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ABSTRACT

The effect of lowering the ruminal protein degradability of

canola meal (CM) on milk production of Holsteins fed a CM/barley lcorn

silage based diet was studied. Preliminary experiments showed that CM

protein degradability could be substantially reduced by treatment with

I.29 formaldehyde (FA) /100g crude protein (CP). Formaldehyde treated

CM was fed to dairy cows in a lactation study. Forty Holsteins were

assigned to one of four isocaloric diets 2 weeks postpartum in a 2 x 2

factorial arrangement. Factor I was dietary CP level, either 1.7.4% or

L4.6% CP. Factor II was FA treatment of the CM, either treated or

untreated. The experimental period lasted 1"2 weeks. Formaldehyde

treatment had no effect on milk yield, milk composition, dry matter

(DM) intake, or the apparent digestibilities of DM, nitrogen (N),

e ther extract or acid detergent fibre. Formaldehyde treatment

reduced (p <.OS) the concentration of ruminal ammonia-N (NH3-N) and

tended to increase (p . . t) the plasma concentration of total essential

amino acids. High dietary CP level increased (p <.05) milk and

lactose yields and increased (p < . OS) the plasma concentrations of

urea and total essential amino acids. Reasons suggested for the lack

of response to FA treated CM are (a) amino acid supply to the mammary

gland did not limit milk synthesis, or (b) FA treatment failed to

increase the absorption of specific amino acids, particularly lysine

and tyrosine, whose availability may have limited milk yield.

In the next part of the study, experiments were conducted to

determine if the lack of response to FA treated CM was due to failure
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to increase the uptake of tyrosine. Results from preliminary

experiments with two duodennaly cannulated sheep suggested that

orally administered tyrosine could partially escape degradation in the

rumen and reach the small intestine.

Tyrosine was then fed to 6 lactating Holsteins in a switchback

design with three experimental perÍods of L0 days duration. Tyrosine

supplementation (50g tyrosine/cow/day) increased milk yield by

1.Okg /day (3. 4%) .

Next, tyrosine was fed Io 1,2 lactating Holsteins to determine the

effect of supplementing tyrosine to diets containing FA treated cM.

The design was a switchback with three periods of L4 days duration.

Formaldehyde treatment tended to increase (p . . j.) the plasma

concentration of total essential amino acids but did not affect milk

yield or DM intake. Tyrosine supplementation of the FA treated diet

increased (p. .05) milk yield by 1.6kg/day but tyrosine

supplementation of the untreated diet did not affect milk yield.

Possib1y, the lack of response of milk yietd to FA treated cM was

partially due to failure to increase the absorption of tyrosine.

Tyrosine supplementation may stimulate milk production by

increasing the supply of tyrosine to the mammaïy gland or by a

catecholamine mediated response. The potential interactions bctv,reen

tyrosine, catecholamines, and growth hormone are discussed in relation

to the protein requirements of lactating dairy cows.
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INTROD UCTION

Over the past few years, rapeseed has become established as a

major crop in Canada. This has been largely due to the development of

rrdouble lowil cultivars which are low in erucic acid and

glucosinolates, leading to increased use of rapeseed as a source of

supplementary protein for livestock and poultry and edible oil for

humans. To distinguish the new cultivars from older rapeseed

varieties, the term I'canolarr has been adopted. The Canola Council of

Canada (1980) states, "...the generic term rcanolar applies to the

seed, meal, oil, hulls, or any other derivatives of the varieties with

Iess than 3mg /g normally measured glucosinolates and with 5% or less

erucic acid. Currently included are the Brassica napus varieties,

Tower, Regent and Altex and the Brassica campestris variety, Candle.rr

Several studies have been conducted to assess the nutritional value of

canola meal (CM) as a protein supplement for lactating dairy cows

(Sharma et al . 1"977; Papas et aI. L97B; Papas et al. 1979; Laarveld et

al, 19BL; Sanchez and Claypool (1982) and results show that CM compares

favourably with soybean meal (SBM).

Like some other protein supplements, e.g. SBM, cottonseed meal

and peanut meal, there is evidence that CM protein is readily degraded

in the rumen (Burroughs et al. 1,975). The high ruminal degradability

of CM protein may limit the efficiency of protein utilization by

lactating cattle because of failure to supply an adequate amount of

rumen escape protein (REP) to meet the animalsr protein requirements.

Several systems proposed recently for assessing the protein
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requirements of ruminant livestock incorporate the concept of REP and

rumen degradable protein (RDP) (Burroughs et al. L975; Satter and

Roffler t975; Kaufmann 1"977; Verite et al. L979l- Agricultural Research

Council 1980) . Protein entering the abomasum from the forestomach is

of microbial origin or undigested dietary protein. In the case of an

animal with a high protein requirement, the yield of microbial protein

is unlikely to be adequate so the animal must depend on undegraded

dietary protein, i.e., REP, to meet the balance of its needs. This is

particularly true of high producing dairy cows which have an extremely

high requirement for protein. Thus, protein supplements, such as CM,

which are extensively degraded Ín the rumen may not provide sufficient

REP for optimal milk production.

A deficiency of REP is more likely to occur if CM is fed in

combination with other dietary ingredients which are low in REP. In

Western Canada, rations based on CM, barley and corn silage are

commonly fed to dairy cattle and all three ingredients have low levels

of REP. Therefore, there is a possibility that protein utilization of

this type of diet is inefficient. The obiective of the present study

was to determine if milk production and nitrogen (N) utilization of

cows fed CM, barley and corn silage could be improved by lowering the

ruminal degradability of CM protein.



LITERATURE REVIEW

Introduction

The amino acid requirements of ruminants are met by absorption of

amino acids from the small intestine (Agricultural Research Council

1980) . These amino acids are supplied by microbial protein

synthesized in the rumen, undegraded dietary protein and endogenous

protein secretions. However, Since digestion of endogenous proteins

does not represent a net gain of amino acids, the former two Sources

determine the quantity and composition of amino acids available to the

animal. Therefore, factors which affect microbial protein synthesis

or the degradability of dietary protein in the rumen will influence

the supply of amino acids to the intestine. Discussion of these

factors as they relate to the protein requirements of lactating dairy

cows forms the basis of the literature review. The potential role of

tyrosine in the control of milk production is also discussed.

MicrobÍal Protein Synthesis

Comparative contributions of bacteria and protozoa to microbial

rotein thesis

Protein is synthesized in the rumen by protozoa and bacteria.

Most avaÍlable information concerns bacterial protein synthesis and

relatively little is known about the contribution made by protozoa"

Attempts have been made to quantitate protozoal protein and there is

4J
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Iittle doubt that a substantial portion of microbial protein in the

rumen is protozoal (Ibraham and Ingalls L972). However, there are

conflicting reports about the quantity of protozoal protein actually

reaching the small intestine. Weller and Pilgrim (1974) estimated

that the rate of passage of protozoa through the omasal canal was less

than 25% the rate of water, implying that protozoa have a tendency to

remain in the ïumen. Other workers (Hagemeister 1975; Abou Akkada and

El Shaz1y 1976) found large quantities of 2-aminoethyl phosphcnic acid

(AEp), a protozoal marker, in the duodenum and suggested that the flow

of protozoa to the small intestine was substantial. However, although

ABP is supposedly found only in protozoa, Ling and Buttery (1978)

found considerable amounts of ABP in dietary and bacterial material so

the validity of using AEP as a protozoal marker has been questioned.

Assessing the overall quantitative contribution of protozoal

protein is further complicated by the method protozoa sequester

nutrients. Although protozoa obtain N from sources such as

particulate proteÍns, peptides, amino acids and ammonia (NH0), the

major source is bacterial N which Ís obtained by engulfment of whole

bacteria (Russell and Hespell 1981). Therefore, protozoal protein is

derived from recirculation of proteins which have already been

synthesized by bacteria. This is not to say that protozoa are

unimportant in the protein nutrition of rumjnants, it merely points

out the difficulty of assessing the relative contributions of

protozoal and bacterial protein in meeting the requirements of the

host.
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General mechanism of bacterial protein svnthesis

The mechanism of protein synthesis in the rumen varies between

bacterial species (Buttery 1976). However, the major events have been

summarized by Smith (L979). Bacterial amino acids are synthesized

from NH, and ou-keto acids. Ammonia entering the rumen is combined

with glutamate and aspartate to form glutamine and asparagine. The

amide groups on the latter two molecules are used to convert ct

-ketoglutarate to glutamate and for synthesis of alanine and aspartate

from their respective keto acids. Glutamine, aspartate and alanjne

accumulate and their amino groups are transferred to suitable keto

acids for the synthesis of other amjno acids. These, along witJ:

preformed amino acids, are used for the synthesis of polypeptide

chains. Many of the enzymes and mechanisms required for this general

pathway have been identified (Smith L979).

Factors affecting the y ield of microbial protein

It has been known for some time that energy supply is a major

factor limiting microbial protein synthesis (Walker L965). Basically,

adenosine trÍphosphate (ATP) must be generated from the digestion of

organic matter (OM) in the rumen then utilized for the synthesis of

protein and other cell constituents. Dietary carbohydrate provides

the bulk of the energy required for microbial growth, but the

contribution of dietary protein is also considered significant

(McMeniman et al. 1976). Carbohydrates which are readily fermentable,

such as starches and sugars, are more effective at promoting efficient

microbial growth and protein synthesis, possibly because they yield

moïe energy 6tern and Hoover L979). In addition, the source of starch

is important, e.g. the starch in corn does not appear to be utilized
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in the rumen as efficiently as barley starch (Orskov et a]. L971).

Smith (1979) suggested that bacteria produce an average of 20

moles ATP per kg OM truly digested in the rumen, although the actual

value will vary considerably depending on the nature of the diet. A

large part of the ATP produced is used for protein synthesis (Hespell

and Bryant 1979). From a survey of available data, Smith (1979)

concluded that the average yield of microbial N is 23 glkg OM truly

digested in the rumen, or 30 gN/kg OM apparently digested. A similar

survey byStern and Hoover (1979) led the authors to report an average

yield of 27 g microbial N/kg OM apparently digested in the rumen. A

morerecentreview(JohnsonandBergen].982)suggestsanaverageyield

of 19 g microbial N/kg OM truly digested or 25 gN/kg OM apparently

digested.

The supply of digestible oM is not the only factor involved in

the utilization of energy for microbial protein synthesis. Until

recently, it was believed that the efficiency of utilization of ATP in

the rumen was a biological constant, but tfiis is no longer the case

(Bergen 1.980). For any given energy supply, the efficiency of ATP

utilization by rumen microorganisms is extremely variable. Hespell.

and Bryant (L979) estimated that, in theory, mixed rumen bacteria

e ould aehieve a maximum YATP value of 26 g /mole, where YATP is the

yíeld of microbial dry matter (DM) in g/mole ATP (Bauchop and Elsden

1960). However, from a revíew of studies where YATP values for

various bacterial species were measured, Hespell and Bryant (L979)

found the majority of measured values were in the range L0 to L2 g

microbial DM/mole ATP. Thus, it appears that the actual efficiency of

microbial growth, in terms of YATP, is considerably lower than the
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theoretical maximum

The practical implications of improving the efficiency of ATP

utilization by rumen microorganisms have been pointed out by Smith

(1979). If YATP can be increased for a given energy supply, the

result would be an increased synthesis of microbial protein and a

greater supply of microbial protein to the small intestine. Using

calculations from the Agricultural Research Council ( 1980) protein

system, Smith (1979) suggested that a high producing dairy cow could

obtain virtually all the protein it requires from urea if a YATP value

of Z0 g/mole could be achieved. He further suggested that YATP could

be increased in practice by manipulating ruminal dilution rate and

nutrient supply.

There aïe many reports, as cited bystern and Hoover (L979),

showing that microbial growth increases as dilution rate in the rumen

increases, e.g. Isaacson et al. (1975) observed an increase in YATP

from 7.5 to L6.7 g/mole when dilution rate was jncreased from 2% to

ITeo per hour. At high dilution rates, the mean age of tl:e microbial

population is lowered and younger cells have a greater potential for

rapid growth than mature cells (Van Soest 1982) . Other factors which

may account for the effect of dilution rate on microbial growth are

redueed autolvsis of bacteri-a, redueed phagoc-rrtosis of bacteria by

protozoa and changes in the microbial population caused by changes in

substrate availability (Kennedy et aI. L976).

Microbial protein synthesis will be efficient only if there is an

adequate supply of all the nutrients required for microb jial growth.

All rumen bacteria need a supply of sulphur (S) for the synthesis of

cysteine and methionine. Therefore, an inadequate S intake may limit
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microbial protein synthesis (Goodrich et al. 1978). Hume and Bird

(1970) reported that sheep consuming 0.6 gs/day produced 82 g

microbial protein but when S intake was 2.0g/day, 94 g microbial

protein was produced. A deficiency of S is more likely to lj¡nit

microbial protein synthesis when urea is used in significant amounts

because of a potential deficiency of methionine (Stern and Hoover

lg7g). Because S supply affects microbial N utilization, requirements

for S are often expressed as a proportion of dietary N, ê.9. the

Agricultural Research Gouncil (1980) suggests a dietary N:S ratio of

L4. Although bacteria require s, not all species Gan utilize

inorganic S so methionine supplementation may be more beneficial to

the microbial population than supplementation with inorganic S

(Goodrich et al. 1978).

volatile fatty acids (vFA) are essential or stimulatory for

growth in many rumen bacteria. Hume (1970) observed a L4% increase jn

microbial protein production when branched chain VFA (BVFA) were

supplemented to sheep fed a semi-purified diet containing urea. Cline

et al. (1966) reported an jncrease in cellulose and DM digestibility

when BVFA were added to high cellulose diets containing urea.

Similarly, van Gylswyk (1970) and Roche et al. (1973) found that BVFA

supplementation led to increased growth of cellulolytic bacteria.

Recently, supplementation of BVFA to lactating dairy cow rations

increased milk production with no effect on feed intake (Papas et al"

1_98L; Cook et a|. L981; Sniffen et al. 1981). The BVFA are used by

bacteria as precursors for the synthesis of branched chain amino acids

(BCAA) and longer branched chain fatty acids {Hespe|l and Bryant

L979). Although BVFA are synthesized de novo by bacteria, it has been
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suggested that substantial quantities of BVFA are derived from

deamination of BCAA. Therefore, a deficiency may occur when ruminants

are fed low protein diets (Umunna et aI. 1975).

Amino acids and peptides can contribute substantially as sources

of N for microbial protein synthesis. Reviewing available data,

Hespell and Bryant (l-979) suggested that 50 to 70eo of microbial N can

be derived from NH, with the remainder coming from amino acids and

peptides. Maeng et aI. (1976) reported that supplementation of BCAA

to viable rumen fluid stimulated microbial growth when cellobiose, but

not glucose, was the carbohydrate source. The authors suggested this

was due to BCAA contributing to the requirements of cellulytic bacteria

for BVFA. The same authors also found a large increase in microbial

growth when urea was replaced by S containing amino acids and several

other amino acid mixtures. Similar responses have been reported by

Maeng and Baldwin (l-976a, b). Using a different approach, Salter et

al. (1979) supplied N15 -I"b"l1ed urea to steers. When the animals

were fed vegetable protein to ensuTe an adequate supply of preformed

amino acids, bacteria utilized proline, arginine, tyrosine,

phenylalanine and methionine directly from the medium to a greater

extent than other amino acids. However, when most dietary N was in

the form of urea, de novo synthesis of proline and arginine appeared

to increase but synthesis of methionine, tyrosine, and phenylalanine

did not. The authors concluded that methionine and phenylalanine may

limit bacterial growth when low protein, high urea diets are fed.

Tyrosine was not included because the authors presumed any requirement

for tyrosine could be met by phenylalanine. Interestingly, Salter et

al. (1979) did not find that availability of BCAA limited bacterial
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growth. However, the authors pointed out that the deaminated and,

therefore, unlabelled carbon skeletons of dietary BCAA may have been

utilized for bacterial amino acid synthesis. Teather et al. (1980)

reported that the population of rumen bacteria was 70% greater on

diets containing SBM or a silage-urea mixture compared to diets

containing urea as the sole N source. The bacterial species whose

numbers increased were those which are able to utilize amino acids or

peptides. Cotta and Russell (19B2) reported that addition of amino

acids or peptides to bacterjal cultures increased the efficiency of

energy utilization. Some bacteria use oligopeptides in preference to

NH, (Pittman and Bryant 1964) , possibly because less energy is

required for transport across the cell wall (Hespell and Bryant L979) .

Thus, there is considerable evidence that the efficiency of

microbial protein synthesis can be improved if oligopeptides, amjno

acids and BVFA are supplied in adequate quantities. Hespell and

Bryant (1979) suggested this could be achieved by feeding dietary

proteins which are slowly degraded in the rumen so that peptides and

amino acids, including BCAA, would be released over a prolonged

period. Ben-Ghedalia et aI. (1978) found that the addition of corn

gluten, which is slowly degraded in the rumen, to a purified diet
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microbial protein synthesis. However, when casejn was added, there

was no effect on microbial protein synthesis.

The remaining dietary factor of major importance to microbial

protein synthesis is the provision of NH s Most bacterial species in

the rumen use NH, as tJ:e principle source of N and for some, NH, is an

essential nutrient (McMeniman et al. L976). Various estimates have
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been made regarding the contribution of NH, to total microbial protein

synthesis. Maeng and Baldwin (1976a) suggested 60 to B0% of microbjal

N was derived from NHr-N under normal feeding condÍtions. Stern and

Hoover (1979) suggested the value could be as low as 40% and as high

as 100% under extreme conditions, and Hespell and Bryant (1979)

suggested a range of 50 to 70%.

A supply of NH, -N is essential for microbial growth (Hespell and

Bryant 1979) , but there is still disagreement about the optimal Ievel

of NH, for maximum microbial activity in the rumen. The optimal level

is difficult to define because the amount of NH, which can be utilized

in the rumen depends on several fa-ctors, particularly the supply of

energy (satter and Roffler 1975) and the availability of carbon

skeletons for amino acid synthesis (Huber and Kung 1981) . Satter and

Roffler (1975) describe the optimal leve1 of ruminal NH3 in terms of

"NH' overflow.rr For a given situation, when production of NH, in the

Tumen exceeds utilization, NHs accumulates and there is an "NH s

overflow.rr This excess NH, is removed from the rumen. The level at

whÍch t'NH, overflow occurs has been referred to as the trbreakpointrr by

Smith (1979) and accumulation of NH, above the breakpoint is evidence

that the supply of NH, has exceeded demand. Smith (1979) concludes

that NH, in the rumen will be used with greatest efficienc¡r under

conditions where the uptake of NH, into bacterial cells is always just

sufficient to support maximum growth, given a particular supply of

energy and other nutrients.

Many attempts have been made to determine the ruminal NH, level

which will support maximum microbial growth. Estimates have been

obtained from in vitro and in vivo studies.
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Allison (1970) reported that NH, became limiting for in vitro

growth of Bacteroides amylophilus at concentrations below 6.4 mg/100

ml. Satter and Slyter (1974), using IL vitro continuous culture

fermenters, determined that microbial protein synthesis reached a

maximum at a concentration of 5 mg NHu -N/100 mt. In a similar type

of study, Nikolic et aI. (L975) found that microbial protein synthesis

in vitro was not significantly affected by NHs -N concentrations

ranging from 1.6 to L6.7 mg/100 ml. However, the authors suggested

that protein catabolism may be increased in tJ:e rumen when NHr -N

concentration is low and recommended that rumen NH, -N levels be

maintaÍned at 5 to 6 mg/L00 ml. This is sjmilar to the value of B mg

NH3 -N/100 ml suggested by Annison (1975). Bdwards and Bartley (L979)

added various levels of Starea (a urea-starch complex) to viable rumen

fluid and found that maxjmum microbjal protein synthesis occurred when

the NH'-N concentration of the medium was 76 mg/L00 ml. This is

considerably higher than other estimates obtained from in v-itro-

studies. Schaefer et al. (1980) determined the NH u saturation

constants of several predominant species of rumen bacteria and

concluded that the major bacterial species could achieve at least 95%

of their specific growth rates in a medium containing only 1.7 mg NH3
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available NHr.

Many estimates of the optimal ruminal NH, concentration have been

obtained from in vivo studies. Hume et al. (1970) reported that

synthesis of microbial protein was greatest at ruminal NHs -N levels of

B.B mgiL00 ml in sheep fed a purified diet. The flow of microbial

protein from the rumen reached a maxjmum when ruminal NHs -N
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concentration was L3.3 mg/L00 mI. Miller (1973) fed a similar type

of diet to sheep and found that 29 mg/3.00 ml was the optimal

concentration of ruminal NHs-N for microbial protein synthesis.

Roffler et a]. (L975) infused urea into the rumina of steers and

concluded that microbial assimilation of N was unaffected by ruminal

NH3-N levels in excess of 5 mg/100 mI. Allen and Miller (1976)

reported that the flow of non NHr-N (NAN) through the abomasum of

sheep was greatest at ruminal NHu-N levels of L5.B mgiL00 ml. Using

the artificial fibre bag technique, Mehrez et al. (L977) found that

maximum DM disappearance from bags suspended in the rumina of sheep

occurred when ruminal NH'-N concentration was 23.5 mg/1"00 ml. In a

similar type of study, Ortega et aI. (1979) did not observe any effect

on DM disappearance when ruminal NHs-N level was raised in increments

from 6.3 to 27.5 mg/100 ml. Okorie et aI. (L977) found that maximum

microbial synthesis occurred with ruminal NHs-N levels of 7 mg/100 ml

when sheep were infused intraruminally with urea. Slyter et al.

(1979) infused urea into the rumina of steers and observed greatest

microbial protein synthesis when ruminal NHo-N concentration reached

2.2 mgl100 ml. They also found that ruminal VFA concentration and N

retention increased up to ruminal NHs-N leve1s of 4.5 mg/100 ml but

did not increase significantly beyond this Ievel. The authors

concluded that a concentration of 2 to 5 mg NH3-N/L00 ml is sufficient

to allow maximum growth of rumen microorganisms. Veira et aI. (Lg80)

fed four diets of varying N content to weaned calves and found that

microbial protein synthesis was not increased when ruminal NHs-N

concentration rose above L.9 mg/L00 mt. There was also no effect on
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VFA production or the flow of bacterial protein through the abomasum.

Kang-Meznarick and Broderick (19S0), using an automated procedure for

the simultaneous determination of NH . and amino acids in rumen liquor

from steers fed various levels of urea, found that the leve1 of amino

acids produced in the rumen reached a maximum when ruminal NH3-N

concentration was 8.5 mg/100 mI. A simjlar study by these authors

(Broderick et al. 19B1) suggested the optimal NH3-N level was 27

mgl1-00 ml.

Estimates of the NHa-N breakpoint range from about L to 76 mg/L00

ml although the majority of studies found that L to L0 mg NH.-N/L00 mI

provided an adequate supply of NH3 for efficient microbial protein

synthesis and microbial growth. Estimates from in vivo studies tended

to be higher than estimates obtained from in vitro experiments. It is

not surprising that the breakpoint level of ruminal NHr has not been

clearly elucidated because the optimal level of NH3 will vary

depending on the supply of other nutrients, particularly energy

(satter and Roffler L975). Many different dietary regimes were used

in the studies discussed above. Smith (1979) discussed the breakpoint

in terms of NHs absorption through the rumen wall. At pH values below

7.0, NHs may remain in the rumen for several hours because it will be
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through the rumen wall at a rapid rate. Although there may be

considerable uptake of NH, from the omasum, high NHr concentrations

may ïemain in the rumen to provide a reserve of NH, for bacterial

growth over a prolonged period. So, all the accumulated NH, is not

necessarily wasted. Smith (1979) concluded that the high levels of

ruminal NHa-N reported by some authors to be necessary for maximum
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microbial growth may have resulted from the beneficial effects of this

reserve in sustaining microbial growth over a longer period of time.

The ammonium ion acts as a buffer in the rumen so part of the effect

of high ruminal NH3-N concentrations may be due to the effect of NH3

on rumen fluÍd pH.

Another likely ïeason for the variability in breakpoint estimates

is the extensive presence of bacterial microcolonies Ín the rumen,

which are intimately associated with small food particles such as

starch granules (Cheng and Costerton 1-980; Allison 1982). Individual

cells in these microcolonies are likely to be exposed to local NHt

concentrations which differ markedly from the NHr levels measured in

samples of rumen fluid because energy sllpply within the colony is high

and fluid flux is low (Allison L9B2).

Finally, Mahadevan et al. (1982) reported that ruminal NHt

concentrations fluctuate greatly throughout the day in a cyclic

pattern and concluded that the practice of measuring and reporting

ruminal NH, at one time point or aS a mean of several time points does

not adequately represent the complex pattern of NH u utilization in the

rumen. The authors gave convincing examples of how a researcher could

easily make an incorrect interpretation from analysis of rumen fluid

NH rlevels. This type of error may have contributed to the wide

variability in estimates of NHu breakpoint concentration.
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Degradation of Nitrogenous Compounds in the Rumen

General mechanism of protein and NPN desradation

Nitrogenous compounds entering the rumen are commonly referred to

as protein or NPN. The NPN fraction is comprised largely of nucleic

acids, amino acids, NH,s and urea (Huber and Kung 1981).

It has been known for many years that dietary protein entering

the rumen is subject to proteolysis (syme 1938; Pearson and smith

L943). Most of the available information concerns bacteria, but

protozoa are also proteolytÍcally active (Cha1upa L975; Tamminga

i.gZg) . Bryant and Burkey (L953) studied several bacterial strains and

found that 20% had the capacity to liquify gelatin. Several authors,

as cited by Chalupa (L975), have reported that species of Bacteroides,

Butyrivibrio and Selenomas are more proteolytic than other species.

Bacteroides am hilus strains are reputed to be ParticularlY active

(Blackburn 1_968; Mahadevan et al. 1980). gtreptoEyçes gr:iqçgs also

appears to be proteolytically active (Poos et al. l-980; Sniffen Lg8z).

Results from several in vitro experiments in which casein

degradation was studied (Annison 1956; Warner 1956; Blackburn and
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tittle effect on proteolysis in vivo. However, recent findings by

Russell et al. (LgSl) indicate that Streptococcus bovis can become the

predominant proteolytic species within 3 h of adding a large dose of

soluble carbohydrates to viable rumen fluid. This species appears to

be extremely proteolytic and the authors suggest that proliferation of

Streptococcus bovis after ingestion of a meal rich in readily
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fermentable carbohydrate may be an important factor in the rapid

degradation of protein observed L to 3 h after feeding. Therefore,

the nature of the diet may influence proteolytic activity in the rumen.

The enzymes responsible for proteolysis by bacteria are attached

to the outer bacterial ce]l membrane (Blackburn and Hobson 1960).

Therefore, bacteria must make physical contact with the substrate for

proteolysis to occur. Tamminga (L979) has reviewed the basic

mechanisms of protein degradation in the rumen. Once bacteria make

contact with a protein, the polypeptide chain is hydrolysed to form

small peptides and amino acids. These are transported across the celI

wall into the bacterial cell. Here, the peptides are further

hydrolysed to amino acids by peptidases. Amino acids can be

incorporated directly into microbial protein but most are catabolised.

Deamination is probably the first step in the degradative pathway,

followed by decarboxylation of the subsequentcr -keto acids, although

some amino acids may be decarboxylated prior to deamination leading to

formation of the respective amides. There is also transamination of

some amino acids jn the bacterial cells. The end products of this

degradative pathway, as outlined by Tamminga (1979), are VFA' NH3,

carbon dioxide (COz ) and methane (CH4l. It is not clear whether

proteolVsis or amino acid catabolism is the rate limiting process.

The increased levels of amino acids in the rumen observed after a meal

imply that proteoþsis is not rate limiting; however, Nugent and

Mangan (1978) suggest this may not always be the case, particularly if

the diet contains a high proportion of slowly degradable protein.

The contribution of protozoa to proteolysis is unclear. Species

of Entodinium, Isotrichia, EudÍplodinium and Osphryoscolex are known
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to be proteolytic (Ghalupa 1975). The mechanism of digestion is

different from that of bacteria. Protozoa engulf bacteria and small

food particles so that digestion of protein by exo- and endopeptidases

occurs within the protozoal cell (Goleman 1"975).

Proteolytic activity of rumen microorganisms often exceeds their

requirement for NHs, as can be seen by the rapid rise in ruminal NH,

concentration following ingestion of a high protein meal (Mahadevan et

al. 19S2). Orskov et al. (L976) reported that addition of urea did

not spare protein from degradation in the rumen, although Nikolic et

al. (1975) observed some sparing effect. The reasons why protein is

degraded in excess to NH, requirement are not clear. Possibly ,

microorganisms continue to have a requirement for NAN compounds, such

as amjno acids and peptides, after the need for NH, has been met

(Chatupa 1975). A more likely explanation is that excess dietary

protein is degraded to supply energy (Tamminga 1"979). However, the

exact stoichiometric relationship between amjno acid catabolism and

ATP production is not known. An alternative explanation for excess

degradation of protein is a possible lack of transport mechanisms to

remove intact amino acids from the ceIl. In order to excrete amino

acids from the cell, bacteria may first have to degrade them (Tamminga L979).

Amino acids and peptides are considered NPN compounds (Huber and

Kung 1981) . As discussed above, they are produced in the rumen by

proteolysis of larger proteins. However, peptides and amino acids are

also present in the diet, especiatly in hays and silages (sniffen

L1BZ). Ammonia can also be a relatively important source of dietary

N, particularly when ammoniated silages are fed (Huber and Kung 198L).

A substantial portion of dietary N consists of nucleic acids,
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e.g. 5.2 to 9.5% of forage - N is comprised of nucleic acids (Smith

L975). Smith and McAllan (1970) added nucleic acids to the rumina of

calves and found complete destruction within L h. Similar

observations have been made by Razzaque and Topps Gg72). In vitro

degradation of nucleic acids has been reported by Smith and McAIlan

(1970) and McAllan and Smith (1973). The pathways of nucleic acid

catabolism have been discussed by Smith (1975). Although nucleic

acids are rapidly degraded in the rumen, several products of

degradation, namely uracil, xanthine, hypoxanthine, and thymine, are

partially resistant to further degradation. These conclusions were

drawn from in vitro studies (Smith L975). However, uracil, xanthine,

hypoxanthine and thymine are rapidly removed from the rumen, in wivo,

but it is not clear whether they are absorbed across the rumen wall or if
further catabolism occurs in vivo. The quantitative importance of

nucleic acid N to microbial protein synthesis is not known.

Urea enters the rumen in saliva or by direct passage through the

rumen wall (Houpt L970). Nolan and Leng (1972) suggested that the

salivary route is quantitatively more important than direct passage.

However, a recent study by Kennedy and Milligan (1980) indicated that

the salivary route accounted for only 15 to 50% of urea transfer in

sheep fed a forage diet. Urea is also commonly added to ruminant

diets as a source of supplemental N (Huber 1"975). Urea is rapidly

degraded to NH, and CO, by the action of bacterial ureases (EC

3.5.L.5) (Pearson and Smith 1943). Hydrolysis of urea in the rumen

usually exceeds the rate of NHu assimilation (Allison L970) so

attempts have been made to supply urea in a form which is degraded

more slow1y (Huber and Kung Lg8L).
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Degradability of nitrogenous compounds in the rumen

Studies on the degradation of nitrogenous compounds in the rumen

have centred on the rate and extent of N degradation rather than the

actual mechanisms. This is because information on N degradability is

required to implement the new protein systems (e.g. Agricultural

Research council L980) . The various techniques used to estimate N

degradability will be discussed briefly since the schemes used to

describe protein and NPN utilization in the rumen were developed from

the use of these techniques.

In vivo methods have been reviewed by Stern and Satter ( L9B2) and

there are two basic techniques. The amount of undegraded protein can

be estimated directly using duodenally fistulated animals. This is

done by measuring total N intake and total dietary and microbial N

passing to the duodenum. The amount of protein degraded is calculated

by difference. This method requires that microbial protein be

quantitated by using a marker such as diaminopimelic acid (DAP) or

ribonucleic acid (RNA) . The alternative in vivo technique described

by Stern and Satter ( 1982) is to measure the increase in duodenal

amino acids from a known increase in amino acid intake and then

calculate the amount of ruminally degraded protein indirectly.

Relatively few in vivo measurements have been made and most of these

have been made using sheep. Results from these studies may not

accurately be extrapolated to cattle because of differences in the

digestive systems between sheep and cattle (stern and satter 1982) .

several in vitro techniques have been used to estimate N

degradability in the rumen. Ammonia accumulation during incubation of
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a protein source in viable rumen fluid has commonly been used as a

measure of N degradability. However, Serious errors occur because

this method fails to account for assimilation of NH, by microorganisms

(Broderick L982). Broderick (1978) attempted to overcome the problem

of N assimilation by rumen microbes by adding hydrazine to the

incubation medium. Hydrazine inhibits NH, and amino acid assimilation

by bacteria.

Feedstuffs have been incubated wÍth proteases to estimate rumen

degradability and several proteolytic enzymes were tested by Poos et

al. (i.ggg). These workers found that degradation of dietary protein

by a fungal protease from Aspergillus oryzae was more closely

correlated with in lt1y9_ digestibility than degradation by a protease

from Streptomy ces grIseus, a proteolytic species of rumen bacteria.

Mahadevan et al. (1980) used a bacterial protease prepared from

Bacteroides amvlophilus to determine the degradabÍlíty of several

soluble and insoluble proteins. This method has the advantage that

Bacteroides amylophilqs does not appear to contain deaminase enzymes

so a crude preparation of the protease will not deaminate amino

acids. This means that amino acids in the incubation medium Gan

accumulate and be measured by the ninhydrin reaction (Mahadevan et al.

1 qROì

A serious problem when measuring protein degradation using rumen

fluid inoculums is the accurate separation of microbial and dietary N.

Mahadevan et a|. (197$a)used a diazonium salt solution to treat

various dietary proteins. Diazonium dyes bind reversibly to protein

and are released following hydrolysis of the polypeptide chain.

Therefore, undegraded dietary protein can be measured by precipitating
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the protein which remains in the medium after incubatÍon and

quantitating the amount of dye. The dye will only be bound to

undigested dietary protein.

