 

significant (35-130h) increases in wool growth rate which thus confirmed the 

importance of sulphur-containing amino acids for wool growth. 

il!ork directly relating to the present experiments was conducted 

by Reis (1967) who gave abomasal supplements of MKA (methionine hydroxy 

analog). Substantial increases in wool growth rate resulted from this form 

of supplementation. Also directly related is the work of Ferguson !! !!• 
{1967) who treated ca sein with formalin to protect the protein from rumen 

degradation. Treated casein supplements were then fed to sheep and wool 

growth responses measured. Results indicated that the supplements were 

effective in producing significant wool growth rate increases. 

It was with the preceding information that the pre•ent experiments 

were undertaken. 

Experiment I was desi.gned to teat the effectiveness of two toraall.n 

treat•nt proc�a tor protectiag casein aad MHA fro• ru•n degradation and 

to MaaUH wool poowth and boq weight reapoues resulting fl'OI2 supplementation 

with theM treat•at mteriale. 

reapoaaea to di.ttereat l..,.el.a o.t proteia ntri UOil. Ro.aey ahHp were ued 



and the result compared with those obtained from similar experiments with 

other breeds. In addition , results of the first experiment raised a 

question as to the possibility of an energy-protein level interaction for 

wool growth. Thus, a test for the existence of such an interaction was 

incorporated into the experimental design. 
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I. PROT"....:IN MI<..'T�.BOUSM IN THE RUMEN 

This section reviews the causes, events and products of protein 

metabolism in the rumen. Some of the important carbohydrate and nitrogen 

interrelationships within the rumen are shown in fig. 2.1. Figure 2.2 

presents some of the important aspects of microbial protein digestion , 

absorption and general utilization within the host animal. 

�. Bacterial and Protozoal Proteolytic Activity 

Protein, upon entering the rumen i.s known to undergo proteolysis. 

�ym (1939) was possibly the first to recognize that microorganisms were 

responsible for proteolytic activity within the rumen. Sym observed that 

proteinaaes found in rumen fractions, filtrates and centrifugates were 

c:1pable of hydrolyzing casein. He concluded that the enzymes were of 

bacterial origin. Pearson and Smith (19�3), using� vitro techniques, 

provided further evidence by demonstrating the proteolysis of casein and 

gelatin. 

The distinction between microbial proteolysis and bacterial 

fermentation has not always been clear. Because proteolysis and ferment­

ation occur consecutively and rapidly it is difficult to isolate proteolytic 

products in rwnen fiuid. Abou Akkada and Howard ( 1962) utilized i:!! vitro 

suspension of Entodi.Jdum protozoa to demonstrate the formation of proteol.7tic 

products. en casein was suspended with the Entodiniu the occurrence of 

a.m:i.Jso acids and peptidea waa noted. A01110nia formation (aiiiOUnting to 10�� ot 

t he breakdown products) was also noted and is thought to have arisen fr011 

the hydrol�aie of amide nitrogen in the casein. Abou Akk.ada and Blackburn 
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(1963) used pure cultures of rumen bacteria to demonstrate the formation of 

amino acids and polypeptides after digestion of casein. ��st of the strains 

used in the study also exhibited exopeptidase activity in addition to proteo­

lytic activity. This exopeptidase activity resulted in the liberation of 

free amino acids. Amidase actiYity was also noted in the strains under 

study and the authors suggested it would explain the results of Hale (1956J 
who found that propionamide could replace up to 50� of the protein in ruminant 

diets. Other relevant observations from this experiment were: few of the 

isolates demonstrated deaminase activity, and no significsnt urease activity 

was shown among any of the isolates. This latter observation poses an 

interesting question in that possession of urease has not yet been associated 

with any of the more common rumen microorganisms (Hungate, 1966) even though 

urea is rapidly hydrolysed in the rumen. 

�arner (1956) used toluene to depress deamination in order to study 

and confirm proteolytic activity. It was shown that proteolytic activity 

remained constant independent of diet, an observation that is also supported 

by Blackburn and Hobson (1<)60a). This is in contrast to deamination which 

varies with the diet (el-Shazley, 1952). 

QuantitatiYe aspects of bacterial and protozoal involvement in 

proteolysis are of interest. Blaekburn and Hobson (1960b} stated that a 

"fair" proportion of the proteolytic actirlty in the rumen can be attributed 

to protozoa. They also suggest that protozoa may be more active than 

bacteria in the hydrolysis ot casein. Obviously, relatiYe amounts ot 

actirlty rill Yary with a nUilber of factors. However, it 1a safe to conclude 

that both bacteria and protozoa can contribute significantly to proteolytic 

activity obsened in the rumen. 



B. Protein Solubility as Related to Rumen Degradation 

el-Shazley (1952) found that the ability of rumen microbes to 

d ecompose amino acids to aumonia and other products was significantl y  

af fected b,y the content o f  soluble protein in the diet. Cbal��rs !! !!• 
(195�) resul ts indicate that within the rumen highly soluble nitrogen sources 

(such as casein ) are rapidly converted to ammonia with subsequent nitrogen 

loss via rumen wall absorption. It was inferred that protein sources of 

low solubili ty may have higher feed values for ruminants than proteins that 

are highly soluble. Chalmers and Synge (195�) observed that altering the 

solubility of casein changed the extent of attack by rumen microorganisms, 

and consequently ammonia production. It was noted that herring meal 

(relatively low in soluble protein) gave a higher nitrogen retention and 

lower am��nia levels than casein. el-Shazley (1958) sugges ts that protein 

solubility is the most important factor in determining the extent of ammonia 

production in the rumen. He notes it could be concluded tha t proteins with 
the highest solubility are the least retained in the body. However , nitrogen 

retention was found to be better with casein than with meat meal or beans, 

although it is more soluble than both. He indicates that this may be due 

to the non-nitrogenous part of the casein molecule stimulating microbial 

growth and propagation, the protein being subsequently utilized by the host 

animal. 

Further work with micr obial counts showed no correlation between 

nitrogen retention and the total counts of microorganis in the rume n liqu or. 
I t  was suggested that the lack ot correlation between microbial counts and 

nutritive value of proteina could be accOUBted tor by assuming a high 

biological valu e tor th insoluble proteins ( cottonaeed cake and linseed 

oil 1 iD this ea e ) which pass to the abollf.USUII largely unal tend and, 

therefore, do not stimulate microbial growth and propaption to the same 
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extent as soluble proteins. 

The rate of ammonia accumulation has been used as indirect evidence 

that protein aolubility affects the rate of proteolysis {Preston .!!. &·• 

1963). Blackburn and Hobson {1960c) have provided direct evidence by 

demonstrating that a soluble form of casein was more rapidly degraded than 
a relatively insoluble form. 

Little !! !!• {1963) measured the solubility of •arious protein 

sources in rumen fluid, dilute sodium hydroxide and distilled water. 

Solubility was then co111pared with in vitro microbial production of free 

ammonia ( see table ). 3olubility in rumen fluid was generally more closely 

related to ammonia formation than values obtained from other solvents. 

However, no definite relation between degree of nitrogen solubility and 

rate of ammonia production was evident. 

It appears that a number of fa.ctors in additio.n to solubility are 

involved in producing observed differences between proteins in the rate and 

extent of rumen ammonia formation. Surface of the protein available to 

microbial attack, physical consistency of the protein, and the chemical 

nature of the protein as affecting its susceptibility to enzymic attack 

have been listed as possible additional !actors, Chalmers and Synge {1954). 

C. Bacterial Fermentation of Amino Acids 

In contrast to proteolysis, amino acid fermentation iD•olves not 

only enzymtic breakdown but rJBY include the formation of high-ener17 

phosphate molecules, (Hungate, 1966). Presumably, moat amino acid ferment-

ation within the rumen is attributed to bacteria. protozoa are 

kaon to ingest and assimilate bacteria aad ot er proteinaceoua terials 



TABLE 2.1 NITROGEN .30LUBILI'l'Y AND IN VITRO MICROBIAL PRODUCTION OF FREE AMY.ONIA 

FROM DIFFERENT PROTEIN SOURCES* 

·� TOTAL N SOLUBLE FRF;E AMMONIA ON INCUB.I\TION HR. a 

Rumen Fluid H2o 0.2 N 
1 2 3 NaOH 

SOYBEAN OIL MEAL 19 16 81 4.2 7.3 9.2 

HEA'l'ED SOYBEAN OIL MEAL b 10 11 30 2.5 2.5 2 . 5  

LINSEED OIL MEAL 45 39 68 3.0 6.9 ?.4 

CORN GLUTEN MEAL 13 11 32 2.2 3.1 3.2 

PURIFIED SOY PROTEIN 7 2 99 3.0 5.5 7.6 

PURIFIED CASEIN 81 2 98 3.8 7.0 1 1 . 4  

PURIFIED ZEIN 3 0 99 0.1 2.9 0.5 

a Values expressed as mg. NH3-N per 100 ml. increase above control values. 

b Heated in forced air oven at 110
°

C, for 24 hours. 

� From Little, Burroughs and �oods (1963) 

4 

10.2 

3.0 

8.0 

1.6 

10.2 

12.5 

0.9 



9 

as a source of nitrogen (nungate, 1966), and thus, uatq species may circumvent 

the need for exogenous amino acid fermentation. 

There is ample evidence for the fermentation of amino acids in 

rumen fluid (Van de Hende!! !!•• 1963; Lewis and 8mery, 1962; Lewis and 

McDonald, 1962). This work indicates that all amino acids a re fermented 

in the rumen to some extent. The various pathways and intermediates 

involved in amino acid fermentation will not be discussed here but their 

existence should be noted. 

The end products of amino acid fermentation have been listed by 

Blackburn (1965) as being ammonia, carbon dioxide, and volatile fatty acids . 

D. Role of Ammonia in the Rumen 

The formation of ammonia is probably the key product in amino acid 

fermentation, in that ammonia is thought to be the basic substance from 

which bacteria synthesize cellular protein. 

��Donald (1948, 1952) was one of the first to draw attention to 

the importance of a111m0nia in the rumen. This work provided indirect 

erldence that ammonia is utili zed by tbe nuaen microbes. ·tteller .!!. !! . 
(1962) sampled the rumen contents of sheep slaughtered at various times 

after feeding. Their wrk supports the views of McDonald and provides 

more indirect erl.dence for the breakdown of t d protein to ammon ia, and for 

its subsequent utUizatioD 'b7 the rumen bacteria. N15 tracer studies by 

Bogp (c ited by Hungate, 1966) proTide some direct evidence for the 

utilization of onia by the rumeD bacteria. 

Another aspect or aiiiDOJlia 's role in the ru n concerns its apparent 
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absorption through tbe epithelium. HcDonald (19lt8) provided evidence for 

the absorption of ammonia through the rumen wall to the portal blood stream. 

Coombe !! !!• (1960) studied the rate of ammonia absorption and found that 

it is affected by the rumen pH. Also, absorption rate was found to be the 

highest in the non ionized (NH3) form. Ruminal ammonia concentration is also 

thought to affect the rate of absorption (Lewis!! !!•• 1957) as it was 

observed that increased levels of rumen ammonia gave rise to high leTels 

in the portal blood. 

The importance of ammonia absorption liea in the theory that when 

large amounts of protein are included in the diet, considerable wastage of 

the degraded protein nitrogen occurs via ammonia absorption and conversion 

to urea with resultant urinal excretion. 

E. Utilization of Endogenous Urea 

One of the most interesting characteristics of the ruminant is 

its capability of utilizing en dogenous urea. 

There are two major routes by which urea ent ers the rumen. One 

is via the salivary glands which are known to secre te up to 0.6 g. of 

nitrogen into the ruJHJl daily (McDonald., 1948; Somers, 19,58). Urea is 

the major nitrogen constituent of saliva, as Somers (1961a) determined that 

60-70% of salivarJ nitrogen is found in that torm. The other source ot 

endogenous urea is that obtaiDed by diffusioa through the rumen wall (Houpt., 

1959; Moir ud Harria, 1962). 

Quantitative estimate ot total endogenou.a urea enterillg the 

rumen have been made. � and HobsOD (196') estiated that endogenoua urea 
1 may contribute slightl7 over /5 of the nitrogen that the diet prori.dea. 
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Dobson (1961) estimates that 1.5 g. of endogenous urea nitro gen enters the 

rumen daily. It should be noted that these estimates need qualification 

as the quantity of urea nitrogen entering the rumen is known to vary with 

the blood urea concentration which in turn varies with the nitrogen content 

of the diet (Scmers, 1961b). Houpt (1959) measured the quantity of urea 

entering the rumen from the blood when 5 m.moles urea nitrogen/kg. body 

weight were injected intravenously into mature ewes receiving a less than 

maintenance level of nitrogen plus a carbohydrate supplement. Under these 

conditions it was estimated that 52/• !". 10?.> of the injected urea entered the 

rumen. · hen the carbohydrate supplement was removed 22.� !". 5.-t of the 

injected urea entered the rumen. Reduced microbial protein synthesis was 

assumed to account for the lower urea utilization on the unsupplemented diet. 

The percentage of crude proteins in the diet was shown to affect 

body-pool urea retention (Cocimano and Leng, 1966). Urea entry and excretion 

14 
rates were measured , using C urea isotope injection a nd infusion techniques, 

in sheep fed rations containing 3.5, 9., 17 and 2T; crude protein. Urea 

excretion rates were calculated by measuring the urea in urine collected 

from a catheter in the bladder. The body-pool urea excretion percentages 

(urea excreted 
x 100) for the rations were: 8, 56, 67 and ?0 respectively. 

urea entering 

It was concluded that urea recycling is a major process in ruminants and on 

low-protein roughages (}--.;' CP) the amount of nitrogen actually entering 

the rumen may be as much as twice that in the teed. 

form .. 

Once urea enters the rumen 1 t st be broken doWD to a utilizable 

Huhtaner and Gall (1955) ban demonstrated that ur is hydrolized 

in the rumen to a.aonia and carbon dioxide. Urease activit7 1Rl8 demonatrate4 

and it was suggested that the urease is iD the anaerobic ld.croorp.ni.BIIII of 

the rumen fiuid. 

As previoual7 �DRtioDed (Section IA) urease actiri.t7 haa not 
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been attributed to any of the commonly occurring rumen microbes. 

The importance of endogenous urea utilization in relati on to 

ruminant protein metabolism becomes evident on low-nitrogen diets (Houpt, 

1959; Cocimano and Leng, 1966;. Under these conditions endogenous urea 

provides relat ively substantial amounts of nitrogen for protein synthesis. 

F. Synthesis o f Micro bial Protein 

One of the essential processes in ruminant protein metabolism is 

the synthesis of microbial protein . Pearson and Smith (1943) and Smith 

and Baker (1944) utilized !E. vitro techniques to demonstrate decreases in 

non-protein nitrogen followed by increases in microbial protein. 

Loosli !l !!• (1949) provided more direct evidence for microbial 

protein synthesis by feeding lambs a purified diet containing urea as the 

only nitrogen source. Arginine, histidine , isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine, tryptophan and valine were shovm to be 

formed in rumen fluid, presumably within the microbes. Similar evidence 

was provided by r.>uncan .!! !!• (1953) who also demonstrated utilization of 

urea by rumen microbes. 

There is much evidence to show that a111110nia is utUized by maey 

strains or ru bacteria for amino acid synthesis. Br,yant and Robinson 

(1961) noted utilization of ammonia by Ruminococcus navefaciena, R. albws 

and Bacteroids succonog!!!!!! in preference to or regardless of the amount of 

amino acid or peptide nitl"'gen present. Beyaat and Robinaon (1962) cultur d 

ei&ht7-nine strains of ruJI8l bacter:l. • 25% of which required nia for 

growth with 82% beiog capable of ut111zillg ,Jda as their main source of 

nitrogen. Fift7-aix percent of the strains under atuq grew well with 



either amino acids or ammonia while only 6�b required amino acids as a 

nitrogen source. 
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Volatile fatty acids have been shown to be essen tial or stimulatory 

substances for the growth of many rumeft-ba.cteria strains. This my be the 

result of the bacteria •s inability to incorporate or synthesize the carbon 

chain of amino acids (Blackburn, 1965). Beyant and Robinson (1962) used 

bovine bacterial isolates from whole rumen contents to demonstrate that, of 

the following volatile fatty acids: isobutJric, n-valeric, isovaleric and 

2-methylbutyric, one or more were ei tber required tor or enhanced the growth 

of a large percentage or the eighty-n ine strains under study. As the result 

of this and other work (Allison and Bryant, 1963) it was suggested that in 

the rumen a significant quantity of microbial branched-chain amino acids 

may be synthesized from branched-chain fatty acids. 