Nitrogen solubility has received considerable attention as a

method for estimating degradability in the rumen largely because of

its simplicity. A variety of solvents have been used, e.g. sodium

hydroxide (NaOH) solution (Lyman et al. 1953; Sharma et a1. 7972) '

autoclaved rumen fluid (Little et al. L963; Woh]t et al. 1"973), cold

water (Little et aI. L963), hot water (Waldo and Goering L979), sodium

chloride (NaCl) solution (salobir et 41. L970), 0.LNhydrochloric acid

(HGl) solution (Waldo and Goering L979), a dilute solution of pepsin

in 0.1N HCI (Beever et al . 1977), artificial saliva as described by

McDougal (1949) (Crooker et al. L97B), a mineral solution described by

Burroughs et al. (19501 (Henderickx and Martin L963; Wohlt et a].

1973) and 70% ethanol (sprague and Breniman L969) . There are

pronounced differences among solvents (Wa1do and Goer ing L979;

Krishnamoorthy et al. 1982) and no agreement has been reached on

which, if any, solvent should be used on a routine basis.

The use of N solubility as a measure of degradability has fallen

into disrepute because (a) many insoluble proteins are degradable in
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soluble proteins are not readily degradable (Mangan L972; Mohamed and

Smith L977; Mahadevan et al. 1980). Solubility is a good estimator of

degradability for some feeds but not for others, and this makes

interpretation of N solubility data extremely difficult (Broderick

1982). There is still some support for using N solubility, however.

Mertens (L977) and Zinn et al. (198i-) have proposed systems for
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predicting protein degradability based partially on N solubility data.

Zinn et a]. (1981) found extremely high correlations between predicted

and measured N degradability ; however, the authors pointed out that

the system is dependent on a number of important assumptions. Satter

( 1981) suggested that N solubility be used within a feedstuff to

predict N degradability. Some feedstuffs, €.g. oil seed meals and

byproducts of the distilling industry, are subject to heat during

processing. The temperature during processing can vary from factory

to factory so the protein degradability of a given feedstuff may vary

depending on the factory of origÍn. Most of the soluble N of silages

is comprised of NPN and is rapidty degraded in the rumen (Sniffen

1982) , particularly if the plant is wilted prior to ensiling and

active proteases have broken down plant protein to peptides and amino

acÍds (Tamminga L979). Therefore, solubility may be an appropriate

estimator of degradability of silage N.

A method for estimating N degradability which has gained some

acceptance is the artificial fibre bag technique. This procedure has

been used for many years (Quin et al. L938) and has become popular for

estimating N degradation following a report on its use by Mehrez and

Orskov (L977). The technique involves placing a known quantity of

food in a small bag which is suspended in the rumen of a fistulated

animal for a measured period of time. The quantity of N disappearing

from the bag is taken as an estimate of protein degradability.

Variations of the technique have been discussed by several authors

(Van Hellen and Etlis L977; Orskov et al. 1980; Kempton L9B0;
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Broderick L9B2; Stern and Satter 1982).

Limitations of the technique were discussed by Orskov et al.

(19S0). Firstty, the food is not subject to mastication or rumination

as is the case for ingested food. Second1Y, the food is not free to

leave the rumen once a desirable particle size has been reached. Pore

size of the bag material determines when food particles can leave the

bag. Thirdly, the technique equates N disappearance from the bag with

N degradation but the two are not the same. Soluble proteins

disappear rapidly from the bag and are assumed to be degraded;

however, not a1l soluble proteins are rapidly degraded (Mangan L972;

Mohamed and Smith L977; Mahadevan et al. 1"980). In addition, material

is allowed to pass from the bag when its particle size is sufficiently

small to pass through the pores in the bag material, but this does not

mean that the material has been degraded to simple chemical compounds

(Broderick 1982) .

Most studies using the bag technique have not taken rate of

passage through the rumen into account. This is likely to be a major

source of error since the extent of degradation depends on the length

of time spent in the rumen (Tamminga 1979). Orskov and McDonald

(1979) and Stern et al. (1980) have reported methods which correct for

rate of passage. In spite of its limitations, the artificial fibre

bag technique appears to be a useful tool for estimating N

degradability in the rumen.

Although imperfect, the invivo, in vitro and in

situ techniques discussed above have given nutritionists an overview

of protein and NPN utilization in the rumen. Peptides, amino acids,

urea and nucleic acids are rapidly degraded in the rumen (Pearson and
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Smith L943; Smith L975; Chalupa L976) but the degradability of protein

varies greatly depending on dietary source (Sniffen Lg8z). Although

there is evidence suggesting that some soluble proteins are not

rapidly degraded, schemes for N utjlization generally assume that most

soluble protein is rapidly catabolized in the rumen. It is apparent

that many insoluble proteins are degradable (Grooker et al. 1978;

Waldo and Goering 1979) so solubility is obviously not the only factor

determining degradability. The protein tertiary structure appears to

be an important factor in determining degradability. DisulphÍde bonds

can help maintain a tertiary structure which is resistant to attack by

microbial proteases (Nugent and Mangan l-978; Mahadevan et a1. 1979b,

1980) . Proteins which are associated with the plant cell wall are

likety to be degraded more slowly or not at all (Sniffen Lg8z).

Another important factor determing the extent of protein

degradation is the rate of passage through the rumen (Bull et al.

L979). Therefore, factors which i¡crease rate of passage, e.g.

increased food intake (Thornton and Minson L973) , reduced food

particle size (Hogan and Weston L967), infusion of mineral salts into

the rumen (Harrison et al. L975) and reduced environmental temperature

(Kennedy et a}. 1976) will tend to decrease the degradability of

^-^+^;- i- +1ra ?rrhên
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Nutritionists have attempted to place absolute values on the

protein degradability of certain feedstuffs for convenience in

formulating diets (Satter L9BL; Sniffen 1982). However, it is widely

recognized that the protein degradability of a particular feedstuff

may vary considerably for reasons discussed in the preceding

paragraph. Physical and chemical methods of manipulating protein
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degradability are discussed in a subsequent section.

Protein Requirements of Lactating Cattle

Nitrogen requirements of the rumen microorganisms

Meeting the N requirements of rumen microbes has usually implied

determining how much RDP to feed to meet the NHr requirements (Satter

and Roffler L975). However, peptides (Pittman and Bryant L964) and

amino acids (Maeng et al. L976) also stimulate growth so future

protein systems may have to take these factors into account.

The amount of NH, which can be utilized by rumen microorganisms

depends on the supply of other nutrients, particularly the level and

source of dietary energy (Satter and Roffler 1975). Estimates of the

optimal ruminal NHu level were reviewed Ín a previous section and

ranged from L to 76 mg NHr-N/100 ml. Thus, it is not yet possible to

state with any degree of certainty the amount of RDP required by the

rumen microorganisms.

Burroughs et al. (1975) proposed a system for estimating the

amount of urea which could be included in the diet. This system is

L---r --- ¿L^ ^ñ ---J ñññr ^^-¡^-+ ^f ¿1^^ l.:^+ Tl^^ 
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Research Council (1980) suggests that the amount of RDP fed to an

animal shoutd be estimated from the intake of metabolizable energy

(MB). The accuracy of this system has still to be determined. Based

on the results of an fn vitro study, Satter and Roffler (L975)

concluded that diets containing L2 to L3% CP wjll normally meet the

requirements of the microbial population of cattle in early lactation,
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but this estimate will vary depending on the energy content of the

diet, the level of dietary NPN, the degradability of dietary protein,

the efficiency of bacterial growth in the rumen, and the extent of N

transfer into the rumen from saliva and blood (Satter 1981). The

value of. t2 to L3% dietary CP is supported by many 1t ,rino studies in

which the response of milk production and DM intake to various levels

of dietary CP was measured. These studies are discussed in more

detail in the next section. Ideally, the requirement for N should be

expressed as an absolute value because the use of percents can be

inaccurate unless feed intake is also known (Clark and Davis L980).

When excess RDP is fed, rumen microorganisms are not able to

utilize all the NH, produced in the rumen (satter and Roffler 1975).

Excess N{ is absorbed into the blood, converted to urea in the liver

and excreted jn the urine (Satter and Roffler l-975). Plasma NH. may

also be detoxified by urinary excretion as ammonium salts or by

transamination of glutamate to glutamine (Najarian and Harper L956) .

Thus, excess RDP is essentially wasted. Toxicity may result from

feeding excess RDP if NH, production in the rumen exceeds the capacity

of the animalts detoxifying systems (Clark and Davis 1980). There are

many reports, as cited by clark and Davis (1980), suggesting that

J --r- ----- ñrrr -^* j^+^*.Í,^-^ '.'i+h ìn*armariliorrr nqrlrnh"trrìrnfa
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metabolism and decrease the availability of glucose for milk

synthesis. There are also reports that excess dietary protein can

increase the incidence of reproductive disorders and downer cow

syndrome (Gould 1-969; Ju1ien et al . \977; Jordan and Swanson L979).

A deficiency of RDP results in an insufficient supply of NH 
u

(satter and Roffler L975) and, possibly, peptides (Pittman and Bryant
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L964), amino acids (Maeng et al. 1976) and tsVFA (Umunna et al. L975)

for optimal microbial growth. This results in a decreased capacity to

digest OM, increased retention time of ingesta in the rumen and

decreased feed intake (Huber and Kung 19BL). Therefore, a deficiency

of RDP results in a decreased intake of other nutrients. This is

particularly important during early lactation since a nutrient

deficiency at tJ:is time decreases peak milk production and may reduce

milk production during the remainder of lactation (Clark and Davis

L980) . Cows which are severely protein deficient will have poor body

condition and may be predisposed to infections and metabolic disorders

(National Research Council 1978).

Bffect of dietarv CP leve1 on milk oroduction

The effect of dietary CP level on milk production during early

lactation has been studied extensively in recent years, and many of

these studies have been reviewed by C1ark and Davis (L980), Huber and

Kung (198L) and Van Horn (1982). Results from these experiments are

not always easy to interpret because a wide range of diets were used

with varying amounts of RDP, NPN, energy and other nutrients.

Raising dietary CP from less than 13% to L3% or more has often

resulted in increased milk production. Polan et al. (1976) compareci

five dietary CP levels between 9.4 and L6.2% with and without urea'

and noted a declining rate of increase in milk yield as dietary CP was

raised. They also found that urea was a less effective N source than

SBM, particularly at the higher protein levels. Kwan et aI. (1977)

raised dietary CP level from 1L.7 la 13.9% using SBM and urea and

observed an increase in milk production. Wohlt and Clark (1978)
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reported a response in milk yield when dietary CP was raised from 9.8

to LL.5 using either urea or SBM. Milk yield was increased further by

raising dietary CP to L4% with SBM but raising CP level to L4% with

supplemental urea had no further effect on milk yie1d. Roffler et aI.

(1978) reported a substantial increase in milk production when dietary

CP was raised from 12.2 to ]r6,2en. Clay and Satter (1979) found a

dj.fference between dietary CP levels of 10.5 and 12.5%. Gordon and

McMurray (1979), Laird et aI. (1979) and Oldham et 41. (1979) reported

an increase in milk production following supplementation of protein to

Iow protein diets. Cressman et al. (Lg80) observed an increase in

milk yield when dietary CP was raised from 12 to 1B%. Kung and Huber

(19S1) reported that increasing dietary CP from LL to L4% caused an

increase in milk yield. Lundquist et aI. (1982) found a substantial

increase in milk yield when dietary CP was raised f.ram L2.5 to L5.5%

and Holter et al. (1982) reported that raising dietary CP from 11.1to

Lg.7% caused an increase in milk production. Norman et al. (1982)

increased milk production by raÍsing dietary CP from 11" to L5%.

In several studies, increasing dietary CP level to 13% or more

did not improve milk production. Ghandler et al. (1976) raised

dietary CP from t2.5 to 15.5% with no effect on milk production. Van

-a -r .4^-î\ ^L^^.---^J *^ ^¡d-;€.iann+ n€{^a+ ^^ millz -tial¡:l r^rhon.r¡ullr EL aI . (Iv/oJ ulJÞtjl vt'u ¡Iu Ð¡Ër¡ls¡uqrr! uIIeuL vI¡ ¡r¡&¡\

dietary CP was raised from L1.5 to L4.5% although the difference was

significant at p <.1-. In the same study, there was no difference

between dietary CP levels of 12 and L7%. Treacher et al. (L976)

compared a low protein diet with a high protein diet and did not find

any effect on milk yield. clay and satter (L979) reported that

jncreasing dietary CP from L2.5 to L4,5% did not jncrease milk yield,
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and Foldager and Huber (L979) found no difference between CP levels of

L2.5 and 16.0%. C1aypool et al. (Lg80) found no significant

difference in milk yield when diets containing L2.7, 16.3 and L9.3% CP

were compared although there was a non-significant difference of 3 kg

milk/day between the L2.7 and 19.3% CP levels. Stokes et al. (Lg8l-)

did not find a reponse in milk production when dietary CP level was

raised from LL.5 to L4.2%. Crooker et al. (1982) found no difference

between L2 and 14% dietary CP.

The majority of these studies suggest that raising dietary CP

from below 13% to above L3% leads to an jncrease in milk production.

This is in agreement with the suggestion that diets containing L2 to

13% CP aïe necessary to meet the N requirements of the rumen microbial

population (Satter and Roffler L975).

It appears that NPN can be utilized efficiently when dietary cP

level is about L3% or less (Polan et al. L976; Kwan et al . 1977; Woh1t

and C]ark 1.978; Kung and Huber 19BL) . Increasing dietary CP above L3%

using NPN seems to be of little value (Polan et al. L976; Wohlt and

Clark 1978; Murdock and Hodgson 1979; Foldager and Huber L979; Kung

and Huber L9BL) although improvements in milk yield have been reported

when urea was included in a diet containing 16.6% GP (Kwan et al.

1q??'ì TIron mnr¡ lre rrtilized mnr¡e efficientlr-t when fed i:a a comnleteLvttJ. vr9u ¡¡¡uJ

ration rather than once or twice daily in a concentrate (Huber and

Kung L9BL).

Supplementing plant protein to diets containing more than L3% CP

has had variable results. Gardner and Park (L973) raised dietary CP

from l-3 to 15.5% and from L4 to L6% and observed a L0% increase in

mÍlk production in both instances. Sparrow et al. (1973) increased
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milk yield by raising dietary CP level from 13.5 to 1"7.5%. Grieve et

aI. (Lg74) reported an increase in milk production when dietary CP was

raised from l_4 to L6% and there was a further increase on

dietary cP from 1-6 to L8%. Van Horn et al. (1979) observed an

increase in milk yietd when cottonseed meal was used to raise dietary

cP from L3.5 to 1"6.3%, and Edwards et al. (1980) found that L5%

dietary CP was superior to 13% in terms of increased milk yield.

Murdock et al. (1981) raised dietary CP from 13.5 to L5.7eo with SBM

and observed a large increase in milk yield. Barney et al. (1981)

decreased dietary CP from L7 to 13% at three stages during early

lactation and noted a linear decrease in milk production. Holter et

al. ( 1982) increased milk yield in one experiment by raisíng dietary

CP from L3.7 to L5.7eo, however, in a similar experiment by the Same

authors there was no effect on milk production.

Results of Polan et al. (1976) and Van Horn et al. (1976) suggest

a declining rate of increase in milk production in response to

increases in dietary CP. Kwan et al. (L977) compared a 13.9% CP diet

with urea, a 16.6% CP diet with urea and a 16.6% CP diet with plant

protein only. There was no difference in production between the 1-3.9%

CP diet and the L6.6% CP plant protein diet; howevel, milk yield was

tricrlrel¡ ¡¡.rlrnn fhe 16.6% CP urea diet was fed. ClaV et aI, (L978l found
r¡Ió¡¡v¿ vv¡¡u¡¡

no difference between diets containing L3 and L6% dietary CP, and

Murdock and Hodgson ( L979) found no difference in milk yield when cows

were fed j.4.qeo Cp or L7.5% CP diets. Edwards et al. (L980) raised

dietary CP from L5 to L7% with no effect on milk yield. Claypool et

aI. (1980) reported there was no difference between diets containing

16.3 and 19.3% CP, and Gordon (Lg80) found no difference between high
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and medium protein diets. Folman et al. (198L) compared diets with 1-6

or 20% CP and did not find a difference in milk production. Murdock

et al. (1981) found no increase in milk yield when dietary CP was

raised from 15.7 to LB.4%. Kung and Huber (1981) reported that milk

yield was not increased by raising dietary CP from L4 Ío 1"7eo. Holter

et aI. (1982) increased dietary CP from L6 to 18% with no effect on

milk yield, and Lundquist et al. ( 1982) found no difference between

diets containing 15.5 and 18.0% CP.

Much of the variability in production response can be attributed

to differences in productivity between cows from the various locations

and to the wide ïange of diets used. The energy density of the diet

is an important factor in the response of cows to increased dietary CP

(Krohn and Andersen L9B0; Macleod et aI. Lg$z), particularly when NPN

is included in the diet (Burroughs et al. L975).

Some studies suggest that first lactation cows do not respond to

increased dietary CP to the same extent as multiparous animals

(Roffler et al. L97B; Cressmam et al. 1980). However, Macleod et aI.

(LgBz) reported that milk yields of 63 first lactation cows increased

in a curvilinear manner with dietary cP levels of L2, L5, and L8%

during early lactation.

In general, it appears that cows in early lactation will produce

more milk when dietary CP is raised to 1"3 or 1,4%. However, increasing

dietary CP above this level usually produces less of a response and

often no response at all.

In most studies where mitk yield has increased in response to

dietary CP level, DM intake has also been increased. When DM intake

was not increased, usually there was no effect on milk yield (Chandler
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et al. 1976; Van Horn et a]. 1976; Treacher et a]. 1"976; CIay et a|.

L978; Foldager and Huber l-979; claypool et al. L9B0; Folman et aI.

1.981-; Stokes et al. Lg8L). A large part of the response of lactating

cows to jncreased dietary CP leve1 may be mediated by an increased

intake of energy (Van Horn and Zometa 1978). Wohlt et al. (1978) and

oldham et al. (1979) have reported an increase in oM digestibility in

lactating cattle in response to increased dietary cP leveI.

Abomasal infusions of Protein and amino acids

untíl recently, it was believed that the quantity and quality of

microbial protein reaching the small intestine .was sufficient to meet the

requirements even of high producing cows. However, results from

experiments where proteins and/or amino acids were administered post-

ruminally suggest this is not the case (Clark L975). Studies conducted

prior to 1-975 which involved abomasal infusions of casein and amino acids,

or intravenous infusions of amino acids have been thoroughly reviewed

by C1ark (1975). In general, post-ruminal infusions of casein increased

milk production by L to 4 kg /day and milk protein by L0 to 1-5%. Cows

producing more than 20 kg milk/day usually showed the greatest response.

Infusions of amino acids intravenously or abomasally did not increase milk

production to the same extent as casein infusion (Ciark ig75) .

In a subsequent study, Orskov et al. (L977) reported an increase

in milk yield, milk fat concentration, and milk protein concentration

in response to abomasal infusions of casein, but not glucose. Clark

et al. (t977) also reported that abomasal infusion of casein, but not

glucose, caused an increase in milk production and milk protein

concentration. Using lactating goats, Ranawana and Kellaway (1977)
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repoïted a linear increase in milk production in response to four levels

of abomasally infused casein.

Clark (1975) has suggested that the response of lactating animals

to abomasal infusion of casein may be mediated by an increased supply

of glucose and/or amino acids to the mammary gland or could result

from hormonal regulation by one oT more amino acid. The results of

Clark et al. (1"977) and Orskov et al. (1,977) suggest that increased

glucose supply is not the predominant mechanism.

In reviewing many of the post-ruminal infusion studies, Clark

(1975) was unable to conclude which amino acids were most limiting for

milk production. Methionine and phenylalanine were cited frequently as

limiting amino acids; however, lysine, threonine, tyrosine, histidine,

glutamate, proline, valine, isoleucÍne, and leucine were also considered

limiting by some authors. A subsequent report by Clark et al. (L977)

suggested that the availability of methionine, phenylalanine and lysine

Iimits milk synthesis. The difficulties of elucidating limiting amino acids

for milk synthesis wer.e discussed by Mepham (1982). He suggested three

gïoups of amino acids could timit milk synthesis. Methionine, phenylalanine,

tyrosine and tryptophan may be limiting because there is a stoichiometric

relationship between uptake of these amino acids by the mammary gland

anci their output in milk. Lysine and tTrr-eonine ir:ay aiso fall into ihis

category. The other essential amino acids may limit milk synthesis because

although their uptake by the mammary gland is generally in excess to

their output in milk, they may be required for essential purposes other

than providing residues for milk protein. Finally, the supply of non-

essential amino acids may limit milk synthesis because intra-mammary

synthesis may be inadequate. Mepham (1982) concluded that the availability
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of methionine, phenylalanine and possibly lysine and threonine could

Iimit milk synthesis. C1ark (L975) suggested that addition of a single

amino acid may give a small response in milk yield but a measurable

response may not be detectable until the accumulative effect of several

amino acids is added together, i.e., no single amino acid may clearly

limit milk synthesis.

Rumen e e rotein

Results of infusion studies suggest that the supply of microbial

protein to the small intestine is inadequate to meet the requirements of

high producing cattte (Clark 1975). Although abomasal infusion of casein

effectively increases the level of protein reaching the duodenum, the technique

can be used only for experimental purposes. If duodenal protein supply

is to be increased on a practical basis, either the level of microbial protein

must be increased or the amount of dietary protein escaping degradation

in the rumen must be elevated. Increasing the supply of microbial protein

is attractive because it could lead to increased use of inexpensive NPN

(Smith 1979). However, the emphasis has been on increasing the amount

of rumen escape protein (Chalupa L975; Tamminga L979). The principle

is to feed proteins which are poorly degraded in the rumen but are

efficiently digested in the duodenum. There should also be no reduction

in microbial protein synthesis (Tamminga L979) . Degradable and undegradable

proteins should be included in the diet, but a correct balance must be main-

tained (Clark and Davis 1980). If too much RBP is included, there may be

a deficiency of NH, for optimal microbial growth whereas an excess of RDP

results in increased excretion of N in the urine (Clark and Davis 1980) .

Methods of manipulating the level of REP are discussed in a later section.
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Dige stion of nitrogenous compounds in the small intestine

Bacterial N entering the duodenum is comprised of 75 to 85%

protein and L3 to 19% nucleic acids (Smith L975). The limited

information on the digestion of nucleic acids jn the small intestine

of ruminants has been reviewed by Smith (1979). It appears that

nucleic acids are extensively degraded in the first quarter of the

small intestine and B0 to 90% of the ribonucleic acid (RNA) and 75 to

B5% of the deoxyribonucleic acid (DNA) are digested.

Bstimates of total microbial N digestion in the smal1 intestine

of ruminants have been reviewed by Smith (L979) and most are in the

range of. 75 to B5%. The author suggests that the actual value may be

lower because the estimates of microbial N digestibility included

nucleic acid - N, which is highty digestible. Steinhour and Clark

( 1982) reported that the digestibility of bacterial and protozoal N

fed to rats was 74 to 79% and 87 to 9L%, respectively. The authors

warned that estimates of the amount of N flowing to the small

intestine which Ígnore the contribution of protozoal N may be

seriously in error. Values for microbial protein digestibility

currently being applied in various protein systems are 70% (Verite et

a1. 1-979; Agricultural Research Council 1980), B0% (Satter and Roffler

L975) and B5% (Kaufmann 1977) .

The digestibility of RBP in the small intestine depends on the

dietary source. For example, the intestinal digestibjlity of REP

derived from raw soybeans appears to be less than that from SBM

(satter L981). Similarly, the digestibÍlity of REP from distillers

dried grains is lower than that of wet brewers grains and corn gluten

meal (satter 1-98L). GhemÍcal and physical processes, e.B.
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formaldehyde or heat treatment, which protect protein from degradation

in the rumen may also decrease intestinal digestibility if the protein

is overprotected (Ghalupa L975).

Digestion of nitrogenous compounds in the small intestine appears

to be fundamentally the same in ruminants and non-ruminants (smith

L979). However, in the ruminant, a low pH extends further along the

small intestine, and this may prolong the activity of abomasal pepsin

but delay the onset of activity of pancreatic enzymes (Smith 1979) .

pancreatic ribonuclease appears to be more abundant in ruminants than

non-ruminants, reflecting the greater supply of nucleic acids (Barnard

1969) .

The amino acid composition of microbial protein entering the

smaIl intestine appears to be fairly constant over a variety of

dietary regimes (Bergen et aI. L968) although methionjne may be

reduced when animals are fed urea as the primary source of N (salter

et a|. L979). There are some differences between the amino acid

compositions of bacterial and protozoal protein (Bergen et al' 1968)

but the biological values of bacterial and protozoal protein appear to

be the same (purser L970). A comparison of the amino acid composition

of bacterial protein and milk protein suggests that bacterial protein

supplies a reasonable balance of most essential amino acids. However,

the supply of histidine, leucine and valine is disproportionately

lower than the other essential amino acids (Kaufmann 1979) ' Compared

to most dietary proteins, microbial protein is of good quality; ít is

high in lysine and is a good source of methionine (satter 198L). The

amino acid composition of REP depends on the nature of the diet'

There is evidence that the amino acid profile of REP may differ from
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that of the original dietary protein (Macgregor et al. 1978).

Methods of Manipulating REP

Selection of dietary ingredients

The amount of RBP in the diet can be manipulated in a variety of

ways. A simple method of increasing RBP is to select feedstuffs which

are naturally resistant to degradation in the rumen. Majdoub et al.

(1978) observed a dramatic increase in milk yietd by lowering N

solubility of the diet, primarily by inclusion of corn meal. These

researchers used N solubility as a measure of N degradability. Zook

et al. (1981") also observed an increase in milk production when

dietary N solubility was reduced, this time by replacing linseed meal

with soybean meal. However, this response may not have been due to an

increased supply of amino acids to the small intestine because linseed

meal and SBM are both readily degradable in the rumen in spite of

differences in N solubility (Sniffen Lg8z). Tamminga (1-979) pointed

out that when diets are formulated according to N solubility or

degradability, other properties of the diet may change and this could

affect animal performance. Grieve and Forster (L982) reported a large

increase in milk yield when highly degradable SBM was replaced by less

degradable corn gluten meal. Results obtained for growing lambs and

cattle (Stock et al. Lg8L) suggest that inclusion of slowly degradable

protein in the diet can increase the efficiency of N utilization.
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Heat treatment

Heat treatment reduces the degradability of protein in the rumen

(Chalmers et al. L954). When heat is applied to a protein, carbonyl

groups of sugars and, to a lesser extent, proteins bind with free

amino groups (Bjarnason and Carpenter L969; Bjarnason and Carpenter

L970). In this way, the protein becomes resistant to microbial

attack. However, damage can occur if excess heat is applied, due to

irreversible binding of amino acids with sugars or destruction of

amino acids, particularly lysine (Chalupa 1975) . Heat damage

decreases the amino acid availability to the host (Chalupa L975).

In studies with growing ruminants, heat treatment of protein

supplements has often resulted in more efficient utilization of

dietary N (Chalupa L975). Although feeding heat treated protein

supplements to dairy cows has sometimes resulted in increased milk

production (Mielke and Schingoethe L979; Netemeyer et a1. 1982), often

there has been no positive response (Ahrar and Schingoethe L979;

Mielke and Schingoethe 198L; Kung and Huber 1981; Block et al. L98l-;

Grummer and Clark LgBz). The reasons for the apparent lack of

response are not known. Grummer and Clark (1982) reported no decrease

in apparent N digestibility and Block et al. (1981) reported an

increase in plasma essential amino acids due to heat treatment, yet

milk production was not increased in either experiment.

Increased dieesta turnover rate in the rumen

Protein degradability in the rumen can be decreased by increasing

the rate of passage through the rumen" Bull et al. (1979) reported

marked reductions in degradability of cottonseed meal and corn gluten

meal when digesta turnover rate jn the rumen was jncreased from
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9.L%/hour to 1l-.l%/hour, although digestibility of SBM was only

slightly reduced. Factors which increase rate of passage through the

rumen, e.g. reduced particle size (Hogan and Weston 1-967), might

increase the levet of REP. However, reducjng N degradability by

increasing rate of passage may not be practical because cellulose

digestion will also be decreased and less energy will be obtained

from forages (Huber and Kung i"981).

Oes eaI roove reflex

Orskov and Benzie (1"969) suggested that the oesophageal groove

reflex could be exploited to provide protein postruminally. Recent1y,

Huber et al. (Lg82) administered whole milk via the oesophageal groove

to first lactation cows which had been trained to suckle. Milk yield

was not significantly affected but milk protein yíeld was increased

by 1.0%.

Whole blood

The application of whole blood to SBM reduces protein

degradabilÍty in the rumen (Mir et aI. L9B2a). Feeding the treated

SBM did not increase milk yield in dairy cattle (Mir et al. l"982b) 
'

however, N retention in calves was increased even though overall DM

digestibility was decreased (Mir et al' 1"982c).

Monensin

Monensin appears to have a protein sparing effect which has been
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attributed to an increase in REP (Poos et al. L979; Chalupa et al.

1980) . Whetstone et al. (1981-) reported that in vitro protein

degradation decreased linearly as the amount of monesin added to the

medium increased. It is possible that the growth response observed

in cattle fed monensin may not be due entirely to the effect on VFA

production in the rumen. The increased growth rate may be partly

due to increased amounts of protein reaching the small intestine

(Poos et al. 1.979; Hanson and Klopfenstein L979). Since monensin

decreases the ratio of acetate to propionate in the rumen, there is an

unwillingness to feed it to dairy cattle because low acetate/propionate

ratios generally reduce milk fat concentration (Oldham and Sutton

1979).

Chemical treatment

A variety of chemical treatments have been used to reduce protein

degradability in the rumen. These chemical agents form reversible

cross-linkages with proteins which make the protein less susceptible

to microbial degradation. The cross-linkages are broken in the

abomasum due to the low pH. The protein can then be digested by

the proteolytic enzymes of the host (Chalupa L975). Treatment with

phosphonitrilic halides, polymerized unsaturated carboxylic acids,

halo*triazines, sulphonyl halides, acrolein acetals,

hexamethylene-tetramine and acetylenic esters reduces protein

degradability (Chalupa L975) .

Friedman et al. (l-982) reported that treatment with dimethylurea

effectively reduces the degradability of proteins in the rumen, bllt,..-';'.,;,-,,r',,...
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experiments to measure animal performance have not been reported.

Treating SBM with NaOH solution decreases protein degradability

(Mir et al. l-982a). Feeding NaoH treated sBM has resulted in

increased milk production in dairy cattle (Sidhu and Ashes 1977; Mir

et al. 1982b).

Addition of tannins to protein supplements reduces protein

degradability in the rumen and has been reported to increase the

efficiency of protein utilization in lambs (Driedger and Hatfield

1972). However, steers fed tannin treated sBM did not show a

positive response (Nishimuta et aI . tg74) -

Several aldehydes have been used to protect protein against

ruminal degradation (Peter et al. LïTL). Increased daily gains have

been reported for lambs fed glyoxal treated SBM (Peter et al. 197L).

Mangan et al. (1980) suggested that gluteraldehyde may be useful

for reducing the protein degradability of fresh herbage. However,

formaldehyde has received particular attention (Ferguson et a|.

1967).

Formaldehyde treatment

Barry (1976) discussed the chemistry of FA-protein complexes

The initial reaction is the rapid formation of a methylol compound:

R-XH+HCHO ? R-X-CHzOH.

The -XH can be a terminal amino group, the e -amino group of lysine,

the primary amide groups of asparagine and glutamine, the guanidyl
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group of arginine, the hydroxy groups of threonine and serine,

the sulphydryt group of cysteine, the phenol group of tyrosine,

the phenyl group of phenylalanine, the indole group of tryptophan

and the imadazole group of histidine. Following the formation of

the methylol compounds, condensation reacions occur. slowly over a

period of time and stable methylene cross-linkages are formed between

protein chains:

L + HroR-X-CHzOH + R -NHz + R-x-CH2-NH-R

1_

R-xH + RI-NH-CHzoH È R-x-cH2-NH-R + Hro

These reactions of formaldehyde with amino acids are dependent on pH

and temperature. At pH 7.0 and room temperature, the principle

reactions are thought to involve the terminal amino groups, the

primary amide groups of asparagine and glutamine, the e -amino group

of lysine and the guanidyl group of arginine (Barry 1976) . Reports that

tyrosine can be extensively modified (Reis and Tunks 1973; Sidhu and

Ashes Lg77) suggest that the phenol group of tyrosine is actively

involved. Themeth¡rlene linkages are hydrolysed in acid conditions

such aS those found in the abomasum, allowing the protein to be

digested by the hostrs proteolytic enzymes (Barry 1976). In this

way, the supply of amino acids to the small intestine can be

increased.

1,



44

Mills et al. (1972) studied the metabolism of ingested FA. In a

series of experiments, sheep and goats were fed c14-ra as an

aldehyde-casein-safflower oil complex. Approximately 60 to B0% of the

label was found in expired air. The lower level (60%) was found when

the FA treated supplement had been stored for a longer period of time

before feeding. Eleven to 27% of the label was found in faeces and

the higher level (27%) in faeces corresponded to the lower leve1 in

the expired air, suggesting that FA may form irreversible links with

protein over a period of time. The remainder of the label was found

in urine (5%), carcass (5%), and the alimentary tract (5%). the C14

Iabel in expired air was present as CHn and CO2 in the approximate

ratio 1CH4 : 2COr. The authors suggested that some CO, and most CHn

originated from metabolism of FA in the rumen. The remainder of the

labelted CO, was, presumably, derived from tissue metabolism. Most of

the label Ín the digestive tract was found in gut contents,

particularly in the rumen and caecum. Very little C 
14 found in

tissues was present as FA. Sheep fed the FA treated diets for 1"8

months had the same level of FA in tissues, as determined by a

colorimetric assay, as sheep fed an untreated control diet. Feeding

the FA treated diets to lactating goats for 6 months did not increase

the levels of FA in milk. The authors concluded that feeding FA

treated proteins does not result in accumulation of FA in tissues or

milk.

Formatdehyde has been used to treat casein (Fergusen et al.

1967), whey proteins (Rodriguez et aT. 1975), SBM (Peter et al. 'J'g7L),

peanut meal (Faichney L972), meat meal (Rattray and Joyce 1-970),
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linseed meal (Rattray and Joyce 1970), RSM (Sharma et al' L972) '

sunflower meal (Amos et al. 1974), dried forage (Hemsley et al' L970) '

fresh forage (Mangan et al. 19S0) and silage (Brown and Valentine

Lg72). The protein-FA matrix has also been exploited to protect

dietary lipids from ruminal degradation (scott et al. 1969).

It is clear that treating protein supplements with FA can

increase the level of amino acids reaching the small intestine

(Faichney and White 1"979) . However, there is no consensus regarding

the optimal level of FA application. The optimal leve1 of FA

application is defined in the present discussÍon as the amount of FA

which reduces protein digestibility in the rumen to a desired level

without adversely affecting amino acid availability in the small

intestine. This ideal level of FA appligation may be difficult to

achieve in practice. A wide range of FA application rates have been

used to protect proteins, e.g. Reis andTunks (L969) treated casein

with 40g FA/1009 casein whereas Spears et al. (19S0) treated SBM with

0.3g FAi 100g CP. Broderick (1975) suggested that optimum levels for

the application of FA are 0.8 to L.29FA1L009 protein for casein, 2'09

FA/1009 CP for oilseed meals and 3.0g FA/1009 cP for silages. Barry

(1976) suggested that the concentration of FA to be used should be

based on the level of degradable true protein in the feedstuff , rather

than the total cP content. He proposed that 3.0 to 5.29 FA/100g

degradable true protein offers adequate protection '

There Ís evidence that the method of FA application can affect

the degree of protection. Apparently, FA administered as a

concentrated solution is more effective than the same amount of FA

administered as a dilute solution (Peter et al' 197L: Wachira et al"
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Lg74). The length of time after treatment also affects the degree of

protection. Mills et al. (1972) reported the degree of protection of

FA treated casein-safflower oil was greater 40 days after treatment

than after L0 days. However, Gaja et al. (L977) showed that the

degree of protection of FA treated sBM and sunflower meal started to

decrease 2 months after treatment.

with the exception of sBM, little comparative information is

available concernjng the optimal level of FA for protecting oilseed

meals. There Ís evidence that sBM protejn can be adequately protected

with leve1s of FA lower than those suggested by Broderick (1975) '

Peter et al. (1971) reported that maximum depression of in vitro NH.'

production in viable rumen fluid was approached when SBM was treated

with L.3g FA/1009 cP, although there was also a significant reduction

in NH3 production with 0.5 to 0.69 FA/1009 cP. Feeding sBM treated

with 1-.3g FA/rOOg CP improved liveweight gain and feed efficiency in

lambs(Peteretal.I}TL).Schmidtetal.(1973)treatedsBMwith

0.4, 0.8, l_.2 and 1-.69 FAi 1009 cP and fed the treated meals to rats.

Treatment with 0.4g FA/1009 GP did not adversely affect animal

performance; however, the higher levels of FA reduced N retention and

growth rate. All FA treatments markedly reduced in vitro NH,

production. In a similar study, spears et al. (19S0) treated SBM with

0.3, 0.6 and 0.9g FA/1009 cP. Atl three treatments reduced NH,

production during in vitro incubation of the treated sBM in viable

rumen fluid. when fed to chicks, growth rates and feed efficiencies

were not affected by the 0.3g FA/1009 cP treatment, but the higher

Ievels of FA depressed chick performance. when growing steers were

fed the treated diets, higher daily gains were reported for all three
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levels of FA application. spears et al. (1980) concluded that

application of 0.39 FA/1009 GP adequately protects SBM protein against

ruminal degradation without decreasing protein digestibility in the

small intestine. However, when SBM treated with 0.39 FA/1009 GP was

fed to lactating cattle, apparent N digestibility was reduced (crooker

et a1. Lg32). On the other hand, Kaufmann and Lupping (1"979) observed

an increase in milk yield when FA treated SBM (0.349 FA/100g GP) was

fed to dairy cows.

Apparently, in the case of SBM, application of 0'3 to 0'4g

FA/1009 CP reduces protein degradability in the rumen without

decreasing protein digestibility in the small intestine. However, the

results of Crooker et al. (1982) suggest that intestinal digestibility

may be reduced even at these low levels of FA application.

several studies have been conducted using FA treated RSM.

Nicholsonetal.(L972)treatedRsMwithapproximatelysOgFA/1"009GP

and fed the treated material to sheep. The apparent digestibilities

of DM and N were reduced, but the amount of protein reaching the

duodenum was increased and N retention was doubled. Sharma et aI'

(Lg72) treated RSM with 5 .4, 10. B, L6 . 2 and 21,.49 FA / 1009 CP . All

treatments markedly reduced the solubility of RSM-N in 0.01N NaOH

solution. There was no effect on daily gain or feed efficiency when

RSM treated wÍth 5.49 FA/1009 CP was feed to steers; however, FA

treatment caused a decrease in apparent DM and N digestibility and a

decrease in urinary N excretion. Sharma and Ingalls (1973) fed FA

treated RSM (0.7gFAl100g CF) to Holstein calves. Although apparent

DM and N digestibilities were not significantly affected, they tended

to be lowered by FA treatment. Treatment with FA had no effect on
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liveweight gain or feed efficiency. sharma and Ingalls (1974)

reported that treating RSM with 0.7g FAlL009 CP did not affect

apparent DM or N digestibilities or N retention. There was also no

effect on the quantities of amino acids leaving the rumen. Sharma et

al. (L974) found that feeding RSM treated with 0.7gFAlL009 CP tended

to reduce the digestibilities of DM and N in the small intestine of

Holstein steers and did not affect the level of amino acids flowing

through the abomasum. Sharma and Nicholson (L975) treated RSM with L9

FA/1009 CP and fed the treated material to sheep. There was no effect

on the digestibilities of DM or N but N retention tended to increase.

In addition, treatment with FA íncreased the flow of DM, total N and

true protein N to the abomasum. Kowalczyk et a]. (1982) fed FA

treated RSM (approximately 5.5g FA/1009 CP) to young bul]s. The

apparent digestion of N and DM in the small intestine was reduced by

FA treatment.

From the above experiments, it appears that treating RSM with

0.79 FA/1009 CP does not significantly increase the flow of amino

acids to the intestine but at higher levels of FA application, overall

DM and N digestibilities are reduced. Kowalczyk et aI. (1982)

concluded, "...procedures still have to be defined for the treatment

of rapeseed meaL with forma dehyde so as to minimize the degradabilÍty

of íts protein in the rumen, yet prevent depression of its digestion

and absorption in the stomach and small intestine.rr

Numerous studies have been conducted to determine the response of

sheep and growing cattJe to FA treated protein supplements (Chalupa

L¡TE; Fergusen L975 Barry L976). Administration of FA treated casein

has often resulted in improved wool growth in sheep and increased N
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retention and liveweight gains in sheep and cattle. However, the

responses to FA treated plant proteins have been very inconsistent

(Chalupa L975). The best response to FA treated protein has been

observed when FA treated casein was fed to sheep. Often, wool growth

was increased (Fergusen 1975) . The response of wool growth to FA

treatment is thought to be due to increased absorption of methionine,

the limiting amino acid for wool growth (Fergusen L975) . The more

variable response of liveweight gains of sheep and cattle to FA

treated protein supplements may reflect the relatively less important

role of methionine jn muscle deposition compared to wool growth

(Tamminga L979).

Several studies have been conducted to determine the response of

lactating dairy cows to FA treated feedstuffs. Valentjne and

Radcliffe (1975) fed silage treated with 0.6 or 1..2gFAlL009 CP to

lactating cattle and noted an increase in milk production. There was

also an increased DM intake in response to FA treatment. Tayler et

al. (1979) treated grass silage with a mixture of formic acid and FA.

Feeding the treated silage to dairy cows had no effect on milk yield

or DM intake. However, Thomas et al. (1"98L) reported that treatment

of grass silage with a solution of FA/formic acid caused an increase

in DM intake and tended to increase milk yield. It is possible that

treating silages with FA results in an increased milk production by

increasing the DM and energy intake of cows (Thomas et al. Lg8L).

The majority of studies with lactating dairy cows have involved

FA treated protein supplements or concentrates, and most studies have

been conducted in mid-lactation when milk production had passed its

peak. Wilson et al. (1970) fed FA treated casein and found no effect
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on milk yield. Satter et aI. (1970) did not observe any improvement

in milk yield when SBM was treated with FA. Clark et al. (1974) fed

SBM treated with L.Bg FAi 1009 CP to lactating cows and reported no

increase in milk yield. wachira et aI. (L974) conducted two

experiments with FA treated protein supplements. In the first

experiment, treating SBM with 1-.69 FA/1009 CP did not increase milk

yield. In the second experiment, treatment of a concentrate mix with

0.5g FA/1009 CP also fajted to increase milk production. Kellaway et

aI. (L974) conducted two feeding trials with dairy cows. In one

experiment, feeding FA treated casein (1g FA/100g casein) increased

milk yield but in the other experiment, feeding FA treated casein had

no effect on milk yield. Muller et al. (1975) treated whey protein

with 19 FA/1"009 CP. When the treated protein was fed to lactating

cattle, 4%f.at corrected milk (FCM) yield increased by 3.2kglday.

However, this increase was not statistically significant. Verite and

Journet (Lg77) treated a mixture of RSM and SBM with 0.69 FA/1009 cP.

When the treated supplement was fed to dairy cows in mid-lactation,

there was a significant increase in milk yield. Broderick and Lane

(1978) fed FA treated casein (0.8g FA/1009 casein) to cattle in

early-mid lactation. Cows fed the treated casein did not produce more
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produced moïe milk than those fed no casein at all. Stobbs et al.

(1977) fed casein treated with L9 FA/1009 caseirl to pasture fed

Jerseys in mid-lactation and observed an increase in milk yield.

Flores et al. (1979) conducted a similar experiment and also reported

increased milk production in response to feeding FA treated casein.

Rogers et a|. (1980) fed FA treated casein (1g FA/1009 CP) to
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Jersey-Friesian crossbred cows in early lactation and observed an

jncrease in milk yield. Kenna and Schwab (198L) fed FA treated casein

(0.8g FA/1009 casein) to cattle in earþ-mid lactation and noted an

increase in milk yield compared to cows fed no casein.

These studies were conducted with cows which were in

mid-lactation or, in the case of Rogers et al. (Lg$$), were low

producers. In three of the studies (Stobbs et al. L977; Flores et aI.

L979 Rogers et al. L9S0), Jerseys or Jersey-Friesian crossbreeds were

used and a positive response to FA treated casein was observed each

time . However, it is not possible to tell from these three

experiments if Jerseys are more responsive to protected protein than

Holsteins. In general, supplementing FA treated casein to the diet

increased milk production, but with the exception of the study by

Verite and Journet (L977), treatment of plant proteins with FA has not

caused an increase in milk production during mid-lactation.

Some studies have been conducted in early lactation with high

producing Holsteins and Friesians when the demand for dietary protein

is greatest. Verite and J ournet (1977) conducted two trials during

early lactation using a mixture of RSM/SBM treated with 0.69 FA/1009

CP. In one trial there was no significant effect on milk production

but in the other, FA treatment increased milk yield by 7eo. Kaufmann

and Lupping (1979) fed FA treated SBM (0.34g FA/100g CP) to lactating

cows and reported an increase in milk yie1d. Folman et al. (1981)

found no significant difference in milk yield between cows fed

untreated SBM or SBM treated with 0.34g FA/J"00g CP. Hunter et al.

(Lggl) compared a high protein diet containing untreated SBM to a low

protein diet containing FA treated SBM and found that cows fed the FA
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treated SBM produced less mjlk. However, the authors suggested that

the level of REP in the FA treated diet may have been insufficÍent.

Crooker et al. (1982) compared untreated and FA treated SBM (0.39

FA/1009 CP) and did not observe any dÍfference in milk productÍon

between cows fed the two supplements. A similar study by Lundquist et

al. (1982) found that cows fed FA treated sBM (0.3g FA/1"00g cP)

produced more mÍlk than cows fed a low protein control diet. However,

there was no significant difference in milk production between cows

fed treated or untreated SBM.

of the studies conducted in early lactation, onlyVerite and

Journet (L977) and Kaufmann and Lupping (1979) reported a significant

increase in milk production in response to FA treatment. Although

Folman et al. (Lg8l) and Lundquist et al. (19B2) reported

non-significant increases of L.5 and 1.4kg milk/day, respectively.

The fact that cows generally produce more mÍlk in response to

supplemental FA-treatdcasein suggests that, in principle, FA-treated

plant proteins should also elicit a response. Several reasons have

been suggested for the lack of response in milk production observed by

many researchers when FA treated plant proteins were fed to lactating

cows.
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experiments (Tamminga 1979). The experiments of Wachira et al. (L974)

and Muller et aI. (1975) had experimental periods of only 1-2 days

duration and no significant effect on milk yield was observed.

However, posj [ive responses have been reported in experiments with

L4-day periods (stobbs et al. 1977; Flores et al 1979; Rogers et al.

1980). In addition, Folman et al" (198L) and Crooker et al. (1982)
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did not observe an effect on milk yield when FA treated SBM was fed

for L60 and 273 days, respectively. Therefore, the lack of response

observed by some researchers was not due solely to the short

experimental periods.

(b) The protected protein may have been naturally resistant to

ruminal degradation (Wachira et al. Ig74). In the experiments

discussed above, however, the plant protein supplements were RSM and

SBM, both of which are readily degraded in the rumen. Thus, it is

unlikely this accounts for the lack of response.

(c) The supply of amino acids to the duodenum may already have

been adequate under the conditions of the experiment (Clark et aI.

L974; Wachira et al. 1.974; Broderick and Lane 1979; Tamminga 1"979).

In these circumstances, factors other than amino acid availability

would limit milk production.

(d) The diet may not have provided sufficient RDP for optimal

microbial activity (Tamminga 1-979). If a diet is low in CP or if a

high proportion of the protein intake of the cow is FA treated, there

may be an inadequate supply of RDP to meet the NHs-N requirements of

the microbial population (Tamminga 1-979). Since there is still

considerable doubt about the rroptimalrr level of rumen NHr-I',1, as

dise ussed in a previous section, this possibilitSr is difficult to

ASSCSS.

(e) Underprotection of the protein supplement will result in

little or no additional protein reaching the small intestine (Wachira

et aI. 1974). However, the concentrations of FA used in the above

experiments are considered adequate to protect the protein against

ruminal degradation, e.g. the low level of 0.349 FA/1009 CP used by
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Folman et al. (198L) provided enough protection to significantJy

reduce rumen NHB-N levels. In addition, Spears et al. (1980) reported

that treatment of SBM with only 0.39 FA/1009 CP significantly reduced

protein degradability in the rumen. In most of the studies with dairy

cattle, the concentration of FA was 0.3 to i..Bg FA/L00g CP so it does

not seem likely that underprotection would occur unless the material

was not thoroughly mixed during treatment.

(f) Overprotection of the protein supplement will reduce the

digestibility of protein in the small intestine, and this may

compensate for any benefit derived from increasing the amount of RBP

(Ctark et al. L974; Wachira et al. 1974; Chalupa 1975; Tamminga L979).

Decreased digestibility of FA treated protein supplements has been

reported in vitro (Wachira et al. Lg74), and itl gtgin sheep (Wachira

et al. L974), steers (sharma et al. 1972) and lactating cattle (Clark

et al. 1974). Several authors suggest that decreased digestibility of

FA treated protein in the small jntestine may be responsible for the

lack of response in milk production in their experiments (Clark et al.

L974; Wachira et al. L974; Crooker et a1. 1982).

(g) The treated protein may have a poor amino acid balance and a

low biological value for milk production (Clark et al. 1974; Wachira
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to begin with. However, it has also been suggested that FA treatmant

may decrease the availability of specific amino acids, particularly

tyrosine (Sidhu and Ashes 1977), and this may account for the lack of

response observed by many researchers. The availability of lysine and

cysteine may also be reduced by FA treatment (Reis and Tunks i.973) .

In principle, feeding FA treated plant proteins to lactating cows
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should increase the supply of amino acids to the small intestine and,

ultimately, increase milk yield. In practice, however' responses to

FA treated plant proteins have generally been poor, even during early

lactation. Reasons for the poor response are not known.

Bffect of Tyrosine on Brain catecholamine synthesis and

Possible Implications for Milk Production

Sidhu and Ashe s (L977) suggested that the lack of response when

dairy cows are fed FA treated SBM may be due to destruction of

SBM-tyrosine by FA. Mepham (1982) proposed that the supply of

tyrosine, phenylalanine , methionine and tryptophan to the mammary

gland may limit milk synthesis. Therefore, a tyrosine deficiency

resulting from feeding FA treated SBM (Sidhu and Ashes L977) may

prevent an increase in milk production because of an inadequate supply

of tyrosine to the mammary gland.

However, a tyrosine deficiency could, conceivably, affect the

hormonal regulation of milk synthesis. Tyrosine appears to have an

important role in neurohormonal regulation due to its role as

precursor of dopamine, adrenalin and noradrenalin (Wurtman 1982) . The

latter three compounds are collectively known as the catecholamines.

The catecholamines are synthesized in sympathetic neurons and in

chromaffin cells of the adrenal medulla (Bentley 1980) . The pathway of

catecholamine synthesis was first described by Blaschko (1939) and is

outlined in Figure L. Tyrosine hydroxylase (BC L.L4.L6.2) has been

considered the rate limiting enzyme for catecholamine synthesis
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Figure L. Biosynthesis of dopamine, noradrenalin and
adrenalin from tyrosine Ifrom Bentley (1980)]
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(Bentley 1980) . However, it appears that tyrosine hydroxylase in the

brain is not saturated at physiological levels of tyrosine and the

conversion of tyrosine to L-dihydroxyphenylalanine (DOPA) is regulated

in part by substrate availability. That is, catecholamine synthesis

in brain neurons is dependent on the concentration of brain tyrosine.

Tyrosine crosses the blood-brain barrier by means of a carrier

system. This is the same carrier system used to transport the other

large, neutral amino acids (LNAA), namely phenytalanine, tryptophan,

leucine, isoleucine and valine (Wurtman L982) . These amino acids

compete with one another for sites on the carrier molecules.

Therefore, if the plasma concentration of tyrosine increases in

relation to the other LNAA, more tyrosine wÍll be taken up by the

brain. This causes an increase in brain catecholamine synthesis

(Wurtman 1982). Anderson (L979) has speculated that the ratio of

plasma tyrosine: phenylalanine may be particularly important in

determining the rate of tyrosine uptake by the brain because of the

close structura-l relationship between these two molecules. One could

speculate that the ratio of plasma tyrosine: phenylalanine is

unimportant because phenylalanine is the precursor of tyrosine so it

should not matter which amino acid is taken up by the brain. Gibson

et aI. (1982) reported that intraperitoneal injection of phenylalanine

caused an increase in brain tyrosine levels but there was a decrease

in the levels of dopamine and noradrenalin. Phenylalanine is an

inhibitor of tyrosine hydroxylase and this may explain the decrease in

noradrenalin and dopamine concentrations (Gibson et aI' 1982) '

Therefore, the ratio of plasma tyrosine: phenylalanine appears to be

important in determining the rate of catecholamine synthesis in the
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brain.

Administration of tyrosine to rodents has produced several

physiological responses which can be linked with catecholamine action.

Gibson et al. (Lg82) injected tyrosine intraperitoneally in mice and

noted an increase in behavioural activity which was similar to the

response of mice to admÍnistration of amphetamine. The authors

observed an increase in brain tyrosine concentration but did not

detect an increase in the concentrations of dopamine and nonadrenalin

in the brain. Adrenalin was not measured. The authors speculated

that an increased turnover of catecholamines, i.e., an increased

synthesis and degradation, may have prevented a detectable rise in

brain catecholamine levels (Gibson et al. Lg82) .

Wurtman (1982) reported that administration of tyrosine to

hypotensive rats increased blood pressure whereas tyrosine decreased

blood pressure in hypertensive rats. This apparent contradiction was

explained as follows. Tyrosine administration increased the synthesis

of catecholamines in sympathetic neurons of the brain. However, it is

only those cells which are actually firing which can respond to the

additional catecholamines. That is, the additional catecholamines,

particularly noradrenalin, within the cell do not stimulate the cell

io fire but the additionai noracirenaiin pr-ovides an exira suppiy of

neurotransmitter to sympathetic cells which are already firing. This

allows the rate of firing to increase so that the signal is amplified.

Sympathetic cells which are not firing will not respond to an

increased supply of noradrenalin because they have no need for the

neurotransmitter. In the case of the hypertensive rats, the cells

which are normally firing are the noradrenalin-releasing neurons in
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the brain stem. Noradrenalin released from these cells suppresses the

activity of neurons in the brain stem. The result is a decreased

activity of sympathetic neurons in the peripheral nervous system and

chromaffin cells of the adrenal medulla. Ultimately, the release of

adrenalin and noradrenalin from the peripheral nervous system and

adrenal medulla is decreased, vasodilation occurs and blood pressure

is reduced. In this case, a small, local jncrease of noradrenalin in

the brain appears to have lowered the release of adrenalin and

noradrenalin in the body as a whole. üIurtman (L982) explained the

response of hypotensive rats to tyrosine administration in a similar

manner. In this situation, the noradrenalin-releasing cells of the

brain stem are not firing because the rat is trying to increase blood

pïessure. Therefore, these cells do not respond to increased levels

of noradrenalin. However, the sympathetic neurons in the peripheral

nervous system and adrenal medulla are active as the rat attempts to

stimulate the release of adrenalin and noradrenalin. The increased

level of noradrenalin in the brain, caused by tyrosine administration,

accelerates the firing of sympathetic neurons in the peripheral

nervous system and adrenal medulla so that adrenalin and noradrenalin

increase is stimulated, vasoconstriction occurs and blood pressure is

increased. Therefore, it appears that tyrosine is involved in regulating

blood flow in rats.

A third response of rodents to administration of tyrosine is an

increased energy intake. Anderson (1"979) reported that the energy

intake of rats was increased in response to an increase in the plasma

level of tyrosine in relation to the other LNAA, especially

phenylalanine. Increasing the plasma ratio of tyrosine:
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phenylalanine from approximately 1.0 to 1.6 caused energy intake to

increase by an aveïage of 30% in four experiments. The author

(Anderson 1979) suggested that the response was mediated by

catecholamines, possibly by the action of noradrenalin and/or

adrenalin in the ventromedial and lateral regions of the hypothalamus.

Finally, there is convincing evidence that catecholamines,

particularly noradrenalin, influence GH secretion in a variety of

species (Martin l-980; Merimee 1979) . In many species, GH is released

episodically, i.e. in surges. Episodic release of GH is particularly

prominent in the rat so this animal has been the subject of particular

attention (Martin 1980) . The episodic release of GH is dependent on

stimuli from the ventromedial nucleus of the hypothalamus (Martin et

al. L974) and these stimuli appear to be due to the action of

catecholamines. Administration of o-methyl-tyrosine, an inhibitor of

tyrosine hydroxylase, depletes noradrenalin and dopamine in the

hypothatamus and totally abolishes episodic GH secretion in the rat

(Eden et al. 1979). It is thought that the action of catecholamines

on episodic GH release is primarily due to cr' -adrenergic stimulation by

noradrenalin or other c*-adrenergic neurotransmitters. Therefore, it

is conceivable that tyrosine induced synthesis of noradrenalin in the

hypothalamus could stimulate the release of GH.

If tyrosine availability regulates brain catecholamine synthesis

in cattle, there are Several ways in which an increased plasma

tyrosine concentration could potentially affect milk production Ín

cattle. Firstly, animal behaviour may be altered to the point where

milk production is affected. Second1y, DM intake may be increased.

Thirdly, blood flow to the mammary gland may be affected. Fourthly,



6L

GH release may be stimulated with a resultant increase in milk

productÍon (Machlin 1973) .
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PART I

The Nutritive Value of Formaldehyde Treated Cano1a

Meal for Holstein Cows During Early Lactation



INTRODUCTION

Canola meal, barley, and corn silage contain a relatively low

proportion of REP (Fisher Lg8L). Therefore, rations based on these

ingredients may not provide sufficient quantities of protein to the

small intestine to support high levels of milk production. The ob ject

of Part I of the study was to determine the effect of decreasing the

ruminal degradability of canola-N on tJ:e performance of Holstein cows

during early lactation. Experiment L was conducted to determine a

suitable procedure for reducing N solubility and degradability of

canola-N. Three possibilities were investigated. These were (a)

treatment of CM with FA, (b) treatment of CM with heat, and (c)

selection of canola products that may be less degradable than CM,

namely unextracted canola seed (GS) and partially extracted canola

seed (PCS). Results from experiment l" were used as a basis for

formulating diets of differing N degradabf.ities for a feeding trial

with Holstein cows during early lactation (experiment 2) .

MATERIALS AND METHODS

Experiment l-. The Effect of Heat and Formaldehyde Treatments on

Nitrogen Solubility and Degradability of Canola Products.

Canola products

Samples of Tower CS, Tower PCS, and Tower CM were obtained from

the production line at CSP Foods Ltd., Altona, Manitoba. All samples

63
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were taken from the same consignment of Tower CS being processed at

the time of sampling. The whole CS were broken by repeatedly grinding

through a 2mm screen in a Wiley hammer mill until whole seeds could no

longer be detected. Henceforth, the abbreviation CS refers to ground

seeds. The nutrient compositions of the canola products are shown in

table L.

Experimental procedure for determinÍng N soþbilitlo! lgç4_eqnpþq

in two solvents

The procedure was modified from the method of Wohlt et al.

(L973). The two solvents were (a) 0.L5NNaCl solution adjusted to pH

6.5 with 85% orthophosphoric acid, and (b) Burroughs mineral mixture

(BMM) (Burroughs et al. L950) diluted to l-0% with distilled water.

Feed samples containing 30mg N were added to 100m1 solvent in 125m1

Erlenmeyer flasks. The flasks were stoppered, placed in a Gontrolled

Environment Incubator Shaker (New Brunswick Scientific Company,

Bdison, New Jersey) and incubated at 39C with constant shaking at 380

rpm for a specified period of time. After the incubation, the flask

contents were filtered through Whatman #4 filter paper held in a

Buchner funnel. The N content of 90ml aliquots of filtrate was

determined by the macro-Kjeldahl procedure. The soluble N content was

expressed as a percentage of total feed N 
"

Effect of incubation time on N solubility of CM and SBM in NaCI

solution

Samples of CM and commercial SBM were ground through a Lmm screen

in a Wiley hammer mill. Nitrogen solubility of the ground material
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Nutrient composition of crushed canola seeds
(CS), partially extracted canola meal (PCS)
and fully extracted canola meal (CM)
(experiment L)

Nutrient composition by
analysis (% dry matter)

Canola Products
CS PCS CM

Crude protein

Ether extract

Ash

34.7

1"7 .5

6. L

40. 6

2.6

6.9

23.3

35. 7

4.2
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was determined by incubating in NaCl solution for Lh , 2Tl., or 3h. The

completely randomised design was arranged as a 2x3 factorial with two

Èedstuffs, three incubation times, and two replicatesper treatment

combination. Pairwise comparisons were made using Duncanrs multiple

range test (Duncan L955).

Effect of particle size and incubation time on N solubility of CIt{ and

SBM in NaCl solution

Samples of CM and SBM were ground through 0.5mm and i.mm screens

in a Wiley hammer mill. Nitrogen solubility of the ground material

was determined by incubating in NaCl solution for th or 2h in the case

of CM and Lh, 2h, 3h, or 4h in the case of SBM. Separate statistical

analyses were made for CM and SBM. The CM data were analysed in a

completely randomised design arranged as a 2x2 factorial with two

particle sizes, two incubation times, and two replicates per treatment

combination. The SBM data were analyzed in a 2x4 factorial

arrangement with two particle sizes, four incubation times, and two

replicates per treatment combination. Pairwise comparisons were made

using Duncan's multiple range test (Duncan 1"955) .

Effect of various FA treatments on N solubility of CM in NaCl solution

The procedure for treating CM with FA was modified from the

method of Sharma et aI " (1972). Solutions containing 0, 0.08, 0,4,

0.8, 1.6 and 3.2%FA were prepared from formalin (37% FA) and

distilled water. Aliquots containing 50ml of these solutions were

added to 1009 samples of CM in glass jars and mixed thoroughly. The

rates of FA application were 0, 0.1, 0.5, 1.0 and 2.09 FAlL00g CP.
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The glass containers were sealed and the CM was left to react with FA

overnight at room temperature. The treated materjal was then removed

from the jars, dried at 60C in a forced air oven and ground through a

Lmm screen in a Wiley hammer mill. Nitrogen solubility of the treated

material was determined by incubating in NaCl solution for 2h. A

completely randomised design was used with two replicates per

treatment. Pairwise comparisons were made using Duncanrs multiple

range test (Duncan 1-955) .

Effect of various heat treatments on N solubility of CM in NaCl

solution

Samples of approximately 5009 CM were thinly spread on metal

trays and autoclaved at 12LC for 0, 5, 10, 20,30, or 60 min. The

treated material was dried at 60C in a forced air oven and ground

through a Lmm screen in a Wiley hammer mill. Nitrogen solubility of

the treated material was determined by incubating in NaCl solution for

2h. A completely randomised design was used with two replicates per

treatment. Pairwise comparisons were made using Duncanrs multiple

range test (Duncan 1"955).

Effect of FA and heat treatments on N solubility of canola products in

10% BMM or NaCl solution

The canola products were CS, PCS, and CM. Treatment with FA was

achieved by the method described previously. Fifty ml aliquots of

0.95, 0.85, or 0.55% FA solutions were added to 1009 samples of CM,

PCS , and CS, respectively. This corresponded to an application rate

of l-.29 FA/1009 CP. Heat treatment was achieved by autoclaving the CM
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at L?LC for 5 min, as described previously. Treated and untreated CM

and PCS were ground through a lmm screen in a Wiley hammer mill. The

treated and untreated CS was not ground through the Lmm screen since

this caused the fat to separate and resulted in congelation. Nitrogen

solubility was determined by incubating the materials in NaCI solution

or L0% BMM for 2h. The completely randomised design was arranged as a

2x3x3 factorial, with two solvents, three treatments, three canola

products, and three replicates per treatment combination. Pairwise

comparisons were made using Duncanrs multiple range test (Duncan

L955). The amino acid content of untreated CM, heat treated CM' FA

treated CM and insoluble (in NaCI solution) GM was determined.

Experim ental procedure for determining DM and N disappearance of feed

sample s from nylon bags

A woven nylon fabric was purchased from Arnotts Ltd. , Ayr,

Scotland. The material had approximately 760 pores/cm2 and the

average width of the pores was 36um, as determined under a microscope.

Bags measuring LScm x L.5cm when laid flat were prepared from the

material. The bags were placed in a forced air oven at 60C for a 24n'

period immediately prior to use. Concentrate and hay samples were air

r--i-r ^-^r ^^-^- ^:1--^..-^^ -l*;^l .i- ñ ç^?^^.{ ni+ nr"an o+ Afìlì Qomnlao
L[IItjlJ[ il.IlLt UUII¡ Ë!.clËf= WCIù| UI¿EU ul e Iv¿UEu q4 u vu¡¡ qL vvv. vq^¡¡Ir¡ee

were ground through a Lmm screen in a Wiley hammer mill and L9

aliquots wele placed in the nylon bags. The bags were folded and

sealed with nylon thread. The final dimensions of the sealed bags

were l-Ocm x L.5cm. The bags were labelled, attached to a length of

balÍng twine and suspended in the rumen of a fistulated steer for a

measured period of time. On removal from the rumen, the bags were
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rinsed thoroughly with cold water to remove any particulate material

attached to the bag surface. The bags were then dried to constant

weight at 60C in a forced air oven. Dry matter disappearance was

determined and expressed as a percentage of total feed DM. The

residue was removed from the bags and N content was measured by the

macro-Kjeldahl procedure. Nitrogen disappearance was expressed as a

percentage of total feed N.

Effec t of jncubation time on DM and N disappearance of CM from nvlon

bags

Samples of CM were placed in nylon bags and suspended in the

rumen of a fistulated steer, as described above. Bags were removed

after 1-, 2, 4, L8, or 24h. The disappearance of DM and N from the

bags was determined. A completely randomised design was used with

two replicates per incubation time. Pairwise comparisons were made

using Duncanrs multiple range test (Duncan L955).

Effect of FA treatment on DM, N and non N-DM (NNDM) disappearance of

CM from nylon bags

Solutions containing 0, 0.I2, 0.55, 0.95, and 2.4%FA were used to

treat CM, as described previously. 'l'his corresponded to application

rates of 0, 0.15, 0.7, L.2, and 3.0g FA/100g CP, respectively.

Samples of treated CM were placed in nylon bags and suspended in the

rumen of a fistulated steer f.or 24h. The disappearance of DM and N

was determined and NNDM disappearance was measured by difference. A

completely randomised design was used with three replicates per

treatment. Pairwise comparisons were made using Duncanrs multiple
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range test (Duncan L955).

Chemical analvses

Feed DM's were determined by drying at 60C to constant weight in

a forced air oven. Ash, ether extract (EE) and CP were measured

according to AOAC (1975) procedures. Dried feed samples were

hydrolysed in 6N HCl at L2LQ for l_6h. The hydrolysates were

evaporated to dryness, redissolved in citrate buffer and filtered

through Whatman #4D fjlter paper. The amino acid composition of the

filtrate was determined using a Beckman model 11"9G amino acid analyser

(Beckman Instruments, Palo Alto, Galifornia) .

Experiment 2. The Effect of Dietary Crude Protein Level and

Formaldehyde Treated canola Meal on Milk Production and

Nitrogen Utilization of Holstein Cows During Bar1y Lactation

Treatment of CM with FA

Tower CM was protected with FA by slowly adding L8 l of a 1"3.3% FA

solution to 500kg CM in a feed mixer. The material was mixed

thoroughly for at least 5 min. This colresponded to an application

rate of L.zg FAlL00g CP. The treated material was stored for at least

7 days in burlap bags lined with plastic before inclusion in the

experimental diets.