Little information ia available on the relative importance of 

rumen protozoa in microbial protein synthesis. It may be that their role 

is a minor one in relation to the amount of synthesis conducted b,y the rumen 

bacteria. 

FTesent knowledge indicates that rumen bacteria use significant 

amounts of major fermentation products (i.e. ammonia aad volatile fatty 

acids) in the process of synthesizing protein. 

G. Composition of Mictybial Protein 

The ruDMm ld.erobes constitute the major proteiD-SOUI"C.e tor the 

ruminant (Jhmgate, 196.5). Theretcre, a knowledge ot their composition is 

essential to an understanding ot the hoat•a ntr1t10Dal i.Dtake. 

Based 011 the data of eller (1951), the ruateD bacteria are thought 



to contain approximately 67,� crude protein while the rumen protozoa are 

thought to contain approximately 33� crude protein. Digest�bility estimates 

of mixed samples of rumen bacteria and protozoa were made by Abdo .!! !!.• 
( 196�). ilhen the samples were fed to rats true digestibility figures of 

74-80� were obtained. 

High biological values have been obtained for rumen bacteria and 

protozoa (8o, 81 respectively) when fed to rats (MeNaught .!1 !!•, 19.54). 

The amino acid content of rumen fiuid as used to compare two 

sources of nitrogen is shown in table 2.2 (Richardson and Tsein, 1963). It 

can be seen that , when compared with urea, the feeding o f  soybean-oU meal 

resulted in a higher concentration of amino acids but did not appear to 

significantly affect amino-acid proportions. These results also indicate 

that the amino acid proportions in rumen microbial proteins do not deviate 

significantly from the proportions found in many c ommon h erbage proteins. 

Weller (1957) compared the amino acid composition of rumen 

bacteria and protozoa from sheep fed a variety of diets. The percentage 

composition for bacteria between diets appeared to be si.milar. However, 

protozoa composition demonstrated greater �ariati on. 'nle percentage of 

nitrogen in both bacterial and protozoal samples appeared to �ary with the 

diet. 

Microbial protein coapoaition is relati'fe� CODStant with 

variatiODS in the diet, while protein concentration (based on nitrogen values) 

aee to YB.r7 with the diet. It appears that the I"UUIIeD microbes proyide 

highly utUizable source of proteiD with c position aiad.l.ar to that of 

� forage prot ins. 

ud..no acids 1BJ be li.Jii.ting {Abclo et al •• 196'+). '!'he ai.piticanc of thia --
11.mitation in relation to 81'0Wth will be discussed in chapter 5. 



TABLE 2.2 AMINO ACID CONTENT OF RUMEN FLUID FROM TWIN S'l'EERS FED SOYBEAN-OIL MEAL OR UREA • 

VALU ES EXPRESSED AS fofg. A MINO ACID/LITER 

SOYBF.:AN-OIL MEAL UREA 

ASPARTIC ACID ;46 . 03 382 . 1 9  305.76 242.01 

THREONINE 1 73.09 1 99 . 75 1 54.06 81! . 32  

SERINE 1 37 . 38  1 50 . 73 97. 74 32 . 52 

GLUTAMIC ACID 496 . 91 51 7 . 1 4  491 .60 377.24 

PROLINE 299 .62 283. 42 251.6; 190.78 

GLYCINE 1 68 . 93 1 68 . 02 148 . 88 112.84 

ALANINE 1 90. 35 21 3. 52 1 89.?8 149.}2 

METHIONINE 89. 75 93.73 79.52 71 . 89 

ISOLEUCINE 229.1+0 249.98 1 97 . 85 156.80 

VALINE 197.1+6 21 3. 52 189.?8 149. 32 
LEUCINE 291 . 69 303. 31 254 . 42 220. 90  

TYROSINE 1 51 . 38  1 56. 91 99. 54 79- 55 
PHENYLALANINE 253.13 277. 98 1.50.92 126.69 

HISTIDINE 67. 50 77. 58  62. 74 53.83 

LYSINE 300. 1 3 305.91 273. 54 227. 42 

ARGININE 1 39 . 04 1 52 . 56 1 3?. 34 1 01 . 34 

TRYPTOPHAN 78 .20 1 29 . 23 55. 99 45. 78 

CYSTINE & CYSTEINE 52.22 54. ;4 37. 59 29 . 1 1 

• From Richardson and Tsien ( 1 963) 
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II . THE RELATIONSHIP OF PROTEIN NUTRI TION TC WOOL GROWTH 

A!{f) BODY 7if.1GHT CHANGE 

'' · Protein Level Feeding Experiments 

A number of experiments were designed to interpret wool growth 

and body weight changes , as affected by feeding various levels of protein 

and energy , before the development of a general understanding of rumen 

protein and energy metabolism and the quantitative and qualitative nature 

of nutrient materials absorbed from the alimentary tract . Some of the 

frequently noted experiments from this perio d  will be discussed. 

Fraser and Roberts ( 1 933) fed two groups of 20 wethers on isocaloric 

diets which contained different levels of protein. The two levels were 

estimated to contain approxi��tely 78 and 1 18 g. digestible protein per day . 

No significant di fferences in rate of body weight change or wool growth 

were observed between the groups. The authors noted the difference in 

cystine content between forages and wool and indicated that cystine is 

probably synthesized in the sheep. 

Slen and �''hiting ( 1952 ) fed ewes isocaloric diets containing three 

levels of crude protein (7,  10 and 1 3,6 of the ration) . No clear estimate 

of digestible energy intake was given but it can be extrapolated from the 

data that approximately 510 g. of digestible carbohydrate were consumed 

daily . Wool production was measured and the weight of clean wool was found 

to be significantly greater for the 10 and 1 3%  CP diets when compared with 

the CP diet. 

rerguson { 1959 ) fed isocaloric diets to groups of ewes while 

n.r,ring crude protein as a percentage of intake (see table 2.3) . No 



TABLE 2. 3 INFLUJ:i�NCE OF' DIE'I'ARY PROTEIN PERCENTAGE ON GROWTH OF WOOL• 

PERIOD DURA'l'ION 
GROUP RATION 

Fr;ED INTAKE CRUDE PROTEIN WOOL GROWTH 

( IUXS) (GRAM/DAY) ( PER CENT ) (GRAM/DAY) 

1 8 I F6 509 16. 9  4.90 

II  F6 51 7 16.9 4.40 
I I I  F6 507 16. 9 4.81 

IV F6 508 16. 9 4. 58  
2 12  I F6 1 553 18.6 12. 46 

II  F11 1389 18.5  1 1 . 54 

III F12 1382 24.0 12. 54 
IV F1 3  1389 29 . 3  12 .27 

' 12 I F6 499 1 8 . 4  6. 38 

II F1 1 500 1 8 . 3  6 . 43 
III  F1 2 500 24. 5  6.89 
IV P1 3 500 29. 5 7. 33 

.. 8 I F1 1 .500 18 . 1  5. 79 

II F1 1 500 18. 1  5 • .53 

III F1 1 500 18. 1  5.89 

IV F1 1 500 18 . 1  6.03 

5 12  V F16 4il7 7- 5 5. 1 9  
VI F1 5 491 1 1 . 2  4.65 

VII F1 4  500 13. 6 4.88 

VIII F1 1 495 17. 2 4.93 

• From �erguson , K . A . ( 1959) 



significant differences in wool growth were observed between groups fed 

isocaloric diets of differing protein content . Significant differences 

in wool growth were noted between l evels of feed intake . Ferguaon 
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concluded that when the diet contains more than 8 �  crude protein the 

response in wool growth to increasing intake is not due to greater supplies 

o f  amino acids and therefore must be due to an increased supply of en.ergy . 

Feeding experiments of the type just described are difficul t to 

compare due to varia tions in design and methods . I t  should be noted that 

the energy level used by Slen and �biting is high, relative to the period 1 ,  

3 ,  4 and 5 levels of Ferguson . It  is probable that Slen and Whiting ' s  

observations were made with diets containing ample quantities o f  energy 

for microbial protein synthesis ( this statement needs to be quali fied as 

applying within the levels o f  protein used during the experiment ) .  Thus , 

the supply of ni trogen was the main fac tor regulating protein synthesis and 

resul ted in di fferent wool growth rates between the 7 and 1 0  and 7 and 1 3·� 
CP levels . Conversely , Ferguson ' s  low-energy diets probably did not supply 

sufficient energy to meet potential dem&nds for microbial protein s,ynthesis. 

Thus , when the level o f  nitrogen was increased , energy supply became limiting 

for microb ial growth and resulted in an unchanged rate of wool growth. 

The upper limit tor protein content (undergoing rumen fermentation ) 

to significantly affect wool growth is not known . However , from work such 

as Slen and Whiting' s it is suggested that , when energ ie not limiting, 

clietar,y levels ot crude protein mu.ch greater than 1cn will not sipiticantl.y 

affect wool fii"''Jth. 

Ho and ieeton (1967) haYe prorlded evidence which helps to 

explain :reeults obtained ill the earlier teedins experimenta (aa exemplifiec! 

b7 Fraaer aad Roberts, 1933; Slen and Whiting. 1952 ; and Ferguao , 1959) . 



Merino wethera were fitted with ru-.n and abolllfl8al. cannulae and fed diets 

corresponding to Fergueon ' a  ( 1 959) period 5, F16 and F11 rations. The 

diets proYided approximately 8 and 20% CP on a dry matter basis and were 

designated LP and HP respectiYely. The moYement of digesta through the 
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stomach was measured using dieta17 lignin and a radioactiYe chromiwn complex 

o f  ethylene-diamine-tetra - acetic acid ( 51
cr-EDTA ) a.s markers. Samples of 

rumen and abomasal digesta were regularly collec ted for ana1ysis. Resul ta 

of this work ( see table 2. ft.) indicate that , although dietary N intakes were 

significantly differeDt , the quantities of N leaTing the abomasum and absorbed 

in the intestine were similar for both diets. It should be noted that , for 

digesta passing through the stomach , there was a ne t  gain of nitrogen on the 

LP diet while on the HP diet there was a net loss . Therefore , the similarity 

of wool growth rates for these diets ( observed b7 Ferguson , 1 959) can now be 

explained on the basis of similar quantities of amino acids being absorbed 

through the intestine. 

DIET 

1 

2 

TABLE 2 . 4  UDUNT OF NON-AMMCNIA NITROGEN ABSORBED 

FROM THE INTF.STINE• 

'IOTAL N INTAKE 
(g./clq) 

NAN 1 LEAVING ABOM!SUM 

( g./da7 ) 
NAN

1 
ABSORBED FROM 

THE INTESTINE 

( g./clq) 

8.8 

8.1 

H.lll • -A-1• Nitropn 

BP 

LP 

• High ProteiD Diet - approxillatel7 2J1t, CP 

• J.ow Protein Diet - approxillatel¥ 8• CP 

6.8 

6.1 

KO ccmtaina � � Ald.no Acid w. Bopn (1965) , Bosu and eatoa ( 1"7) 

• r.roa Bopa all4 Weatoa ( 1 96?) 
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B .  Circumvention of Rumen Fermentation a s  a Technique for Studying 
Protein Effec ts on &ool Growth and Body Weight Cc�ge 

Since the realization that rumen fermentation l imits the amount 

of protein available to the host a variety of methods have been utilized 

or suggested as routes for bypassing rumen ac tion . 

1 • Abomasal. and Duodenal T'rotein Infusion 

For nearly twenty years this technique has been used for studies 

involving nitrogen retention .  However , i t  i s  only recently that use has 

been made of it for observing wool grow th and body �eight responses . 

Cu thbe rtaon and Ch.almers ( 1 950 )  were of the first to utilize 

duodenal infusion for protein suppl ementa tion . Pregnant ewes were given 

casein via rumen and duodenal fistulae . N i t ro gen re tent ion was measured 

and found to be grea ter in those animals receiving casein via the duodenum. 

Blaxter and Martin (1962 ) have compared the u tilization of the 

energy of casein when given to sheep by in fusion into the rumen wi th its 

utili zation when given by infusion into the abomasum. The resul ts ( see 

table 2.5)  indicate that superior utilization is obtained from the abomasal 

route. Rumen fermentation is suggested as the reason for the low nutritive 

value of proteins for lipogenesis in ruminants. 

Little and Mitchell (1967) co pared oral vs abomasal administration 

of soybaan protein, zein , casein and gelatin. Nitrogen retention was 

significantly improved (P<. 0.05) when soybea.n protein and casein were 

infused abomasal.lJ'. Gelatin infuaion also increased nitrogen retention 

but aot significantl7. This is pouibly due to gelatia' coarparatiTel1 

low essential amino cid content .  Nitrogen retention decreased after 

zeir.a ' s  inrusion. This is thought to be due to the reduced dipstibili t7 



SI!E OF 
INFUSION 

RUMD 

ABOMASUM 

TABLE 2.5 CASEIN UTILIZATION IN TH E  SHEEPi COf-'.PARING TWO SITES OF INFUSION• 

$ N 
INCREA3E IN NET AVAILABILITY OF 

TOTAL ENERGY RETAINED 
METHANE PRODUCTION HETABOLIZABLE ENERGY 

DIGESft:D Kcal/100 Kcal CASEIN ' Kcal/100 Kcal CASEIN 

1 ?.63 ,t 1 . 1 6  50 . 2  !. 3.2 31 . 1  .t. 3. 6  93.6 + 2.7 -

99.8 + z.s - o.6o ! 0.92 64 .7 !. 3.2 56.7 ! 3.6 

1 
Stuu:la.J'd Error of Mean 

• From Blaxter and ¥artin ( 1 962) 



of zein \7hen given abomasal.ly and to zein ' s  poor amino acid balanee .  It is 

noted that , when given orally, nitrogen retention is much lower for casein 

and gelatin when compared with soybean protein and zein. This probably 

reflects the differing rates at which the proteins are fermented within 

the rumen. 

Increases in feed intake (a response that is probably indirectly 

related to changes in wool and body growth rate) have been observed utter 

abomasal and duodenal infusions of casein ( Egan  and �.cir ,  1965; Schelling 

and Hatfield, 1 96?) . Reasons for the increases are not clear but it has 

been shown that the responses are not simply related to changes in the rate 

of digestion within the rumen (Egan and f",oir , 1965) . 

Rei.s and ��chinckel ( 1 961 )  were possibly the first to utilize 

abomasa1 infusions fo r the study of protein effects on wool growth . . :hen 

a 600 g. basal diet ( 18o g. lucerne chaff ,  180 g. wheaten chaff, 240 g. 

cracked corn ) Yias SUi-;plemented with daily in fusions of 12  g. casein �: , wool 

produc tion was increa ... ed by Lt.1 to ?T�. 

Schinckel (1962 )  using a Merino ewe , studied the respons9s to 
two levels of nutrition , a low plane (300 g. lucerne chaff + 300 g. wheaten 

chaff) and a high plane (225 g. lucerne chaff + 225 g. wheaten chaff + 300 g. 

cracked corn) . The high plane diet was supplemented with daily abomasal 

in1'Usiona of 185 .t 5 g. casein. Duri.n.g the high plane suppl.ementa tion 

period the wool growth rate was about 156% greater than during the low 

plane period. l.U.totic activity within the follicle bulb (as measured 

usi.Dg colchicine iDjocticms) was tou.d to be 56% gr ter dUI'ing the period 

Short et al. (1965) haYe used Schinckel. 'a (1962) material tor a - -
detaile4 examination of nutritional effects on wool growth t the cellular 
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level . Scrdnckel ' s  high plane of nutrition, when compared to the low plane, 

was found to produce increases in follicle bulb cell proliferation rate , 

the germinal cell population and the volume of matrix and resulting cortical 

cells. 

Reis and 3chinckel ( 1 963) conducted a further experiment with 

aboma.sall.,y in fused casein. Two f>1erino ' s were fed for a period of six weeks 

on a diet consisting of : 600-800 g. lucerne and wheaten chaff mixed in 

equal p!ll"ts and supplemented with daily infusi ons of 60 g. casein .  "bool 

growth , when compared wi th a control perio d ,  was found to have increased 

84 and 1 02�. Body weight also increased ( relative to a control period) 

during the infusion period , the increases being approximately 2 kg. for 

each sheep. 

�eis and �ctdnckel ( 1 964 )  compared wool growth responses to 

abomasal infusions o f  casein and gelatin. Two groups of Merinos ( 3  sheep/ 

group) were infused daily wi th 6o g. of either casein or gelatin for a 9 

week period. The sheep were on an 800 g. basal diet con sisting of equal 

parts lucerne and wheaten chaff. �ool growth increases , ba sed on control 

period figures , were 1 48 and 20.'t for casein and gelatin respectively . Mean 

body weight increases of �. 5 kg. (casein) and 3.0 kg. ( gelatin) were recorded 

for the intusion period. 

2. Heat Treatment of Proteins 

Chal.mers !! !!. . ( 1 95'4) were possibly the first to recognhe heat 

treat ent as a •thod for protecting proteins from rumen degr dation. In 

a feeding trial with sheep, heat-treated casein whn compared wi th untreated 

casein was found to increase nitrogen retention and reduce the rate of ru-

UBOnia to1'111ltioa. Tagari .!! !!• ( 1962) fed sheep heat-treated SOJ'bean 

al supplements. Heat treatment was ahOWA to subst&Jltialq reduce rwnert 
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ammonia formation and increase nitrogen retention . I t  was demonstrated 

that heating reduced the protein ' s  solubility in arti ficial saliva. This 

reduced solubility is thought to explain the value o f  heat trea tment . I t  

i s  theorized that untreated protein , being more soluble ,  liberates ammonia 

at a rate faster than the microorganisms can use it , the excess nitrogen 

being lost via rumen-wall absorption. Clmlmers !! !l• ( 1 964 ) fed heat-

t reated groundnut meal to sheep and lactating goats. Results were parallel 

w ith earl ier work in that hea t treatment reduced solubility and ammonia 

formation and increased nitrogen retention. Danke !! !!• ( 1 966 )  fed heat­

treated cottonseed meal to sheep. The effect ot different heating times 

and treatments on nitrogen solubility and retention was studied. With 

both forms of treatment ( autoclaving vs atmospheric stea ming) solubility 

was reduced in a linear fashion with time. Autoclaving ( with 1 .05 kg./cm
2 

pressure ) was found to be superior , reducing the solubility 65X> in 6o minutes 

while the same period of atmospheric steaming reduced the solubility by only 

20i. Nitrogen retention di fferences between the treatments were not 

significant but retention tended to be higher with animals fed the auto­

claved protein. 

The use of heat-treatment aa a means of partially protecting 

proteins from rumen degradation appears to give satisfactory results 

although , more infol'1118. tion is needed concerning posaible reductions in 

nutritive value due to treat nt. 

�. Chemical ¥.odifica tion of the Protein ' s  Surf ce 

A variety of methoda for chemicall)' altering a proteiD • e surface 

have been enrisioned. The object is to produce a reaction product that is 

resistant to microbial attack in the rwaen but , iJI not resistant to the acid 

conditions ot the a'boasua thereb7 allowing cU.aeation to besia at that site. 



25 

The reaction of a protein ' s  surface with an aldehyde produces an 

acid reversible polymer complex which is resistant to rumen degradation. 

Chalmers et al. ( 1 954) were possibly the first to utilize this t echnique .  - -

They mention the use of a formaldehyde-treated casein supplement in a 

feeding trial. wi th sheep. Unfortunately the results were not clear and 

further experimentation was apparently not undertaken. 

Ferguson !! !!· (1967) have successfully utilized the formal in-

treatment technique in supplementation experimen ts with l<lerino sheep. Three 

groups of wethers ( l•  sheep/group) were fed an 800 g. basal ra tion consisting 

of equal parts lucerne and wheaten chaff for a 12 week c ontrol and an 1 8  

week experimental period. One group was maintained on the basal ration 

during experimental period 111hile a second was given a daily supplement of 

8o g. formalin-treated casein; a third group was given 8o g. treated 

casein during the first 9 weeks of the experimental period and then 

switched to 80 g. untreated casein for the remainder of the period. �hen 

compared wi th control group Yalues , the administration of treated casein 

was found to have increased wool grow th rate by approximately 70t ( 1! .5 g./ 

day ) a fter 9 weeks of treatment . The group which was switched to untreated 

casein in the latter half of the experimental period, displayed a mrked 

reduction in wool growth rate which stabilised at a level approximately 

1 5� ( 1  g./day) above the control group. 

The reaction of protein w1. th an aldehyde other than formalin 

has been reported ( Fersuaon !1 !!• , 196?) .  Glutaraldehyd was shoWI'l to 

be effectiYe in ,!! .-n;;.;:to:o.ro.;. teats. 

... Eeophapal. Grco•• Closure 

Until ncentl7 this method bad not ben tried as a rwDeD-bypass 
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technique for protein supplementation although , Hungate ( 1966) has suggested 

its use . Manning and QuiD ( 1 933, 1935) studied esophageal groove closure 

as a means for drug administration. A 5 to 10� solution of copper sulphate 

administered to sheep in 10 cc . doses was found satisfactory for stimulating 

closure . Using this treatment , the groove was found to remain cl osed 1 5  

seconds or longer w ith cl osure occurring a few seconds a fter s timulation . 

ratson and Jarrett ( 1 941 ) observed closure periods frequently greater than 
one minute and sometimes greater than six minutes when 10  cc . of a 1 0� 

solution of copper sulphate was administered to sheep. 

Wickham ( pers. comm. )  has tried the use of sodium bicarbonate as 

a stimulant for closure in an attempt to place �ffiA ( methionine hydroxy 

analog ) directly into the abomasum of sheep. Individual variability in 

the response has posed a problem fo r the use of this chemical. 

5. Cther V�thods 

( i )  Th e  chemical coating o f  proteins or amino acids a s  mentioned b y  

McDonal d ( 1968 ) ,  ma y  prove t o  be a very use ful technique for preventing 

rumen degradation . This is especially true for individual amino acids , 

which are unsuitable for forming polymer compl exes . This technique would 

not involve a reacti on but would involve placing a chemical polymer around 

the protein or amino acids. The coating would be resistant to rumen 

microbial attack but would break down in the acid conditione of the 
abo sum. 

( ii )  CircuweDtioa o f  roea terllllltation via injection is a method 

which ehowa }rOIIIiae tor apecitic allillo aeida. Narston ( 1935) gaYe 

subcutaneous injections of L-c�teine h7drochloride an4 sigrrl.tica.Dtly 

improved the rate of wool growth. Rowwer ,  Maraton ' e  expen..ent waa not 



specifically desi.gned to test the use of inj ections as a techni.que for 
bypassing the l"tUUIeel. 

The injection of specific sulphur-containing amino acids may 

become a valuable technic1ue for increasing wool growth if Dovmes • (1961a) 
theory is correct .  This theory suggests t he  existence of a metabolic 

"pool" of cystine which can be drawn upon b7 the wool follicles. 'lhus ,  

periodic injections of cystine might produce a continuous response in terms 

of an increased wool growth rate. It shoul d  be noted ('.<Jickhru:l, pers. comm. ) 

that cysteine inj ections may pr oduce undesirable physiological reactions 

which are associated with the form in which cysteine is injected. 

( iii) 'l'he reduction of rumen retention time is a method which might 

be employed to increase the ]roportion of feed protein reuching the abormsum. 

Depending on protein fermentation rate , a r:lal"ked reduction of particle 

retention time coul.d allow significant amounts of undegraded protein to 

pass through to the abomasum a.nd thereby be mde available to meet wool 

and body growth requirements. 

Increased water consumption , achieYed by adding large amounts of 

sodium chloride to the diet , is thought to facilitate an increased rate of 

particle passage through the rumen (Bemsle.y , 1 967) . 

C .  Amino Acids u d  iool Growth 

1 .  'ftle infiuence of Sulphur-Ccmta1Ding Amino Aeids 

It is � recentl7 that the aul�taining ami.Do acids 
(s-emno acids) haw beeD posiUY� idetUied ae be1D.g stimul.ato17 faotora 

for wool grorih. Ear� woJ'k b;r Maraton (1935) , based on the obaerntioll 

that the sulphur aad.Do acid COJlt t of forages was 1111Ch lower tbaD that 



found in wool , pointed to the importance of cystine tor wool growth. 

�hrston did demonstrate increases in wool grow th rate after cysteine 

injections but it was not until the work of .Reis and ..>chinckel ( 1 963, 1 964) 

that a relatively clear picture DB obtained. 

Reis and Schinckel ( 1 963) used abomasal infusion to demonstrate 

the influence of s-amino acids. Merino and English Leicester x l'.erino 

sheep 111ere fed diets as previously described; (section liB) in addition , 

daily inf'uaions of amino acids were given for a 6 week period. ·rool 

growth was measured from tatooed mid-side and shoulder patches. when 

compared with pre-treatment period rates , 2 g. L-cyeteine produced from 

35-75'·� increases in wool growth rate , while 2.46 g. DL-methionine given to 

a single sheep pro wced a 1 30t increase. 

Reis and .Schinckel ( 1 96'-1 )  used basically the same sheep and diets 

of their 1963 experimen t to give a further assessment of the e ffects of 

amino acids on wool growth. During a 9 week period, L-cysteine ( 1 .5 or 3.0 

g./day) and DL-methionine ( 3 .• 7 g./day ) were added to protein supplements 

( casein and gelatin) and infused into 6 sheep, oach sheep receiving a 

different supplement. 'lbe results conf:lrmed earlier observations that 

8-am:l.no acids have a stimulatory effect on wool growth. Also , th wool 

growth response was greater from the 1 . 5 g. c;yateine supplemeat than from 

the 3.0 g. cystei.ne suppl.emE t indicating to the authors the possibUity 

or an amino acid imbalance at the higher lev•l. 'l'he m thionine supplement 

(which is equival.ent to }.0 g. cysteine in terms or sulphur) resulted in 

wool. gi"'Wth iacreases on a pu- with those obtained from the 1 .5 g. cysteine 

supplement. 

Reis (1967) has coJ'l'ducted fUrther abomssal supplementation 

thionine and MHA (methionine 



hydroxy analog) .  Results indicate al l  the forms ot methionine and 

I.-cysteine were capable of producing substantial increases in wool gro•th. 

Uowner , it was demonstrated tl:a t relatively large amounts of OL-methionine 

( 7 . 38  or 9.84 g./day ) or L-cysteine (6.0 or 8.0 g./day) reduced the wool 

growth rate to a level belo that produced by much smaller amounts (0.5 -

3.0 g./day) or to even lower levels mich were below pretreatment period 

rates. It should be noted that for one sheep at the highest level of 

DL-methionine supplementation (9.84 g./dey) treatlll!nt was stopped after 

6 weeks due to a considerable drop in feed consumption and the development 

of mild scours. 

Oryden ( 1 968 )  conducted two experiments involving the intravenous 

infusion of cysteine . 

In the firs t ,  three groups of Romney wethers ( 2  sheep/group) were 

infused daily for 31 days with 500 IT'�s . of the following isotonic solutions : 

c ontrol-saline , low cysteine - 2 . 0 g. I.-cysteine hydrochloride + saline , 

high cysteine - 4.0 g. L-cysteine hydrochloride + sa1ine. �ool growth 

rates were estimated from mid-side samples. At the end of the intusion 

period wool growth rates ( in  relatiOll to control group val.ues) had 

increased by 53.5 and 40.7.% for the 2.0 and 4.0 g. :infusicm.s respectively. 

A thirteen day poat-treatment sample reYealed 1r0ol growth rates to be 83.9 

( low cysteine) and 8o.5� ( high cystein•) above control group wlues. By 

35 &qs post-treatmet, wool growth rates for both treatment groups had 

d�ed to levela atmtlar to tbat diapl.aJ-ed by U. control pooup. 

Ia the aecoad ezperl•nt.. twelve •'1 weth.-a were :raa� 
divided into four 81'0Up8 of thn4U low JII"'bift • C78teiJM (tc) , low proteSJl • 

sal1ne (LS) , hip protein - qsteine (RC) , hip :srotellt - saline (US). The 

low protein diet prori.4e4 app!'Od.matel'l 70 g. d1ge tibl.e cnct. proteiD da117� 



and the high protein diet prorlded approximately 109 g. Daily infusions 

of 2.0 g. cysteine in a 500 ml . isotonic saline solution were given to the 

1� and HC groups while the LS and HS ( control ) groups received 500 ml .  of 

saline. The animals were in fused for a five week period. Wool growth 

rates ( based on group means adjusted to a pre-trea tment control period) 

were 40. 5 , greater for the HC group when compared with the HS group while 

the LC group detr..onstrated a 1 30 � greater rate than the LS group. 

2.  The Influence of Non-Sulphur-Containing Amino Acids 

Reia and Schinckel ( 1 963) observed that greater wool growth 

responses were obtained with 60 g. casein ( supplying the equivalent of 

approximately 1 .75 g. cysteine/day ) than with 2 . 0  g. L-cysteine . This 

suggested to the authors that the greater response obtained with casein 

could be due to the presence of other "essential " amino acids ( essential 

meaning those amino acids which cannot be synthesi zed by the sheep at a 

rate required for normal growth ) .  The authors suggested that the major 

role of non-sulphur-containing, essential amino acids may be one of 

enabling more efficient utilization o f  the $-amino acids. This opinion 

is based on the fact tt:at a higher proportion of S-amino acids ( 4o-506) 
were recovered from wool grown during the casein supplementation period as 

compared to the proportion ( 1 5-29:lb) recovered during the 3-amino acid 

eupplementation period. 

This experiment also included the dally infusion of a sheep with 

0.62 g. glycine plua 1 . 22 g. I.-glutamic acid both of which are non-essential 

for the sheep (Donee , 1961b) . The results are moat interesting in that 

a small (16%) increase in wool growth rate during the supplementation 

period was followed by a marked increase (approxillllltel.y lt5%) which waa 



llll!lintained for the duration of a 12 111eek post-treatment period. No 

explanation could be offered for the observed responses. 

}1 

Reis and Schinckel ( 1 964)  compared the wool growth response between 

abomasal supplements o f  casein and gelatin ( see section IIB ) . Casein is 

characterized by a high "essential" amino acid content while gelatin is 

characterized by a low ''essential" amino acid content and a high proportion 

of the "non-essential" amino acid-glycine. The substantially greater 

increases in wool growth achieved with casein proYide indirect evidence 

pointing to the importance of "essential " amino acids for wool growth. 

The greater wool growth response obtained from a 6o g. casein 

su�plement ( containing 3.2% cysteine) demonstrates the importance of a 

protein ' s  amino acid composition in addi tion to its S-amino acid conten t .  

Th e  present evidence concerning the i�portance of specific non­

S-containing amino acids is sketchy . However. it does appear that the 

"essential '' amino acids ( 'Nhieb have not been strictly identified for the 

sheep but probably are the same as those essential to the rat with the 

exception o f  arginine ; Downes , 1 961b)  are more important for wool growth 

than the "non-essential".  
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I .  INTRODUCTION 

This chapter describes an experiment designed to : ( 1 ) t est the 

e ffectiveness of two treatment procedures as means of protecting proteins 

and amino acids from rumen degrada t ion , ( 2 )  measure any wool growth or 

body weight responses produced by the feeding of prot ected proteins or 

amino acids. 

An analysis of plasma free amino acid levels was included in the 

experiment as it was hoped these levels would serve as an indicator of the 

protected materials absorption from the lower digestive tract .  



II . VtATli.'RV ILS AND z.t.E'l'HCDS 

A . Experimental Periods 

'fhe experiment was divided into three periods : a pre-treatment 

' 'control" ( duration 35 days ) , a treatment ( duration 28 days) and a post-

treatment ( duration 10  days ) period. 

B .  Animals 

The experimental animals consisted of 12 mature Romney wethers 

5 years of age or older. Nine of these animals had previously shown a wool 

growth response to cysteine infusion ( Dryden , 1 968 ) .  