Formulation of experimental diets

The nutrient and ingredient compositions of the diets are shown

in table 2. For the purpose of formulating the experimental diets,
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Ingredient and nutrient composifìon of the diets
used to determine the response of lactating cows
to dietary crude protein (CP) Ievel and formalde-
hyde (FA) treated canola meal (experiment 2)

Dietary Treatment

FH FL UH UL

Ingredients (%DM)

Corn silage
Brome hay
Earley D

FA Canola meal*
Canola meal
Ta]low
Urea
Limestone
Dicalcium phosphate
Salt (rybalt-iodized)
.Hremlx

Rumen degradable Protein
(g/kg DM)

Nutrient composition by analysis (%OU¡

Crude protein
Ether extract
ADFC
ADF_N 

O

Calcium
Phosphorus ô
DE (M cal/kg)"

Rumen escape protein
(e/kg DM)

f
99

43
7

2L.2
23.5

75

43
7

2t.2

74

99

43
7

32.0

43
7

32 .0
.0

2.7
0.5
0.9
0.5
0.4
0.4

rã. o

2.0
0.5
0.9
0.7
0.4
0.4

23.5
2.7
0.5
0.9
0.5
0.4
0.4

2.0
0.5
0.9
0.7
0.4
0.4

L4.7
3.7

L9 .6
L,2
0.8
0.6
2.61

60

L3

73

73

L4 .6
3.5

L9.B
L.4
0.8
0.6
2 .63

L7.4
4.5

2L.2
L.5
0.8
0.6
2"64

L7.3
4.4

20 .9
L.2
0.8
0.6
2 .69

f B7

aCanola meal treated with 1.2g FA/100g GP.

bProvided per kg of diet: 3500 IU vit A, L750 IU vit D, L0 IU vit E,
44 mg ZnO,45 mg MnOr.HzO, 0.3 mg CaClr, f-i,mg KI, L.6 mg MgO.

"A"id detergent fibre.
de"id detergent insoluble nitrogen.
eAppurunt digestible energy, based on digestibility trial.
fEstimated from results of nylon bag study (table L3) .
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the assumption was made that treatment of CM with L.2g FAl100g CP

reduced N degradability by 40 percentage points (see table LL).

Actual N degradabilities of 55% and L5% were assigned to untreated and

FA treated CM, respectively. For the other dietary ingredi,ents,

estimates of N degradability were taken from the literature (Burroughs

et al. L975). Values of. 70% were used for each of barley, coln silage

and brome hay. Urea-N was assumed to be L00% degradable. It was

anticipated that animals would consume L0kg DM/day and that

concentrate, corn silage, and brome hay would be consumed in the ratio

50: 45: 5 (DM basis). Diets FL and UH were formulated to provide

approximately 13009 REP/day. Diet FH was identical to UH except FA

treated CM replaced untreated CM. Diet UL was identical to FL except

untreated CM replaced FA treated CM.

Nitrog en solubilitv of the experimental diets in NaCI solution

The concentrate and hay were air dried and corn silage was dried

at 60C in a forced air oven. Nitrogen solubility of ground samples

was determined by incubating in NaCl solution for 2h. Since the corn

silage and hay were common to all treatments in the lactation trial,

data from these ingredients were not included in the statistical

analysis. The concentrate data were analysed in a completely

randomised design with three replicates per treatment. There was one

missing observation for concentrate UH. Pairwise comparisons were

made using Duncanrs multiple range test (Duncan 1955).

Disapp earance of the exp erimental diets from nvlon bags

Samples of the ingredients used in the solvent extraction study
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were placed in nylon bags and suspended in the rumen of a fistulated

steer f.or 24h. The disappearance of DM and N was measured. The

statistical design was similar to that used in the solvent extraction

study, but there wele two replicates per treatment and no missing

observations.

Lactation trial

Production study; Forty Holstein cows from tl:e university herd

at Glenlea Research Station were assigned to one of four isocaloric

diets approximately 2 weeks post-partum in a 2x2 factorial

arrangement. There were eight multiparous cows and two first

lactation heifers per diet. Factor I was dietary CP level, either

17.4% or 14.6% CP on a DM basis, denoted H and L, respectively.

Factor II was FA treatment of the GM, either treated (F) or untreated

(U). The four treatment combinations were FH, FL, UH, and UL (table

2). Concentrate, corn silage, and brome hay were fed ad libitum for

L2 weeks in the ratio 50: 43: 7 (DM basis). Goncentrate and silage

were offered as a complete mix once per day, long hay was added

separately. Refusals were weighed every morning before feeding.

Animals were weighed on two consecutive days at the start of the

experiment and at the end. Feed intake and milk yields were recorded

daily, and milk samples were taken for three 24h periods per week for

fat, protein, and lactose analysis. Additional milk samples were

taken from each cow once per month, composited and stored for iodide

analysis. Feed samples were taken weekly and composited monthly for

laboratory analysis. Samples of tail vein blood and rumen liquor

were taken by venipuncture and stomach tube, respectively, from each
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cow once per month immediately before feeding. An additional sample

of rumen liquor was taken from each of 24 cows (6 per treatment

combination) 3h after feeding. Blood plasma and centrifuged rumen

liquor were frozen and stored for future analysis.

Digestion studyi Twenty-four animals (6 per treatment

combination) were put on a 5-day total collection trial 6 to l"L weeks

after assignment to the experimental diets. Tota1 urine output was

collected under toluene in jugs via urinary catheter. Total feces

output was collectedon plastic sheets. Measured aliquots of urine

and feces were taken twÍce daily and frozen for future analysis to

determine N balance and the apparent digestibilities of DM, N, EE and

acid detergent fibre (ADF).

Chemical analyses; The DM, EE and CP of feed and feces samples

were determined by the procedures described in the materials and

methods section of experiment L. Gross energy (GE), calcium (Ca) and

phosphorus (P) were measured according to AOAC (1975) procedures.

Acid detergent fibre and acid detergent insoluble N (ADF-N) were

determined by the method of Goering and Van Soest (1970). Amino acids

in feed sample hydrolysates and deproteinated blood plasma were

determined using a Beckman model L19C amino acid analyser. Mitk fat,

protein and lactose were measured by infra-red spectroscopy (Milkoscan

model 203, Foss B1ectric, Cornwall, Ontario), courtesy of Manitoba

Department of Agriculture. Milk iodide was determined using a

specific iodide electrode (Lacroix and Wong Lg80) . Urinary N was

measured by the macro-Kjeldahl procedure. Plasma urea, glucose and

total protein were measured using a Technicon autoanalyser II

(Technicon Industrial Systems, New York) . Rumen liquor NH, -N was
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determined by specific NH, electrode (Model 95-10, Orion Research,

Cambridge, Massachussetts) and VFA by gas liquid chromatography

(Erwin et al. l-961).

Post-experimental observations: Following the l-2-week

experimental period of the production study, cows were returned to the

general herd management program. Milk yields and composition (fat,

protein and lactose) were measured weekly until the end of lactation.

Subsequent reproductive performance was assessed by determining the

number of services per conception.

Statistical analyses: Data from the production and digestion

studies were analysed by factorial analysis of variance (Snedecor and

Cochran 1980). Unless otherwise indicated, interactions were not

significant. One multiparous cow assigned to diet FL suffered severe

rnastitis so data from this animal were not used in the analysis of data

from the production study. The missing value was calculated by the

p-rocedure suggested by Snedecor and Cochran ( 1980) . There were no

missing values from the digestion study. Factorial analysis of variance

was also made on milk yield and composition data collected during the

post-experimental period and again there was one cow missing from diet

FL. Chi-squared analysis was made to determine if dietary treatment

affected the number of cows requiring more than one service per

conception (Parker 1973) .

Experiment 3. The Effect of Formaldehyde Treated Cano1a Meal on

Littering Rate and Litter Size of Mice

Laboratory mice were obtained from the Department of Animal

Science mouse colony which is a closed population of randomly mated
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mice. Seventy-eight mature females were randomly assigned to one of

two experimental diets for 6 weeks. Diet MF contained FA treated CM

whereas diet MU contained untreated CM (table 3). The ratÍons were

fed in pellet form. The females were confined three to a cage and had

unlimited access to food and water. Food intake was measured for

three consecutive days during the second week of the experiment.

After 6 weeks, the experimental diets were replaced by a control diet

(Rodent Laboratory Chow #500L, Ralston Purina Company, St. Louis,

Missouri) and a male mouse was placed in each cage. The male remained

in the cage for 1.2 days. Statistical analyses were made according to

Parker (1973). The number of litters produceC by mice on the two

treatments were compared by chi-squared analysis. Litter sizes were

compared using Studentrs t-test.

RBSULTS

Experiment 1

Effect of incubation time on N solubilities of CM and SBM in NaCI

solution

Nitrogen solubility of CM was significantly (p ..0L) higher than

SBM (table 4). Incubation time had no effect on N solubility of CM

(p <.05), but N solubility of SBM was greater after the 3h incubation

compared to the th incubation (p ..Ot).
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Ingredient composition of the diets used to
determine the effect of formaldehyde (FA)
treated canola meal on the reproductive
performance of mice (experiment 3)

Treatment
Ingredients (g/100g) MF MU

Canola meal

FA-canola meala

Rolled barley

Tallow

Dicalcium phosphate

Limestone

.bvltamln premrx

Mineral premixc

25.0

70. 6

L.4

L.0

L.0

0.5

0.5

70 .6

L.4

L.0

t". 0

0.5

0.5

25.0

aCanola meal treated with L.29 FA/1009 CP.

bProvÍded per kg diet: 7500 IU vit A , 250 IU vit D, 1-0 IU vit E,
1.Smg vit K, 425m9 choline chloride, LSmgniacin, Zmg riboflavin,
0.5mg pyridoxine HCl, 0.3mg folic acid, 0.05mg biotin, 2.5Mg vit
B1-2, 4.25mg pantothenic acid, 1 . 59 methionine .

cProvided 
p_e^r kg diet: 0.t7g MnO, 0.0159 Zrrr} , 0.03g FeSOn .7HzO,

0.0269 CuSO4.5H20 , 4.769 NaCI (iodized) .



Table 4

7B

Effect of incubation time on nitrogen
solubility of canola meal and soybean meal
in NaCl solution

Nitrogen solubility (%)

Incubation time CM SBM

Lh

2h

3h

"BB. 4

"37. B

"86. 9

b
1.2.2

b"i+. 
s

"r.6. b

SE 0.7

arb " Mu"rr" with unlike superscripts are significantly different
(P . .01) '
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Fffect of particle size and incubation time on N solubilities of CM

and SBM in NaCl solution

Neither particle size nor incubation time affected (p 5.05) N

solubility of cM in Nacl solution (table 5) . The N solubility of sBM

was higher (p <.01) when the material was ground through the 0.5mm

screen. Incubation time did not significantly (p >.05) affect the N

solubility of SBM, but there was a trend towards higher N solubility

at the longer incubation times, particularly for the more finely

ground material.

Effect of various FA treatments on N solubilitv of CM in NaCl sotution

Treating CM with 0.1g FA/100g CP significantly (p..01) reduced N

solubility (table 6) in NaCl solution compared to the control (0g

FA/100g CP). Nitrogen solubility was further reduced (p < .0L) by

treatment with 0"5g FA/100g cP, but there was no further effect on N

solubility at higher levels of FA applicatio¡¡ (p >.05).

Effect of various heat treatments on N solubility of CM in NaCI

solution

Autoclaving CM at I2IC for 5 min significantly (p..OS) reduced N

solubility (table 7) in NaCl solution compared to the control (Omin).

However, autoclaving for longer periods did not further reduce N

solubility.

Bffect of FA and heat treatments on N solubilitv of canola nroducts in

BMM or NaCI solution

Factorial analysis of variance revealed that N solubility of the

canola products was significantly (p. .0L) higher in NhCl solution

than L0% BMM (table B) . Treating cM with heat or FA significantly (p <
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Table 5. Bffect of particle size and incubation time
on nitrogen solubility of canola meal and
soybean meal in NaCl solution

Incubation time

"Nitrogun Solubil,ity (%)

Cano1a meal
b Soybean mealc

0 .5mm 1.()mm 0 . 5mm:, 1.()mm

r_h

2h

3h

4h

35.6

36.3

36 .9

36. 4

L5. L

15. 5

l_6 " i.

L6 .5

L1. I

L3.2

L3.4

r.5.0

SE 0.6 1".0

asetr¡arate statistical analyses were made for CM and SBM data.

bN"ith"r incubation time nor particle size affected N solubility
(p > .05)

clncubation time had no significant (pt .05) effect on N solubility
but particle size significaritlyaffected N solubility (p. .OS).
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Table 6. Effect of various levels of formaldehyde
application on the nitrogen solubility of
canola meal in NaCl solution

Level of formaldehyde application
(g formaldehyde/1009 crude protein)

Nitrogen solubility
(%)

1.

5

0

0

0

0

0

L

2

4.0

^g7 .4

bzg.q

c^-ó.c
c 2.7

t 2.7

" 1.9

SE L.0

â ' b ' "M""n" with unlike superscripts are significantly different
(p <.01") .
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Table 7. Effect of autoclaving at LZLC on nitrogen
solubility of canola meal in NaCl solution

Time in autoclave
at L2LC (min)

Nitrogen solubility
(%)

0

5

r"0

20

30

60

a

b

b

b

b

b

35.7

6.9

5.6

5.2

5.3

6.L

SE 0.9

"' bM"urrs with untike superscripts are significantly different
(p < .01) .
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Table B. Bffect of formaldehyde (FA)a and heatb treatments
on nitrogen solubility of fully extracted canola meal
(CU¡, partially extracted canola meal (PCS) and crushed
canola seeds (CS) jn 10% Burroughs Mineral Mixture
(BMM) and NaCl solution

Canola Product
Solvent Treatment CM PCS CS

1.0% BMM

NaCl

Unïreated

Heat

FA

Untreated

Heat

FA

53.2

2.5

L.4

39 .8

L.0

-0.2

36 .8

2.5

L.L

42

2.4

0.7

29.2

2.0

0.9

L

44.0

4.5

L.6

SE = 1.4

^t.zg FA/Loog crude protein.

bAutocla-red for 5 min at LZLC.

csignificant difference between solvehts (p < .01).

tvitrog"r, solubility was significantly (p. .Ot) reduced by heat and
FA treatments.

e^"Comparing means of untreated canola products, nitrogen solubility
of PCS was highest, CM was next and CS had the lowest level of
soluble N.
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.0i-) reduced N solubility to almost zero. Differences in N solubility

between canola products were significant (p. . Ot) . Pairwise comparisons

of the untreated canola products showed that PCS-N was much more soluble

than CM-N (p < .05) and CM-N was more soluble than CS-N (p < .01) .

Amino acid composition of FA treated, heat treated and untreated CM

and insoluble CM

Autoclaving CM at t2LC for 5 min did not appear to affect the

amino acid composition (table 9). Treatment of CM with 1-.29 FA/1009

CP reduced the tyrosine content by 57.7% and lysine by 1B.9%. There

was also a L7.4% increase in phenylalanine which is probably related to

the decreased tyrosine content. There were marked differences between

the amino acid compositions of untreated CM and the CM residue remaining

after solvent extraction in NaCl solution. In particular, the insoluble

residue contained a much higher proportion of methionine than CM.

Dry matter and N disappearance of CM from nylon bags over time

The disappearance of DM and N from nylon bags was significantly

(p < .01) higher after L8h in the rumen compared to ]"h (table L0) .

However, there was no significant (p > .05) difference in DM or N

disappearance between the l-Bh and 24h incubations.

Effect of FA treatment on DM, N and NNDM disappearance of CM from

nylon bags

The disappearance of DM and N was not affected (p>.05) by

treatment with 0.15g FA/1009 CP (tabte 1"1-). However, both were

significantly (p <.05) reduced by treatment with 0.79 FA/1009 CP.
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Table 9. Amino acid composition of untreated, formaldehyde
(Fa) treated and heat treated canola meal, and
insoluble canola meal.

Amino acida

Canola MeaI

Untreated Heatb FAC Insoluble.
Teslclue

Lysine
Histidine
Arginine
A:spartic acid
Threonine
Serine
Glutamic acid
Proline
Giycine
Alanine
Cystine
VaIine
Methionine
Isoleu cine
Leucine
Tyro'sine
Phenylalanine

.L

.0

.9

.3

.5

.2

.2

.5

.6

.9

.6

.0

.3

.5

.9

.9

.5

6
3
6

B

4
4

L9
6

5

4
2

6

2

4
7
2
4

5
2

6

B

4
4

19
6.
5.
4.
2.
6.
2.
4.
7.
3.
4.

I
I
7
4
7

3
2

6

6

I
5

0

2

5
I
L

B

6.5
2.9
7.4
8.7
5.5
4.7

L4.7
6.3
5.5
5.3
2.9
6.4
ù.o
4.L
7.9
3.5
4.4

.4

.9

.0

.6

.B
,4
.5
.7
.B
.1"

.5
,4
.2
.7
.3
,2
.3

4
2

7
B

4
4

:19

6

5

5
2

6

2
4
B

L
5

Total (% nu1 40 .5 4L.2 4L.3 35.4

a*g amÍno acid per L009 total amino acids,

b 5 min at LZLoC.

tt.2g FA/1009 crude protein.

dResidue remaining after incubation of CM in NaCI solution for 2h.
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Table 1-0. Dry matter (DM) and nitrogen (N)
disappearance of canola meal from
nylon bags over time

Time in rumen DM disappearance (%) N disappearance (%)

Lh

2h

4h

r.Bh

24}]

ur.5.6

bzø.2

bzg.s

"55.g

"58.4

a
L8.2

ubzl.4

bst.s

t s7.z

c5b.r.

SE 2.2 2.L

a b, c
Means within columns having unlike superscripts are
significantly different (p ..05).



B7

Table L1-. Effect of formaldehyde (FA) treatment on dry matter,
nitrogen and non-nitrogen dry matter (NNDM) dis-
appearance of canola meal from nylon bags after 24h.

Leve1 of FA
(g Fa/100e CP)

Percent dÍsappearance

Dry Matter Nitrogen NNDM

0

0. r.5

0.7

1..2

3.0

"50 .8

bsg.z

taz,t

dzt.s

b
5

bc 48. 5

"4g.0

4
a-

ĉb "54. b

"5r.. g

bzo. 
s

"15. g

d a.+

"58. z

50

dzg.g

SB 2.1 L.9 2.1

â,b,c,d Means within columns having unlike superscripts are
significantly different (p . .05) .
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Treating CM with L.zg FAl100g CP caused a further reduction (p ..OS)

in the disappearance of ÐM and N, and treatment with 3.0g FA/100g CP

reduced (p ..05) the dÍsappearance still further. The disappearance

of NNDM was reduced by treatment with 0.159 FA/1"00g CP, but there was

no difference (p>.05) between the 0.15 and 0.7g FA/100g GP rates of

application. Treatment of GM with 1.2g FA/LO0g CP lowered (P < .05)

NNDM disappearance compared to treatment with 0.L5 or 0.7g FAlL009 CP.

There was a further decrease (p. .05) in NNDM disappearance following

treatment with 3.09 FA/100g CP.

Experiment 2

Nitrogen solubility of the ental diets in NaCl solution

There were small but significant (p <.OS) differences in N

solubility between concentrates FH and FL, and between UH and UL (table

12) . The concentrates which contained FA treated CM had N

solubilities which were substantially lower (p< .Ot) than concentrates

containing untreated CM.

Disappearance of the ex'p erimental diets from nvlon bags

Tì+-- *ñ++^-.i'i-n^n^ñrõñ^ô nf nnnaanfrofa E'Éf r¡rqc cionifinnntlrr (n ¿uly ll¡crLL¡tr urÐqy}Jçq¡q¡¡vE ur uv¡¡uu¡¡L¡qLv r ¡¡ \y

.01-) lower than DM disappearance of the other concentrates (table L3).

The DM disappearance of concentrate FL was less (p. .05) than that of

UH and UL but UH and UL did not differ significantly (p >.OSl .

Nitrogen disappearance of concentrate FH was significantly (p< .0L)

lower than N disappearance of the other concentrates. Concentrate FL

had a lower (p..01) N disappearance than UH and UL but there was no
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Table 1-2. Nitrogen solubility of the lactation diets in
NaCI solution (exPeriment 2)

Ingredients Nitrogen solubility (%)

Concentrates

FH

FL

UH

UL

aA

bA

cB

dB

L6.7

L9.4

30 .3

32.7

SE 0.8

Corn silage

Brome hay

40 .9

28.B

a,b,G,d Means having unlike superscripts are significantly different
(p <.0 5) .

A'BM"urr" having unlike superscripts are significantly different (p <.01).
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Table l-3. D_1y matter, nitrogen and non-nitrogen dry matter
(NNDM) disappearance of the lactation dieis from
nylon bags after 24¡lL (experiment 2J.

Ingredients

Percent disappearance

Dry Matter Nitrogen NNDM

Concentrates

FH

FL

UH

UL

aA

bB

cB

cB

49 .0

55. B

59. L

60 .9

aA

bB

40.4

59.L

50 .4

cC bB
63 .8

aA
5L. 3

ubA%o.

bAås.cC

5

0

59.3

SE 0.8 L.3 L.5

Corn silage

Brome hay

5t.r.

42.7

50

46

0

t

5L.2

42.2

â' b' 
"M"un" within colums havin g unlike superscripts are significantly
different (p < .0 5) .

cM"urr" within cohrmns having unlike superscripts are significanily
different (p . .Of).

BA
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significant (p< .05) difference between UH and UL. There was no

difference (p > . OS) in NNDM disappearance between concentrates FH and

FL or UH and UL. However, NNDM disapperance of FH was lower

(p <.05) than NNDM disappearance of UH or UL.

Lactation trial

Production study: There was no significant (p> .05) difference in

Iiveweight changes during the experiment. The average liveweight at the

start of the experiment was 585kg and the average weight loss was 9.Bkg.

Cows assigned to the high protein diets tended to have higher DM intakes

(figure 2 and table 1-4), but the difference was significant only at p<.L.

Formaldehyde treatment had no effect on DM intake. The CP intake

of cows on the high protein diets was equal to the amount recommended

by NRC (National Research Council 1978) for animals at this level of

production whereas the low protein diets provided B0% of the suggested

level. Based on the results from the nylon bag study (tab1e 1-3), crude

estimates of the REP content of the diets were made (table 2) . It is
unlikely that these estimates provide a precise measure of the absolute

REP content. However, they probably reflect the relative amounts of

REP in the diets. It appears that diets FL and UH contained approximately

eoual amounts of REP. Diet FH confained relnfir¡nlr¡ mnrê EITIP rrzlrerenc- --J ^-'.-*

diet UL contained relatively less.

Animals assigned to the high protein diets had higher (p < .05)

milk yields and Aeo f.at corrected milk (FCM) yields (figure 2 and. table

L4) . Figure 2 illustrates that most of the difference was due to

higher milk production during weeks 4 to 12of the experiment. on the

low protein diets, milk production peaked at about week 4 of lactation



Figure 2. Response of milk yield and dry matter intake to
two levels of dietary crude protein and formaldehyde
treated canola meal (experiment 2)

cg
t\t



35

30

25

20

r5

ro

g. ,//õ
I

H
H
G--{
Et- - - -81

MILK PRODUCTION

14.6 Oh CRUDE PROTEIN
17.4 O/" CRUDE PROTEIN

FA TREATED
UNTREATED

-GL

\
-qr

ãzrq

920
l¡J 19Y
ÉrB
z
È17
l¡J¡-Lt6

5r+

oE
ctr
.f

ô
J
l¡J

Y
J

CO
C¡)IL

goQ'r. ¡-
u.

l\
þ ,}++e¡'

J
;

t-

DRY MATTER INTAKE
G--. 14.6 "/o CRUDE PROTETN

è--o t7.40/" CRUDE PROTETN

q.

\ I:l.

EXPERIMENTAL PERIOD

2 6 ro t4

POST EXPERIMENTAL PERIOD

18 22 26 30
WEEKS POST PARÏUM

34 38 42 46



94

Table L4. Dry matter (ÐM) intake, milk yield and milk
composition of cows in response to two levels
of dietary crude protein (CP) and formaldehyde
(FA) treated canola meal (experiment 2)

CP level (%OU¡ FA treatment SB

17 .4 14.6 h qr

DM intake (kg/day)c

CP intake (kg/day)d

Milk yield (kg /day) 
d

4% FCM ltgi Aay)de

% milk fat

Fat yield (kg/day)c

% milk protein

Protein yield 1t<g /day)c

% lactose

Lactose yield (kg /day) d

Milk iodide ( g/l)

L9. 5

3.4

33.2

33. 3

4.03

L.34

2.92

0. 97

4.87

L.62

331

18. 3

2.7

30. 4

30.0

3.95

L. L9

2.99

0.90

4. B6

L.47

328

19. 0

3.L

3L.2

3t.4

4.06

L.28

2.94

0.9L

4. B5

1.5L

330

LB.7

3.0

32.4

3L. I

3. 93

r.27

2.97

0. 96

4. BB

L. 58

328

0.7

0.L

t.4

L.6

0.t7

0.08

0.05

0.04

0 .05

0.07

53

aFormaldehyde treated diets.

bUntreated diets.
cDiff"ruttce between protein levels (p <.01,).

dDiff"r"rrce between protein levels (p <.05).

"4% fut corrected milk.
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whereas yields on the high protein diets continued to increase and did

not peak until B weeks post-partum. The difference was maintained

throughout the remainder of the experimental period. Formaldehyde

treatment had no effect on milk yield or 4% FCM yield. There was no

difference in the concentrations of milk fat, protein, or lactose

among treatments (table L4) . The average concentration of mjlk fat

was 3.99% which is high for Holsteins at this level of production.

Lactose yields were higher (p..05) on the high protein diets,

reflecting the increased milk yields. Although fat and protein yields

tended to be higher, the differences were significant only at p <.L.

Formaldehyde treatment had no effect on fat, protein, or lactose

yields. Neither dietary cP nor FA treatment affected the

concentration of milk iodide (table L4) .

Dietary treatment had no effect on tTre NHg-N concentration in

rumen liquor sampled immediately before feeding (tab1e L5). However,

when samples were taken 3h after feeding, animals assigned to the FA

treated diets had significantly (p' .05) lower rumen fluid NHs-N

levels (table L5) . Dietary GP level had no effect on rumen NHs -N

leve1s, but this was not altogether surprising because of the

different levels of RDP in the diets (table 2) . Although protein

ì .,--1 -- ñ ^ !--^-+*^*+ :*+^-^^+;^ n nn* oìanìfìn¡n'f rrrmon linrrnr l\JF{Igvgr x IlfI LIgdLtr¡tjllL ¡rlLttrcluL¡vrl YYqÞ ¡¡vs Ð¡E¡¡4Ns¡¡et

-N levels 3h after feeding tended to be higher on diet UH and UL.

Means for individual dÍets were 9"4, 8.5, !6.2, and 13.9mg/L00ml for

diets FH, FL, UH and UL, respectively. Total VFA concentration and

the molar ratios of VFA jn rumen liquor did not vary .among treatments

(table L5).

P1asma urea was higher (p' .oS) on the high protein diets but was
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Tab1e L5. Response of rumen lÍquor profile to two levels of
dietary crude protein (CP) and formaldehyde (FA)
treated canola meal (experiment 2) .

Metabolite

(hours post feeding)

CP level ( %Ol¡ ) FA treatment SB

14.6 L7 .q uF bu

NH'-N (mg /100mI) oh

3hc

6.3 6.L

tz.B 11.3

6.5 1. L

L5. L 2.L

5.8

9.0

dVFA (mo1ar %)

Acetate

Propionate

Butyrate

Acetate: Propionate

Total VF A
(mmoles/1)

0h

3h

0h

3h

0h

3h

0h

3h

0h

3h

68.7

60.5

L7.9

20 .9

1L. 3

16.2

3.8

2.9

54. 5

B1_. 6

66. 7

61. 6

L9 .4

20 .0

LL..3

L5.7

3.5

3.L

64. B

87.6

67.6

60.0

18.B

20.8

1L.3

16 .8

3.6

2.9

58 .3

87 .7

67. B

62.L

1"8. 5

20.2

L1. 3

L5. L

g.7

3.L

6L.0

BL. 5

1". 3

1..4

1.0

L.0

0.7

L.L

0.2

0.2

6.8

8.2

aFormaldehyde treated diets.

bUntreated diets.

"D""r"""ud by FA treatment (P < .05)

\totutit" fatty acids.
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not affected by FA treatment (table 16) . There was no diference in

the levels of total plasma protein among treatments. Treatment main

effects on plasma glucose were not significant (table L6); however,

protein level X FA treatment interaction was significant (p <.05) .

This was due to higher (p ..OS) plasma glucose levels on diet FL

compared to FH. The actual values were 69.8 and 52.Smg glucose/10OmI

plasma for FL and FH, respectively. Of the non-essential plasma amino

acids, glycine and serine were reduced (p..OS) by FA treatment and

alanine tended to be reduced (p' . t) . P1asma citrulline concentration

was increased (p <.05J by the high protein diets. Dietary CP level

had no effect on the levels of non-essential plasma amino acids. The

essential amino acids tyrosine, valine, isoleucine and leucine were

increased 1p<.05) by the high protein diets, and plasma histidine

tended to increase (p < . tJ . Because of the high demand for tyrosine

and phenylalanine for milk production (Mepham L9B2) , tyrosine will be

considered an essential amino acid in this discussion. Formaldehyde

treatment increased (p' .05) plasma valine, leucine and histidine, and

tended to increase (p . . 1-) plasma isoleucine. In addition, FA

treatment decreased (p <.OS) plasma threonine. Total plasma essential

amino aeids were increased (p. . OS) by high dietary CP and tended to

be increased (p< .1) by FA treatment. The trend towards increased

total plasma essential amino acids caused by FA treatment was almost

entirely due to increased valine, leucine, isoleucine, and histf.dine

Digestion study: Neither FA treatment nor dietary CP level

affected apparent DM digestibility (tab1e 17) . Formaldehyde treatment

had no effect on apparent N digestibility; but, as expected, apparent



Table 16. Response of plasma profile to two levels of dietary crude protein and
formaldehyde (FA) treated canola meal (experiment 2) .

Protein level (% nn4¡ FA treatment SE
Plasma
metabolite 1,4.6 Treated Untreated

Urea (mg/100m1)a

Glucose (mg/100mI)b

Tota1 protein (mg/100m1)

Amino acids (u moles/l)

Non-essentiaL

Aspartic acid
Asparagine
Glutamic acid
Glutamine
Proline
Glvcinel
A1änineo
Citrullinea
Ornithine

C5erlne

L7 .4

L5.7

58. 1

10 .6

L1. 3

63.2

L0.0

14.2

80.7

10 .4

L2.9

60 .5

L0.2

L-t

3.8

0.8

(o
co

27
37

L22
444
108
560
3L3
LL4

66
1_L6

30
qD
rJù

133
42L
L00
576
265

B8
62

11B

27
o.)
rJJ

L27
458
1"12

500
239
L07

66
105

2g
36

L2B
4LL

97
629
337
g7

63
L29

2

5

1B

53
20
63
42
L3
l_0

L0



Table 16 continued. Response of plasma profile to dietary crude protein level and
formaldehyde (FA) treated canola meal (experiment 2) .

Protein level (% DnAl FA treatment SEPlasma
metabolite

Amino acids ( umoles/l)

Es,sential

.a'I'vros]ne
.L

I nreonlne
ac

v aIÍte . aclIsoleuclne
acLeuclne

Methionine
Phenylalanine
Tryptophan
Lvsine

J Fõ

Ll1St1olne
Arginine

Totat EAAadf

aProtein leve1 significant (p < .05).

blnteraction significant {p< .Os) .

cFA-treatment significant (p. .05) .

L7 .4 L4.5 Treated Untreated

55
157
456
L75
23L

25
53
1-0

L23
6L

tL4

L462

47
L51
340
1.39

1.76

23
48
10

110
50

L06

50
L39
448
L69
228

24
5L
10

L1"6

63
10B

52
16B
360
1.47
1B3

24
50
l_0

1_1B

50
LLz

5

L6
40
15
20

co
@

2

5

1,

L6
7

1_6

64L202 140B L276

df'g- treatment significant (p< .X).
eProtein leve1 significant (p < . L) .

fEssential amino acids,



Table L7.

Dry matter
Intake (kg/day)
Fecal excretion (kg/day)
Apparent digestibility (%)

Gross energy
Intake (M cal/day)
Feca1 excretion (M cal/day)
Apparent digestibility (%)

Ether extract
Intake (g /day)
Fecal excretion (g/day)
Apparent digestibility

ADF
Intake (g /day)
Fecal excretion (g/day)
Apparent digestibility

Effect of dietary protein level and formaldehyde (FA) treated canola meal
on the apparent digestibilities of dry matter, gross energy, etfter extract,
acid detergent fibre (ADF) and nitrogen, and the partition of dietary
nitrogen between feces, urine and mÍlk (experiment 2) .

Protejn level (% OfUl FA treatment

\7.4 L4^6 Treated Untreated

SE

19L9
7

62.

L9"3
7.L

62 .9

754
L28
82.5

389
23L
40. 1_

L9.3
7.L

62 .9

5
2

4

5
2

5

ts

L.2
0.4
2.4

5.2
L.7
2.4

71,

1_5

2

23
13

3

7
62.

85.3
3L.2
63. L

872
136
84.0

4L4
259

37 .0

84.3
30 .9
62.9

BOB

L3L
83.2

B 1.8

131
83.3

396
241.

3B

B2
30
62

4
3
7

Õô ô
o.J ..f
30 .6
63.0

407
249
38 .5

t
rJ

2



Table L7 continued. Effect of dietary protein level and formaldehyde treated canola meal
on the apparent digestibilities of dry matter, gross energy, ether
extract, acid detergent fibre (ADF) and nitrogen, and the partition
of dietary nitrogen between feces, urine and milk (experiment 2)

Protein level (% DM) FA treatment SE

1.7.4 L4.6 Treated Untreated

Nitrogen
Intake (g/da
Excretion (g

Feces
Urinea
Milk

y)a
/day)

550 436

LB4
L16
I47

485

19B
L53
t46

504

60.7

45

20L
202
L50

1B6
L64
15L

LL
L5
I

39 .3
32.2
31_.9
-3.4

ts
H

Nitrogep partition (% of intake)
FecesD

aurlne
MilKA
Retained

37.2
37.2
27.6
-2.0

62.8

44.0
26 .6
35. L

-5.6

56 .0

4l_..9
3L.6
ß0 .8
-4.3

58. L

3.3
2.7
2.5
6.4

Apparent DigestibíIity (%)

"Diffur".rce between protein levels (p < .01).
bDiff"r".rce between protein levels (p. .OS).

3.3
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N digestibility was increased (p<.05) by the high protein diets.

Formaldehyde treatment did not affect the partitionÍng of dietary N

between feces, urine, and milk. However, animals assigned to the high

protein diets apparently excreted a lower (p <.0b) proportion of

dietary N in feces and in milk, and a higher (p..OS) proporti.on in

urine. Dietary treatment did not affect (p> .0S) the apparent

digestibilities of BE or ADF.