At the beginning o f  the treatment period the animals were randomly 

divided into four groups or three as listed below : 

Gi-lOUP SHEEP NUMB"E.'RS TREATMENT 

c 6 ,  5,  10 Control 

uc 1 1 ,  ? , 12  Untreated Casein 

'l'C 1 ,  4 , 3 Treated Casein 

M 9, 8 ,  2 Trea ted ��thionine 

Animals were housed in indiYidual outdoor pena. 

c .  Rations 

1 .  Compoaition ( 1>17  tter Basis) 

During the pre-treatment period eh sheep received a daily ration 

ot 990 g. chopped graaa-oloTer ba;r pl\ts water ad li'b. - - During the treatment 



period each group received the following basal ration daily ; 68o g. chopped 

grass-clover hay plus 270 g. barley meal . Water was provided 2 .ill• 
During the post-treatment period each group was continued on the treatment 

period basal rat ion. 

Crude protein (CF)  was estimated from macro-Kjeldahl nitrogen 

analyses ( CP equalling N x 6.25) . The pre-treatment period ration was 

found to contain 1 4 .6 �: CP. Of the treatment period ra tions , the control 

group' s  contained 1 2 . 2.i CP while the casein supplemented groups contained 

20. 0.� and the methionine groups 1 }. 3%. The post-treatment rat ion contained 

1 2 . 2:;{) CP . 

2 .  Supplementary Treatments 

During the treatment period the basal ra tions were supplement ed 

daily with the following : 

GROUP 

c No 3upplement 

uc 100 g. Untreated Casein 

TC 1 00  g. Treated Casein 

M 6 g. Treated Methionine• 

• A synthetic form o f  methionine - methionine hydrox,y analog ( HHA ) .  I t  is 

ot the general formula : 

B H H H 0 

I I I I 1 1  
H - C - S - C - C - C - C - 0 - � t 

I I I I 
11 !I B OB 

!!,!! that no mt2 group is attached to the molecule. 

by Monaant:o Che cal Co. , St. Louis, Jto. • U.S.A. 

'l'he MHA was eupplied 



3.  Feeding Program 

Treatment materials were mixed with barley meal and given daily at 

a 9 a . m. feeding. Chopped hay was fed separate from the meal at a 4 p. m. 

feeding. 

D. �ool Growth 

Wool growth was measured on each sheep from left mid-side patches 

approximately 100 cm
2

• The wool was removed with the fine blade o f  small 

animal clippers (Oster , size 4o) and the patch area measured with calipers. 

Samples were scoured with successive 4 minut e  elutions in petroleum ether , 

95% ethyl-alcohol and hot water. They were then conditioned in a humidity 

room ( RH  65·0 for at least 48 hours and weighed. �ool growth rate was 

expressed as mg. clean dry wool per square c entimetre per day . 

sampled on the last day of each experimental period. 

E . De termination of Plasma Free Ar�no Acid Levels 

1 • Collection 

Patches were 

A blood sample was taken from each sheep at the end of the pre­

treatment period , on the sixth day of the treatment period and the fifth day 
of the post-treatment period. � ml. samples were collected from the 

jugular vein into heparinised vials. 

2. Plasma. Separation ,  Deproteiniaation and Analysis 

The blood samples were taken directl7 to the laborator.J ai'ter 

collection and the plasma separated b7 centritugatioa. The procedure uaed 

to ieolate the tree amino aci4a of pl.asa waa that ot Stein and Moore ( 1 9,.) . 



Briefiy , proteins were removed from 10 ml. plasma by precipitation with picric 

acid. The remaining supernatant liquid ( containing the free amino acids) 

was passed through a Dowex AG-2X1 0  ( .200-'+00 mesh) resin column to remove 

excess picric acid , the total effluent was concentrated to a volume of 

approximately 1 ml. and stored under refrigeration ( 2-3°C) . Samples were 

then transferred to the lool Research Or�anisation ' s  Lincoln laboratories 

where pH adjustments were made and analyses conducted according to procedures 

outlined 1n the Beckman Amino-Acid Anal.yzer flanual . All analyses were made 
using a Beckman 1 20-C amino-ac id analyzer with values being expressed as 

micro-moles amino acid per ml . of plasma. 

F . Prepara tion of Treatment Materials 

1 .  Untreated Casein 

No special preparatory procedure was necessary for this treatment 

material . Comreercial grade ring-dried lactic casein was used. 

2.  Treated Casein 

Four , five-pound batches of commercial grade ring-dried lactic 

casein were each treated with 6.85 1. wa ter containing 2. 5� commercial 

formalin . Tbe material was then placed in a Z-blade mixer for 40 minutes. 

After removal of excess misture the treated casein was dried in a fluid 

bed dryer and ground to pass through a 30 11esh screen. 

3. Casein-coated Methionine 

Fi Ye-hundred g. of coaercial grade aprq-dried lactic casein wer 

suspended in 2 1 .  w ter at lt5°C. 1 '*  g. ot finely powdered calcium hydr'oxide 

was then added aDd the suspension mixed for approximatel.7 two hours. 100 g .  

MHA was then added. the mixture was stirred for a fUrther one hour, then 



poured into trays , frozen. and placed in a freeze dryer where the bulk o f  

the water was removed. The remaining water was removed in a fluid-bed dryer. 

The dry material was treated with a solution containing 2.5% 

commercial formalin in 1 .8 1 .  water and stirred tor one hour at room 

t emperature. After standing for a further one hour, an attempt was made 

to filter the mixture. This was unsuccessful , so the mixture was freeze-

dried as previously,  heated for )0 minutes in a fluid-bed dryer and ground 

to pass a 30 mesh screen . 

G .  I n  Vitro Ammonia Production From Treated Casein 

and Methionine 

��s a test of the treatment technique ' s  effectiveness , 0. 5 g. 

samples of untreated casein , treated casein and treated methionine were 

incubated at 39°C with 50 ml .  of whole rumen fluid ( obtained from a cow 

grazing grass-clover pasture ) .  Ammonia production was measured using the 

boric-acid, hydrochloric-acid procedure o f  Conway and O ' Malley ( 1 942) .  

Ammonia values were expressed as mg. NH
3 

per 100 ml .  rumen fluid. 

H . Statistical Methods 

1 .  Comparison of Regression Lines 

For all variables meaaured in the experiment ,  the covariance 

technique was used to compare the alopes of the r levant r gresaion lines 

and, if theae were similar , the adjusted means .  

where : 

Covariance 1110del : 

Yi.j • Yalue of the Yariable for the i th treat Dt and the j th 

sheep in the treat t or post-treatment period 



p.,<. = mean of the l th treatment group 

(3 = 
the regression of Y on X 

X i.j = value o f  the variable for the cth treatment and the j th 
sheep in the pre-treatment ( c ontrol ) period . 

£ � � the error term , inde pendent and normally distributed. 

The slopes o f  the lines were compared by the F test as desc ribed by Snedecor 

and Cochran ( 1 967) . 

The cova riance technique inc reases the precision of estimates of 

differences between means by removing inherent varia tion that existed prior 

to the trea tment period . 

2 .  Analysis of Adjusted Means 

I f  the analysis o f  regression lines indicated signi ficant homo­

geneity amongst the slor�s , analysis �as continued to compare the adjusted 

means using the covariance model previously given. Adjusted means were 
compared by the F test as described by Snedecor and Coch ran ( 1 967) . 

All analyses were made by the use of an IBr. 1 620 computer using 

available programs . 



Ill . RESULTS 

t.. . .vool Growth 

Wool growth ra tes are given in table 3 . 1 a  wi th group regression 

values and adjusted means in table 3. 1b. Adjusted mean differences are 

shown in fig . 3.1  • 

Adj usted mean analysis indicated non-significant differences 

between grou ps in the treatment period but significan t differences were shown 

( P < 0.05) in the post-trea tment period. 

:.\'hen compared with the control period general mean the treated 

methionine group derr�nstrated a 1 . 9 :; increase in wool growth rate in the 

trea tment period and a 5. 8 h decrea se in the post-treatment period , both values 

i ndicating no response to the administration of treat ed methionine . This 

observation is supported by the similarity of control grou p values which 

derr�nstra ted a 0. 9 � inc rease in the t reatment period and a 1 3. 5; decrease 

in the post-trea tment period . The untrea ted casein group displayed a 

29.8 ·� increase in the treatment period and a 52 . 9X. increase in the post­

treatment period. These responses are particularly surprising as rumen 

degradation was expected to nullify the nutritional value of untreated 

casein supplements . The treated casein group displayed a 31 .7% increase 

in the treatment period and a 51.0h increase in the post-treatment period 

indicating a definite response to supplementation. 

B. Bog ieipt 

Bod7 weight data are presented in table 3. 2 and adju ted an 

differences diapla,ed in figure 3.2.  



SHEEP 
NUMBER 

2 

8 

9 

10 

' 
.5 

1 1  

7 

12 

4 

3 
1 

TREATMENT 

METHIONINE 

" 

" 

CONTROL 

If 

" 

TABLE 3 . 1 a  EXf ERH1..ENT I WGOL GROWTH RATES 

WOOL GROW'l'H UNADJUS'rED fiCOL GROWTH UN ADJUSTED PRE-TREATMENT ·rREt\ Tl'lliN'f 
PERIOD 

G ROUP MEAN f·ERICD GROUP MEAN 

1 . 1 41 1 . 16  

o .8o 0. 96 0. 96 0 .99 

0. 95 o . 86 

1 . 1 3  1 . 1 4  
o.89 1 . 02 1 . 1 5  1 .03 

1 .04 o . B2 

UNTREATED CASEIN 1 . 52 2. 09 
" 11 

" " 

TREATED CASEIN 
11 " 

tt " 

1 . 36 

0. 86 

0.67 

1 . 21 

o.89 

1 2 
a: mg./cm /day 

1 .25 1 . 48 1 . 53 
1 . 02 

1 .25 

0. 92 1 .  36 1 .2? 

1 . 21 

�OOL GROWTH UN ADJUSTED POST-TREATMENT 
PERIOD GROUP MEAN 

1 . 21 

0. ?5 0 .91 

0.?8 

0 . 99 

1 . 03 o . 88 

o.62 

2 . 30 

1 . 72 1 . ?7 

1 . 29 

1 .67 

, .63 1 . 47 

1 . 1 2  



VARIABLE 
GROUP : 

METHIONINE 

\\'OOL GROn'B 0. 632 

WOOL GROWTH 1 • .393 

WOOL GROWTH 1 . 0,58
1 

WOOL GROWTH 0.97? 

+ -

+ -

+ -

+ -

1 

TABLE 3 . 1 b  SUMMARY O F  COV ARI ANCE ANALY SI S OF NOOL GRO�TH RATES 

TREATMENT GROUP REGRESSION VALUES 

TREATM�T PER!CD ON CONTROL 

STANDARD 
CONTROL 

STANDARD U�TREATED STANDARD 

ERROR ERROR C A SEI N ERROR 

0. 636 -0. 262 + 1 . 526 1 . 4 54 + 0. 564 

POST-TREATMENT PERIOD ON CONTROL 

0. 585 -0. 429 + 1 . 81 4 - 1 . 3?0 + - 0. 539 

TREATMENT GROUP ADJtlSTEO MEANS 

rH�ATMF.NT PERIOD ON CO�TROL 

0. 1 30 1 .053 + 0. 1 30 1 . 351 + 0. 1 30 

PCST-TREAT�EN r FERIC D ON CONTROL 

0.169 0. 896 + 0. 1 69 - 1 . 594 + - 0. 1 69 

2 
= mg./cm /day 

• = P< 0.05 

TREATED STAN DARD 
F 

CA3UN ERROR 

0 . 223 + - 0 . 1 ?9 1 . 422 

0. 047 + 1 . 1 28 o.8o2 

1 . 3?2 + - 0. 1 30  1 . 797 

1 . 5?1 ± 0. 1 69 4.726• 



FIGURE 3 · � E X PE RI M E NT � 

C A S E I N  & M E T H I ON I N E S U P P L E M E N TA T I O N  

WOOL GROWTH RAT E  

DE V I AT IONS OF ADJUSTE D 

ME ANS FROM PRE-TREATMENT 

PERIOD GE NERAL M E A N 
E X PRESSED A S  MG/CM 2/ DA Y 

G E NERAL ME A N 

u c  1 . 04 

T C  1 · 04 

M 1 · 04  

c 1 ·  0 4  

+ 0 · 6  I o uc /TC 
+ 0 · 4  

+ 0 · 2  

0 ·0  

c 

- 0 · 2 L_ ________________________________ __ 

PRT. T. PT. 
A DJ U S T E D  M E  A N  S 

TRE ATME N T  P ERI O D  I P O S T - TREATME N T  P ERI O D  

1 ·  35 1 · 59 
1 ·  37 1 · 57 
1 · 06 0 · 98 
1 ·  05 0 · 9 0 

u c  = U N TRE ATE D C A SE I N  

T C  = TRE ATE D CA SE I N  

M = ME T H I O N I N E  

c = CO N TROL 

PRT = PRE - TRE ATME N T  PERIOD 

T = TRE AT ME N T  PERI O D  

PT = P O S T - TREATME N T  PERIOD 



TABLE 3 . 2a EXPERH1£NT 1 BO DY .�EI3HT Dt,TA 

SHEEP TREATMENT BODY WEIGHT UNi\DJUSTI-:0 BODY WEIGHT UN ADJUJTED BODY WEIGHT UN ADJUSTED LAST D AY OF LAS'f DAY Of POST-TREATMENT NUMBER GROUP CONTRCL PERIOD 
GROUP MEAN TR i':�TNt�NT l·ERIOD GROUP Y.EAN PERIOD GROUP MEAN 

10 CON'l'ROL 45.251 48 . 25 48. 50 

6 11 4?. 00  48 . 92 47. 00 50. 58 46 . 50 50. 33 
5 " 54 • .50 56 . 50  56.00 
2 METHIONINE 53. 50  54. 25 53.00 
8 " 51 . 00 52 . 92 52 . 50  53. 50 53 . 25 53.o8 
9 " 5� .25 53. 75 53.00 

1 1 UNTREATED CASEIN 38 . 25 39 . 75 &!0. 50 

7 11 ,, 53.75 45.67 55. 50 4?.25 55. 00 4?.6? 
1 2  " " 45. 00  46 . 50  tq. so 

4 TREATED CASEIN 52. 25 54 . 25 54.00 
3 " 11 51 .25 51 . 50 53. 75 54 . o8 54.00 54 . 1 ? 
1 ,, " 51 .00 54. 25 54 . 50  

1 = Kilograms 



VARIABLE 
GROUP : 

CONTROL 

BODY IEIGH'r 0. 947 

BODY WEIGH'l' 1 .004 

BODY WEIGHT 51 .o8
1 

BODY mGBT 51 . 41 

+ -

+ -

+ -

+ -

Tt,BLE 3.2b SUMMARY OF COV:· RIANCE ,�NALYSIS OF' BODY WEIGHTS 

REG Rl:�S..:�ION Vi\LUES 

TRE,\ TMENT f�'RIOD ON CONTROL 

STANDARD 
METHIONINE 

STANDARD UNTREATED STANDARD 
ERROR ERROR CASEIN ERROR 

0. 3?8 -0. 083 .:t 0.020 0. 932 + 0 . 051 -

POST-TREATMENT PERIOD ON CONTROL 

0. 31 1  0. 464 + 0 . 256 1 .01 7 + o.ooB -

ADJUSTED MEANS 

TREATMENT PERIOD ON CONTROL 

0.83 50.25 + 0 . 90 51 . 33 + 0 . 94 

POST-TREATMENT Pl:.RIOD ON CONTROL 

o.6o 50.36 + 0.65 51 . 30 + o. 68 - -

1 
= Kilograms 

TRE:ATED STANDARD F CASEIN ERROR 

-0.286 ± 0 . 330 1 .285 

0. 1 43 + - 0. 41 3 0. 596 

52 . 60 + 0.85 -

52 .35 .i o.61 1 .82.5 



F I G U R E  

B O DY W E I G H T 

3 · 2 

DEV IATI O N S  OF ADJ U S TED M E AN S  

F R O M  PRE - T R E AT ME N T  P E R I OD t-3 •0 
G E N E R A L M EA N ,  E X P R E S S E D  

A S K I LO G R A M S .  

G R O U P 

C O NTRO L 

M ETHION I N E  

U NT REAT E D  CASEIN 

TR EATED C AS E I N  

+ 2·5  

+ 2·0 

+ 1 • 5  

+ 1 ·0 

+ 0 ·5 

0 •0  

- 0 · 5  

G E N E R A L  
M E AN 

4 9 · 7 5 
4 9 · 7 5 
4 9 . 7 5 
4 9 .  7 5  

C A S E I N  & M E T H I O N I N E  S U P P L E M E N TA T I O N  

E F F E C T  O N  B O D Y  W E I G H T  

cc 

_.�J - - - - - ...O M 
/ 

/ 

P R T T P T  

ADJ U ST E D  M EA N S  

TREATMENT P O ST- TREAT M E N T  
PER I O D  P E R I O D  

5 1  . 0 8 5 1  . 4 1 
5 0 .  2 5 5 0 . 3  6 
5 1 . 3 3 5 1 . 3 0 
5 2 · 6 0 5 2 · 3 5 

c C O N T R O L 

M = M E T H IO N I N E  

U C  = U N T R E AT E D  C A S E I N  

C C  = T R E AT ED C A S E I N  

PRT = P R E - T R E ATM E N T  P E R I OD 

T = T R E ATME N T  P E  R I  O D  

PT = P O ST TR E A TM E N T  PE R I O D 



Analysis o f  adjusted means for the treatment and post-treatment 

periods revealed no significant differences between the groups. However , 

there was an indication of a small positive response by the treated casein 

group and possibly a small negative response by the methionine supplemented 

group. 

C .  Plasma Amino Acid Levels 

rreatment period on control regression values are given in table 

3. 3 for each variable in each treatment group. Signi ficant differences 

between regressions are observable for taurine ( P  < 0 . 05) , glutamic acid 

( P <  0.05) and cystine ( P <  0.01 ) .  Post-treatment regression values are 

given in table 3.4 .  A significant difference between regressions is 

observable for 3-methyl histidine ( P < 0. 05) . 

Treatment period means a djusted to the overall control period 

mean are given in table 3.5  for each variable in each treatment group with 

the exception of those variables that displayed a non-significant within 

group regression or a significant difference between the slopes of regression 

l inea . Significant differences between treatment group adjusted means are 

observable for citrulline (P  < 0.05) 7 proline ( P  < 0.01 ) ,  valine ( P  < 0.05) , 

leucine ( P <  0.05) , an unidentified amino acid referred to as "unknown" 

( P < 0.001 ) and histidine ( P < 0.05) . ith the exception o f  histidine , all 

amino acids displ�ing signitieant differences between adjusted means show 

substantially higher values for the treated casein group. Post-treatment 

mean.a adjusted to the OYerall control peri.od mean are given in table 3.6. 

A significant difference between the adjusted eana is observable for the 

unknown amino acid ( P< 0.001 ) .  'l'bia difference is due to the subatantially 

higher concentration diapl8Ted by the treated casein group. It should be 



VARIABLE 
GROUP : 

ME'l'HIONINE 

TA1JRINE 0.190 + -
UREA 0.225 !. 
METR. SULPHOXIDE 0.01 3 + 

-o. lt05 
-

ASPARTIC ACID + 
0.31 4  

-METB. SULPHONJ: + 
0.683 

-
GLUTAMIC ACID + 

o.it62 
-

CITRULLINE + 
1 . 741 

-
PROLINE + -
GLYCINE 1 .583 + -
ALANINE -o.224 + -
CYS'liNE 1 .3?5 + 
o( .AMINO ADIPIC ACID 0.718 

-
+ -

VALINE 1 . 3?5 + 
1 .2?6 

-
ME'l'HIONINE + 

o.� 
-

ISOLEUCINE + -
LEUCINE 1 .012 + 

o.ztto 
-

TYROS ID + -
PUElfYLAl.ANINE 1 .797 !. 
ORNITRINE 1 .257 + -
LYSIME 0.972 + 

1 . 18o 
-

tJNKlfOiN + -
HISTIDINE 0.731 + -3-METBYL HIS'l'IDINE 1 .050 + -
ARGININE 1 . 509 ;t 

� • • 

TABLE 3. 3 PLASl1A FREE AMINO ACID LEVELS 

SUMMARY OF REGRESSION VALUES - TREATMENT PERIOD ON CONTROL 

STANDARD 
ERROR 

0.28o 
o.m 
o.o28 
1 .710 
0. 510 
o.o1 8  
o. lt62 
0. 3.51 
0. 433 
0. 3.53 
o.ooo 
0.001 
0.024 
0.205 
0.51 5  
0. 1 27  
0.057 
0.498 
0.023 
0. 1 33 
0.440 
0.312  
0.109 
o.78o 

• P <  0.10  
Cl P< 0.01 

CONTROL 
STANDARD 

ERROR 

1 . 1 85 + 0 .071 
0. 31 1  ; 1 • .569 
0. �2 + o.062 
0.881 :; 0. 1 51 -

+ 0.733 0. 397 
4. 900 ; 1 . 386 
o. 464 + o.876 
o. 183 + o. 688 

-0. 392 + 1 . 1 ,56  
0. 572 + o.o34 
1 . 41 ?  :; 0 . 1 44 
0.31 1 :! o.562 
0. 5?0 + 0.232 
o. 962 :; 0.232 
o.&.o4 + o.384 
o. 4o3 + o.o41 
o. 964 + o. 902 
o.663 + 0.821 
o. 84o + o.396 
1 .047 + 0. 471 
1 • 736 + 0. 348 
1 .21 1 i o.o66 

0. 493 0.772 ± 
0. 446 0. 944 + -

UNTREATED STANDARD 
CASEIN ERROR 

0.993 + 0.01 4 -
1 .01 1  ;t 0.096 
0.595 + 0.031 
1 . 457 

-
;t 0.303 

0. 780 o.o56 + -
1 .071 + 0. 333 -

0.238 0.91 5  + 
o.'796 

-
+ 0 . 505 -

1 .928 + 1 . 123 -
0.927 :!:. o. 838 
1 .000 + 0.035 
1 . 372 

-
0.094 + -

1 .221 + o.o.so 
0.865 

-
;t o.033 

0.91 7  + o.435 
1 . 35? 

- o.1o6 + 
o. 549 

-
+ 0.009 

0. 865 
-

0.274 :!:. 
0. 486 + 0.049 -
2.61 2  + 1 . 409 
1 . 4Jt1 

-
0. 1 83 ± 

1 . 361 + 0.223 -
0. 1 44 1 .000 + 

0. ?60 
-
!. 0.965 

TREATED STANDARD ., 
CASEIN ERROR 

o.o38 + o.297 6.2lt6 � 
-0. 1 1 6  ; 1 .095 0.283 
o.515 + o.m 2 , 1 1 ft  
0.823 + 0.152 1 e575 -

2.062 1 . 1 33 + 0.122 
o. 416 :; 0.241 6.551 � 
2 . 1 �9 :; o.624 2.tt21t -

2. 51t8 2.123 + 0.31 0  
0.61 5 � 0.095 1 .225 
0.?71 + o.lto3 o.66it 
0.250 :; 0. 433 21 . 126• • 
0.875 :; 0.505 1 .23'+ 
1 . 463 + 0.9?3 0.1o8 
1 .o62 + o.oo.5 0.138 
2 • .547 :; 0.31 3 2,002 
2 . 504 + 0.90; 2.770 
o. 472 + o.226 o.676 
1 .047 :; 0.084 0.516 
1 .280 ; 0.1?2 3.306 
1 . 1 1 5  + 0 • .32� 0.2,54 
3.093 + 1 .258 0.929 
0.857 + 0.025 3.69? 
0.261 + 0. 41 3  2.149 
o.899 + 1 .1 1 7  o.1 1to  -



TABLE 3. 4 PLA:Jt'!.A FREE A t-1I NO ACID LEVELS 

SUMMARY OF REGRF..JSION VALUt:S - POST-TREATMENT PERIC:> ON CONTROL 

VARIABLE GROUP : STANDARD CONTROL STI\NDA.RD UNTREATED STANDARD TREATED STANDARD 
METHIONINE ERROR ERROR CASEIN ERROR CASEIN ERROR 

.,. 

TAURINE o.,508 + 0.297 0. 778 + 0.047 0.901 .±. 0. 1 36  1 .245 + 0.064 2 .6?5 
o.983 

-
0.822 

-
1 . 466 0.251 -0.993 + 0.649 UREA + -0. 1 59 + 0.2?9 + ... ,,.. - -

METH . SULPHOXIDE 0.005 + o.o40 1 . 041 + 0.0?9 0 . 570 + 0. 285 o.850 + o.625 1 . 81 5 - -
ASPARTIC ACID -o. 1 52 + o.658 1 . 262 ; 0. 756 1 . 1 42 + o. so2 0.943 :; 0. 268 0. 19.5 - -
METH . SULPHONE 0 . 51 �  + o.ozo 0.010  ; 0. 440 0.594 .±. 0 . 1 08 0.916 + 0 • .532 0. 432 - - 0. 865 GLUTAMIC ACID 0. 774 :! 0.079 1 . 442 + 0.926 + 0. 503 1 .048 !: 0.612 0. 1 86  -

0. 747 
-

CI!RtJLLINE 1 .201 + 1 . 1 53 1 . 705 :! 0.021 + 0.035 1 . 129 + 0.344 1 .086 
1 . 435 - 0 .766 

-
0. 448 -

PROLINE :! 0.002 0.629 + 0. 1 21 + 1 . 498 + 0.102 2. 4?7 
1 . 382 o. oo6  0. 470 + 2 . 361 

- 0.658 -
GLYCINE + 0. 2?0 + 0.665 + 0.203 4.938 - -
ALANINE 0 . 910 :! 0.846 0.238 ; 0. 264 0. 934 + 0. 209 0. 184 :; 0. 31 9  0.928 -
CTS'l'INE o.8S6 + 0. 1 84 , . 833 i 0.001 o.84o + o.ooo o . 850 i 0. 779 0. 168 - 0. 837 

-
0.067 OC -AMINO ADIPIC ACID 1 . 222 + 0.770 0. 3?2 + 0 . 1 76 + 1 . 125 + 0.072 1 . 385 - -

VALINE 1 . 5't2 + 0. 1 43 o. 447 + 0. 187 1 . 101 :! 0 . 1 01 0.868 i: 0. 388 o. 962 -
METHIONINE 1 . 64.5 + 0. 479 0 . 589 + 0 . 1 21 1 .01 9 + 0.21 1 1 . 021 + 0.002 4.o84 -

3 . 065 + 
- -

ISOLEUCINE 0.959 + 0.464 1 . ?50 0.723 + 0. 188 0.866 + o.o86 o.m -
LEtrCINE 1 .o69 :! 0. 183 -0. 475 :; 0. 28o 0.658 + 0.057 0. 946 :; 0. 41 4  3.866 

0.51 4  0.090 0 . 969 :; o.690 0. 676 
-

0. 893 + 0. 429 TYROSINE + + 0.737 0.238 
1 . 165 

-
0. 654 o. Jtoo i 

-
o.81 4 + o. o4? PHENYLALANINE + 0. 438 0.905 + 0.045 o.857 - -

ORNI'l'HINE o.66z + 0.243 1 . o56 + 0. 545 0 . 961 + 0.209 o.8o4 + 0. 31 6  0.241 
0.?81 

-
0. 437 

-
0.824 

-
0.381 0.81 3 + 0. 1o8 LYSINE + 0. 509 + 0.104 + 0.179 - -

UNKNOWN 1 . 01 8 + 1 . 1 97 2. 580 :; 0. 343 0.91 5  + 0. 207 5. 296 :; 1 .776 2 . 281 -
o . 46; 1 .038 i: 

-
1 . 449 i HISTIDINE 0. 055 + 0 . 416  0. 957 + 0.091 0.255 2.o8o - -

,_ME'l'SYL BISTIDINE 1 .21 4 :! 0 . 1 1 4 1 .052 + 0.01 9  0. 760 + 0. 1 26 1 . 994 + 0. 027 ?.885· 
o. 985 0 . 545 2 .743 !: 3.690 0. 43? 

- -
ARGININE + + 0. 977 0.071 ± 1 . o8; 0. 31 4  - -

• • P <  0.05 



TABLE 3. 5 PLASMA FREE Ar.f!NO ACID LEVELS 

SUMMARY OF ADJUSTED M�\NS - TREATMENT PERIOD ON CONTROL 

VARIABLE 
GROUP I .STANDARD CDrlTROL STANDARD UNTREATED STANDARD TREATF.J> STANDARD 

METHIONINE ERROR ERROR CASEIN ERROR CASEIN ERROR .,. 

TAUR�If� 
UREA 

MET&. SULPBOXID� 
o.�o1 

ASPAR'l'IC ACID + o.oos 0.071 + o.oos 0.078 ± o.oos 0.0?1 .t. o.oos o.88't -
0. 1 96 :t 0.01 0  METH. SULPHO� 0. 201 + 0.01 0  0. 1 91 .t. 0.01 0  0 . 1 91 + 0.01 0  0. ?31t . 

GLUTAMIC ACI 
- -- - - - ... - - - -

CI'l'RULLIME 0.421 + 0.046 o. 479 + o.o46 0. 582 + o.o46 0.71 0  + o.olt6 6.820• 
o. �,. 

-
0.054 0.384 :; 0.054 0. 538 

-
0. 054 0.?34 + 0.054 8.'70 .... 

PROLINE + ± 
GLYCINE 3. 961 

-
0. ,51 8 3. 946 :; 0. 51 8  3.224 0.51 8  3.001 :; 0.51 8  o.863 + + - o.852 i o. 832 -

o.69o i o.o37 ALA NI� 0.??9 + 0.03? 0.037 + 0.03? ,.520 ,1 - -
CYS'l'IN - - - - - - - - -
0( -AMINO ADIPIC ACID 0.030 + 0.002 0. 033 + 0.002 0.035 + 0.002 0.029 + 0.002 1 . 381 - 0.807 :; 0.073 0.969 

-
1 .224 ; 0.0?3 VALINE 0.903 + 0.0?3 + 0.0?5 5. 510• -

0.041 ; 0.001 0.045 
- o.o46 ; o . oo1 METHIONINE o.o41t + 0.001 + 0.001 4.1 52 /--

0.369 :; 0. 3?8 
- -

ISOLEUCINE 0 . 423 + 0.025 0.025 + 0.025 o.404 + 0.025 1 .010 -
0. 463 i 

-
o.66o i LEUCINE o.�ta6 ± 0.032 0.032 0.557 ± 0.032 0.032 ?. o8?• 

'l'tROSINE 0.259 + o.oo6 0.248 + 0 . 006  0.237 ± 0.006 0 .246 + o.oo6 1 . 319 - -
o.164 :; o.oo6 PHENYLALANINE 0. 1 64 + o. oo6 0 . 1 60 ± 0.006 0. 1 52 + 0.006 o.a,s - -
0.323 + 0.01 3  ORNI'l'HINE 0 . 359 + 0.01 3 0. 341 + 0.01 3 0. 342 .t 0.01 3  1 .028 -

0. 443 :; 0.025 0.386 + 0.025 LYSINE o. 448 + 0.025 0 . 424 + 0.025 0. 926 -
o.243 + o.o61 0. 336 -

o.o61 o.88? i o.061 20.356··· UNKNOWN 0.327 ± 0.061 ± 
HlS'l'I.DINE 0. 1 63 ± 0.009 0.218 :; 0.009 0. 222 + 0.009 0.223 + 0.009 4.?63· - -
3-METRYL HISTIDINE 0. 1 6o + 0.01 0  0. 1 42 :t 0.010 0. 1 34 + 0.010 0.1 38 + o.o1 o  1 .o8o - -

0.2?5 ± ARGININE o.z�ta + 0.021 0 . 224 + 0.021 0.225 + 0.021 0.021 1 . 1 41 - - -