Post-experimental observationst During the post-experimental

period, i.e. weeks 15 to 42 of lactation, animals which had been

assigned to the FA treated diets tended to produce less milk (p < . j.)

(figure 2 and table L8) . Dietary cp level during the experimental

period had no effect on subsequent milk production. There was no

difference in milk composition among treatments during the

post-experimental period (table L8) . There was no significant (p > .1)

difference in the number of servíces per conception among dietary

treatments although the number of animals requiring more than one

service tended to be increased by FA treatment and, to a lesser

extent, by low dietary cP (table l"B). The comparíson of one versus

more than one service was chosen because (a) the cows were still

consuming the experimental diets at first service, and (b) and overall

mean for number of services cannot reason-abl.y be calculated because an

unusually large number of animals were subsequenfly culled from the

herd because of their inability to conceive after five or more

services. The average number of days open for the cows was also not

calculated because of the large number of animals culled. of the

animals which were culled, five were on diet FL, one was on FH and one

was on uL. The trend towards poorer fertility of animals on diet FL



Table LB.

103

Milk yield and composition during the post-experimental
period (days gg through 305 of lactation) and number of
cows requiring L or > L service per conception
(experiment 2) .

Proteinlevel(%nU) fetreatment SE

1.7.4 t4.6 F U

Milk yietd (kg)" 4591" 4g0S

% milk fat 3.79 g .80

% milk protein 3,17 3.2L

% lactose 4.72 4.65

Number of cows requiring L or > 1 servicebc

185
>L tt 13

41.45

3. B6

3. 18

4.67

4

L5

4741.

3.72

3. L9

4. 69

L66

0 .15

0 .06

0 .06

I

I

uD""r"""ud by FA treatment (p <.1).

bNot significant (p> .1) by chi-squared analysis.

clncludes seven animals culled because of inability to conceive
after five or more services.
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may have been due to FA treatment, low dietary CP, or may have been an

anomaly. Several cows contracted bladder infections as a result of

catheterization. In some cases, the bladder infectÍons were so severe

that several cows were removed from the herd.

Experiment 3

The diets which were fed to the mice in experiment 3 were similar

to those fed to the cows in experiment 2. There was no difference in

food intake between diets MF and MU. The overall meantSB was 5.451

0.Z2glmouse lday. Based on an application rate of 1.2g FA/100g

canola-CP, mice on diet MF consumed up to 0.66mgFA/day. One mouse

assigned to diet MU died during the experiment, so data from 38 mice

on diet MU and 39 mice on diet MF were analysed. There was no

significant differense (p> . L) in littering rate or average litter

size between the two treatments (tab1e L9) .
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Table L9. Effect of formaldehyde treated canola meal on
Iittering rate and litter size in laboratory mice
(experiment 3)

Treatmenta

MF MU

No. of mice that litteredb

No. of mice that did not litter

Tota1 no. of mice

No. of offspring per litterb

29

L0

39

9.38

32

6

3B

I "77 0

SE

.48

asee table 3 for compo:sitionof diets.

Differences between treatments were not significant (p> .1).b



DISCUSSION

Determination of a suitable Method for Reducing the Ruminal

Degradability of Ganola-N

The inaccuracies of using N solubility as a measure of N

degradability were discussed in the literature review. The solvent

extraction technique was used in the present study to provide

preliminary informatÍon for selecting products for the nylon bag

study. It was presumed that physical or chemical treatments which did

not reduce N solubility would not reduce N degradability. on the

other hand, if a treatment reduced N solubility, possibly N

degradability was reduced aIso. The most promising treatments were

selected for further study using the nylon bag technique.

The solubility of CM-N was greater than SBM-N (table 4). This

has been reported elsewhere (Wohlt et aI. LgTg). Cano1a meal and SBM

are both readily degraded in the rumen (Fisher L981) , so although

SBM-N solubility is relatively low, ruminal degradability is high.

Incubation time did not affect the N solubility of cM. However, the

?h inarrho+in- na*i^rl '.'-- ^L^ô^-;*^+^^-l ^¡ +I-^ lL :-^--L^¡i^-- ¡---g¡¡ ¡r¡vuuqL¡u¡r lrs¡¡uu Yvaù ulluDçrll rrrùLtictLl uI LIItj II¡ lllul,luiLttult IOr

subsequent solvent extractions as a precautionary measure. Because

there was no difference in cM-N solubility between material ground

through the 0.5mm or lmm screens (table 5) , the Lmm screen was chosen

for subsequent solvent extractions. Although incubation time and

particle size did not affect N solubility of cM, SBM-N solubjrity

increased with longer incubation times and the smaller particle size

1" 06
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(tables 4 and 5) .

The experiments to determine the effect of various rates of FA

application on cM-N solubitity showed that mild treatment with FA

(0.1g FA/1009 cP) substantially lowered the solubility of cM-N.

Treatment with higher levels of FA reduced N solubility to

approximately zero (table 6) . Sharma et al . (I}ZZ) reported that the

solubility of RSM-N in fresh rumen fluid was reduced to zero following

treatment with 5.4g FA/1009 CP. In the present experiment, treatment

with 0.5g FAlL00g CP reduced CM-N solubility to the same extent as

higher rates of FA application. However, the 1evel of L.zg FA/100g cp

was chosen for subsequent solvent extractions with GM to ensure a hÍgh

degree of protection.

Autoclaving cM at rzLC for bmin reduced N solubility by

approximately B0% but autoclaving for longer periods did not further
reduce N solubility (table 7) . For the subsequent solvent extraction

with heat treated cM, the material was autoclaved for 5mjn. Although

the cM was kept at L2LC for the times listed in table 7, there was an

additional length of time while the autoclave chamber reached 12LC and

then cooled down again. sharma et al. (rg7z) reported that N

solubility of RSM in 0.02N NaoH solution was reduced by 82% when RSM

was heated in an oven at LB0C far 20 minutes.

Based on results from studies discussed above, heat (5min at LZIC)

and FA (L.zg FA/100g CP) were used to treat the other canola products.

Because of the known variation between solvents (Crooker et aI. j.g78),

N solubility of treated and untreated canola products was measured in

two solvents. The difference in N solubilities observed between L0%

BMM and 0.15N Nacl solution (table B) has been reported elsewhere
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(Crooker at aI. 1978; Krishnamoorthy et a]. Lg8z). The reduction in N

solubility following treatment with heat or FA was similar to the

responses observed in the previous solvent extractions (tables 6 and

7). Nitrogen solubility of CM was expected to be lower than the other

canola products because heat is applied during processing at the

factory. The lower N solubility of CS compared to CM may have been

due to the much larger particle size of the CS material. For reasons

discussed earlier, CS could not be ground through the Lmm screen.

Bxcept for the likely higher energy contents, neither CS nor PCS

had any discernible advantage over GM as a protein supplement for

lactating cattie. Given the much larger particle size of CS compared

to CM, the 5.9 percentage point difference in N solubilities was not

considered biologically important. Therefore, CM was selected as the

canola product for further study. Canola meal has a higher CP content

than the other two products (table L) and is widely used as a

commercial protein supplement. In addition, potential problems

(Palmquist and Jenkins Lg80) which may have arisen from the high fat

content of CS and PCS (table L) were avoided by using CM.

Formaldehyde treatment was selected to reduce the degradability of

CM-N because FA can be conveniently applied on a large scale under

carefully controlled conditions which are easÍly repeatable. In

addition, a positive response in milk production to FA treatment of a

RSM/SBM mixture had been reported (Verite et a1 . 1977). A potential

drawback to using FA was the apparent decrease in CM tyrosine and

lysine following treatment (tab1e 9) .

The first nylon bag study was conducted to find the incubation

time at which CM-DM and CM-N disappearance plateaued. The plateau
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appeared to occur between LBh and 24h (table L0) which is within the

range of. LZh to 36h suggested by Orskov et al. (1980) for measuring DM

and N disappearance of concentrates. Therefore, subsequent incubation

periods lasted 24h.

The second nylon bag study (table 1L) was conducted to determine

the effectÍveness of various levels of FA application at reducing N

disappearance of CM and to assess the effect on the non-N portion of

CM. Although treatment of CM with 0.1g FA/100g CP reduced N

solubility in NaCI solution (table 6), treatment of CM with 0.159

FA/1009 CP did not reduce the disappearance of CM-N from nylon bags

(table 11) which suggests that the protection achieved by treating CM

with 0.L to 0.15g FA/100g CP is insufficient to prevent protein

degradation by microbial proteases. Surprisingly, NNDM disappearance

was reduced by the low rate of FA application for reasons which are

not clear. Treating CM with 0.7, L.2, or 3"0g FA/100g CP reduced N

dÍsappearance by 5L%, 71%, and B5%, respectively, compared to the

control (0 g FA/100g CP) (table 1L). The corresponding values for the

reduction in NNDM disappearance were 1,7%, L6%, and 49%. Therefore, FA

treatment not only reduced the ruminal degradability of protein, the

degradability of non-nitrogenous material was also reduced, though to

a lesser extent" Treatment of CM with 0"79 FA/100g CP substantially

decreased N disappearance from nylon bags in the present study.

However, in a previous study (sharma and Ingalls 1"974), treating RSM

with this level of FA had no effect on the flow of amino acids through

the abomasum of steers. As a precautionary measure, the application

rate of L.Zg FAlL00g CP was selected for the lactation trial

(experíment 2) to ensure an adequate level of protection, knowing that
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this higher level increased the risk of lowering protein digestibility

in the small intestine (Chalupa 1975) .

In summary, after a series of solvent extraction and nylon bag

studies, treatment with l-.29 FAlL00g CP was chosen as the method for

reducing the ruminal degradability of CM-N.

Ruminal Degradability of the Diets Used in Experiment 2

The criteria for formulating diets FH, FL, UH and UL was

discussed in the materials and methods section. Treatment with FA

substantially reduced N solubility of the diets (table L2). However,

measurements of N solubility do not give a true measure of N

degradability. Treatment of CM with FA reduced the N disappearance of

the diets from the nylon bags (table 13) . This observation is a more

reliable indicator that FA treatment reduced t-he N degradability of

the diets. However, the N disappearance values in table 13 may not be

equal to the actual N degradabilities of the diets for reasons

discussed in the literature review. In the present study, the values

have been used to provide an estimate of the relative amounts of RBP

of one diet compared to another. Based on the CP intakes of the cows

and N disappearance of the diets from nylon bags, the relative amounts

of REP consumed daity by animals on diets FH, FL, UH and UL were

20009, 13209, 13909, and 1L009, respectively. Similarly, RDP

consumption was estimated to be 14809, 13309, 18909 and 16109 for

diets FH, FL, UH and UL, respectively. Although these values cannot

be taken as a measure of the actual amounts of REP and RDP consumed by

the cows, they can be used to compare the relative quantities of the
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two N fractions which were consumed. Diets FL and UH apparently

provided approximately equal amounts of REP, as planned. Diet FH

provided considerably more REP whereas UL provided less than the other

two diets. The decrease in NNDM disappearance of concentrate FH

(table L3) is unfortunate because there is a possibility that in vivo

carbohydrate digestibility was lowered.

Bffect of FA Treated CM on the Performance of Lactating Cows

Potential goitrog enic effect of CM on lactating cows

The goitrogenic effect of RSM has received considerable attention

(Papas et aI. 1979; Laarveld et al. Lg8l). In experiment 2, there was

no indication that the high concentration of low glucosinolate CM in

the diets had any detrimental effects on milk production. Several

other authors have reported that feeding CM to dairy cows does not

adversely affect milk production (Sharma et al. 1977; Papas et al.

L979; Laarveld et al. L981; Sanchez et al. Lg82) . If first lactation

heifers are removed from the analysis, multiparous cows on the high

protein diets produced an average of 34"Bkg milk/day while consuming

5kg CM lday . Low milk iodide levels associated with feeding RSM or CM

may indicate impaired iodine utilization by the cow (Papas et al.

L979). In the present study, milk iodide levels (table L4) were in

the range reported by Lacroix and Wong ( 1980) for raw milk produced in

various locations in the Washington, D.C., area, In addition, dietary

treatment had no effect on milk iodide concentration (table L4) even

though the high protein diets contained approximately twice as much CM

as the low protein diets. The data suggest that the inclusion of high
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concentrations of CM in the diets did not impair animal performance.

Bffect of FA treated CM on various production and metabolic parameters

Although milk composition was not affected by dietary treatment

(table 1"4), milk fat concentration was higher than expected. The high

milk fat content can be partially explained by the adequate levels of

forage in the diets and the favourable ADF content (table 2) ,

reflected in the relatively high molar ratios of acetate:propionate in

rumen liquor (O1dham and Sutton L979) " The inclusion of tallow in the

diets may also have contributed to the high level of milk fat

(Palmquist and Jenkins 19B0) .

In theory, treatment of CM with FA should have caused an increase

in milk production, but in practice no increase was observed (table

L4). Many authors, as cited in the literature review, have reported

that feeding FA treated protein supplements to dairy cows did not

increase milk production. Reasons for the lack of response are not

clear. In the present experiment, the lack of response cannot be

explained by a short experimental period (Tamminga 1979) because the

animals had L2 weeks in which to show a response. Natural resistance

of the untreated protein to ruminal degradation (Wachira et al. Lg74)

is also unlikely to be a factor because CM, like SBM , is readily

degradable in the rumen (Fisher L981) .

Another possible reason for the lack of response to FA treatment

is underprotection of the protein supplement (Wachira et al . Ig74) .

Animals are not likely to respond to FA treated diets if the level of

FA application is too low to protect the protein against ruminal

degradation. Spears et al. (19801 reported a substantial decrease in
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the ruminal degradability of SBM-protein when SBM was treated with

0.3g FA/100g CP. In most of the studies discussed in the literature

review in which FA treated protein supplements were fed to lactating

cattle, the concentration of FA was in the range of 0.3 to 1.Bg

FA/100g CP so underprotection was probably not a factor. In the

present study, CM was treated with L.Zg FAlL009 CP. This level of

application substantially reduced the disappearance of dietary N from

nylon bags (tab1e L3). In addition, rumen liquor NH'-N concentration

3h after feeding was reduced by FA treatment (table L5), suggesting

that protein digestion in the rumen was reduced. Therefore, it is

unlikely that the CM was underprotected.

Tamminga (1979) pointed out that treatment of dietary ingredients

to reduce protein degradability in the rumen should not result in a

decrease in microbial activity. Possibly, animals assigned to the FA

treated diets did not consume enough RDP to maintain an adequate leve1

of rumen NHs -N for microbial growth. Ammonia levels in the rumen

should be at a minimum just before feeding (Mahadevan et al. L9B2), so

the NHu -N concentration of rumen liquor sampled immediately prior to

feeding (table L5) will be considered the basal level. Formaldehyde

treatment did not affect the basal level of rumen liquor NHs -N. In

addition, the rumen NHs-N levels were above 5mg/100m1 which is the

level considered adequate by Satter and Roffler (1975) and similar to

the level considered adequate by many other authors for microbial

growth, as described in the literature review. Formaldehyde treatment

lowered the NH.-N concentration of rumen liquor samples taken 3h after

feeding. This is hardly surprising since the purpose of FA treatment

was to reduce the degradation of protein and prevent excess
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accumulation of NHå-N in the rumen. The rridealtr concentration of

rumen liquor NH'-N to support microbial growth has not been clearly

established, as was discussed in the literature review, so it is not

possible to state whether the rumen liquor NHJ-N levels of animals

assigned to the FA treated diets were adequate or not. Indirect

evidence suggests that rumen NH.-N did not limit microbial activity.

The typical response to a decrease in microbial activÍty is a

reduction in the digestibilities of DM and ADF, and a decreased feed

intake (Clark and Davis 1980; Huber and Kung 198L), none of which

occurred in the present study (tables L4 and L7) . Ruminal VFA

concentration has also been used as an indirect measure of the

response of microbial activity to various levels of rumen liquor NH3-N

(Slyter et al. L979). Folman et al. (1-981) reported a decrease i¡r

ruminal VFA concentration when lactating dairy cows were fed FA

treated SBM and suggested this effect might be due to the reduction in

ruminal NHj-N. In the present experiment, the total concentration of

VFA in rumen liquor sampled immediately before feeding or 3h after

feeding was not affected by FA treatment (table L5) . This observation

suggests that the concentration of NH3-N in the rumen did not limit

microbial activity. The indirect evidence discussed above indicates

that animals assigned to the FA treated diets consumed enough RDP to

maintain adequate levels of ruminal NH'-N to support microbial growth.

In addition to providing NH3-N to the microbial population,

dietary RDP also provides peptides and amino acids, both of which

stimulate microbial growth (Pittman and Bryant L964; Maeng et al.

1976) . In addition, BCAA are precursors of BVFA and BVFA are also

stimulatory for microbial growth (Umunna et al. L975). Therefore, one
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could speculate that FA treatment caused a deficiency of peptides,

amino acids, and/or BVFA for optimal microbial activity. However, for
reasons discussed in the previous paragraph, there was no apparent

effect of FA treatment on microbial activity so the data suggest that
a deficiency of RDp was not a factor in the present study.

A deficiency of RDp is not the only factor which could

potentially lower microbial activity. Treatment of CM with FA 1owered

DM and NNDM disappearance from nyton bags (table L3) so it is possible

that energy availability in the rumen was lowered. The presence of

unbound FA in the rumen could also adversely affect the rumen

microbial population, although Dinius et al. (rgll) reported that
casein treated with 5g FA/100g casein did not affect rumen

microorganisms during an in vitro incubation.

Although FA treatment could potentially affect microbiat activity
in a variety of ways, there was no evidence that the lack of response

to FA treated diets in the present experiment was due to irnpaired

microbial activity. The indirect evidence available suggests that
microbial activity was not affected by FA treatment.

A commonly cited reason for the lack of production ïesponses to

FA treatment is overprotection of the protein supplement leading to a
decrease in protein digestibility in the small intestine (chalupa

1975; Tamminga L979). From studies with lactating cows, clark et al.
(L974), Wachira et al. (1974) and Crooker et a1. (1982) suggested that
overprotection was a primary reason why the animals did not produce

more milk in response to FA treated sBM. In ttre present experiment,

FA treatment did not significantly affect tJ:e apparent

dig estibilities of DM or N (table 17), although there was a small,
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non-significant decrease in apparent N digestibitity. Apparently, the

in vivo digestibilities of DM and N were not affected by FA treatment

(table L7), even though DM and N disappeaïance from nylon bags was

reduced by FA treatment (table 1s). Reductions in apparent N

digestibility have been reported when RSM was treated with 5 to 69

FA/100g cP (sharma et al . rg72; Kowalczyk et aI. 1gB2) but not with

0.79 FA/100g CP (sharma and Ingalls 1974) or 19 FA/100g Cp (Sharma and

Nicholson 1"975) . There are several reports, as discussed in the

literature review, suggesting that FA treatment of sBM reduces the

overall digestibility of the protein. Crooker et al. (1982) reported

a decrease in apparent N digestibility when lactating cows were fed

sBM treated with only 0.3g FA/100g cp. Although there was no

significant difference in apparent N digestibilities between the

untreated and FA treated diets in the present experiment, the

possibility that FA treatment reduced the digestibility of protein in

the small intestine cannot be ruled out entireþ. The coefficient of

variation for apparent N digestibility was fairly high (j.8.6%) so it
is possible that the variation between animals was too high to allow a

difference in apparent N digestibilities to be detected.

Nevertheless, the results indicate that FA treatment of cM did not

affect apparent N digestibility. The results in tabte L7 and those of

Sharma and Ingalls (1974) and Sharma and Nicholson (1975) suggest that

treatment of RSM/CM with 0.7 to L.Zg FAlL00g cp has little effect on

overall N digestibility. This is in contrast to SBM whose N

digestibility appeared to be reduced by treatment with 0.sg FA/1009 cp

(Crooker et al. 1.982) and 0.69 FA/100g CP (spears et al. 19S0).

Possibly, RSM or CM protein is l.ess sensitive to FA treatment than SBM

protein.
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The apparent increase in total plasma essential amino acids in

response to FA treatment (table L6) strongly suggests that protecting

the protein increased the amount of amino acids being absorbed from

the gut. This observation is a further indication that decreased

protein digestibility was not a major factor in the lack of response

to FA treated CM. The response of plasma amino acids to FA treatment

was similar to the response obtained by increasing the level of

dietary cP, with the notable exceptions of tyrosine and threonine, and

was similar to the response reported when casein is abomasally infused

into lactating cattle (Clark IS75; Clark et aI. Ig77) and lactating

goats ( Banawana and Kellaway fgTT) .

Data from experiment 2 suggest that the lack of response to FA

treated cM was not caused by underprotection, overprotection, or by

the adverse effect of FA treatment on ïumen microbial activity. Amino

acid uptake from the gut appears to have been increased by raising the

level of dietary cp and by treating cM with FA. However, milk yield

was increased by raising the level of dietary cp but not by FA

treatment (table 14) . Discussion will now focus on possible reasons

why milk yield was increased by raising the level of dietary cp.
At least part of the increased milk production in response to

dietarir cP can be accounted for by an increase in DM intake and,

therefore, an increased energy intake (figure 2 and table L4).

Animals assigned to the high protein diets consumed an additional

3.20 Mcal DEiday while producing an extra 3.3kg 4% FcM" According to

NRC (National Research Council 1g7B) recommendations, these animals

would require 4.75 t/lcalDEiday to produce this amount of milk.

Therefore, almost 70eo of the increased milk yield could be accounted
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for by the increased energy intake. In the experiments discussed in

the literature review, when milk yield was increased by raising

dietary cP from about L3% to a greater leve1, generally there was an

increase in DM intake. There are reports that OM digestibility in the

rumina of cattle is increased by raising dietary cp level (wohlt et

al. L97B; O1dham et aI. 1979) which implies that rumen microbial

activity is increased. Therefore, the response to jncreased dietary

cP level observed by many authors could result from an increased

supply of RDP.

However, this is not the only explanation for increased feed

intake in response to increased dietary CP level. Journet and Remond

( 198L) reported that the intake of corn silage was increased when cows

were fed FA treated SBM and the response could not be explained by an

increased supply of RDP. The authors suggested that an increased feed

intake during early lactation may not necessarily be due to increased

microbial activity in the rumen. Instead, the higher consumption may

be partly due to an increased absorption of amino acids from the small

intestine resulting in greater milk production and a greater rntake

capacity of the cow, where 'rintake capacity'r is defined by Journet and

Remond (1981) asrrthe quantity of food that an animal fed ad libitum

can Íngest.r' Presumably, the increased milk production would result

from an elevated supply of amino acids to the mammary gland or,

possibly, in response to the effects of one or more amino acid

elsewhere in the body (Clark i.975).

Thus, there are two possible mechanisms by which an increased

supply of dietary protein could increase feed intake, namely (a) an

increased microbi,al activity in the rumen, or (b) an increase in the
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intake capacity of the cow resulting from an increased uptake of amino

acids into the blood (Verite and Tournetl"g8L). In Ûre present study,

the increased DM intake in response to the high protein diets (table

L4) does not appear to have resulted from an increase in rumen

microbial activity. Dietary CP level had no signjficant (p> .t)
effect on total VFA concentration in rumen liquor (table lb) although

total vFA concentration tended to be increased by the high protein

diets. In addition, dietary cP level did not affect apparent ADF

digestibility (table L7) so fibre digestion in the rumen does not

appear to have been affected. Estimates of RDp intake provide a

further indication that DM intake was not increased by an increase in

rumen microbial activity. Animals assigned to diet UL consumed an

estimated 16109 RDP/day compared to 14809 RDP/day for animats on diet

FH. Yet, cows on uL tended to eat less and produced ress milk (table

14) .

The explanation of Journet and Remond ( 198L) seems to be moïe

applicable to the present study. Figure 2 illustrates that milk

yields of animals assigned to the high and low protein diets started

to diverge approximately 5 weeks post-partum, i.e., week B of the

experimental period. However, DM intakes did not diverge until B

weeks post-partum, i.e. week 6 of the experimental period. using the

logic expounded by Journet and Remond (1g8L), a possible

interpretation of these observations is as follows. Animals on the

high protein diets absorbed a greater quantity of amino acids. The

increased absorption of one or more of these amino acids stimulated an

increase in milk production which became apparent after week S of the

experiment (figure 2). Thus, animals on the high protein diets would
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be excreting nutrients at a greater rate than animals on the low

protein diets. This may have increased the intake capacity of the

cows so that by week 6 of the experiment, animals on the high protein

diets had higher DM i::takes (figure 2) .

In summary, the response of DM intake to the high protein diets

could conceivably be due to an increase in rumen microbial activity.

However, the experimental results suggest that the response was caused

by the effect of an increased uptake of amino acids from the gut.

Results from the digestion study (table L7) indicate that the

additional CP of the high protein diets was not utilized efficiently.

The increased apparent N digestibility caused by increasing dietary Cp

level was expected because the proportion of endogenous N in feces

decreases as dietary N increases (National Research Council LgZS) . On

the high protein diets, a greater proportion of dietary N was

apparently excreted in the urine. This observation is consistent with

the elevated concentration of plasma urea (tab1e L6) . The elevated

plasma urea levels seem to contradict the observation that dÍetary Cp

level had no significant effect on ruminal NHu -N levels (table 15) .

However, bear in mind that one of the two high protein diets was FA

treated and did not contain a high level of RDp. The relationship

between ruminal NHs-N concentration 3h after feeding and the estimated

RDP intakes of the indivual diets is illustrated in figure B.

Treatment with FA reduced ruminal NHr-N levels, but there was no

significant difference between treatments FH and Ft or between UH and

UL. However, ruminal NHs-N concentration was highly correlated with

estimated RDP intake (r = 0.95).

Part of the increased plasma urea caused by the high protein
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Figure 3. Bffect of dietary crude protein level and formaldehyde
treated canola meal on the estimated intake of rumen
degradable protein (RDP) and ammonia-nitrogen (NHr-N)
concentration of rumen liquor sampled Bh after feeding
(experiment 2)
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diets (table 16) may have been due to catabolism of excess amino

acids. So, although raisÍng the leve1 of dietary CP increased the

quantity of amino acids being absorbed into the blood and resulted in

higher milk production, the absorbed amino acids appear to have been

utilized less efficiently. Increased catabolism of amino acids may

also explain why FA treatment lowered rumen liquor NHs -N levels but

did not affect plasma urea concentration or the proportion of dietary

N apparently excreted in urine. On the FA treated diets, a relatively

greater proportion of plasma urea-N may have been derived from

catabolism of excess amino acids whereas the contribution of NH,

absorbed from the rumen may have been quantitatively more importantron

the low protein diets.

The decrease in plasma levels of glycine, alanine, and serine

caused by FA treatment (tab1e L6) may have been due to lower levels of

rumen liquor NH3-N. In the presence of suitable carbon sources,

rumen epithelium can convert NH, to glycine and alanine in great

enough quantities to contribute to their respective plasma pools

(Boila. and Milligan L980) . Serine is also released but at lower

rates. The drop in plasma threonine caused by FA treatment may have

been due to a decreased uptake of threonine from the gut or, possibly,

activation of serine-threonine dehydratase (BC 4.2.L.16) in liver

(Clark 1"975) . The latter explanation may also account, in part, for

the drop in plasma serine levels. Citrulline is an intermediate in the

urea cycle. The increased plasma citrulline concentration caused by

the high protein diets may have been due to increased activity of the

urea cycle. Jolrrnet and Remond (198L) reported increased plasma

levels of urea cycle amino acids (citrulline + ornithine +
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arginine) when lactating cows were fed high protein diets.

The response of plasma levels of essential amino acids to the FA

treated diets was similar to that of increasing dietary CP level

(table 16). Leve1s of plasma valine, leucine, isoleucine, and

histídine were increased by FA treatment and high dietary CP levels.

However, plasma tyrosine was increased only by the high protein diets

and plasma threonine was decreased by FA treatment. Levels of the

other amino acids were not affected. The similarity in responses

suggests that FA treatment did, in fact, increase the uptake of amino

acids from the gut.

The significant difference in plasma glucose levels between

treatment combinations FH and FL may be an indication that animals on

diet FL required less glucose to support the lower level of milk

production (Rook L976). However, there was no corresponding

difference in plasma glucose between UH and UL, even though milk

yields on these diets were similar to those on FH and FL, respectively.

The preceding discussion can be summarized as follows.

Increasing the level of dietary GP or treating the CM with FA appears

to have increased the absorption of several amino acids from the gut.

Although milk yield was increased by raising the level of dietary CP,

FA treatment had no effect on mjlk production. The lack of response

to FA treatment does not appear to have been due to underprotection,

overprotection, or a deficiency of RDP. The results suggest that the

response of cows to the increased level of dietary CP was mediated by

an increased uptake of amino acids from the gut rather than an

increase in rumen microbial activity.

The next step is to determine why milk production was not
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increased by treating CM with FA. There are two possibilities.

Either (a) milk production was not limited by amino acid supply, or

(b) FA treatment did not increase absorption of those amino acids

which were limiting milk production. The latter explanation does not

preclude the suggestion that the response of lactating cows to an

increased uptake of amíno acids may be partially due to hormonal

regulation by specific amino acids (C1ark L975; Ranawana and Kellaway

1977; Oldham et al. 1978).

The suggestion that milk production was not limited by amino acid

supply may be correct. A possibility which has not yet been discussed

is that the response of cattle to the high protein diets was not due

to a higher protein intake. Although the diets were formulated to be

isocaloric on the basis of NE content (National Research Council

197S) and the digestion study found no significant difference between

the measured DE content of the diets, the actual metabolizable energy

(ME) or NEI contents may have been different. This explanation does

not seem likely but still remains a possibility. Further evidence

that milk production may not be limited by amino acid supply has come

from studies using exogenously administered growth hormone (Gn¡.

Injection of GH in lactating catt-le causes substantjal increases in

milk production (Machlin L973; Bines et al. Lg80; Peel et al. L981).

Because GH administration appears to increase milk production by

partitioning available nutrients towards increased milk synthesis,

Fronk et al. (1981) suggested that nutrient availability may not be

the limiting factor for milk production under most feeding conditions.

Therefore, the amino acid requirements of the cows in experiment 2 may

have been met by the untreated diets. The apparent increased uptake
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of amino acids caused by FA treatment may have been redundant.

The suggestion that FA treatment did not jncrease the uptake of

those amino acids whÍch were limiting milk synthesis may also be

correct. An increased milk production in response to an increased

absorption of one or more amino acids could result from an elevated

supply of glucogenic amino acids for glucose synthesis, an elevated

supply of the amino acid(s) to the mammary gland or from the effects

of the amino acid(s) elsewhere in the body (Glark L975). The

observations made in experiment 2 do not provide information about the

contribution of glucogenic amino acids to glucose synthesis. However,

results from studies where casein and glucose were infused into

lactating cows post-ruminally (Clark et al . 1977; Orskov et aI . L977)

suggest that the Íncreased milk yield due to casein infusion is not

mediated by an increased uptake of glucogenic amino acids.

If the supply of essential amino acids to the mammary gland

timited milk synthesis in the present experiment, then, using the

approach of Clark (1975), potential candidates as rate limiting amino

acids are methionine, phenylalanine, lysine, tryptophan and arginine.

There was no change in the plasma levels of these amino acids in

response to increased proteín level (table L6J in spite of the

apparent increase in the plasma level of total essential amino acids,

which suggests they were utilized for the additional milk synthesis.

Threonine is not included in the list because plasma threonine

decreased in response to FA treatment with no effect on mjlk

production. Therefore, FA treatment may not have increased milk

production because of failure to increase absorption of one or more of

methionine, phenylalanine, lysine, tryptophan or arginine. As
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discussed in the literature review, all of these amino acids, with the

possible exception of arginine, have been cited at one time or another

as being limiting for milk synthesis. Methionine, phenylalanine and

Iysine were considered limiting by numerous authors as cited by Clark

(1975) and Mepham (L982).

Interestingly, the lysine content of CM was reduced by 29%

following treatment with FA (table 9) . Losses of lysine have been

reported elsewhere when protein sources were treated with FA (Reis and

Tunks L973; Faichney L974; Faichney and White L979). Lysine reacts

readily with FA to form e -N-methyl lysine (NML) (Reis and Tunks L973).

e -N-Methyl lysine has been found in the plasma of sheep fed FA treated

casein (Carrico et aI. 1970; Reis and Tunks L973). In the present

experiment, the decreased lysine content of CM may have resulted from

the formation of NML , although canola meal - NML was not measured.

Wachira et al. (1974) conducted a growth experiment with rats fed FA

treated casein to determine if lysine availability limited anjmal

performance. The results of these authors suggested that lysine

availability did not limit the growth rate of rats fed FA treated

casein. However, the loss of canola meal-lysine Ín the present

experiment may have prevented a response to the FA treated CM.

An alternative approach is to consider the effect of amino acids

on hormonal regulation, particularly the stimulation of GH release.

Oldham et al. (1978) reported a 50% increase in plasma GH when

lactating goats were infused abomasally with casein. Barry ( 1980)

observed a 74% increase in plasma GH when lactating ewes were

abomasally infused with casein. Bines and Hart ( 1"982) found an

increase in plasma GH in first lactation cows fed casein or SBM
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treated with FA. The amino acid(s) responsible for the increased GH

release have not been identified. An obvious candidate is arginine

since intravenous injection of arginine is known to stimulate GH

release in sheep (Hertelendy et al. 1970). However, Oldham et al.

(1978) did not observe an effect on plasma GH when lactating goats

were infused abomasally with arginine even though plasma GH levels of

the same goats were Íncreased by casein infusion. In experiment 2,

failure to increase absorption of the amino acid(s) responsible for

increasing plasma GH may account for the lack of response to FA

treatment. For an amino acid to influence hormone release, one would

expect a change in its plasma level. In the present study, plasma

tyrosine was the only essential amino acid to increase in response to

increased dietary CP level but not to FA treatment. Possibly, the

lack of response to FA treatment may have been due to failure to

increase the absorption of tyrosine.