I = P <  0 . 1 0  
• • P< 0.05 

• •  • P< o.o1 
• • •  &! P< 0.001 

1 = Values expressed as micro-moles per ml .  
2 = See table 3.7 



TABLE ,3.6 PLASMA FREE AfiJNO ACID LEVELS 

SUMMARY OF ADJUSTED MEAN� - POST-TREA TMENT PERIOD ON CONTROL 

VARIABLE GROUP & STANDARD 
CONTROL 

STANDARD UNTREATED STANDARD TRI!-:ATED STANDARD !' 
ME'l'JliONINE ERROR ERROR CASEIN ERROR CASEIN F.RROR 

'l'AUR�R 0. 1 1 61 + o.oo6 0. 104 + 0.006 0.103 + o.006 0.106 + o.oo6 1 .007 - - - -
UREA - - - - - - - - -

Mml. SULPHOXIDr.2 - - - - - - - - -

ASPARTIC ACI� O.U/2 + o.006 0.0'78 ± o.oo6 o.oBo + 0.006 0.0?3 ± 0.006 o. 360 - -
METR. SULPHO - -

GLUTAMIC ACID 0. 3;o + 0.002 o. 373 + 0.022 0 . 350 + 0.022 o. 367 + 0.022 0.285 
0. 4:57 

-
0.024 0. 494 + 0.024 0. 477 

-
0.024 0. 473 + 0.024 0.983 CITRULLINE + + 

o. �te8 
-

o.o18  o. 41 3  + o.o18 0. 449 
-

0.018  0. 401 + 0.010  PROLINE + + 1 . 321 
3.71t6 

-
0. 498 4 . 1 38 + o. 498 3. 51 8 

-
0. 498 3. 340 + 0. 498 o.� GLYCINE + + 

o.8o5 
-

0.859 :! 0.037 o.828 
-

o.875 + o.037 0. 460 ALA� + 0.037 + 0.037 - - -
CTS o.ot.s + 0.003 o.o44 + 0.003 0.043 + 0.003 o.o� + o.oo3 0.1 86  - -

0.034 
-

0.034 ; 0.002 o( ·AMINO ADIPIC ACID 0.0)2 + 0.002 0.033 ± 0.002 + 0.002 0.112 -
0.043 o. 857 

-
o. ?34 + o.o43 VALINE 0.794 + 0.725 + 0.043 + 0. 043 1 .8?6 - - -

METHIONDI o.w + 0.002 0.041 + 0.002 0.043 + 0.002 o.o46 ± o.oo2 0.61? 
o.,S4 

- -
0 . 3?6 

-
ISOLIUCID + 0.01 9  0. 335 + 0.01 9  + 0.01 9  0.31 4  + 0.01 9  3.062 

0. 4.53 
-

0. 41 6  ± 0. 465 
-

0. 455 :; 0.020 o.B'n LltTCINE !. 0.020 0.020 ± 0.020 
TIROS INE 0.269 + o.oo8 0.257 ± 0.008 0.229 + o.oo8 o.256 + o.ooa 3. 828 ,t - -

0.165 + o.oo4 PRDYLALANINE 0. 1.5? + o.oo4 0. 1 53 !. o.oo4 0. 1 51 + o.oo4 2.670 - - -
ORMITKXIfE 0. 331 + 0.01 5  0. 330 + 0.01 .5 0. 324 + 0.01 5  0.325 + 0.01 5 o.o'-6 

o.lto9 
-

0. 420 ± 0.01 5  0 . 412 
-

0. 448 :; 0.01 .5  0.908 LYSin + 0.01 5  + 0.01 5  
0.289 

- -
1 . 3()8 + 0. 1 1 3  UlOOf()llf + 0. 1 1 3  0. 203 ± 0.1 1 3  0 .373 + 0. 1 1 3  18. 1 ?1 · · ·  -

0. 21 8 
- -

HIS'tiDID 0. 171 + 0.01 7  0.221 ± 0.017  ± 0.01 ? 0.225 ± 0.017  1 .o69 
J-MftB�HISTIDimf 

-
- - - - - - - - -

ARGI 

1 = Values expressed as micro-moles per ml .  
1- • P <  0. 1 0  

• • •  = P <  0.001 
2 • See table 3. ? 
3 c Values 1 0  x actual 



noted that with the exception of the unknown , all amino acids which responded 

to treated casein supplements in the treatment period returned to control 

period levels 5 days after supplementation was stopped. 

Table 3.7 gives the unadjusted group means for those variables 

which displayed a non-significant regression within groups or a significant 

difference between the slopes of regression lines thus nullifying the 

usefulness of adjusted mean analysis. A non-signi ficant regression within 

groups indicates that individual values were too variable for any meaningful 

interpretation of the data. A significant difference between the slopes of 

regression lines may be interpreted as being due to treatment , a variable 

response of the sheep in a group to a treatment , random error or a combination 

of these factors . Unadjusted amino acid concentration suggest that for 

taurine the administration of treated casein has appreciably reduced the 

plasma concentration. Evidence of taurine suppression as a result of 

treatment can be seen in the markedly lower treatment period on control 

regression values for treated casein. For the other variable displaying 

significant between-slope differences , random error and variable within­

group responses probably are the major factors producing the differences. 

Table 3.8 compares the mean within-group regressions with the 

residual sums of squares for 5 .ariables chosen at random and 5 variables 

which displa,ed significant variation between adjusted means. The relatively 

low residual auaa of aq�res observable for both groups of .ariables indicates 

that the technique used to measure aad.Jlo acid concentrations � a 

high degree of acCUI'aCJ. 



UREA 

METH . SULPHOXIDE 

TAURINE 

GLUTAMIC ACID 
CYS'l'Itof 

tJREA 
METB. SULPHOXIDE 

METH. SULPHONE 

ARGININE 

}-METHYL HISTIDINE 

TABLE 3.7 SU�\RY OF UNADJUSTED MEANS1 

( TREATMENT PERIOD) 

GROUP CONTROL UNTREATED TREATED 
METHIONINE CASEIN CASEIN 

2 . �8 2 . 950 2 . 61 0  3 . 282 ) 
) 

0.057 0.052 o.o6o 0.054 ) 
0. 1 1 3  0. 1 12 0.0'71 0.083 ) 

0.�16  0 .38o 0.281 0. 378 ) 
) 

0. 107 o.o26 0.037 0.025 ) 

( POST-TREATKENT PERIOD} 

2 . 543 3 . 253 2 .644 2. 373 
) 
) 

0.053 0.057 0.059 0.058 ) 
0 . 1 90  0. 1 43 0 . 1 ?1 0. 235 ) 

) 
0.316 0. 1 91 0.21 4  0.285 ) 

0.198 0. 1 1 9  0. 1 1 6  0. 1 59 ) 
} 

1 • Values expressed as micro-moles per ml . plasma 
2 • Values 1 0  times actual 

Non-Significant Regression within groups 

Significant difference between slopes of 
regression linea 

Non-Signi ficant Regression within groups 

Significant difference between slopes of 
regression lines 



TABLE 3.8 COMPARISON OF MEAN WITHIN GROUP REGRESSIONS WITH THE 

RESIDUAL SUMS OF SQUARES - TREATMENT PERIOD ON CONTROL 

FIRST 5 VARIABLES CHOSEN AT RANDOM, SECOND 5 ARE THOSE 
WHICH DISPLAYED SIGNIFICANT VARIATION B�*EEN ADJUSTED MEANS 

VARIABLE REGRESSION VALUE 

ISOLEUCINE 

METH . SULPHONE 

TYROSINE 

GLUTAMIC ACID 

ARGININE 

CITRULLINE 

PROLINE 

VALINE 

LEUCINE 

UNKNOWN 

1 . o81 

0. 93? 

o. 1t22 

0. 71 5  

1 . 1 00  

1 .264 

1 . 282 

1 .265 

1 . "<>8  

2 . 1t37 

RESIDUAL S .S . 

0.01 3 

0.002 

0.001 

0.021 

0.009 

0.044 

0.062 

0. 1 1 1  

0.022 

0.07? 



D. In Vitro Incubations 

The results of ,!!! vitro incubations of treated and untreated 

casein are given below : 

NB3 PRODUCTION ( Hg. NU3/1 00 ml. .  rumen fiuid) •  

INCUBATION TIME 3 HOURS 6 HOURS 24 HOURS 

BLANK 34. 4  35. 4  51 . ..  

UNTRF..ATED CA(;F.!N 42.0 48.2 84.9 
TREATED CA.SF..Ifl 31 .9  37.3 52.6 

• Values represent the mean of duplicate samples 

HlCUBI,TION Tit·lE 

UNTREATlW C,SEIN 

TREATED CASEIN 

3 HOURS 

+ 10.6 

+ 0. 5  

6 HO'URS 

+ 12.8  

+ 1 . 9 

24 HOURS 

+ 33 . 5  

+ 1 .2 

It can be seen that after 24 hours incubation , treated casein ammonia -

values were comparable with those of the blank, indicating the treatment 

was effective in preventing protein degradation !!!_ vitro. As a comparison, 

Wltreated casein was shown to produce values substantially above the blank. 

Untortunatel7 the incubation techDique could not be applied to 

treated thionine. The MHA molecule contains no amino group and thWl ita 

depoadation 1a not likeq to produce increa &s in aDIII01'1i levela. 



I V .  DISCUSSION 

53 

Results indicate that supplemental feeding of 1 g. of MIIA per day 

in the casein-coated form produced no observable effect on wool growth and 

possibly a negli gible negative effect on body •eight . 

Reis ( 1967) has demonstrated a wool growth and slight positive 

body weight response to a 3.0 g. per day MHA supplement given by abomasal 

in fusion . 

appear. 

Two possible reasons for the lack of response in this experiment 

Firstly , the treatment techniques may not have been e ffective , the 

��!A being degraded by the rumen microorganisms . This possibility appears 

likely as there were no signi ficant increases in plasma amino acid 

c oncentrations following ��A supplementation. Secondly , if the treated 

MHA did escape rumen action the dosage level may have been too sma�l to 

produce an observable response . However , Wickham ( pers. comm. ) obtained 

a significant ( P  <0.01 ) wool growth response to subcutaneous injec tions o f  

1 .  5 g. per day o f  DL-methionine. 

Supplemental feeding of 1 00  g. per day treated casein produced a 

significant wool growth response and possibly a small 'body weight response . 

Since the result of !! vitro ammonia and plasma amino acid level tests 

indicate that treated casein was escapiag l'UIIlen degradation , it may be 

auggested that observed responses were the result of treated casein being 

de direet17 a�able to tb sheep. 

'llle observed response with untreated caaein confiicts with the 

lack of a1 trogen retention re poaae to casein supplemeDta shown b7 McDonald 

( 1 952) and the absence of a wool growth response to protein in Ferguson• a  

(1959} experiment. It is poeaible that the untreated casein while being 



degraded in the rumc , prorlded a nitrogen source which when combined with 

the readily available energy provided by the barley meal supplement , produced 

an increase in the rumen microbial population sufficient to account for most 

of the observed increase in wool growth rate . Since microbial counts were 

not included in the experiment no direct erldence is available to support 

the above suggestion. 

Another possibility is that sheep on low-energy diets can utilize 

high levels of dietary proteins more efficiently than sheep on high-energy 

diets.  Since the sheep in this experiment were on a maintenance level of 

energy , those receiving untreated casein may have utilized some of the 

additional protein as an energy source for microbial synthesis. 

Post-treatment wool growth responses observed in the treated and 

untreated casein groups are of interest as a post-treatment response after 

cysteine infusion has been noted by Dryden ( 1 968) . The existence of a 

metabolic "pool'' of cysteine and other amino acids as suggested by Downes 

( 1 961 a )  and Downes !! !!• ( 1 962 ) , could possibly explain the post-treatment 

responses provided such a pool was fille d during the treatment period and 

gradually depleted over the post- treatment period. 

Downes ( 1 961 a) and Downes .!!, !!• ( 1 962)  suggested that part of the 

metabolic ''pool" COllSisted of c7steine bound to plasma protein. Since 

e.nal.ysis of plasma fre cystine would not indicate Yaria ticm in the level 

of bound cystine in the pla.a•, the cystine l�ela recorded in table J. 7 

would not prorlde eYidence for or agaillst the existence of a metabolic "pool".  

'l'he effect of aall group size o ana.l.J'aea of wool growth and 

boq weight data should be DOted since betwHD-group di fferences bad to be 

large to reach a level of statistical ai&ni-ficance. Thus , whlle wool growth 

differences between groups in the poat-treat•at period were aigniticant and 



5.5 

therefore probabl;y at tributable to treatment (P <0.0.5) it is likel.;y that 

treatment period differences , while not being statistically significant , were 

also mainly at tributable to treatment. The interpreta tion of boay weight 

results is also a ffected by smal l group size . For exampl e ,  the treated 

casein group appeared to give a positive response to treatment but group 

size is far too small to permit confirmation of this observation as being 

real and due to treatment . 

The results of plasma amino acid analysis indicate that the l evel 

of several individual amino acids is raised after die tary supplementation 

w ith formalin-treated casein. The highly el evated levels found for the 

unknown amino acid may be particularly useful information . It ia suggested 

that once the unknown is i dent i fi ed ,  it could be used as an indicator of 

whether or not formalin-trea ted casein is escaping rumen degradation .  



C H A P T E R 4 

P R 0 T E I N A N D E N E R G Y L E V E L 

E F F E C T S  O N  W O O L  G R O W T H  



I .  INTRODUC'l'ION 

This chapter deals with two aspects of wool growth responses to 

the dietary level of protein. 

Firstly , previous experiments measuring wool growth responses to 

various levels of protein nutrition have used breeds other than the Romney 

( Slen and ?lhiting, 1 952; Ferguson, 1 959 ) . Thus , it was decided to 

investigate whether or not the results obtained from other breeds apply for 

the Romney. 

Secondly ,  in the previous experiment wool growth rate appeared to 

be increased by untreated casein supplements , a result that is in marked 

contrast with the protein level responses obtained by Slen and �hiting ( 1 952 ) 

and Ferguson ( 1 959 ) .  One hypothesis arising from this observation is that 

an interaction exists between protein and energy levels. Thus , a test for 

the existence o f  an interaction was incorporated into the experiment. The 

method used was to measure wool growth responses from 4 levels of protein fed 

at 2 widely differing levels of energy. 



II . MATERIALS AND METB.ODS 

A . Animals 

The experimental animals were Romney wether hoggets (27 - 33 kgs . 

liveweight ) taken from a randomly bred fiock. 

'1\Jenty-four ot the animals were randomly divided into groups as 

listed below : 

GROUP SHEEP NUMBERS TREATMENT 

E1 P1 486, 381 .  831 ENERGY l.EVEL 1 , PROTEIN L!J"VEL 1 

E1 P2 300 , 729, 560 ,, !I 1 11 " 2 

E1 P3 895, 878 ,  827 11 " 1 11 ,, 3 

E1 P4 8.58 , 874 , 789 " " 1 " ,,  4 

E2 P1 31 9 ,  394, 385 .. f l  2 , . " 1 

E2 P2 807 , 703 , 879 " " 2 ,, " 2 

E2 P3 901 , 329 ,  792 " " 2 " " 3 

E2 P4 327, 582 , 506 " " 2 tl 11 4 

An additional six animals ( sheep numbers : � .  !t68 , 358 ,  lt65, 820 and 552 ) 
were used for nitrogen balance and digestibility determinationa. 

B. Houaing 

'f'he 24 treat��ent-grouped ani•la were placed in individual. pens 

within controlled-environment rooms where the t•perature wae -.i.ntained at 

15.6°C and the lipt c,.cle regulated to correapcmd with wtaide da7-lengtha. 

The six enf•la ued tor aiti"'gen balllllce an4 dipatibil.ity atudiu were 

placed ia •tabol.1all caps that allow.d tor separate collectioa ot tecea 

and urine. 



c. Rations 

'!'he experiment was divided into two periods , a 4-week pre-trea tment 

and an 8-week treatment . The amounts and compositions of the rations fed 

during these periods are given in table 4 . 1 a .  

Crude protein content of the rations ( N  x 6. 25) was determined by 

an automated Kjeldahl procedure . Triplicate samples of ration constituents 

were finely ground and 0. 1 40 g. sub-samples digested in micro-Kj eldahl flasks 

using 5.0 ml .  of the following di gestion mixture : 100 g. K2so4 , 1 . 00 g. 

selenium powder and 1 ,000 ml. cone .  H2so4• Digestion time was approximately 

4 hours. After digestion , samples were cooled and made to volume (70 ml . )  
with distilled wa ter . iith digestion complete the ammonia thus formed was 

measured calorimetrically utilizing a Technicon Auto Analyzer system, details 

of which are described by Warner and Jones ( 1 967) . 
of the experimental rations is given in table 4.1b. 

Crude protein content 

Energy intake was expressed as kilocalories digestible energy ( DE) . 

Energy values were determined wi th an adiabatic bomb calorimeter. DE = 

Energy fed - Energy excreted in the feces. Energy values for individual 

rations and daily amounts fed are giYen in table 4 . 1 b .  The rations within 

energr leTels were designed to be approximately iaoeal oric (i.e.  ration E1 P1 

c ontains approximately the same amount of digestible enerQ as rations E1 P2 , 
E1 P3 or :&1 P4) .  

Animals were fed once daily at approximately 9 a.m. All feed 

giTen &Ad refueecl was weighed to the neareat 0.1 lb with intakes beiAg 

recorded da1.17· 



INGREDIENT PRE-TREATMENT 

I«:> LASSES 

LUCERNE MEAL }8 . 8� 

BARLEY STRAW (chopped) 

BARLEY GRAIN (ground) 34 . 5 

PEA HULLS 
CASEIN 

26. 7  

TABLE 4. 1a RATION�; ( DRY flATTER B.;sr ;; )  

PERCENT'\GE COf.lfJ.lQS TTION 

RATION 

.E1 P1 and E2 P1 E1 P2 and E2 P2 

� . 6% 3.8� 
� . 1  52 . 2  

3'-' . 1  B . o 
21 . 2  :;6 . 0 

E1 P3 and E2 P3 

4. 7" 

84. 3 

1 1 . 0 

RATION �TJANTITY FEED Dhl LY 

PRE-TREATMENT 1 ,01 5 g .  
E1 P1 81 6 

E1 P2 726 

E1 P3 771 

E1 P4 680 

E2 r1 1 ,224 

E2 P2 1 ,088 

E2 P3 1 , 1 79 

E2 P4 1 ,043 

E1 P4 and E2 P4 

5. 0)) 

42. 8  

7. 4 

38 . 6  

6.2 
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T4BLE 4 . 1b RATIONS ( DRY K4�rER BASIS) 

RATION CRUDE PROTEIN CONTENT 

PRE-TREATMENT 1 2. 8� 

E1 P1 and E2 P1 1 0. � 

E1 P2 and E2 P2 1 }. 1  

E1 P} and E2 P} 1 5. 5 

E1 P4 and E2 P� 1?.2  

RATION DIG EST1BL8 ENERGY VALUE AMOUNT FED DAILY 

PRE-'!'REA TMENT 2 . 859 Kcal DE/g. 2 , 902 Kcal DE 
E1 P1 2.788 2 , 275 

E1 P2 2 . 948 2 , 1 40  

E1 P3 2 . 992 2 , }06  

E1 P4 }. 290 2 ,237 

E2 P1 2 . 656 3,249 

E2 P2 2 . 908 3 , 1 66 

E2 P} 2.804 3, 306 
E2 P4 2 . 935 },o61 

D . Wool Sampling 

Wool samples were obtained and processed according to procedures 

previously described ( chapter 3, section IID) . Sa�es were clipped at 4 

week intenala. 

E. Ni tropn Balances 

'l'he aitropa balance technique was used to ascertain the exteDt 

to which llitropn was retained at cliftereat leYela of feeding. Using a 

ai.Dgle a.niaal tor each diet, three leYela of Ditrosea iatake (P1 , P3, P4) 

were c011pared at each energ lenl (E1 aad 12 ) .  
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For two five-� periocls { A  and B) urine and fecal samples were 

collected and weighed daily. Urine sampl es were bulked and stored at 4°C 
while fecal samples were bulked and frozen. 

To prevent ammonia loss through evaporation , urine samples were 

c ollected in plastic buckets containing 40 ml .  cone . H2so4• Fecal samples 

were collected in canvas bags attached to the animals by a harness. 

Nitrogen content of feed and excreta (urine + feces ) was measured 

using the automated Kjeldahl procedure described in section IIC.  The 

procedure for urine samples deviated slightly from that used for feeds and 

feces ( 0.5  ml .  of urine was digested and the digestion time was approximately 

twenty minutes ) .  

F. Sta tistical Methods 

Data from this experiment were analyzed by a. two-way covariance 

analysis using the model : 

!f,jk :: � + a t. + cj + ( ac ) ii +f!,X,jk+ €c)k 

!f,i� is the k th observation in the <j th group / 

� is the general mean 

l = energy levels 1 ,  2 

j = protein levels 1 - 4 

( «.� ) tj is the interaction term 

(3 1a the reg:reuion of Y on X 

C tj k is the error term, independent and norllllll.lJ' distributed. 

This ual.ysia not onl1 adjusts for inherent variation that exiated 

prior to treatment but allows for .. asureMDt of interaction between protein 

and energy ltwela. 



Adjusted mean differences between protein and energy levels , and 

the interaction terms were tested for significance by the r test as described 

by Snedecor and Cochran ( 1 967) . 

The anal..Ysis was made by an aYaila'ble program for an IBJ.., 1620 

computer. 



III . RESULTS 

A .  Wool Growth 

Results of covaria nc e  analysis of wool growth rate are presented 

in table 4.2 and figures 4 . 1  and 4.2.  A fter the first 4 weeks of treatment 

( period A )  there was no signi ficant difference between the two energy or 

four protein levels , nor was there an.y evidence of an interaction between 

energy and protein level . A fter another 4 weeks o f  treatment ( period B )  a 

highly signi ficant difference emerged between energy levels ( P� 0.001 ) . 

However , differences between protein levels , and the interaction term 

remained non-significant. 

B. Bod.y �.eight 

Results of covariance analysis of body wei ght are presented in 

table 4 . 3  and figures 4 . 3  and 4 . 4 . A highly signi ficant difference 

( P < 0 . 001 ) was found between energy levels at the en d of period A . A 

signi ficant difference ( P <  0.05) was also found between protein levels. 

The interaction term between energy and protein level s  was non-signi ficant.  

A t  the end of period B the di fference between energy levels was still highly 

significant ( P < 0.001 ) but the difference between protein levels was no 

longer significant. There was a alight indicatioll (P� 0. 1 0) of an energy -

protein level interaction in this period. The interaction appears to 

involve mainly protein levels 1 and 2.  

c. Feed Illtake 

Table Jt. 4 gives the dipatible energy intake• for each individual 

and group during the cmtrol and treatllellt perioda. !21! the variability 



ENERGY 
LIVEL 

1 
2 

ENERGY 
LEVEL 

1 
2 

TABLE 4.2 WOOL GROWTH : COVARIANCE ANALYSIS RESULTS 

ADJUSTED MEANS : TREATMENT PERIOD A ON CONTROL 

PRO'l'EIN 
LEVEL 1 

1 1 .324 + 
1 . 3?' i 

STANDARD 
ERROR 

0. 1 33 
0. 129 

PROTEIN 
LEVEL 2 

1 . 369 + 
1 .64lt i 

STANDARD 
ERROR 

0. 129 
0.126 

PROTEIN STANDARD 
LEVEL 3 ERROR 

1 .60? + 0. 1 49 
1 • 727 + 0.126 -

TEST FOR ADJUSTED MEAN DIFFERENCES AND INTERACTION 

BE'l'WEEN ENERGY LEVELS 
BETWEEN PROTEIN LEVELS 
BE'l'WEEN ENERGY X PRO'rEIN LEVELS 
WITHIN ENERGY X PROTEIN LEVELS 

DIDREES OF 
FREEDOM 

1 
3 
3 

1 5  

RESIDUAL 
MEAN SQUARE 

0.093 
o.o88 
0.016 
o.olt6 

ADJUSTED MEANS s TREATMENT PERIOD B ON CONTROL 

PROTEIN STANDARD 
LEVEL 1 ERROR 

o.902 + o. 16o 
1 . 30.5 ; 0.1 49 -

PROTEIN STANDARD 
LEVEL 2 ERROR 

1 .01 7 + 0 . 1 54 
1 . 566 !: 0. 1 52  

PROTEIN STANDARD 
LEVEL 3 ERROR 

1 . 1 97 + 0.178 
1 • .398 !: 0. 1 51 

TEST FOR ADJUSTED MEAN DI FFERENCES AND INTF;RACTION 

BE'rWEEN ENERGY LEVELS 
Bl'l'wm:N PROTEIN LEVELS 
B!.TREN ENERGY X PROTEIN LEVELS 

I'ftliN ENERGY X PROTEIN LEVELS 

1 2 
• Mg./cm /dJly 

• • •  • p < 0.001 

DIDREES OF 
FREEOOM 

1 
3 
3 

1 5  

RESIDUAL 
MEAN SQUARE 

1 .016 
o.o44 
0.025 
o.o66 

PROTEIN 
LEVEL 4 

1 . 430 + 
1 • ..a2 + 

, 

2.007 
1 .898 
0.356 

-

STANDARD 
ERROR 

0.124 
0.124 

PROTEIN STANDARD 
LEVEL 4 ERROR 

1 .01 1 + 0. 1 49 
1 . 503 ; 0.149 -

F 

1.5. 31 9* . .  
o.656 
0 • .381 



F IGURE 4 • 1  

WOO L G RO W T H · R A T E  

D E V IAT I O NS O F  ADJ USTE D 
M E A N S  F R O M  P R E - T R E AT M E N T  + 0 1  
P E R I O D  G E N E R A L  M E A N , 

E X P R ESSE D A S  MG / C M� DAY . 
00 

- 0 1  

- 0 2  

- 0 3 

- 0 4 

- 0 5 

- 0 6 

- 0 7  

- 0 8  

PRT1 = P R E - T R E AT M E N T PE R I O D  

T1 A T R EATM E N T  P E R I O D  A 

T 1 B = T R E AT M E N T  P E R I O D  B 

G E N E R A L  

P I I ·  7 1 1 

p 2 I ·  7 1 1  

p 3 I ·  7 1 1 

p 4 I ·  7 1 1 

PROT E I N  L E V E L  E F F E C T 

E N E R G Y  L E V E L  E 1 

ADJ U ST E D  

MEAN 
TRE ATME N T  A 

I ·  3 2 4  
I · 3 6 9  

I ·  6 0 7  

1 · 4 30 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
' 

\ 
\ 

\ 

M E A N S  

b P 3  

P 2  
P 4  

P 1  

TREAT M ENT B 

0 ·  9 0 2  

I ·  0 1 7  

I ·  1 9  7 

1 · 0 1 1 



FI G U R E  4 · 2  

W O O L  G ROW T H  R AT E  

D E V I AT I O N S  O F  A D J U ST E D  M E A N S  

F R O M  PRE - TR E AT M E N T  P E R I O D  
GE N E R A L  M E A N , E X PRESS E D  
A S  M G  / C M 2 / D A Y . 

+ 0· 1 

0•0 

- 0• 1 

- 0·3 

- 0•5 

PRT1 = PRE - TREAT M E N T  PER I OD 
T l A = T REAT M E N T  P E R I O D  A 

T1 B = T REAT M E N T  P E R I OD B 

G E N ER A L  MEA N 

P I  I · 7 1 1  

p 2 I • 71 1  
p 3 I • 71 1  

p 4 I • 7 1 1  

PROT E I N  

E N E R G Y  

- - - - -o  - - - \ 
\ 

L E V E L E F F E C T  

L E V E L E 2 

P 2  
\ 

' � - 0  P 4  
o- - - - - \ \ 

\ 
0 P 3  

P I  

P R T, T, A T1 B 

A DJ U S T E D  M E A N S 

TREAT M E N T  A T R E AT M E N T  B 
I • 3 7 3  I • 3 0 5  

I • 6 4 4  I • 5 6  6 

I • 7 2 7 I · 3 9 8  
I • 4 2 8  I • 5 0  3 



ENERGY 
LEVEL 

1 
2 

q[./ { ( , 

ENERGY 
l.EVEL 

1 
2 

TABLE 4 . 3  BODY WEIGHT: COV.�RIANCE ANALYSIS RESULTS 

A DJ USTED t{EANS : 'rREATMENT PERIOD A ON CONTROL 

PROTEIN STANDARD PROTEI N  STANDARD PROTEIN STANDARD 
LEVEL 1 ERROR LEVEL 2 ERROR LEVEL 3 ERROR 

1 
0. 40 29. 42 0. 43 29 . 69 30.87 ± + ± 0. 39 
0. 42 

-
0. 40 31 .61 0. 40 32.02 + 31 . 99 + + - - -( 

s ·  TEST FOR ADJUSTED MEhN DIFFERENC ES AND INTERACTION ___, 

BET'IEEN ENERGY LEVELS 

BETWEEN PROTEIN LEVELS 
BET\lEEN ENERGY X PROTEIN LEVELS 
WITHIN ENERGY X PROTEIN LEVELS 

ADJUSTED MEAN8 : 

PROTEIN STANDARD PROTEIN 
LEVEL 1 ERROR LEVEL 2 

31 .01 + 0. 49 29. 47 -33. 79 + 0. 51 34 . 43 -

DIDREES OF 
FREEOOJ-1 

1 
3 
3 

1 5 

RESIDUAL 

MEAN SQUARE 

1 9. 457 
1 . 668 
0 . 491 
0. �4 

TREA'rf!.ENT PERIOD B ON CONTROL 

.'JTANDARD PROTEIN 3TANDARD 
ERROR LEVEL 3 ERROR 

+ 0.53 30. 42 + o. 48 - -
+ 0. 48 32 . 97 ± 0. 48 -

TEST FOR ADJUSTED MEAN DIFF&RENCES AND INTERACTION 

BETWEEN ENERGY LEVELS 
BE'l'WEEN PROTEIN LEVELS 

BETWEEN ENERGY X PROTEIN LEVELS 
IITHIN ENERGY X PROTEIN LEVELS 

1 .. Kilograms 
f = P <  0. 1 0  

DEGREES OF 
FREEDOM 

1 
3 
3 

1 5  

• • •  = P <  0.001 
• = P <  0 . 05 

RESIDUAL 

MEAN S�UARE 

6?. 309 
0.847 
1 . 706 
0.683 

PROTEIN 
LEVEL 4 

29. 1 8  
30. 89 

F 

41 .963· · ·  
3 . 597• 
1 . 060 

PROTEIN 
LEVEL 4 

29 .77 
33. 1 4  

F 

98 . 503· · · 
1 . 239 
2 .  497 ,t 

STANDARD 
ERROR 

+ 0 . 39 
� 0 . 41 

STANDARD 
ERROR 

+ o. lt8  -
± o. so  



F I G U R E  

BODY W E I G H T· 

4 · 3 

D E V I AT I O N S  OF  ADJ U ST E D  M E A N S  
F R O M  P R E - T REATM E NT P E R I O D  
G E N E R A L  M E AN , 

A S  K I L O G R A M S . 
E X P R ESS E D  

+ 2 · 0  

+ 1 · 0  

0·0 

- 1 · 0 

PRT PRE - T R E ATM E N T  P E R I O D  
T 1  A = T R EAT M E N T  P E R I OD A 
T 1 8 = T R E AT M E N T  P E R I O D  B 

G E N E R A L  MEAN 

P I  3 0 . 1 7  

P 2  3 0  • 1 7 

P 3  3 0  • 1 7  

P 4  3 0 . 1 7  

P R O T E I N  L E V E L E F F E C T  

E N E R G Y  L E V E L  

P R T r1 A T1 B 

A D J U S T E D M E A N S  

T R E ATME N T  A T R EATM E N T  8 

3 0 .  8 7 3 1  • 0 1 
2 9 • 4 2 2 9 • 4 7 

2 9  • 6 9 3 0 . 4 2 

2 9  • 1 8 2 9 . 7 7  



F I G U R E 

B O D Y  W E I G H T  

DE V I AT IONS OF ADJ UST E D  M E A N S  

F R O M  P R E - T R E A T M E N T  P E R I O D  

G E N E R A L M E A N , E X P R E SS E D 

A S  K I L O G R A M S .  