The possibility that tyrosine is involved in the lack of response

of lactating cows to FA treated protein supplements has previously

been suggested by Australian workers. Sidhu and Ashes (L977) reported

a total loss of SBM-tyrosine following treatment with 3g FA/1"00g CP

but only minor losses of tyrosine with NaOH treatment. When the NaOH

treated and FA treated SBM were fed to lactating cattle, animals

assÍgned to the NaOH treated diets produced more milk. The authors

suggested that the lack of response to FA treated protein supplements

may be due to destruction of tyrosine and partial unavailability of

other amino acids. Mir et al. (1982b) also reported that cattle fed

NaOH treated SBM had higher milk yields than animals fed untreated

SBM. Loss of casein tyrosine due to FA treatment has been reported
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(Reis and Tunks 1973; Faichney L974; Sharma and Ingalls L974) but no

effect was observed on the tyrosine content of RSM (Sharma and Ingalls

L974), peanut meal (Faichney Lg74) or a concentrate mix treated with

FA (Faichney and White L979).

Tyrosine Ís the precursor of the catecholamines and plasma

tyrosine concentration appears to have an important role in regulating

brain catecholamine synthesis in rats (Wurtman 1982) . Catecholamines

are known to stimulate GH release from the pituitary; therefore, GH

release may be stjmulated by increased leve1s of plasma tyrosine.

Another possible role of tyrosine is in appetite control and this

also appears to be related to the function of tyrosine as precursor of

the catecholamines (Anderson L979) . In monogastric animals,

increasing the ratio of tyrosine: phenylalanine in plasma appears to

stimulate feed intake, possibly by a catecholamine mediated mechanism

(Anderson 1979) . However, there is no evidence that this mechanism

occurs in ruminants (Baile and Della-Fera 1981) .

The possible involvement of tyrosine in the response of lactating

animals to an increased supply of protein to the small intestine was

investigated in P art II of the study.

Post-experimental ob servations

The tendency for animals which had been fed the FA treated diets

to produce less milk during the post-experimental period (table L8) is

in contrast to the report by Folman et al. (198L) that lactating cows

tended to produce more milk throughout lactation when fed FA treated

SBM. Similarly, animals assigned to the FA treated diets tended to be

less fertile, on the basis of number of services for conception (table
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1-B), whereas fertility in Folman's experiment tended to improve.

Because of differences in the rate of FA application and the amount of

protected protein fed, animals used by Folmanfs group were consuming

up to 2.5g bound FA/day compared with an average of up to L89/day in

the present study. This may account for the contrasting responses.

The effect of FA treatment on reproductive performance during the

present experiment was not significant (p t .1) and may have been an

anomaly. Bxperiment 3 was conducted to investigate further the

possible detrimental effect of FA treated CM on fertility.

Effect of FA Treated CM on the Reproductive Performance of Mice

There were 32 litters produced by mice on the untreated diets

compared to 29 litters on the FA treated diets (table L9) . Three of

the mice which did not litter when fed the FA treated diets were

confined in the same cage. Possibly, the male in this cage was

infertile, and not the three females. If the three females had

littered, there would have been 32 litters produced by mice on the FA

treated diets. The average litter size tended to be lower on the FA

treated diets (table 19) but the difference was not significant (p >

. L) . The results suggest that FA treatment did not impair the

reproductive performance of mice.

Based on an application rate of. 1".2g FA/1"009 canola-CP, the mice

were consuming up to 0.2mg bound FA/g body weight/day compared to an

average of 0"03m9/day for the cows in experiment 2. This line of

evidence suggests that the apparent effect of FA treatment on

fertility in dairy cattle was an anomaly 
"
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SUMMARY OF PART I

Results from experiments L, 2, and 3 suggest that treatment of CM

with 1.2g FAlL009 CP substantially reduces N degradability in the

rumen and increases the amount of protein reaching the small

intestine. However, feeding the treated CM to cows in early lactation

did not increase milk production. The lack of response to FA

treatment does not appear to have been caused by underprotection,

overprotection, or by a deficiency of RDP . The most likely

explanations for the lack of response are (a) amino acid supply did

not limit milk production in this study, (b) FA treatment did not

increase the absorption of amino acids whose supply to the mammary

gland may have limited milk synthesis, particularly lysine,

phenytalanine, methionine, tryptophan, and arginine, or (c) FA

treatment did not increase the absorption of amino acids, especially

tyrosine, which may stimutate milk production indirectly via hormonal

regulation. The effect of supplemental tyrosine on milk production

was Ínvestigated in Part II of the study.
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PART II

The Effect of Orally Administered Tyrosine on

Plasma and Duodenal Fluid Tyrosine Levels

of Sheep, Dry Matter Intake and Milk

Production in Holstein Cows, and Feed Intake

in Rats and Chicks



INTRODUCTION

The objectives of Part II of the study were firstly, to find a

suitable metl:od of increasing tyrosjne absorption into the blood and

secondly, to determine the effect of increased tyrosine absorption on

milk production in dairy cows. It was originally intended that a

solution containing tyrosine be infused into the jugular vein of

lactating cows. However, during preliminary studies to determine a

suitable medium for tyrosine infusion, tyrosine was found to be only

sparingly soluble in distilled water or NaCl solution. The solubil.ity

of tyrosine in water is 0.A5gll at 25C and 1.059/1 at 50C (Windholz

1g76). By interpolation, tyrosine solubility in water was estimated

to be 0.72gll at 39C . A similar calculation for phenylalanine gave a

value of 37.09/1 at 39C, i.e., there is a 50 fold difference between

the solubilities of tyrosine and phenylalanine in water. However,

tyrosine was found to be readily soluble at pH2. This raised the

possibility that relatively insoluble tyrosine administered orally

could partially escape ruminal degradation and reach the abomasum.

The low pH in the abomasum would solubilize any free tyrosine and,

presumably, tyrosine would be absorbed into the blood from the small

intestine.

Experiment 4 was conducted to determine if , in fact, orally

administered tyrosine could partially escape ruminal metabolism, reach

the small intestine and be absorbed into tfie blood. In experiments 5

and 6, tyrosine was fed to dairy cows to determine the effect on milk

production. Anderson (1979) reported that the level of dietary

L32
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tyrosÍne can affect feed intake jn rats. Experiments 74, 78 and 7C

were conducted to determine the effect of supplemental tyrosine on

feed intake in rats and chicks.

MATERIALS AND METHODS

Bxperiment 4. The Effect of Orally Administered Tyrosine on Plasma

and Duodenal Fluid Tyrosine Leve1s in Sheep.

Disappearance of free tv rosine from nvlon bags

A prelirninary experiment was conducted to determine the

disappearance of tyrosine from nylon bags. Samples of 0.5g tyrosine

were placed in nylon bags and suspended in the rumen of a fistulated

steer for 24Te or 4Bh. Tyrosine disappearance was measured by the

procedure described in experiment 1 for measuring DM disappearance.

Effect of supplemental dietary tv rosine on plasma and duodenal fluid

tyrosine levels in cannulated sheep

The experiment was conducted using one sheep and repeated using

another. Both sheep were fitted with duodenal cannulae and were kept

in metabolism crates. Sheep #L was fed 1kg alfalfa pellets per day

f,or 7 days (treatment C). The sheep was fed at 9.00 a.m. and 4.30

p.m. every day. For the next 7 days, 69 tyrosine/day was added to the

alfalfa pellets as a top dressing (treatment T) . This amount of

tyrosine is approximately equal to the amount of tyrosine contained in

1-" 5kg alfalfa pellets (Hubbell 1979). Duodenal fluid and blood

samples were taken at approximately 2"00 p.m" daily during the final 5
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days of the two periods. Duodenal fluid was collected by opening the

cannula and allowing duodenal fluid to flow into a wide mouthed

plastic vial. Jugular blood was sampled by venipuncture. When the

experiment was repeated with sheep #2, the experimental procedure was

identical except (a) the alfalfa pellets were fed continuously by

means of a slowly moving conveyor belt which provided lkg alfalfa

pellets/2Ah, and (b) blood was taken via an indwelling jugular

catheter.

slne assa S

Plasma tyrosine was measured using a dìagnostic kit (dÍagnostic

kit No. 70-F, Sigma Ghemical Company, St. Louis, Missouri) by the

procedure described in Sigma Technical Bulletin No. 70-F. The

tyrosine content of duodenal fluid was determined in a similar manner

to plasma tyrosine but with several modifications. Ten ml duodenal

fluid was transferred to a test tube. Six drops of. a 37% HCI solution

were added by Pasteur pipette to reduce the duodenal fluid pH to

approximately L.0. This step was to ensure complete solubilization of

free tyrosine. The duodenal fluid was then centrifuged at 3500 rpm

for Lh. The tyrosine content of the supernatant was determined by the

procedure described in Sigma Technical Bulletin No. 70-F.

Statistical analyses

Data for the 24}:. and 4Bh incubations of the nylon bag study were

presented as means with 95% confidence intervals (Parker 1973) . For

the feeding trial, data from each sheep were analysed separately"

Means for the 5 day control and treatment periods were compared using
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Student's t-test (Parker 1973) .

Experiment 5. Effect of Feeding Supplemental Dietary Tyrosine on

Plasma Tyrosine Levels and Milk Production in Holstein Cows

Durin g Early-Mid Lactation

Feeding and sampling

Six multiparous Holsteins in early-mid lactation (average g3 days

post-partum within a range of 33 to 148 days) were assigned to one of

two treatment sequences in a switchback design. The ingredirent and

nutrient compositÍons of diet CU (no supplemental tyrosine) and diet

TU (50g supplemental tyrosine/day) are shown in table 20. There were

three experimental periods of L0 days duration. Three cows were

assigned to treatment sequence CU ITUICîJ and three to sequence

TU/CU/TU. Diet TU was identical to djret CU except 50g/day tyrosine

was added to the concentrate as a top dressing. Concentrate and good

alfalfa hay were fed ad libitum twice per day in the ratio 5g: 4L (DM

basis) . Refusals were weighed every morning before feeding. Feed

intake and milk yields were recorded daily during the fÍnal 7 days of

the l-0 day experimental periods. composite samples of mjlk from the

morning and afternoon milkings were takèn three times during the final

7 days of each experimental period for fat, protein, and lactose

analysis. Feed samples were taken once per week and composited

biweekly for nutrient analysis. samples of tail vein blood were taken

by venipuncture from each cow lJ: after morning feeding on day g of

each experimental period. Blood plasma was frozen and stored for

tyrosine analysis.
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Table 20. Nutrient and ingredient composition of the diets used
to determine the response of lactating cows to tyrosine
supplementation (experiment 5)

Diet CU

Ingredient composition (% nU¡

Alfalfa hay

Canola meal

Rolled barley

Tallow

Limestone

Dicalcium phosphate

SaIt (cobalt-icidize d)

.b
-Hremrx

Nutrient composition by analysis (% nU)

Crude protein

Bther extract

ADFC

ADF_Nd

Gross energy (Mcal/kg)

4L.0

8.2

46 .9

40I.ü

0.8

0.8

0.6

0.4

L8.7

3.2

l_5 .6

0.5

4.42

"Diet TU was identical to diet GU but 50g L-tyrosine/cow/day was
added as a top dressing.

bProvided per kg of diet:- 3500 IU vit A, 1750 IU vit D, LOIU vit E,
44 mg ZnO, 45mg MnOr.HøO, 0.3mg CoCIr, :lmg KI, 1.6mg MgO.

"A"id detergent fibre.
dA"id detergent insoluble nitrogen.
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Chemical analvses

Procedures for the analyses of feed and milk samples were

described in the materials and methods sections of experiments L and

2. Plasma tyrosine was measured by the procedure described in Sigma

Technical Bulletin No. 70-F.

Statistical analyses

Data were analysed according to Lucas (1956) for switchback

designs with two treatments and three experimental periods.

Experiment 6. Response of Lactating Holstein Cows to Tyrosine

Supplementation of Diets Containing Formaldehyde Treated

Canola MeaI

Feedin and In

Twelve multiparous cows in early lactation (average 58 days

post-partum within a range of 39 to 89 days) were assigned to one of

L2 treatment sequences in a Lucas design (Lucas 1956) as described in

table 21. Diets UC and FC were identical except UC contained

untreated CM whereas FC contained CM treated with t"29 FAlL009 CP

(table 22) " The method of FA application was described in the

materials and methods section of experiment 2" Diets UT and FT were

identical to diets UC and FC, respectively, except tyrosine was

supplemented at the rate of 50g/cow/day" Treatment periods lasted L4

days and during this time concentrate, corn silage and brome-alfalfa

hay were fed to each cow ad libitum in the ratio 52: 43: 5 (DM
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Table 21. Plan of treatment sequences used in
experiment 6.

Cow #
aDays post-partum Treatment sequence

L

2

3

4

5

0b

7

B

I

i_0

1"L

L2

B7

B7

67

67

62

UT:

UC:

UC:

FC:

FC:

FT:

FT:

UT:

UT:

FC:

UC:

FT:

UG:

UT:

FC:

UC:

FT:

FC:

UT:

FT:

FC:

FT:

FT:

UT:

UT

UC

UC

FC

FC

FT

FT

UT

UT

UC

UC

FT

4B

44

54

39

53

4t

asee table 22 for the nutrient and ingredient composition of diets
UT and UC.

bvissing value calculated for this animal.
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Nutrient and ingrédient composition of the diets
used to determine the res.ponse of lactating cows
to tyrosine supplementation (experiment 6)

Treatment

UT UG FC FT

Ingredient composition (% OnA¡

Corn silage
Alfalfa hay
Barley
Canola meal
FA-Canola mealo
Tallow
Limestone
Dicalcium phosphate
Urea

L7.

42
5

29 .8
L7.0

42
5

29

1B

4
LB

2.
0.
0.
4.

42
5

29 .8

42
5

29.8B

0

Salt (cobalt-iodized)
.IJPremlx

Tyrosine (g/cow/day)c 50

i-.t
L.2
L.L
0.6
0.6
0.4

2

B

I
0
I
7
45

i-.t
L.2
L.L
0.6
0.6
0.4

L7.0
2.3
L.2
t.1"
0.6
0.6
0.4

50

L7.4
4.8

18.6
2.L
0.9
0.7
4.44

1.7.4
4.8

LB. 6
2.L
0.9
0.7
4.44

LB,2
4.8

L8 .9
2.0
0.9
0.7
4.45

17.0
2.3
L.2
L.L
0.6
0.6

9:n

Nutrient composition by analysis (% nU¡

Crude protein
Ether extract
ADFO
ADF-NC
Calcium
Phosphorus
Gross energy (M cal/kg)

aCanola meal treated with 1.29 formaldehyde/1009 crude protein.

bProvided per kg diet: 3500 IU vit A, L750 IU vit D, L0 IU vit E,
44 mg ZnO , 45mg MnO, . HzO , 0.3mg CaCl, , Lmg KI, l-.6mg MgO .

cl-Tyrosine (Sigma Chemical Company, St. Louis, Missouri).

da"i¿ detergent fibre.
eAcid detergent insoluble



L40

basis) . Concentrate and silage were fed as a total mix. Hay was

added separately. Measurements were taken during the final 7 days of

each treatment period. For diets UT and FT, 50g tyrosine was added as

a top dressing to the concentrate-silage mixture. Feed refusals were

weighed every morning before feeding. Feed intake and milk yields

were recorded daily during the final 7 days of each treatment period.

Composite samples of mjlk from morning and afternoon milkings were

taken three times during the final 7 days of each period for fat,

protein and lactose analysis. Feed samples were taken once per week

and composited biweekly for nutrient analysis. Samples of tail vein

blood were taken by venþuncture from each cow Lh after morning

feeding on day L3 of each period. Blood plasma was frozen and stored

for amino acid analysis.

Chemical analvses

Procedures for the analyses of feed and milk samples were

described in the materials and methods sections of experiments L and

2. The amino acid composition of deproteinated blood plasma was

determined using a Beckman model LL9C amino acid analyser.

Statistical analvses

The animal assigned to treatment sequence FT/FC/FT contracted

mastitis during the experiment, so data from this cow were not

included in the analysis of variance. A missing value was calculated

by the procedure suggested by Lucas (1956). Analysis of the data was

made according to Lucas (1956) for switchback designs with four

treatments and three experimental periods. Orthogonal comparisons
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were made according to Snedecor and Cochran (Lg80).

Experiment 74. Effect of Dietary Tyrosine Supplementation q¡ Feed

Intake and Weight Gain in Weanlíng Rats

Sixty maIe, Sprague-Dawley rats were obtained from Central Animal

Care Services, University of Manitoba. The rats were supposedly

weanlings aged approximately 2L to 30 days; however, the large

variation in liveweights (25 to 90g) suggested that many of the rats

were older than 30 days. Upon their arrival, the rats were weighed,

placed in cages (1rat per cage) and assigned to the control diet, RC

(table 23) . The rats were fed this diet for a 6 day adjustment period

after which they were reweighed. Ten rats which did not appear to be

performing as well as the others were removed at this time. Because

of the variability in liveweights between rats, the animals were

paired according to liveweight. One rat from each pair was assigned

to diet RC, the otfier to RT (table 23) . The experimental direts were

fed ad libitum in pellet form for L0 days, after which time t}le rats

were reweighed. Feed intake during the L0-day experimental period was

measured, average daily gain was determined, and the ratio of feed

intake: liveweight gain was calculated.

The data were analysed by the general linear model procedures of

SAS (SAS Institutes Inc., 1979) using liveweight gain in the

pre-experimental period as a covariate. Analysis of covarj:ance was

made because, by chance, rats which were subsequently assigned to diet

FT tended to have higher liveweighl gains during the pre-experimental

period. During the experiment, two rats became ill so analysis of
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Tab1e 23. Ingredient composition of the diets used to determine
the effect of dietary tyrosine supplementation on feed
intake of rats and chicks (experiments 7A , 78, and 7C) .

Experiments ZA and 78 Experiment 7Ç

Ingredient (g/1009) "Rc "FCL

FA-CanoIa meal

Barley

Corn

Tallow

b

D.icalcium phosphate

Limestone

Lysine HCI

Methionine

Vitamin premix

Mineral premix

L2.5

35.3

50 .0

0.7

0.5

0.5

c

d

L7.0

34.0

45.0

0.25

0.25

L.0

0.8

0.4

0.2
3tr..o
ctÞ0. 5

"Diet RT was identical to RC but was supplemented with 0.25g L-tyrosine
per 1009 diet.

bCa.rola meal treated with L.2g f.ormaldehyde/1009 crude protein.
cProvÍded per kg diet: 3750 IU vit A, L25 IU rrit D, 5 IU vit E, 0.75
mg vit K, 2L2mg choline chloride, 7.5mg niacin, 1mg riboflavin, 0.25mg
pyridoxine HCl, 0.15mg folic acid, 25mg biotin, L.25mg vit BL2, 2.Lmg
pantothenic acid, L.5g methionine .

dProvjded-per kg diet: BSmg MnO, 7.5mg ZnO, L5mg FeSOn.TH O, L3mg
CuSOn.SH20 , 2.49 NaCl (Iodizèd) .

eDiets FCz, FC3 and FC4 were identical to FCL but were supplemented
with 0,2, 0.4 and 0.69 tyrosine/100g diet, respectively.

fProvided per kg diet: 8250 IU vit A, 1B0 IU vit D, 1.1 IU vit E, 2.3mg
vit BL2, 1-0mg menadione, L9 Pen-Strep, 250mg santoquin, 500mg DL-
methionine, 1-7mg niacin, L80m9 choline, 6mg riboflavin, 1Lmg pantothonic
acid.

Epro,ridud per kg diet: 170mg MnO, L4mg ZnO, 3Lmg FeSOn.TH.,O, 25mg
CuSOn.SHzO, 109 NaCl (iodized) ;
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covariance was performed on 23 pairs of animals.

Experiment 78. Effect of Dietary Tyrosine Supplementation on Feed

Intake and Weight Gain Ín Weanling Rats

Experiment 7B was conducted to check the results of experiment 7A

because the initial liveweights of rats used in experiment 7A were

extremely variable causing possible flaws in the experimental design.

Sixty male, Sprague-Dawley rats were obtained from Central Animal Care

Services, University of Manitoba. This time, however, the liveweights

were fairly uniform. The experimental procedlrres were iclentical to

those of experiment 7A with the following exceptions. (1) The rats

were assigned to diets RT and RC (table 23) such that the mean

liveweights of animals on the two treatments were equal. (2) The

adjustment (pre-experimental) period lasted 4 days. (3) The

experimental period lasted 14 days. (4) Statistical analyses were

made using Studentts t-test as described by Parker (1973). Data were

obtained from 23 rats per treatment.

Experiment 7C " Effect of Supplemental Dietary Tyrosine on Feed

Intake and WeÍght Gain in Chicks.

Experiment 7C was conducted to further test the influence of

supplementary tyrosine on feed intake. One day old White Leghorn

cockerels were obtained from a commercial hatchery " Upon their

arrival, the chicks were confined in a thermostaticaily controJ.led

battery and fed a standard chick starter diet ( 2I% CP ) for a 4 day
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adjustment period. The chicks were then divided tnto 24 groups of

five such that the total liveweight of each group was approximately

equal. The birds were starved for 4h prior to weighing. Each group

of five chicks was considered a single experimental unit. The groups

were randomly assigned to one of four experimental diets (table 23)

and housed in thermostatically controlled batteries equipped with wire

floors and continuous lighting. There was one group of chicks per

cage unit. The birds had unlimited access to food and water. The

ingredient composition of the diets is shown in table 23. All diets

were identical except 0, 2,4, and 69 tyrosine/kg diet were added to

diets FC1, FCz, FC3, and FCI, respectively. Food intake and

liveweight gain of each group during the 7 day experimental period

were recorded. One way analysis of variance was performed according

to Snedecor and Cochran (1980).

RESULTS

Bxperiment 4

Tyrosine disappearanqe f¡oq nylqq þqgs

The amount of tyrosine which disappeared from nylon bags was

relatively low (table 24) suggesting a slow rate of degradation in the

rumen. This reflects the low solubility of tyrosine in water

(0 .72e lT) .
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Table 24. Disappearance of free tyrosine from nylon
bags (experiment 4)

Time in
trumen

Number of
samples

Percent
disappearance

95% confidence
limits

24tl

4Bh

1.2 37 .7

73.L

5.8

8.3
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P1asma and duodenal fluid tvrosine levels of sheep fed suoolemental

tyrosine

When tyrosine was fed to sheep #1, the level of tyrosine in

duodenal fluid increased (p <.086) by 25% (table 25). In sheep #2,

the increase (p<.062) was 50%. Because of the method by which

duodenal fluid tyrosine was measured, the 25% and 50% increases do not

take into account the tyrosine content of microbial protein or

undigested food protein. The Íncreases represent the rise in soluble

tyrosine in duodenal fluid. Generally, the level of duodenal fluid

tyrosÍne appeared to be much higher in sheep #2 than sheep #1, though

the differences were not compared statistically. The coefficients of

variation for duodenal fluid tyrosine concentration were high in both

cases (17% and 29%for sheep #1 and sheep #2, respectively),

reflecting a high variability between individual samples. In spite of

the apparent increase in duodenal fluid tyrosine concentration, plasma

tyrosine levels were not affected by dietary supplementation with

tyrosine (table 25) .

Experiment 5

Milk production, DM intake and plasma tyrosine levels sf cows fed

supplemental tyrosine

Supplementing the dÍet with tyrosjne did not appear to affect the

plasma tyrosine concentration of lactating dairy cows, although there

was a non-significant increase of L0% (table 26) . Dietary treatment

had no effect on DM intake. However, supplementing the diet with

tyrosine caused an increase (p < "05L) in milk production of

approximately lkg milk/day. There was no effect on 4% FCM yield, milk

composition, or milk fat yield but the yields of milk protein and



Table 25 Tyrosine concentration of blood plasma and duodenal
fluid from sheep fed supplemental tyrosine
(experiment 4) FÈ

\l



Sheep #L

aTreatment

c T

1.3 1_.3

g .2 1L.5

Sheep #2

aTreatment

Plasma tyrosine
(mg / 100mI)

Duodenal fluid
tyrosine (mg/100m1)

SE
bp

C T

0.L "NS L.4 1_.3

0.7 0.086 24.9 37.5

SE
bp

o. t "NS

4-L -082

ts
rÞ
co

aTreatment C: 1kg alfatfa pellets/day. Treatment T: lkg alfalfa pellets plus 69 tyrosinei day.

bProbability that the difference between the treatments means is equal to zero.

"Diff"r"rrce between treatment means was not sigäificant (p t .n).
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Table 26. Plasma tyrosine levels, feed intake, milk yield and milk
composition of cows fed supplemental dietary tyrosine
(experiment 5)

Treatment SE

ucu TU

P

Plasma tyrosine (pmole/1)

Dry matter intake (kg/day)

Milk yield (ke/deli )

4% FCM (kg/day)d

% milk fat

Fat yield (g/day)

% milk protein

Protein yield (gi day)

% lactose

Lactose yield (g/day)

B2

22.4

29.3

25.L

3 .03

89L

3. L6

923

4. B6

L424

9L

22.9

30 .3

26.3

3. LL

943

3. L5

950

4. B6

L46 I

6

.7

.3

1.0

.L7

57

.05

1"0

.02

t7

c
NS

ns

.051

NS

NS

NS

NS

.054

NS

.0 59

asee table 20 for nutrient and ingredient composition of experimental
diets.

bProbability that the difference between treatment means is equal to
zeTo.

"Differ"nce between treatment means was not significant (p> .1)

d¿% f"t corrected milk.
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lactose were increased by tyrosine supplementation (p' .OS+ and p<

.059, respectively), reflecting the increased milk yield.

Experiment 6

Amino acid composition of FA treated CM used in experiments 6, 74, 78,

and 7C

Treating CM with L.2g FA/1009 CP reduced the lysine content by

1B.5% (tab1e 27). There was only a slight decrease in the tyrosine

content (7 .7%). The phenylalanine content appeared to increase by

L2.9% and methionine appeared to increase by 36.2%.

Milk composition, DM intake and plasma amino acid composition of cows

fed FA treated CM and supPlemen tal tyrosine

Dry matter intake was not affected by dietary treatment (table

28). In addition, there was no effect on 4% FCM yield, milk

composition, or the yields of milk fat and milk protein (table 28).

There were significant differences in milk yields (P < .05) and lactose

yields (p..Ot) between diets FC and FT. However, differences between

diets UT and UC were not signifícant. Comparing the two FA treated

diets with the two untreated diets (comparison U vs F in table 28)

showed that FA treatment had no effect on mÍlk production.

The concentration of several plasma amino acids were affected by

dietary treatment (table 29) . Formaldehyde treatment increased plasma

valine (p <.01), isoleucine (P< .05) and histidine (p'.OS), and

tended to increase (p <.1-) the concentrations of leucine and total

essential amino acids. The response of plasma amino acids to FA
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Table 27. Amino acid composition of untreated and formaldehyde
(FA) treated canola meal (experiments 6, 7A, 78, and
7C).

Canola MeaI

.,4llmlno acro. Untreated FA treated

Lysine

Histidine
Arginine
Aspartic acid
Threonine

Serine

Glutamic acid

Proline

Glycine

Alanine

Cystine

Valine
Methionine

Isoleucine

Leucine

Tyrosine
Phenylalanine

6.i10

2 .96

6 .86

8.27

4.54

4.22

L9.2L

6.54

5.60

4.9L

2.62

6.05

2.32

4.54

7.93

2.86

4.49

4.97

2 .93

7 .35

B .40

4.74

4.L2

1B. 5L

6.52

5 .80

5.01

2.73

6 .00

3. L6

4.28

7 .77

2.64

5.07

agl100g amino acid.



Table 28 Effect of dietary tyrosine supplementation on dry matter (DM)
intake, milk yield and milk composition of cows fed diets
containing formaldehyde treated canola meal (experiment 6) .

ts
CJI
SJ



aTreatment

UC FT

SE Orthogonal Comparisons

UT

20.9

32.9

29 .5

3t3L

1090

2.95

968

4.7&

1560

20.5

32.4

29.7

3.41,

LL1_B

3.00

972

4.66

15LB

21,.0

33. 1

28.B

3. l_9

L041

3.02

L002

4.7 5

1583

FC

20.5

31.5

29 .6

3.57

LLs2

3 .03

946

4.60

L45L

0.6

0.5

1.6

0 .29

L06

0.08

36

0 .10

35

bl,ls

UT vs
UC

NS

NS

NS

NS

NS

NS

NS

NS

NS

FT vs
FC

NS

c

NS

NS

NS

NS

NS

NS

d

Uvs
F

DM intake (kB/day)

Milk yield (kg/day)

4% FCM lkg/day)e

% milk fat

Fat yield (g/day)

% míIk protein

Protein yield (g/dayl

% lactose

Lactose yield (g/day¡

NS

NS

NS

NS

NS

NS

NS

NS

P
(JI
C¡)

asee table 22 for nutrient and ingredient composition of experimental diets.

bNo diff"rence between treatment means (p t.Os) .

cDiff"rerrce between treatment means (p ..05).
dDiff"t"nce between treatment means (p < .01) .

t4% fat corrected milk.



aTreatment SE Orthogonal comparison s

UT UC FT FC Uvs

Table 29

Plasma amino acids ( umoles/l)
Nonessential

Aspartic acid
Asparagine
Glutamic acid
Glutamine
Proline
Glycine
Alanine
Citrulline
Ornithine
Serine

Egsential

Tyrosine
Phenylalanine
Threonine
Va1ine
Ssoleucine
Leucine
Met}tionine
Tryptophan
Lysine
Histidine
Arginine

Effect of dÍetary tyrosine supplementation on plasma amino acid concentrations
of cows fed diets containing formaldehydé treated canola meal (experiment 6)

UT vs
UC

22
45

L39
680
L34
41,5

292
1_L0

B9
r.05

59
45

L44
269
L33
162

.)aJ2
7

1_16

61
109

20
42

156
572
LL3
383
292

94
BO

B3

52
UL

LL7
268
L30
1_6 0

30
7

Ll_0
52
87

22
49

148
590
L47
392
3L2
L23

B6
99

6B
55

159
366
L79
2t7

34
6

131
79

1_l_B

20
36

LL0
438
L49
4L2
276
L03
9L

7B

5L
44

LT7
329
L4L
1B 1_

2B
I

L01_

66
9B

bns

FT vs
FC

NS
NS
NS
NS
NS
NS
NS
NS
NS

c

NS
NS

e
NS

e
NS

e
NS
NS
NS
NS

F

2

B

40
L75
2L
45
43
15

7
6

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

c

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

e

F
crlÈ

LT
5

2L
27
LB

23
3
L

LB

B

IL

NS
NS
NS

c
d
e

NS
NS
NS

d
NS



Table 29 continued. Effect of dietary tyrosine supplementation on plasma amino acid
concentrations of cows fed diets containing formaldehyde treated
canola meal (experiment 6)

aTreatment SE Orthogonal Comparisons

FCUT UC FT Uvs
F

UT vs
UC

FT vs
FC

Plasma amino acids (p moles/l)

Essential

EAAf

Urea cycle AAB

Phenylalanine: tyrosine

LNAAh: tyrosine

tLï7

299

0i¿77

1_l_.3

L054

255

0.79

12.4

L4L2

335

0.81

L2.6

1_L65

292

0. B3

L4.2

!29

30

0.09

1_. 3

e

NS

NS

NS

NS

NS

NS

NS

+ phenylalanine
+ isoleucine.

NS

NS

NS

NS

+ . valine

ts
(Jr
(Jr

asee table 22 for composition of experimental diets. gOrrrÍthine + cítrulline + arginine.

b hTryptophan
+ leucine

No difference between treatment means (p > . L) .

c' d' 
"Diff"r"rrce between treatment means
(c: p<.01; d: p<.05; e: p<.1).

fTor.l essential amino acids.
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treatment was virtually identical to the response observed in

experiment 2 (table L6) . Compared to treatment UC, treatment UT

caused an increase (p..01) in plasma serine and tended to Íncrease (p <

. 1) plasma arginÍne. Treatment FT increased plasma serine

concentration (p . .01) and tended to increase (p < . L) the

concentration of plasma threonine, isoleucine and methionine, compared

to treatment FC. Although plasma tyrosine tended to be higher on the

two high tyrosine diets, i.e., diets UT and FT, the increases were not

significant (p >.1) .

Bxperiment 7A

Unadiusted treatment means

Analysis of variance suggested that supplemental dietary tyrosine

increased (p ..0L) feed intake by 7.9% (table 30). There was also an

increase (p..05) in average daily gain of 8.4%" The ratio of feed

intake: Iiveweight gain was not affected by dietary treatment. The

initial growth rate, i.e., growth rate during the pre-experimental

adjustment period, of rats which were subsequently assigned to diet RT

tended to be higher than the growth rate of rats assigned to diet RC.

The diJference was significant only at p< 0.14. However, as a

precautionary measure, the statistical analysis was repeated using

initial growth rate as a covariate.

Adjusted treatment means

When the data were analysed by analysis of covariance using

initial growth rate as a covarjate (table 30) , the differences in
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average daily gain and feed: gaÍn ratios between treatments were

found to be non-significant (p>.1). However, feed intake still

tended to be increased (p. .1) by supplemental dietary tyrosine. The

results do not conclusively show whether or not tyrosine

supplementation of the diet affected feed intake.

Experiment 7B

Supplemental dietary tyrosine had no effect (p > .1) on feed

intake, average daily gain, or feed: gain ratio (table 3L).

Experiment 7C

Supplemental dietary tyrosine had no effect (p t. f ) on feed

intake, average daily gain, or feed: gain ratio in chicks (tab1e 32).
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Table 30. Bffect of supplemental dietary tyrosine on feed intake,
liveweight gain and feed: gain ratio of rats in
expeiiment 7A

Unadjusted Treatment Means SE

"Rc RT

Feed intake
(g /daY)

Average daily gain
(g /day¡

Feed: gain ratio
bIrrtti.l growth rate

(g /day)

4.87

3 .38

l_6 .38 17.68

5.28

3.37

5.46

0.29 c

0. 16

0 .06

d
6

"NS

5. L0 O.T7 NS

f Adjusted Treatment Means SE

anc RT

Feed intake
(g /day)

Average daily gain
(g /day)

Feed: gain ratio

L6 .64

4.97

3 .39

t7.4L

5. L9

3. 36

0.30 d

0.1"6 NS

0 .06 NS

a

b

See table 23 f.or ingredient composition of experimental diets

Growth rate during the 6 day adjustment period.

"Diff"r"rrce between treatment means (p < .01).
dDiff"r"rrce between treatment means (p < .1) .

uNo diff"ïence between treatment means (p >.1) .

f-Adjusted by covariance for initial growth rate.
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Tab1e 3L. Bffect of supplemental dietary tyrosine on feed
intake, liveweight gain and feed: gaÍn ratio.,of
rats in experiment 7I}

Treatment Means SE

"RC RT

Feed intake
(S /daY¡

Average daily gain
(g /day)

Feed: gain ratio

L5 .48 L5. l_5

3 .89

4.09

3. 79

4.L0

0. L6

0.L2

0 .43
btls

NS

NS

asee table 23 for ingredient composition of experimental diets.

bNo diffurence between treatment means (p > .1) .
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TabLe 32. Bffect of supplemental dietary tyrosine in feed
intake, liveweight gain and feed: gain ratio of
chicks in experiment 7C

Treatment Means SE

"FcL Fcz Fcg Fc 

Feed intake
(g /day¡

Average daily gain
(g/day)

Feetl: gain ratio

b
L0 . 57 l.L .12 L0 . 56 tL .A0 0 .28 NS

2.73

3 .89

2.93

4.00

2.Bt 3

3.82 3

20 0. LB NS

46 0. L9 NS

asee table 23 for ingredient composition of the experimental diets.
bNo differences among treatments (p >.1) .
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DISCUSSION

Response of Plasma Tyrosine Concentration, DM Intake and Milk

Production to Oral Administration of Tyrosine

Oral administration of tyrosine as a method of increasing tyrosine

absorption

The slow rate of tyrosine disappearance from nylon bags (table

24) is an indication that the rate of degradation of tyrosine in the

rumen was low. However, this is not proof that orally administered

tyrosine would not be totally degraded in the rumen. When fed in a

practical situation, tyrosine would be able to mix fully with the

rumen contents so that the concentration of tyrosine would be diluted

considerably. In the nylon bag study, tyrosine was not free to

permeate throughout the rumen but remained concentrated in one

location (i.e., in the bags). Thus, the in situ disappearance of

tyrosine from nylon bags may underestimate the actual degradability of

tyrosine in vivo.

There is no evidence that tyrosine in solution is slowly degraded

in the rumen. Chalupa (L976) added tyrosine and some non-essential

amino acids to viable rumen fluid in vitro. The concentration of

tyrosine in the rumen fluid was l-.6mM. The apparent degradation of

tyrosine after 6h was 73% compared to 82%for serine, 90% for alanine,

and 97 to 98% for the other amino acids in the medium. When tyrosine

and several essential and non-essential amino acids were added to

viable rumen fluid, apparent degradation of tyrosine after 6h was only
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L9%. This compared with 29%f.or ornithine, 43% for methionine, 49%

for valine and 69 to 100% for the other amino acids. The author

(Cha1upa L976) suggested that the extremely low apparent degradability

of tyrosine was due to the contribution of tyrosine derived from

catabolism of phenylalanine. Even so, the results suggest that when

there is a ready supply of tyrosine and phenylalanine in the rurnen,

tyrosine is not rapidly removed from the medium. Scheifinger et aI.

(1976) studied amino acid degradation by pure cultures of rumen

bacteria. Of the seven bacterial species studied, three did not

degrade tyrosine at all, one species degraded 7% of. the added

tyrosine, and the remaining three species degraded approximately 40%

of the supplementary tyrosine after 24h incubations. Of the other L5

amino acids studied, only methionine degradation was lower.

Thus, tyrosine administered orally could conceivably escape

ruminal metabolism in two ways. (a) Some tyrosine could escape

degradation by passing through the rumen without going into solution.

(b) Tyrosine in solution may partially escape metabolism because

tyrosine appears to be degraded relatively slowly in the rumen

(Chalupa 1976) .

The daily administration of 69 tyrosine/day to sheep in

experiment 4 was roughly equivalent to the estimated tyrosine content

of 1.5kg atfalfa pellets (Hubbell 1979), i.e., the tyrosine supplement

increased tyrosine intake by approximately 1"50%. A large dose was

administered to increase the likelihood that a measurable amount of

tyrosine would escape metabolism in the rumen. Supplemental dietary

tyrosine increased duodenal fluid tyrosine in sheep #1 by 25% and

sheep #2 by 50% (tabte 25) , though the increases were significant only
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at p <.086 and p <.062, respectively. The results indicate that some

orally administered tyrosine did, in fact, escape metabolism in the

rumen and reach the small intestine.

However, there was no indication that plasma tyrosine

concentration was increased (table 25). Possibly, (a) there was no

increased absorption of tyrosine, or (b) the absorbed tyrosine was

rapidly cleared from the blood. When Clark et al. (1977) infused

casein post-ruminally into lactating cattle, the concentrations of all

the essential amino acids in plasma were increased with the exceptions

of threonine, phenylalanine, and tyrosine. Similarly, Vik-Mo et al.

(L974) did not observe an increase in plasma tyrosine concentration

following abomasal infusion of casein into lactating cows. Ranawana

and Kellaway ( 1977) reported no increase in plasma tyrosine

concentration when goats were abomasally infused with casein. Thus,

there is evidence that plasma tyrosine concentration is not

particularly responsive to an jncreased supply of tyrosine to the

small intestine. It is not clear if the lack of response in these

studies was due to a high rate of clearance of tyrosine from the blood

or failure of the tyrosine to be absorbed. Other authors have

reported an increase in plasma tyrosine concentration in cattle

following abomasal infusion of casein (Derrig et al. L974; Spires et

aI. L975; Rogers et al. 1-979) . Apparently, plasma tyrosine

concentration can, in fact, respond to an increased supply of tyrosine

to the small intestine. The conflicting results discussed above

suggest that plasma tyrosine concentration is not necessarily

indicative of an increased supply of tyrosine to the small intestine.

A primary object of experiment 5 was to study the effect
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of feeding free tyrosine on the plasma tyrosine concentration of

lactating cattle. In experiment 5, the supplemental tyrosÍne was

estimated to increase tyrosine intake by about 50%. This is

approximately equal to the amount of tyrosine contained in 3.5kg SBM

(Hubbell 1979). Once again, tyrosine supplementation did not appear

to increase plasma tyrosine concentration (table 26) though there was

a non-significant increase of about 10%. However, there were small

but significant increases in milk yield (p. .OSt), milk protein yield

(p ..054) and lactose yield (p ..059) in response to tyrosine

supplementation. Possibly, the response was mediated by the effect of

an incroased supply of tyrosirie on microbial activity in the rumen, aS

discussed in a later section. A more likely explanation is that the

cows responded to an increased uptake of tyrosine into the blood.

This will also be discussed in more detail later. Thus, there is

reason to believe that dietary supplementation with tyrosine did

result in an increased absorption of tyrosine.

The response of plasma tyrosine to oral supplementation of

tyrosine in experiment 6 was similar to the response observed in

experiment 5. Plasma tyrosine levels did not jncrease significantly

(pt .1) in response to ora1ly administered tyrosine though there was a

non-significant difference of 23eo between the supplemented and

unsupplemented diets (table 29) . Several parameters were affected by

tyrosine supplementation; namely, milk yie1d, lactose yield (table

28) , and the plasma concentrations of several amino acids (table 29) .

Possibly, the response of these parameters was due to an increased

uptake of tyrosine.

Results from experiments 4, 5, and 6 do not provide conclusive



L65

evidence that oral administration of a large dose of tyrosine

increased the absorption of tyrosine into the blood. However,

indirect evidence, i.e., increased duodenal fluid tyrosine levels in

sheep and increased milk production in dairy cows, suggests that

tyrosine supplementation did increase the uptake of tyrosine by the

animals.

Effect of formaldehyde treatment on the tyrosine content of canola meal

Treating CM with FA apparently reduced the tyrosine content by

57%rrr Part I of the study (table 9) but only by B% Ín Part II (table

27). Reasons for the discrepancy are not c1ear. The apparent loss of

tyrosine, particularly in Part I, may have been an artefact. Gruber

and Mellon ( 1968) reported that the presence of FA during acid

hydrolysis of protein samples interferes with subsequent quantitation

of tyrosine during amino acid analysis. However, this observation

does not rule out the possibility that some irreversible modification

of tyrosine occurs during storage of FA treated protein supplements.

Barry (1-976) reported that the phenol group of tyrosine is

methylolated by FA. The question then is whether the methylolation

reaction is freely reversible. If thereactionof tyrosine with FA

during storage of FA treated protein supplements is the same as that

reported by Gruber and Mellon (1968) for tyrosine and FA during acid

hydrolysis, then the reaction would appear not to be completely

reversible. Therefore, tyrosine availability may be decreased by FA

treatment. However, there is some evidence suggesting that the

apparent loss of tyrosine during amjno acid analysis is wholly an

artefact caused by the presence of FA during acid hydrolysis of the
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treated proteÍn. Mortensen (Lg8l") measured the tyrosine content of

grass juice preserved with FA and noted a large decrease in tyrosine.

The author suggested that the loss of tyrosine occurred during

hydrolysis of the juice with HCI and not during preservation of the

juice, based on preliminary experiments. However, no account was

given of the nature of the preliminary experiments. In the present

study, a firm conclusion cannot be reached as to whether the apparent

loss of CM-tyrosine observed in experiment 2 (tab1e 9) and to a lesser

extent in experiment 6 (tab1e 27) was due to irreversible binding of

FA during storage of the treated CM, or an artefact caused by the

presence of FA in the acid hydrolysis medium prior to amino acid

analysis. In experiment 2, plasma tyrosine was the only essential

amino acid whose concentration was increased by feeding the high

protein diets but not by FA treatment (table L6) suggesting that

tyrosine availability was jncreased by high dietary CP level but not

by FA treatment.

There are several reports, as discussed in the literature review,

of an apparent loss of tyrosine following treatment of protein

supplements with FA. The loss of tyrosine in these studies may or may

not have been an artefact. Other authors did not observe an effect of

FA treatment on the tyrosine content of protein supplements. Perhaps,

tyrosine was truly not affected by FA in these studies.

Alternatively, the modified tyrosine product, possibly a methylol form

of tyrosine (Barry 1"976) may not have clearly separated from tyrosine

during amino acid analysis. The chromatogram peak of the modified

tyrosine molecule appears to be closely associated with the

phenylalanine and tyrosine peaks. The phenylalanine and tyrosine
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peaks are normally very close together so the modified tyrosine

molecule could easily be hidden by either of the two former molecules.

Incomplete separation of phenylalanine from the modified tyrosine

molecule may explain why the phenylalanine content of CM was

apparently increased by FA treatment in experiments 2 and 6 (tables 9

and 27) .

In conclusion, there is some doubt as to whether treatment of CM

with FA increased the absorption of tyrosine by cows in experiments 2

and 6. Feeding the protected protein may not necessarily cause a

decrease in tyrosine absorption. However, if tyrosine availability

timited milk production Ín experiments 2 and 6, failure to jncrease

tyrosine absorption could account for the lack of response to FA

treatment.

Effect of dietary tyrosine supplementation on the performance of

lactating cows

The aim of part II of the study was to determine if the lack of

response to FA treatment in experiment 2 could be due to failure to

increase the absorption of tyrosine. Results from experiment 5 are

interesting because they showed that milk production can be increased

by supplementing the diet with a large dose of tyrosine (equal to 50%

of the basal tyrosine intake) . In this experiment, the basal diet

contained tB.7% CP (table 20) which was somewhat higher than planned.

The animals consumed 4.2kg CP/day on diet CU and 4.3kg CP/day on diet

TU which is about 50% greater than the amount suggested by the

National Research Council (1978) for cows at this level of production.

Bven so, the animals produced more milk in response to tyrosine
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supplementatÍon (tab1e 26). The dietary ingredients used in

experiment 5 contain a high proportion of RDP compared to REP (Fisher

1981). Therefore, a high proportion of tyrosine in the basal diet was

probably degraded in the rumen.

In experiment 6, the response of cows to FA treated CM

(comparison U vs. F in table 28) was similar to the response observed

in experiment 2 (table 1,4), i.e., FA treatment did not improve milk

production. Tyrosine supplementation of the FA treated diet

(comparison FT vs. FC in table 28) significantly increased milk yield

(p <.05) and lactose yield (p ..Ot). This observation is consistent

with the hypothesis that the lack of response to FA treated CM in

experiment 2 was due to failure to increase the absorption of tyrosine.

SupplementÍng tyrosine to the untreated diet (comparison UT and

UC in table 28) did not affect milk production. A possible

explanation is that diet UC provided an adequate amount of tyrosine to

the small intestine whereas the amount supplied by diet FC was

inadequate. In this event, diet FC would benefit from tyrosine to a

greater extent than diet UC. In terms of milk production, tyrosjne

supplementation of the untreated diet produced a non-significant (p >

.L) increase in milk yield of 0.5kg/day whereas tyrosine

supplementation of the FA treated diet resulted in a significant (p <

.05) increase of 1.6kg lday. However, a major criticism of this

explanation is the high protein degradability of the ingredients of

diet UC (Fisher 198L) . Based on the response of milk production in

experiment 5 (table 26), one would expect diet UC to benefit from

tyrosine supplementation just as diet CU benefitted from tyrosine

supplementation in experiment 5. Reasons for this inconsistency are

not c1ear.
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In experiment 6, dietary treatment affected the plasma

concentrations of several amino acids (table 29). The response of

plasma essential amino acids to FA treated CM was similar to the response

observed in experiment 2 (table 16) . Formaldehyde treatment increased

the plasma concentrations of valine (p<.01), isoleucine (P< .05), leucine

(p. .f ) and histidine (p<.05). In addition, the concentration of total

essential amino acids in plasma tended to increase (p< .1). This suggests

that FA treatment increased the uptake of amino acids into the blood and

is consistent with the results of experiment 2. Formaldehyde treatment

did not affect the plasma concentrations of any non-essential amino acids

in experiment 6. This is in contrast to the response in experiment 2 when

the concentrations of plasma glycine, seri¡e, and alanine were decreased

by FA treatment. Since the diets in experiments 2 and 6 were very

similar, there is no obvious reason for the differing responses of the

plasma non-essential amino acids between the two experiments.

In experiment 6, supplemental dietary tyrosine increased (p < . Of )

the plasma concentration of serine and tended to increase (p < .1-)

threonine, isoleucine, methionine, tryptophan and arginine (table 29).

No explanation can be offered regarding the cause or significance of

this response, but a change in plasma amino acid profile suggests that

amino acid metabolism was altered in some way.

In summary, results from experiments 5 and 6 suggest that milk

yietd can be increased by supplementing a large dose of tyrosine to

the diet. In experiment 6, only the FA treated diet benefitted from

tyrosine supplementation and this observation supports the contention

that the lack of response to FA treated CM observed in experiment 2

may have been due to failure to increase the absorption of tyrosine.
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Possible mechanisms of tyrosine stimulation of milk production

There are several possible mechanisms by which tyrosine

supplementation could increase milk production. These are (a)

stimulation of rumen microbial activity resulting jn increased OM

digestion in the rumen, (b) an increased supply of tyrosine to the

mammary gland for milk synthesis, and (c) the effect of tyrosine on

hormonal regulation. These will be discussed in turn.

(a) Stimulation of microbial activity. Although tyrosine was

administered orally with the object of increasing the supply of

tyrosine to the small intestine, there is no doubt that a substantial

portion of supplemental tyrosine was degraded in the rumen. Since

rumen bacteria appear to have a requirement for some preformed amino

acids, as discussed in the literature review, the supplemental dietary

tyrosine may have stimulated microbial activity causing an increase in

OM digestion. There is only scant evidence linking tyrosine

availability to microbial growth. Maeng and Baldwin (l-976a, b)

reported an increase in rumen bacterial activity in response to

infusion of a solution containing a mixture of LB amino acids,

including tyrosine. However, the response could have been mediated by

any combination of the amino acids. Maeng et al. (1976) found an

increase in bacterial activity following addition of tyrosine and

seven non-essential amino acids to the incubation medium. Once again,

though, the response need not have been due to tyrosine. Based on

results from a study in which I.115-lub"11ed amino acids were infused

into the rumina of steers, Salter et al. (1979) concluded that the

rumen bacterial population have a minimum requirement for tyrosine,

phenylalanine and methionine, though the authors presumed that the
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requirement for tyrosine could be met from phenylalanine. From the

above observations, the increased milk production observed in

experiments 5 and 6 may conceivably have been due to stimulation of

rumen microbial activity by tyrosine. However, there is at least one

major criticism of this explanation. In experiment 5, the basal diet

(i.e., diet CU) contained ]"B.7% CP, most of which was estimated to be

highly degradable (Fisher Lg8l). Therefore, the supply of tyrosine to

the microbial population would already be substantial so supplementary

tyrosine would not be expected to stimulate microbial growth. An

alternative explanation is that the tyrosine supplement provÍded an

additional amount of N for microbi.al growth. This explanation is even

more unlikety. Fifty g of tyrosine contains 7.73g N. The basal diet

in experiment 5 provided 670g N/cow/day, therefore, tyrosine

supplementation increased the N intake by only t.2eo. In addition, the

basal diet contained a high level of RDP, so the level of ruminal NHt

-N is not tikely to have limited microbial growth. In conclusion,

there is little reason to suppose that the response of milk production

in experiments 5 and 6 was mediated by the effect of tyrosine on

bacterial activity in the rumen.

(b) Milk yield may have been increased due to an elevated supply

of tyrosine to the mammary gland. Tyrosine is considered a

non-essential amino acid for growth in rats (Rose L938) because it can

be synthesized from phenylalanine in the presence of phenylalanine

hydroxylase (EC L.1.4.L6.11 . However, the enzyme does not appear to be

present in significant amounts in mammary tissue (Davis and Mepham

L976) . In addition, Verbeke et al. (1972) reported that C[4-tabelled

phenylalanine activity was not transferred to tyrosine during a goat
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mammary perfusion study at physiological concentrations of

phenylalanine. Mepham (1982) reported that plasma tyrosine was the

sole precursor of tyrosine in milk protein. Given the high demand for

tyrosine and phenylalanine for milk synthesis (Mepham 1"982) and the

apparent inability of the mammary gland to convert phenylalanine to

tyrosine, an adequate supply of exogenous tyrosine is probably

essential for maximum milk synthesis. In reviewing many studies which

attempted to identify amino acids whose availabilities limited milk

synthesis, Mepham (1982) concluded that the stoichiometric transfer of

tyrosine, phenylalanine, methionine and tryptophan from blood to milk

makes these amino acids prime candidates for limiting milk synthesis.

These amino acids were designated group I amino acids by Mepham

(1982). Group I may also include lysÍne and threonine. In an earlier

review, Swan (1979) suggested that tyrosine, phenylalanine, methionine

and lysine were group I amino acids. In several studies discussed by

Clark (1975) in which amjno acids were administered abomasally or

jntravenously to lactating animals, the response of milk yield was not

as great as the response observed when casein was infused abomasally.

However, in all but one of these studies, tyrosine was not included in

the amino acid infusate. Tyrosine may have been omitted because it

has been classified as non-essential for growth in rats.

Alternatively, tyrosine may not have been included because of its low

solubility. Linzell and Mepham (1974) intravenously infused a mixture

of amino acids in lactating goats. Tyrosine was included in the amino

acid infusate but only at half the concentration of the other amino

acids because of its low solubility. The milk yield of one goat was

increased, but the amino acid infusion had no effect on the other two



1"73

goats. Although tyrosine was part of the amino acid infusate, the

nature of the response suggested that the availabjlity of methionine,

threonine, and tryptophan limited milk synthesis.

In experiment 2 of the present study, primary candidates as rate

limiting amino acÍds, i.e., amino acids whose availability to the

mammary gland limited milk synthesis, were phenylalanine, methionine,

lysine, threonine, and arginine. The basis for this conclusion was

discussed in Part I. The supply of tyrosine to the mammary gland did

not appear to limit milk synthesis. Since the diets in experiment 6

were very similar to those in experiment 2 (tables 2 and 22), there is

no reason to suppose that tyrosine supply to the mammary gland limited

milk synthesis in experiment 6. In conclusion, there is evidence that

tyrosine availability to the mammary gland can limit milk synthesis

(Mepham 1982). However, results from experiment 2 suggest that

tyrosine supply to the mammary gland did not limit miJk production in

the present study. Therefore, the response of milk production to

tyrosine supplementation in experiments 5 and 6 does not appear to

have been mediated by an increased supply of tyrosine to the mammary

gland.

(c) Bffect of tyrosine on hormonal regulation. As discussed in

the literature review, administration of tyrosine may affect milk

production by the action of catecholamines. For this to occur,

tyrosine transport across the blood-brain barrier would have to

increase (Wurtman L982). Apparently, a prerequisite for an increased

uptake of tyrosine by brain neurons is an increase in plasma tyrosine

in relation to the other LNAA . The plasma ratios of phenylalanine:

tyrosine and LNAA: tyrosine were not significantly affected by
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dietary treatment in experiment 6. However, given the high

coefficients of variation for these parameters (1-7.0 and 1"6.6% for

LNAA: tyrosine and phenylalanine: tyrosine, respectively), the

results cannot be regarded as conclusive evidence that tyrosine uptake

by the brain was not increased.

Since administration of tyrosine increased the behavioural

activity of mice (Gibson et aI. 1982), probably by a catecholamine

mediated action, a simjLar behavioural response may have occurred in

cattle in experiments 5 and 6. No objective test of animal activity

was made in these two experiments. However, even if there were subtle

changes in the behavioural activity of the cows, this is unlikely to

have been responsible for the increased milk production.

Increased noradrenalin activity in the brain, due to an increased

uptake of tyrosine, can stimulate or suppress a general release of

adrenalin and noradrenalin from the peripheral nervous system and

adrenal medulla resulting in a change in blood flow (Wurtman 1982) .

Milk production is dependent on the rate of blood flow through the

mammary gland (Mepham L9B2). Therefore, tyrosine administration in

experiments 5 and 6 may conceivably have increased the flow of blood

through the mammary gland resulting Ín an increase in milk production.

An alternative possibility is that the response to tyrosine

administration in experiments 5 and 6 was mediated by an increased

feed intake. Anderson (1979) reported that feed intake of rats was

increased by supplemental dietary tyrosjne. Tyrosine supplementation

did not appear to affect DM intake in experiments 5 and 6 (tables 26

and 28). However, an increased DM intake of about 0.5 to 1.0kg/day

could provide enough energy to increase milk production by 1 to
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Zkglday (National Research Council 1.978). An increase in DM intake of

only 0.5 to 1,.0 kg lday, i.e., an increase of about 2.5 to 5.0%, may be

difficult to detect using small numbers of cows. Since tyrosine

supplementation is known to influence food intake in rats (Anderson

1979), diets which had a similar ingredient content to the diets in

experiment 6 were formulated and fed to rats in experiments 7A and 78.

The major difference between the diets was the replacement of corn

silage with corn grain (tables 22 and 23) . Results from experiment 7A

(adjusted means in table 30) suggest that food intake tended to

increase with tyrosine supplementation. However, because of the large

variability in initial weights of the rats, there is some doubt as to

the validity of these results. When the experiment was repeated with

other rats (experiment 7B), tyrosine supplementation had no effect on

food intake (table 3L) . This observation is in contrast to the report

by Anderson (L979) that tyrosine supplementation increased the energy

intake of rats by an average of 30% in four experiments. The

environmental temperature was lower during experiment 78 than 7A and

this probably explains why the average daily gains were lower in

experiment 78 (tables 30 and 3L). Possibly, the lower environmental

temperature prevented a response of food intake to tyrosine

supplementation. However, there appeared to be little difference in

food intake between experiments 7A and 7B so food intake does not

appear to have been much affected by the change in environmental

temperature. The results of experiment 78 suggest that the response

of food intake to tyrosine supplementation observed in experiment 7A

was an anomaly and that tyrosine supplementation did not affect food

intake.
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To study further the effect of dietary tyrosine supplementation,

tyrosine was fed to growing chicks (experiment 7C). The diets were

very similar to those used in experiments 7A and 78 (table 23) .

Tyrosine supplementation did not affect food intake or weight gain in

chicks (table 32). In summary, although there is evidence that

tyrosine supplementation increases feed intake in rats (Anderson

1979), in the present studytyrosine supplementation did not appear to

influence feed intake of cows or chicks and produced a questionable

response in rats.

The potential influence of tyrosine on GH release was discussed

in the literature review. Several amino acids are known to stimulate

GH release in humans (Knopf et aI. L965) and sheep (Hertelendy et al.

L970; Davis L972) when administered intravenously in pharmacological

doses. In reviewing the literature, no reportS were found regarding

the effect of intravenous tyrosine administration on GH release.

However, there is circumstantial evidence which strongly suggests that

plasma tyrosine concentration could affect GH release.

Catecholamines, particularly noradrenalin and dopamine, in the brain

are known to stimulate the release of GH from the pituitary (Martin

19801 . Intravenous injection of L-DOPA, an intermediate in the

synthesis of noradrenalin and dopamine from tyrosine (figure L),

stimulates GH release in humans (Lal et al. L975). This response is

thought to be due to an increased synthesis of noradrenalin and/or

dopamine. Since the enzyme which catalyses the conversion of tyrosine

to L-DOPA (tyrosine hydroxylase, figure 1-) in brain neurons is not

fu1ly saturated (Wurtman 1982) , an increased supply of tyrosÍne to

neurons in the brain wjll stimulate the synthesis of L-DOPA (Wurtman
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1982) , and, possibly, GH release.

Growth hormone appears to be a potent stimulator of milk

production. Machlin (1973) reported an LB% increase in milk yield

following injection of GH in dairy cows. Bines et al. (1980) and Peel

et al. (1981) also observed dramatic increases in milk yield with no

effect on feed intake in response to GH administration. The mechanism

of GH actÍon appears to involve a repartitioning of available nutrients

towards milk production. Fronk et aI. (1981) injected GH into dairy

cows which were abomasally infused with a solution of casein plus

glucose. Abomasal infusion of casein plus glucose increased milk

yield by 3.5%. Injection of GH in addition to abomasal infusion of

casein plus glucose increased milk yield by 16.B%. Injection of GH

alone increased milk yield by 1'5.2%. Thus, nutrient availability did

not appear to limit milk yield. However, GH somehow partitioned

nutrients towards milk synthesis.

Possibly, the response to tyrosine administration in experiments

5 and 6 of the present study was mediated by stimulation of GH

secretion. Dry matter intake did not appear to be affected by dietary

treatment and the small jncreases in milk production would be

consistent with a small increase in GH release (tables 26 and 28) .

Unfortunately, plasma GH concentrations were not measured in

the experiments. Further studies are required to determine the

response of plasma GH concentration to administration of tyrosine.
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SUMMARY OF PART II

Oral administration of tyrosine appears to have increased the

amount of tyrosine reaching the small intestine of sheep but did not

affect plasma tyrosine concentration. In experiment 5, dairy cows

which were fed an alfalfa hay/barley/CM diet produced 3.4% more milk

in response to oral administration of tyrosine. Plasma tyrosine

concentration was not significantly (p > .1) affected. In experiment

6, tyrosine supplementation of a corn silage/barley/FA treated CM diet

increased milk yield by 5.L%. This response is consistent with the

contention that FA treatment of CM did not elicit an increased

production because of failure to increase the absorption of tyrosine.

Tyrosine supplementation of the corn silage/barley/untreated CM diet

had no effect on milk yietd or plasma tyrosine concentration. This is

in contrast to the increased milk production observed in experiment 5

when tyrosine was supplemented to the diet. Reasons for the

inconsistency are not clear. The response to tyrosine supplementation

in experiments 5 and 6 may have been due to stimulation of microbial

activity in the rumen or to an increased supply of tyrosine to the

mammary gland. However, these explanations are not considered likely.

A more attractive explanation is that the increased milk production

was mediated by a tyrosine induced elevation of catecholamine

synthesis in the brain. Three mechanisms were postulated by which an

increase in catecholamine activity in the brain could stimulate milk

production, namely (a) an increased flow of blood to the mammary
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gland, (b) an increase in feed intake, and (c) stimulation of GH

release. The latter explanation is preferred because catecholamines

have been shown to stimulate GH release (Martin 1980) and GH is known

to be a potent stimulator of milk production (Bines et al. 1980; Peel

et al. 1981).



GENERAL DISCUSSION

There is no obvious reason why dairy cows do not respond to FA

treated plant proteins. Of the 10 studies discussed in the literature

review where FA treated plant proteins were fed to dairy cows, only

Verite and Journet (1,977) and Kaufmann and Lupping (1979) reported an

increase in milk production. In the present study, FA treatment had

no effect on milk production in two separate experiments. Therefore,

FA treatment of plant proteins has not increased milk production in L0

of. L2 experiments. There is little doubt that dairy cattle can

respond to an increased supply of protein to the small intestine.

Abomasal infusions of casein have consistently increased milk

production (Clark 1.975; Clark et al. 1.977; Orskov et al. L977). ln

addition, there have been eight experiments using FA treated casein

and milk yield was increased in all but two of these studies.

Presumably, feeding FA treated casein increased the absorption of the

amino acid(s) which limited milk production whereas feeding protected

plant protein did not.

The most commonly cited reason for a lack of response to FA

treated plant protein is a decrease in protein digestibility in the

small intestine (Clark et al. 1.974: Wachira et al. 1.974: Tamminga

1979; Crooker et aI. 1982). Crooker et al. (1982) reported that FA

treatment of SBM reduced apparent N digestibility from 65.4 to 62.4%

and the authors suggested that the small decrease in protein

digestibility prevented an increase in milk yield. However, a small

decrease in overall protein digestibility does not necessarily mean

1B0
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that amino acid absorption was not increased. If the diet contains a

large amount of RDP, apparent N digestibility will probably be high.

But, much of the digested N will be converted to NH s , absorbed into

the blood and excreted as urea. Therefore, amino acid absorption may

be low even though apparent N digestibitity is high. When feeding

protected protein, a small decrease in overaLl protein digestibility

may be acceptable if amino acid absorption is increased. The frequent

Iack of response to FA treated plant proteins cannot adequately be

explained by a decrease in protein digestibility unless the level of

FA application was excessively high.

The suggestion by Sidhu and Ashes (1-977) that the poor response

of dairy cows to FA treated plant proteins is due to a loss of

tyrosine is promising. Results from experiment 6 of the present study

suggest that the value of FA treated CM is enhanced by supplemental

dietary tyrosine. Possibly, the lack of response to FA treated CM was

partly due to failure to increase the absorption of tyrosine.

Given the consistent lack of production responses, the continued

use of FA treatment as a method of increasing the supply of protein to

the intestine is questionable. The potential risks of handling and

feeding FA do not appear to be justified. Reducing protein

degradability by other chemical treatments, €.g. NaOH treatment, may

be more beneficial. Sidhu and Ashes (1977) and Mir et al. (1982b) fed

NaOH treated SBM to dairy cows and noted an increase in milk

production.

The response of milk yield to oral administration of tyrosine is

itself an interesting observation. Possibly, milk yield was increased

by the effect of tyrosine on rumen microbial activity, an increased



LB2

supply of tyrosine to the mammary gland, a behavioural response to

tyrosine, an increased flow of blood to the mammary gland, or an

increased feed intake. However, the most attractive explanation is

that tyrosine administration increased milk yield by stimulating the

release of GH.

Abomasal infusion of casein has increased plasma GH concentration

in lactating goats (Oldham et al. 1978) and lactating ewes (Barry

1980). Therefore, the response of lactating animals to abomasal

infusion of casein may be due to stimulation of GH release rather than

an increased supply of amino acids to the mammary gland. Fronk et al.

(Lg8l-) showed that abomasal infusion of casein plus glucose dirl not

enhance the response of lactating cows to GH injection. This implies

that the supply of nutrients to the mammary gland did not limit milk

synthesis. Rather, milk production was limited by the inability of

the animals to utilize available nutrients. These observatÍons led

Fronk et aI. (1981) to question the concept of limiting nutrients.

There is another line of indirect evidence suggesting that

tyrosine may be the amino acid responsible for the increased plasma GH

concentration following abomasal infusion of casein. As discussed

previously, abomasal infusion of casein consistently increased milk

production in dairy cows (clark L975; clark et ar i,977; orskov et aI.

Lg77). However, abomasal or intravenous infusions of amino acids

generally have not stimulated milk yield to the same extent as casein

infusion. clark (1975) reviewed several studies which investigated

the effect of post-ruminal administration of various combinations of

amino acids. With the exception of one study, post-ruminal

administration of several combinations of essential amino acids did
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not appear to stimulate milk production. This was in spite of the

fact that the basal diets contained only 1"0.8 to 1.2.0% CP and were,

presumably, protein deficient (National Research Council l-978). The

study reported by Schwab et al. (L976) was particularly extensive. In

a series of experiments, abomasal infusions of casein appeared to

stimulate a higher level of milk production than abomasal infusions of

various combinations of amino acids. These observations imply that

casein infusion increased the uptake of an amino acid which was not

present in the amino acid infusates. With the exception of tyrosine,

all the essential amino acids were present in one or more of the amino

acid infusates. Therefore , at least part of the increased milk

production following abomasal infusion with casein may be due to an

increased uptake of tyrosine.

This argument can be taken a stage further. As discussed in the

literature review, raising dietary CP level from less than 1-3% to more

than 1"3% usually causes an increase in milk yield. The increased milk

yield is usually accompanied by an increase in DM intake. A

reasonable explanation of these results is that the higher level of

dietary CP caused an increase in rumen microbial activity. When

dietary CP level has been increased from 1-3% or more to a greater

Ievel, results have been more variable. Of T}:,e 21' studies discussed

in the literature review, milk yield was increased in 1"0. If, as

suggested by Satter and Roffler (1975), the N requirements of the

rumen microorganisms are normally met by diets containing L2 to 1"3'o

CP, then the response to higher levels of dietary CP is probably not

due to an increase in rumen microbial activity. Current concepts of

ruminant protein physiology 
"rrggu"t 

that the response is due to an
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increased supply of amino acids to the small intestine leading to an

increased uptake of amino acids into the blood (Satter 1-981). The

increased suppty of amino acids to the small intestine is derived from

undigested dietary protein and the increased milk yield has been

assumed to be due to an increased supply of amino acids to the mammary

gland (Kaufmann L977; Satter L982). However, results from studies

discussed in the previous two paragraphs, particularly those of Fronk

et al. (1981), suggest the response of lactating animals to an

increased supply of amino acids may not necessarily be due to an

increased supply of so called r'limiting" amino acids to the mammary

gland. Instcad, the response may bo modiated by stimulation of GH

release by one or more amino acids. Therefore , the increased milk

production reported by several authors when dietary CP was raised from

1-3% or more to a greater level may have been due to the effect of a

specific amino acid on GH release rather than an increased supply of

amino acids to the mammary gland.