+ 3 ·  0 

+ 2 • 0  

+ 1 • 0  

PRT = P R E - T R E AT M EN T  P E R I O D  

T A  T R E A T M E N T P E R IOD A 

T B  = T RE A T M E N T  PER IOD B 

G E N E RAL M E A N  

P 1  30 . 1 7  
P 2  3 0 . 1 7  
P 3  3 0 . 1 7  
P 4  3 0 . 1 7  

P R OT E I N  

E N E R G Y  

P R T  

I 
I 

I 
d 

T A  

L E V E L E F F E C T  

L E V E L  E 2 

I 

I 
I 

I 

I 

� P 2  

I 

T B  

P 1  

p 4 
p 3 

ADJ U ST E D  M E A N S  

TREAT M E N T  A TR E A T M E N T  8 

3 2  . 0 2 3 3 .  7 9 
3 1  . 9 9 3 4 · 4 3 
31 . 6 1 3 2 .  9 7  
30 . 8 9 3 3 .  1 4  



EAR TAG 

HO . 

lt86 
381 
831 

300 
729 
560 
985 
878 
827 
858 
87Jt 
789 
319 
39'+ 
385 

80? 
?03 
879 

901 
329 
192. 
327 
582 
506 

TABLE 4. 4 FEED INTAKE - KILOCALORI ES DIGESTIBLE ENERGY ( DRY MATTER BASIS) 

TREATMENT 

GROUP 

E1 P1 
E1 P1 
E1 P1  

E1 P2 
E1 P2 
E1 P2 

E1 P3 
E1 P3 
E1 P3 

E1 Pit 
E1 P4  
E1 P4 

E2 P1 
E2 P1  
E2 P1 

E2 P2 
E2 P2 
E2 P2 
E2 P3 
E2 P3 
E2. P3 

E2 P4 
E2 Pit. 
E2 P4 

PRE-TREATMENT GHOUP TREATMENT 
PERIOD SUMS • MEAN PElUCD A SUMS 

74 , 330 
76 ,617 75 , 093 
74 , 330 

74 , 044 
57 , 1 77 62 ,800 
57 , 1 77 

74 , 044 
58 , 034 66 , 51 3  
67 , 469 

75 , 1 87 
71 , '+71 73 , 853 
74 , 902 

75 , 474 
67 , 469 72 , 520 
74 ,616 

67 , 755 
77 , 475 69, 380 
62 , 89.5 

71 , 757 
74 , 902 71 , 94? 
69 , 1 84 

61 , 751 
76 , olt6 65 , 850 
59 , ?50 

• SUM ADJUSTED TO A 28 DAY BAS!3 

58 , 834 
61 ,o65 
56 , 325 

57 , 489 
54 , 541 
49 , 529 

61 , 639 
49 , 969 
58 ,048 

60 , 870 
59 , 224 
60 , 54o 

68 ,249 
60 , 282 
73 , 826 

72 ,996 
80 ,848 
73, 578 

71 , 2 1 5  
83 , 552 
?0 , 094 

62 , 508 
71 , 605 
68 , 084 

GROUP TREATMENT 

MEAN PERIOD B SUMS 

57 , 71 9  
58 , 743 57 , 71 9  

56,604 

43 ,043 
53, 853 53, 362 

49 , 824 

.59 , 245 
.56 , 553 55 , 355 

,/ 57 , 449 

56 , 263 
60 , 21 0  56 , 592 

55 ,276 

75, 1 54 
67 , 453 71 t 1 70 

75 , 685 

72 , 1 23 
75 , 81 0  78 , 81 2  

73 , 578 

74 , 580 
?4 , 953 72 ,056 

69 , 81 3  

69 , 2.58 
67 , 400 ?6 , 008 

69 , 845 

GROUP 

MEAN 

57 , 347 

48 ,7't0 

57 , 353 

56,0Jt3 

7"- ,003 

74, 837 

?2 , 1 .50 

71 ,707 



between individuals in the control period ( each animal was receiving 

approximately 81 ,000 Kcal digestible energy ) .  Also � that when compared 

with period A ,  the within group variation is markedly reduced in period B. 

This observation may be more easily seen in the standard error for group 

mean intakes as derived trom covariance analysis ( see below) • 

PERIOD A 

ENERGY GROUP : 
LEVEL P1 P2 P3 P4 

E1 2 , 1 57.7 
1 

2 ,2�1 .9 2,076.8 2 , 1 05. 8 

E2 2 ,064. 3 2 ,029. 4  2 ,051 .2 2 , 098. 1  

PERICD B 

E1 1 , 827.6 1 ,898. 9  1 ,759. 0  1 ,783.6 

.F.2 1 ,7..S. 5 1 ,71 8.9 1 ,737. 3 1 ,7?7. 1 

1 
Standard error of mean; kilocalories digestible energy = 

Within energy level E2 the variation in intake between groups was 

.arkedly reduced in period B ( when compared with period A ) . However ,  

within enerQ level E1 intake variation between groups slightly increased 

in period B. 

D. Nitrogen Balances 

R sul.ts of nitrogen balance trials are giYen in table 1t. 5. 

Seftral. of the sheep OD trial retuaed their diets, the extent of the 

retusal being eo ...... ere that cml7 reaul ta tor diet• F.2 P1 and 12 � were 

comparable. 

diet bad a aubataut1al.l7 greater nitrogen intake thaa the a.N•l 011 the 



high energy - low protein (E2 P1 )  diet , the difference between di.eta in 

the amount of nitrogen retained was small. When nitrogen output is 

68 

separated into feca.l and urine portions it can be seen that the proporUon 

of nitrogen excreted via the urine is greater (approximately 50%) for the 

high protein diet. 

E2 P1 

E2 P4 

E2 P1  

E2 P4 

E2 P1 

E2 P4 

INTAKE/ 
DAY 

1 5.01 

24. 3 

1 4. 2  

24. 3 

1 4.6 

24. 3 

TABLE 4.5 NlTROGEN BALANCE DATA 

PERIOD A 

FECAL OUT- URINARY 
PUT/DAY OUTPUT/DAY 

6. 7 9. 1  

?.6 1 4. 2  

PERIOD B 

1 0. 1  

16. 3 

1-IEANS OF PERIODS A AND B 

6.0 

1 
• gl"aal8 ot ntrogen 

TOTAL Otn'-
PUT/DAY 

15.8 

21 . 8  

1 5.6 

22.8 

BAL�CE 

- o.8 

- 1 . 1 

+ o.6 

- 1 .0 



IV . DISCUSSION 

Wool growth results indicate that tor the levels fed, there was no 

significant interaction between protein and energy . Results also indicate 

that between-group wool-growth responses to various levels o f  protein intake 

were at no time significantly different. 

The slightly higher wool growth rate observed for the P3 groups 

when compared with the P4 groups may be due to more efficient microbial 

utilization of "additional" protein when fed as lucerne versus when fed as 

casein ( "additional" ��ean.ing that amount of protein by which a diet exceeds 

the supply necessary for efficient microbial growth and reproduc tion ) .  More 

efficient microbial utilization might be attributable to a slower rate of 

degradation. If the protein fracti on of lucerne meal was more resistant 

than casein to microbial degradation , the higher wool growth rate of the P3 

group rray also be due to relatively larger amounts of dietary protein reaching 

the abomasum. 

The highly significant between-energy level differences in wool 

growth and body weight were expected as the E2 diets provided significantly 

greater amounts of carbohydrate 8Jld protein. 

Period B � weiaht results indicated the presence of a slight 

interacti.ozl between enerra levels fer protein levels 1 aDd 2. However, 

t .. d intake data suggest that betwHft-group ftriaticm ill YOlWltar,' intake 

na the .ajor factor pro ciJls the interactioa. 

'!'be eipificaat difference in 'bod;r weight obse"ecl between protein 

lnele iD period A al80 appeara to be due to betwe sroup feed intake 

YariatJ.on and not due to treat-t. 



Nitrogen balance results demonstrate that the protein of the P� 

diet was not efficiently utilized and that P4 urinary nitrogen losses were 

proportioually higher than losses for the P1 diet. It Blight therefore be 

assUiled that a substantial amount of the "additional" protein provided by the 

P4 diet , after undergoing rumen microbial. degradation to a111110nia , was not 

converted into microbial protein bu t was lost through rumen-wall absorption. 

The result s  of th is experiment indicate that wool growth in the 

Romney responds to various energy and protein levels in a manner similar to 

that observed for other breeds . The most notable feature of these responses 

being that dietar;r crude protein levels 111ch grea ter than 1 2% (P3 and P4) 

were not e tticienUy utilized for wool growth when compared ri th lower protein 

level diets ( P1 and P2 ) . 



C B A P T E R 5 

G E N E R A L D I S C U S S I 0 N A N D S U M M A R t 



I .  GENERAL DISCUSSION 

Until recently the rel ative roles of d1eta17 enerQ and protein 

in controlling wool growth were not clearly understood. Some of the early 

work ;  Fraser and Roberts ( 1 933) , Slen and �fuiting ( 1952 ) ,  Ferguson ( 1959) 

indicates that when isocaloric diets are fed, wool growth remains independent 

of dietary protein level over a relatively wide range . On the basis of 

these observations Fergu.son ( 1959 )  suggested that wool growth responses to 

increasing intake ( when the diet contains more than about 8t CP) were wholly 

due to an increased energy supply . This interpretation fails to consider 

the importance of increased microbial protein synthesis resulting from 

increased intake. 

The work of Reis and Schinckel ( 1 961 , 1 963 ,  1 96� )  has shown that 

the quantity of allino acids ( particularly the s-amino acids ) absorbed into 

the circulatory s;yste is probably the major factor limiting wool growth. 

I t  has also been shown ( Hunga.te , 1 965, 1 966 ) that the protein of rumen 

microorganisms is probably the principal supplier of these amino acids. 

'l'hus , the quantity of microorganisms made available to the host 1a suggested 

as being the 11111jor determiDB.Ilt of wool growth rate. 

The main role of dietary energy and p-otein in controlling wool 

growth rate is suggested as being that of proridillg substrate for microbial 

growth , the cytoplaSIIic proteiD of tbe lld.crobes being su'bsequently utilized 

by the boat aa an amino acid source. Howner , some dietary proteiD may 

eacape 1'\lMD action and be uaed directly b)' the hotlt ( McDonald, 19� ) , the 
r' 

solubili t,- o'! "aYllilability" of the protein being a cleciding factor as to 

the IUDOU!lt that escapes ra.en action (Barnett and lleid, 1961 ) .  

From the resulte of the eecond experi•nt ill the preeent work pl.ua 

the obsenations of Fergueon ( 1 959) and Slen and Whiting ( 1 952) cme might 
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contend that for most feedstuf fs ,  dietary crude protein l evels much greater 

than 1 2,� ( dry ma tter basis) are not efficiently converted into microbial 

protein , much of the excess prot ein being lost through the rumen wall as 

ammonia ( t�Donald ,  1 952) . �ith microbial production not significantly 

increased and large protein losses occurring, high levels of dietary crude 

protein could not be expected to increase wool growth rate. This contention 

is supported by the observation o f  Hogan and Weston ( 1 967)  tha t the amount 

of non-ammonia nitrogen absorbed from the intestines is similar for isocaloric 

diets varying signi ficantly in protein content. However ,  the results of the 

first experiment in the present work appear to be contradic tory in that 

significant wool growth increases were observed in sheep that received a 

diet which was increased from 1 4. 6  to 20.�t CP. No ent irely satisfactory 

explanation for this discrepancy is apparent .  I n  explaining the results 

of the first experiment it was suggested that the barley meal fraction of 

the ration provided a readily available source of energy which enabled the 

rumen microbes to efficiently utilize the 20� CP diet . In the second 

experiment using rations which also contained barley meal supplements , an 

increase in dietary crude protein from 12.8 to 1 7.2% ( rations E1 P4 and 

E2 P4) produced no significant increase in wool growth ra te. It  is possible 

that di ffering protein demands by the two classes of sheep uaed in these 

experiments ( aged versus hogget wethers ) might account for the differences 

between experiMnts in wool growth response , however , no direct evidence to 

support this suggestion is available. 

en dietary crude protein levels are considerably lesa than 12% 

an endogenoua supply of rdtrogen froa the saliva ( Soaera , 19.58) and rediftuaed 

blood urea (Houpt , 1 959) ie used extenaivel7 bJ the aicro'bea (Cocicano and 

Lens, 1966) .  This ..cluuJi- euvea aicrobial growth when dietar'7 nitropn 

supplies are low and thus iadirectl7 .. nea as a buffer against chaagea in 

11001. growth rate. 



The relation between dietar,r crude protein level and wool growth 

rate appears to be complexly inter-related with a number of associate factors 

such as : the quantity and availability of the energ supply, the quality 

and availability o f  the protein source ,  the supply of recycled nitrogen and 

possibly the class of animal being fed. Thus , generalization in regards 

to this relationship should be used with caution. 

In addi tion to wool growth rate the amount of protein absorbed by 

the sheep also affects the rate and degree of body weight change. Small, 

positive body weight responses following abomasal protein or amino acid 

supplementation have been observed in mature sheep b,y Reis and Schinckel 

( 1 963 ,  1 964)  and Reis ( 1 967) , and following fo rmalin-treated casein 

supplementation in the present work.  Protein o r  amino acid effects on 

body weight are likely to be more marked in young growing animals whose 

protein demands are relatively high. 

The results of experiments where proteins or amino acids wer. 

made directly available to the sheep suggest a number of areas where "direct" 

protein or amino acid supplements may prove useful ( direc t ,  meaning being 

made available to the host animal without subjection to rumen microorganisms ) .  

Direct S-amino acid supplements would probably be effective in 

preventing tenderness or break in wool , as evidenced by the work of Re is and 

Schinckel (1963, 1 96  .. ) and Dryden ( 1 968 ) .  The problH16 to be onrcome are: 

( 1 ) determining &Dd dneloping the 11011t auitable •thod(s)  of ad:minbtration, 

(2)  determining the dosage le.el necessary to prevent tendern .. a or break, 

(3)  determining the reqtdred trequenc7 of dosage at that desired leYel , and 

( 4 )  determ1.ni.as the degree and extent of uq aecondarJ effect• associated 

with amino acid auppleaentation nch u increased fetal size. 
4 

Direct protein or aai.no acid auppl.e•ntatiOil 8«3 alM be useful aa 



a st1mu.lant to ovulation rate. OVulation rate in the sheep ia known to be 

influenced by gonadotropins ( t.verill , 1958 ) .  Gonadotropi.ns are mainl,y 

composed of pr-oteins or polypeptides ( Zarrow ,  1 <)62 ) .  'l'hus , an increase in 

protein nutrition prior to ovulation might influence gonadotropin levels 

and subsequently ovulation rate. I t  an increase in oYUlation rate was 

demonstrated as being associated with an increase in protein nutrition the 

possibility of direct protein supplementation as a flushing technique would 

become feasible .  

Direct protein supplementation given via the feed t o  young cattle 

or sheep might signitica.ntly improve rate of gain and proportion of muscle 

to fat .  In young animals grow th primarily involves an increase in the 

structural tissues and the organs ( Maynard and Loosli , 1 962 ) .  The demands 

for such growth being met mainly by minerals such as calcium and by protein 

( ibid) . Because the young growing animal has a high demand for protein a 

direct protein supplement might be expected to fill part of a demand not 

usually met by normal dietary channels. 
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II . SUMMARY 

Given the experimental conditions reported, the present work has 

shown tha t :  

( 1 )  ( On the basis of � vitro ammonia and plasma free amino acid 

level testa) formalin treatment can be an effective means ot 

protecting protein from microbial degra dation in the rumen . 

( 2 )  Formalin-treated casein supplements a re capable o f  producing 

significant wool growth responses and possibly body weight 

responses. 

( 3) As trea ted ,  1 g. daily HHA supplements w ere not effective in 

producing wool growth or body weight responses . 

{ 4 )  Untreated casein supplements are capable of producing signi fi cant 

wool growth responses . 

( 5) The technique used to measure plasma free amino acid concentrations 

was highly accurate and could justifiably be used in experiments 

where group numbers a re small . 

( 6 )  The concentration of an unidenti fied plasma free amino acid 

responds to formalin-treated casein auppleMnta in a highly 

significant and positive lallner. 

(7) A sipiticant protein-energy levu interaction does not appear 

to exiat for wool growth. 

(8) 'l'he Hew Zealand. Ro-.q appears to respond to different levels 

of protein nutriticn in a •eer aiJd.l.ar to that obaened tor 

other breeda. 
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