The amino acid(s) responsible for the increased plasma GH

concentration following abomasal infusion with casein (Oldham et aI.

1"978; Barry 1980) have not been identified. However, a list of

potential candidates can be compiled from the results of studies in

which plasma GH response to intravenous infusions of amino acids was

measured. Intravenous infusions of arginine, histidine, lysine,

methionine, and phenylalanine consistently increased plasma GH levels

in humans but the response to leucine, valine, isoleucine and

threonine was inconsistent or insignificant (Knopf et al. L965).

Hertelendy (1970) reported an increase in plasma GH concentration in

response to intravenous infusion of arginine in sheep. Davis (1"972)
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infused arginine and leucine in sheep and observed an increase in

plasma GH concentration but infusion of phenylalanine had no effect.

The physiological significance of these studies is not clear because

of the pharmacological doses of amino acids. However, if the results

are taken at face value, they suggest that one or more of arginine,

histidine, Iysine, phenylalanine, leucine, or methionine could be

responsible for the casein induced increase in plasma GH concentration,

The effect of tyrosine and tryptophan infusions on GH release do

not appear to have been studied so these amino acids will also be added

to the list of potential candidates. Oldham et al. (1978) found that

the plasma GH levels of lactating goats were increased by abomasal

casein infusion but not by abomasal infusions of arginine, methionine,

or phenylalanine. Therefore, these three amino acids wiII be

removed from the list of potential candidates. In experiments 2 and

6 of the present study, FA treatment appeared to increase the plasma

concentrations of histidine and leucine (tables l-6 and 29) but milk

yield was not affected. Therefore, histidine and leucine will also

be removed from the list. The remaining amino acids which can be

considered potential mediators of the stimulation of GH release are

tyrosine, lysine, and tryptophan. Of these three amino acids, there

is a considerable amount of circumstantial evidence suggesting that

tyrosine could stimulate GH release by a catecholamine mediated

mechanism, as discussed previously.

The potential exists to stimulate GH release by feeding protected

protein. In their review, Bines and Hart (1982) reported an

experiment in which plasma GH concentration of first lactation heifers

was increased by feeding FA treated SBM and FA treated casein. Milk
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production was not affected, possibly because the increase in plasma

GH concentration was not great enough to stimulate a detectable

increase in milk yield. Actual levels of plasma GH were not reported

so the relative responses of plasma GH to the two protein supplements

cannot be compared. If the response of plasma GH concentration to the

FA treated protein supplements was mediated by an i¡creased uptake of

tyrosine, then the response of GH to FA treated SBM appears to

contradict the suggestion that treatment of CM with FA in the present

study did not increase milk yield because of failure to increase the

absorption of tyrosine. However, the effect of FA treatment on the

tyrosine content of protein supplements has been variable, as

discussed previously, and there is some doubt as to how much, if any,

tyrosine is actually made unavailable by FA treatment. It remains to

be seen if other forms of protected protein, e.g. NaOH treated SBM

(Sidhu and Ashes L977; Mir et aI. Lg82b), can stimulate an increase in

plasma GH concentration.

There is one final observation which deserves comment. Maidoub

et al. (1978) reported that milk yield of dairy cows fed high protein

diets (15.3% CP) was increased by 4.9 kg/day (2I%) when cottonseed

meal was replaced by corn gluten meal on an equal protein basis. The

corresponding increase of cows on the low protein diets (L2.6Yo CP) was

3.1kg/day ¡L4%). GrÍeve and Forster (1982) reported that milk yield

of cows fed diets containing L4% CP was increased by 3.4 kg/day (11%)

when SBM was replaced by corn gluten meal. The estimated ruminal

protein degradabilities of corn gluten meal, SBM and cottonseed meal

are 45%, 70%, and 70%, respectively (Satter 1981). Possibly, the

response of milk yield to corn gluten meal. was mediated by an
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increased supply of t'limitingrr amino acids to the mammary gland.

However, there is an alternative explanation. Corn gluten meal

contains approximately 50% more tyrosine than SBM or cottonseed meal

(Hubbell 1979), on a protein basis. Because of differences in the

ruminal protein degradabilities between corn gluten meal, cottonseed

meal and SBM, the former protein supplement could supply about three

times more tyrosine to the small intestine than the latter two

supplements for a given protein intake. Possibly, the response to

corn gluten meal was mediated by an increased uptake of tyrosine.

In conclusion, the following hypothesis is proposed. Under most

feeding systems, when cows are fed diets containing l-3 to 14% CP, the

amino acid supply to the mammary gland does not limit milk synthesis.

When additional protein is provided, an increase in milk production is

due largeiy to stimulation of GH release by a specific amino acid,

possibly tyrosine, rather than an increased supply of trlimitingil amino

acids to the mammary gland. The additional protein may be provided by

increasing the level of dietary CP, replacing a highly degradable

protein supplement with one which is less degradable, or by abomasal

casein infusion. There is little direct evidence to support this

proposal at present but the concept may provide a basis for future

study.
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CONCLUSIONS

Cows fed high protein diets (1'7.4% CP) produced more milk

(p <.05) than cows fed low protein diets (14.6% CP).

Feeding FA treated CM to lactating cows lowered ruminal

NHg-N levels (p .. OS), tended to increase (p'.1) the plasma

concentrations of total essential amino acids, and had no

effect on the apparent digestibilities of DM, N, or ADF.

Cows fed FA treated CM did not produce more milk than cows fed

untreated CM. The lack of response did not appear to be due to

over- or underprotection of the CM, or to a deficiency of RDP for

optimal microbial activity. The lack of response to FA treatment

may have been due to failure to increase the uptake of a specific

amino acid, possibly tyrosine or lysine.

The persistent lack of response to FA treated plant proteins in

the present study and in other studies suggests there is little

justification for the inclusion of FA treated plant proteins in

commercial dairy rations.

Tyrosine administered orally appeared to partially escape ruminal

metabolism in sheep, though there is little doubt that oral

administration of free tyrosine is an extremely inefficient

method of increasing the supply of tyrosine to the duodenum.

Feeding supplemental tyrosine to dairy cows caused an increase in

milk production, particularly when the diet contained FA treated

CM.
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Table 14. Effect of formaldehyde (FA) a and he.tb treatments on nítrogen
solubility of fully exÈracted canola meal (CM), partially
extracted canola meal (PCS) and crushed canola seeds (CS) in
l0% Burroughs Mineral Mixture (BPD{) and NaCl solution (individ-
ual data)

Canola Product

Solvent Treatment CM PCS CS

UnÈreaLed
37 .2
34 .6
38.7

39.s
42 .5
44.6

30.7
23.7
33.1

10% Bl'ß1 Heat

FA

0.1
ta

3.1

r.7
0.7
0.4

6.1
0.1
t.2

-)a
3.7
1.3

)\
0.9
4.1

-0. B

2.4
t.7

NaCl

Unt reated

Heat

FA

47.1
4I.T
43.8

54
ç1.Jq

50

4.9
1)

1.3

38.3
39 .5
4r .6

2,1
0.1
0.9

na
-3.1
I,7

1.9
0.7
I.5

1.3
2.7
0.9

7

7

2

2.3
1.1
4.2

ut,zgYlll00g crude protein

AuËoclaved for 5 mín at l2ICb
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Table 24. Nitrogen solubllity of the lactation diets
in NaCl solution (experiment 2,individual data)

IngredÍ enÈs Nitroqen solubilitv( %)

Concentrates

Ft{

FL

UH

UL

Corn silage

Brome hay

16. B

20.4

29 .4

31 .6

40.9

28.9

34.2

34.2

29.6

15.3

19 .6

3r .2

32.3

32.3

27 .3

18 .0

18.3
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Table 34. Dry matter, nitrogen and non-nitrogen dry matter
(NNDM) dísappearance of the lactatíon dieÈs from
nylon bags (experíment 2, individual data)

Percent dísappearance

Ingredients Dry matter Nitrogen Ì\ì'ÐÞ1

Concent rates

Ft{

FL

IIH

UL

Corn silage

Brome hay

47 .8

53.7

59.5

62 .4

4r.7

s1.9

58 .0

62.7

47 .9

t,1 I

50. 1

5¿+.2

58. I
60.9

48.6

4r .4

52 .5

58.7

57.8

57.6

48.8

4t.9

50.2

57 ,9

sB.6

s9 .4

53,4

43 .5

10t

48.9

60.2

64.9

52.r

45.r

s3.8

42.9
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Table 44. Response of various parameters to two 1eve1s of dietary crude
proteín and formaldehyde treated canola meal (experiment 2,
indívidual data)

Treatment Cov¡/l Liveweight gain
(ke/day)

DM Intake
(kelday)

CP lntake
(kelday)

l"li1k yield
(kglday)

FTT

I
2

3

4
5

6

7

IJ

10

-0.44
-t.r2

0 .49
-0 .50
-0.33
0.35

-0.23
0.07

-0.17
a.29

-0 .42
-0. 10

-o .46
-0.0s
0.02
0.67
0.24

-0.17
0,02

-0.51

.50
'))

.05

.38

.19

.35

22.8
20.r
24.7
17. B

)1 A

t9.7
19.2
t4.t
t7 .5
2r .6

3.96 39. r
1a (

33.6
32.6
')< ?

11 '.)

30.8
')') (
29.3
3s .0

24.7
30 .4
26 .4
34.6
32.0
35.0
3L .2
28.6
37 .3
32,9

.50

.29

.10

.04

.76

J

4

3

J

J

J

2

3

-1

.98

.43

.34

.45
ug

FL

UH

UL

a

b

a

11LL

22
23

25
u26

27
28
29t30

u31

32
33
34
35
36
37t38

39
40

20.9
?n q

17 .8
20 .6
20 .4
t6.7
18.4
t7 .9
lð.b
T7 ,I

18.1
19.8
19. r
17 ,3
20.5
18.3
16.r
16 .7
20. B

17 .9

2.76
2.71
2 .45
2.35
2.84

2.66
2.90
2.80
2.53
3.01
2.69
2.36
2 .45
3.05
2.63

11

T2

13
t4
15
I6
17
18
19

20

0. 19

0 .00
-0.05
-0.01
-0.79

18.9
18.s
r6.8
16. 1

19.5

28 .4
21.0
27.r
?o ?

37 .0

U

-0
-0
-0

)\
.08
.23
.04

18. 1

t8 .7
18.9
r6.2

2.6s
2.7 3

2.7 6
z.Jt

30 .5
28 .5
29.6
30.2

3.61
3.62
3 .09
3.57
3.53
2.89
3. t9
3.r0
J. ¿L
2.96

L'

31.
36.
36.
)7
30.
34.
35.
27.

42 6

5

I
0
I
5

8

4

8

I

0

-0
-0
-0

0
0

-0
-0
-0

.11

.06

.74

aFirst lacÈation cows

-0.67
bMissing data



2rg

Table 4A continued. Response of various parameÈers to fllo levels of
díetary crude proteín and formaldehyde treated canol-a meal
(experiment 2, indívídual data)

Treatment Cow// 47" TCl{' yield
(ke /dav)

% milk fat Fat yield
(kei day)

% rnilk protein
( ke / day)

1

2

J
4
5

6
7

a
6̂

40.1
37 .8
34.0
35.5
41.0
32.9
25,3
20.9
30.6
33.1

4.17
3.87
4.06
4,63
4.99
4.18
aaa

3.54
4.37
3.57

.84
))

.79

.48

.88

.56

.04

3.75
3.49
4 .4t
4.17
4,49
3 .83
2.55
3,52
3. 50
4.40

1 .63
r .49
t.37
1.51
1.78
1.35
0.87
0.79
r.28
L25

.02

.85

.86
o1

.05
a?
o1

.10

.65

2.94
3.01
2 .85

3,L2
3.31
3.21
2.66
3,07
2.76
2,89
3.06
2.88
2,95

.86

3

2

2

2

2

3

2

2

3

2

FH

^g
10

11

^12
13
r4

. 15bt6

T7

iB
t9

^zo

2t
22
23
24
25

^26
27
28
29

"30

"3r
32
33
34
35
36
37t38

39
40

27 .4
22.0
30. 3

32 .1
39 .0

a1

.30

.t7

.45

2.86
3.26
1 01
t oq

3.0r

3

4
4
4

4

1. 10

0 .90
r.29
1 .30
r,62.39

FL

U}I

UL

4t.
33.
31.
39.
35.
29.
28.
34.
33.

.07

.33

.28

.12

32 .4
26.7
28.9
27 .4

4.39
3 .56
3 .83
3.44

1.34
I .01
r.13
1.04

3.0i
3 .0s
)o1
)o)

2

4
4
4

3
4
J

3

3
4

6

6

0
6

5

6

4

I
J
n

.00

.6s

.91

,64
.37
?q

.67

.4r

.31

1

I
i
I
1

I
1

I
1

I28.

3 .05
2.90
3.10
2.98
2. 84
2. 82
2.97

23.7
28,L
27 .9

0.92
i.06
i. t6
r.44
r.44
r.34
0 .80
I .01
1.31
1 .45

5.2
4.s
4.r
3.9
6.4
4.4
4.8

3

3

3

2

2

3

3

aFirst lacEaÈion cotn¡s
b l'lissing data
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Table 4A continued. Response of various parameters Èo tlro 1eve1s of
dietary crude protein and formaldehyde treated canola meal
(experimenE 2, individual data)

Treatment Cowi/ Protein yield
(ke/day)

% lacÈose Lactose yield
(ke / day)

Milk iodide
(pel1)

UH

UL

a
11

T2
13
L4
15
I6
T7

1B

19
20

b

a

2I
22
23
24
25

^26
27
28
29

"30

1.18
1. 10

0 .96
0.93
i .04
0.98
0. 87
0.63
0.91
0.93

n o?

0.87
0.86
0.88

r,25
0.98
0 .89
1. 10

1.05
0. 85
0.92
0.98
1.0i
0.83

0.77
1.01
0 .85
0.92
0.98
0.97
0 .90
0 .88
r.07
0.97

5.08
4.92
4.81
4.74
4.76
4.89
4.77
5 .09
4.9 r
4 .85

4.77
4.87
4.86
4.68

4,84
5.02
4,72
4.82
4 .85
4,7 4
5.08
4.73
4 .79
5.00

1.98
I .90
r,62
1 .55
I .70
r,57
r .41
1.14
r.44
r .70

2.06
r.63
T .47
r,73
r.75
1.30
I .56
1.63
r.72
t.37

I
2

3
4

5
6

7a^
U

a^
9

10

4.9r
4,9r

r.2t
I .49
1.38
L.s4
r.53
1 .70
r ,47
1 .50
I .84
r.64

47r
305
¿oJ
462
¿¿4

290
a /.')

230
JJ I
257

538
325
377
281

10 50
316
2TI
290
342
229
394
240
258
208

244
248
240
25r
679
225
230
376
23r
300

FH

FL

0 .81
0 .69
0.81
0.86
1.11

1.38
1.02
1.33
1.40
r.74

316
t. 11

324
178
40s

I.t+6
1 .39
1.44
i.41

4. 8s
4,86
4.9r
4 .77
4,77

a3t
32
33
3/+

35
36
37
38
39
40

a

5.23
4.t15
4.77
4 .85
4.75

5.00

5.23
4.94

uFirct lactatíon ccrv¡s
bMíssÍng data
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5A. Effect of dietary protein 1evel and formaldehyde treated canola
meal on ammonia-nitrogen (NH¡-N) and volatile fatty acid
concentrations of rumen liquor sampled ímmediately before
feeding (experimerLL 2' índividual data)

Treatment Covr// NH3-N
(mg/ loomr)

Acetate
(mM)

P ropionate
(iTM)

Butyrate
(mM)

1L
7r.2
11 .6

J. /
))
3.0
tr2

6.1
9.6
6.6

13 .0
r5 .4
19 .0

10.4
10.3
t4.3
it.6

6.1
3.4
/,o

8.9
4.5
2,4

r0 .0
6.7
6:3
4.8
3.7
4.2
5.6

1

2

3

4
5

6

7
uB
ug

10

45.6
60.1
62.4
27 .B
13 .0
r6 .4
43.8
4t.3
42.2
4r.6

5.9
qo
o,
3.8
4.3

10.5
9.8

13.9
6.6
6.7

5

3

2

2

6

4I
37
55

1-7
4,5
6.3
8.1
2.6

11

T2

i3
t4
15
16
T7
18
19

20

^

FH

FL

UL

31.
31.

4.8
10 .9
11.0
2.0

,a)
52 .3
49.9
35 .9

6.4
15.1
16.1
8.4

4.1
11.5
10 .3
5.6

b

a

a

2T

22
23
24
25
26
27
2B
29
30

b
a

"3I
32
33
34
35
36
37t3B

39
40

r4.6
50
6.s
6.2
5.0
1,)

4.4
3.8

4.8

12.2
8.0

11.6
L+.L

6.6
13.3
5.9
8.6
5.5
6.0

L6 .4
7.0

11.8
L3 .4
12.2
5.8
8.6
5.8

s4.6
34.1
4r.4
42 .8
43.9
L7 .3
28.8
19.6

25,9

55 .0
44,2
64.6
22.2
51.1
55. 3

37 .8
49.7
46 .6
42.5

15.1
14.3
17 .4
6.6

t2.6
13.6
19.6
10.7
1s.5
i1.4

13 .7
7.2
7.9
3.2
4,5
L+.2
)\

10.4
8.5
6.2

uH

15.3
7.7
4.r
2.8
6.3
3.1
4.s
4.0
4.7
o?

6.6

tFir"t lactatíon cov/s
bMissing data
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Table 64. Effect of díetary protein 1eve1 and formaldehyde treated canola
meal on ammonia-nitrogen (NH¡-n) and volatile fatty acid
concentrations of rurnen liquor sampled 3h after feeding (experi-
ment 2, individual data)

Treatment Cow/l NH3-N
(me/ too*t)

Acetate
(nM)

Propíonate
(mM)

Butyrate
( ITIII)

6

L4
6

7

"B
.ì

10.
13.
7.

46.6
53.8
46.L
42 ,5
52.8
J/.¿

17 ,B
17 .4
15.0
14.5
17 .0
r6.9

4

0
4

8

9

B

1) )
13.7
t7.5
i1.4
11.8
10.2

FH

FL

UL

a^
9

10
4t

25
26

L4ur5

I]
1B

20
^42

7.6
5.8

14.1
15.2
5.7
2.6

tr1 0

40. 8
66.3
60.8
60 .0
QA?

49 .4
5t .7
55 .0
66.7
50. 6
31.3

18.4
15 Ê,

18.1
20.3
20.5
26 .4

r4.9
i0. 1

I
t
1

1

6.4
5.1
6.4
OQ

9

t2
9

T7

7

t2

a

3s
36t38

39
40

ã, nL+J

r5.9
11.6
24.9
23.0
13.7
5.5

1i.9
13.2
14. B

9.7
17 .2
16.8

15. 7

6

7

+

0
4

r4.3
11 .8
17 .5
22.0
l5.r
8.2

UH

27
28
29

u3o

18.
18.
/-4 .

17.
o

46.3
48.3
44.8
58.2
43.4
50. 3

t2.2
t5.2
t6 .4
21 .0
13 .9
13.6

l
0
5

8

4

I

aFírst lactation cows
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Table 74. Response of plasma profile to t\{o levels of dietary crude
protein and formaldehyde treated canola meal (experiment 2,
índivídual data)

TreaÈment Cow/l Urea
(mg/ 100m1)

Glucose
(mg/ 100rn1)

Total protein
(mg/ 100m1)

FH

20.2
18.
13.
i8.
13.
16.
18.
i8.
T2,

o

56.5
66.s
47 .0
54.5
45 .0
49 .0
48.5
77.0
44.5
36 .5

I
2

3

4

5

6

7

"8

9

5

0
9

5

2

5

I
0

)
5
7

9

5

ot
15.3
10.0
10. I
9.8

10 .4
8.4

13.9
7?
5.3

ug

10

I1u12

13
t4

. 15
b_ _lb

t7
18
19

u20

FL

uH

UL

60 .0
70.0
57 .5
68.0

65.0
51 .0
60 .5
75.0
84.s
63. s
5B. s
5? n
65.0
61 .5

11.
16,
13.

o

15.

69 .5
90.5
54.5
76.0
82 .5

11.1
12.8
10. 1

10.4
73.2

8.0
12 .7
13.3
10 .5

-1 n

8.6
TL.7
11.9

2t
22
23
24
25

^26
27
2B
29

"30

"31
32
33
34
35
36
37

"38
39
40

41 .0
66 .5
47 .5
61 .0
60.5
82.0
7 4.5
46.0
44.5
49 .5

15.5
11 .5
r5.2
r4.5
16.1
r8.2
r5.2
r6.6
16.6
15 .0

6,
t4.

B.
10.
11.
15.
19.

10. 4
10.0
i1.7
rt.7
r2.6
10.2
72.r
11.3
1r.1
10.4

6.
5.
R

5

I
8
B

I
B

5

3
2

2

3.9
13 .4
9.6

r1.1
10. B

11.8
12.0
6.0
7 .4
6.4

uFit"t lactation coI¡IS
bMissing data
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Table 7A continued. Response of plasma profile to tlvo levels of dietary crude
protein and formaldehyde treated canola meal (experiment 2,
individual daÈa)

Plasma amino acids (umoles/1)

Treatment Cow// Methíonine Phenylalanine Tryptophan Histidine Arginine

1

2

3

4
5

6

7a
ð̂

ug

10

29
19

26
26
24
18
30
25
18
¿4

62
59
56
5B
48
39
68
53
46
45

13
6

6

10
2

T2

i9
10
l1

9

118
113
t6

t25
78
83

r59
97

lr3
1r0

63
65
79
60
70
60
72
61
50
66

FH

UL

11
I2
I3
l4
i5
I6
I7
18
I9
20

a

b

b

t4
¿4
34
19
23

JO

47
67
.).,
JL

47

54
61
95
48
52

6

4

11
a

11

9

8i
110
186

79

B5

86

191
101

97
109
104

80
94

i78
T42
107

50

100
52
51
4I
48
35
53
65
65
62

FL
22

36
27

44

64
45

I2
t2

74
44

r48
100

IIH

2T
22
¿)
24
25

^26
27
2B

29
u30

31
23
l9
23
te
2t
22
32
28
22

89
¿+)

36
53
48
47
48
58
54
46

t4
a

t2
13

4

9

6

9

15
5

u3I

32
33
34
35
36
37t3B

39
40

t5
30
2t
I8
20
19
2T
22
31
31

36
59
59
52
38
32
48
45
62
44

43
56
72
3B
45
15
37
31
62
30

91
r49
153

82
9l
19
8l
76

r3B
9I

6
I7
13
10
13
13

4
11
T9

6

"Fír" t lactatíon co\¡7s
bMissing data
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Table 7A continued. Response of plasma profile to t\,ro levels
crude proteín and formaldehyde treated canola meal
2, individual data)

of dietary
( expe riment

Plasma amíno acids (umoles/1)

Treatment Cow/l Aspartate Asparagíne Glutamate Glutamine Proline

1

2

3

4

5

6

7
u8
ug

10

FH

23
24
22
27
¿)
26
30
26
)L
27

36
33
48
36
J¿

25
38
2L
20
37

135
123
i35
13s

84
109
177

83
7/+

150

r59
r62

90
101
r05
126
159
115
1I0
r26

310
476
47s
528
1-tQ

415
505
612
473
aoaJOU

39s
368
¿+06

45r
4J /

330

660
560

303
J¿)

324
47r
547
603
/,R2

382
337
513

277
732
5r4
542
269
346
294
385
353
249

a
1i
I2
13
T4

15
16

2I
22
39
3l
26

/J
2l
69
26
30

107
129
174
r2r
98

90
97

200
52
78

75

L24
95

69
197
198

59
6I
7I
6?

50
131

78

b
FL

UH

UL

b

d

2t
22
23
¿4
25

^26
27
2B
29

^30

u3I

32
JJ
JL+

35
36
37

"38
39
40

I7
18
19
L\)

JJ

29

?Q

39

183
97

29

26
4I
33
24
29
27
23
26
45
32

30 r22

106
10s
113
IT2
91

t20
r15
r69
156
101

I29
t57
r37
92

t12
80
99

113
271
172

I7
26
23
28
35
28
29
29
35
31

68
B7

l2
B6
65
90
93

174
90

131

45
30
31
45
39
33
39
58
43
42

23
61
43
2T
30
30
25
30
30
25

"Fit"t lactation co\"/s
bMÍssÍng data
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Table 7A continued. Response of plasma profile to t\,/o levels
crudeprot'einandformaldehydetreatedcanolameal
2, índividual data)

of dietåry
( experirnent

Plasma amino acíds (Pmoles/1)

Treatment Cow/l Glycine Alanine Citrulline grnithine Serine

FH

I
2

J

4

5

6

7a
Ĥ

384
568
345
505
503
447
584
460
700
46r

553

330
)L)
306
28t
23r
235
384
264
215
361

209

385
237

534
¿t J
317
276
26r
289
301
464
408
290

I17
99

163
190
111
95

131
93
79

105

59

9B
119

79
61

90

134
92

r29
r63
7l
97

TT7
93

105
L29
1r3

82

55
131

69
80
84
61

113
57
97
9s

63
33
74
80
47
63
97
72
52
78

4L

108
85

108
r22
92
7l

124
106
86

TT2
^g

a

b

10

1i
l2
13
T4
15
16
I7
iB
I9
20

567
467

a

2t
22
23
24
t)

u26

27
28
29

u30

575
46t
57r
696
555
592
520

l0l I
IJ¿
531

437
649
761
531
647
477
591
687
853
70r

105
7l
43
55
65
4¿
67

104
58
67

67
94
80
89
98

91

128
105
t27
t2r
139
r28
133
154
161
107

91
155
131
92

I4T
130
TI]
r21
156
t32

329
404
813
49r
420

273
JL+L+

444
282
J4J

4¿

69
tl4

52
53

FL

b

109
53

r34
110

UH

uL

"31
32
33
34
35
36
37t3B

39
40

258
521
519
237
313
239
257
265
427
292

36
98
7T

38
59
48
56
45
70
60

uFir"t lactation cows
bMissing data
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Table 84. Intake and excretíon of dry matter (DM), nitrogen (N) , acid
detergent fibre (ADF) , gross energy (GE) and ether extract
(EE) of cows in response to two levels of dietary crude
protein and formaldehyde treated canola meal (digestion
study, experíment 2, individual data)

Intake

Treatment Cow/l DM

(kelday)
N

(kelday)
ADF

(kglday)
EE

(ke/day)
GE

(Mcat/day)

6

7
a^

^9
10
4L

0.61
0.61
0.37
0 .47
0 .50
0.58

4. B1

4.29
3.06
3.69
5 .17
L ta

l4
u15

T7

18
20

ã t,¡

25
^26

27
28
29t30

23 .42
20.64
15.31
L7 .26
2r,02
2t.23

19 ,23
21.01
ZL.L)
18.45
18.14
14.61

24 .40
17 .90
19.34
L9,02
20.62
I4.20

23.65
22.50
15 .04
20,36
19.24
18.12

3 .90
3 .60
3 .90
4.09
3.45
3.03

1.03
0.98
0.76
0.72
0.77
0.89

0 .95
0.92
0.58
0 .67
0.62
0.64

t00.22
o) 

^)
67.16
75.00
90.31
92.32

80 .90
90.70
91.68
70 1)

78.20
6r.96

r04 .7 4
79 .09
86.28
83. B8

91.00
6r.28

99 .93
96.60
63.87
86.78
81 .87
76.76

FH

FL

0 .47
0.52
0.53
0 .47
0.42
0.28

0.98
0.74
0 .99
0 .67
0.78
0.51

35
36

"38
39
40

ã, nL+J

0.58
0.61
0,32
0.37
0.36
0.32

.83
a)

. r6

.14

.89

0.97
0.86
0.93
0.93
T,L2
0 .50

.26

.01

.36

0.70
0.57
0.62
0.60
0.65
0.36

4
J

4
4

J

J

4
4
3

4

4

3

27

UH

UL ,74
.54
.75

uFlr" Ë lact.ation cor^¡s
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Table 8A continued. Intake and excretion of dry matter (DM)' nitrogen (N),
acid detergent fibre (ADF), gross energy (GE) and ether extract
(EE) of cor+s ín response Èo two levels of dietary crude protein
and formaldehyde treated canola meal (dígestíon study, experiment
2, índivídual data)

Fecal excretion

Treatment Cow// DM
(ke/day)

N

(kelday)
ADF

(ke/day)
EE

(kelday)
GE

(Mca1 / dav)

2,68
2,39
t.94
2.73
2 .80
3.19

6
7

uB

^g

6.72
6.96
6.49
7 .81
5. 53
6 .89

7 .99
6. 31
5. 35
7 .84
8.49
8.91

8,52
6.54
6,70
t.4J
6 ,48
6.40

8.15
7 .06
7 ,02
8.7 7

6 .88
6 .4s

0 .I7
0. 19

0. 19

0.23
0. 16

0.17

0.22
0. 18
0.20
0.21
0,17
0.16

0.20
0.21
0.17
0.19
0.17
0.15

2. 13
2.30
2.08
2 .48
r.92
a 11

2.62
2.46
2.36
2.84
2.04
2.r5

0.22
0 .20
0.15
0.23
0.22
0.24

0.13
0 .09
0 .09
0. 14
0.2r
0. 15

34.29
11 1')

23 .40
33. 89
38. 35

36 .4r

27 .90
30.30
28 .47
33.57
aa 1-1

29 .48

Frl

FL

10
4l

L4a.-l-)
I7
18
20a,
4̂¿

0.13
0 .12
0. 14

0.14
0.09
0. 14

25
^26

27
28
29u3o

3. 19
2,37
2,3r
2.75
2.34
1 1-7

0. 10
0. 13
0. r3
0.1I
0.24
0.11

35 .45
28.19
28.92
32.05
28 .57
)1 5?

UH

UL

3s
36t3B

39
40

4, n4J

0. i/+
0. 10
0.13
0. 14
0.13
0. 1l

34.56
30.73
30.2r
37 .6t
29 ,LL
27 .57

tFir"t lactaÈion cows
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Table 8A continued. lntakeand excretion of dry matter (DM) 
' nitrogen (N) ,

acíd detergent fibre (ADF), gross energy (GE) and ether extract
(EE) of cows in response to two levels of dietary crude protein
and formaldehyde treated canola meal (digestion study, experiment
2, índívidual data)

Treatment Cow/l

Urinary N

excretion(kg/daY)

MilK N

excretion (ke / day)

6

7
d^

X

0.20
0.22
0. 19

0.19
0.14
0. 19

0.18
0. 15

0. l0
0.i6
0.14
0. 15

0. 15
0. 17

0.15
0. 15
0. 14
0.12

0.20
0. 13
0.r5
0.17
0. 15

0. 14

FH

FL

o^
9

10
4I

I4tI5
I7
1B

20a, 
^4¿

25u26

27
28
29t3o

a

0.27
0.22
a.24
0.2r
0. 19
0.16

0. 13
0.11
0.11
0. 17

0.14
0.05

0. i6
0. 16

0. i2
0 .08
0.07
0 .09

UH

UL

35
36
3B

39
40
43

0.16
0. t5
0. i5
0.L7
0. 14
0.12a

aFírst lactation co¡,¡s
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Table 94. Milk yield and milk composition of cows duríng the post-
experímental period (days 99 through 305 of lactation) of
experiment 2 (índividual data)

Treatment Cor¡// Milk yíeld (kg) % f at % protein % lactose

4353
5 313
2987
3 310
50 10
5562
2846
4796
436t
429 3

4816
3890
4 388
650 8
40 30
3802
5884
6r7 |
3402
s4s4

31 44
4683
3619
4642
6918
5529
2065
s47 8
5429
4349

4.33
3.48
3.31
4.24
4. r0
4.3t
3.07
4.25
3.65
3.62

3 .47
3.05
2.95
3.t7
3 .44
3. 38
2.97
3 .09
3.20
)1A

4.68
4.86
4.46
4.57
4 .36
4.89
4,73
5 .05
4.88
4.69

4.62
4.94
4.64
4.77
4.32
4 .51
4,96
4.73
4 ,59
4.99

FH

FL

UH

UL

^g

I
2

3

4

5

6
7
I

31
32
JJ
34
35
36
37
3B

39
40

a

b

10

1l
t2
i3
L4
15
I6
T7

18
T9

20

3962
227 3

31 10

5032
62r4

3 .05
3.59
3.51
3.10
3.IB

4.83
t. <.)

4 .15
c./¿
4 .48

3260
310 t
3248
5092

3.91
3 .45
3.75
J. JÕ

3.25
3.25
3.03
3. 04

4 .56
4.39
4.62
4.70

4 .49
5.34

3 .54

3.51
3.62

a

2t
22
23
24
25u26

27
1Q

29t30

3,40
4.21
3 .60
4. 10

3.2r
4 .54
3 .57
3 .06
3.66
3. 86

.84

.27

.39

.98

3. 33
3. 16
3 .99
3.48

J.L I

3.33
3 ,12
3.26
3.16
I <'

3 .06
3.17
2,94
3.11

q7a
J

J

4
J

J

3 .46
3.42

4.70
4.79
4.36
l, 11

4.78

3,17
3.07
3 .06
2.94

3 .49
too
3.22

b

a

"Fir"È lactation co\,¡s
bl"lissíng data

5.05
4 .63
4.70
4.68
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Table 1OA. Effect of formaldehyde treated canola meal on littering rate
and 1ítter size in laboratory mice (experiment 3, individual data)

Treatment Mouse/l Litter Size Mous e// Litter Size

MU

MF

1A
1B

IC
2A
2B
2C

3A
3B

4A
4B

4C

5A
5B
5C
6A
6B
6C
7A
7B

13

5

11

eaten
11
11

none
none

l0
a

6

13
7

I2
r3

none
none

9

none

7C none
t0
13

6

I2
c)

I4
T2

11
11

female died
t1

7

8

6

T2

IJ
I2

3

3C

BA
8B

8C

9A
9B
oa

10A
i0B
10c
11A
118
1IC
l2A
l2B
T2C
I3A
138
13C

14A
148
T4C
15A
t58
15C
16A
i68
t6c
t7A
l7B
T7C
18A
188
18C
19A
198
I9C
20A
208

7

11
B

T4

13
13
i0
11

11

5

6

none
8

9

i0
11

9

none
10
11

20c
2tA
218
2IC
22A
228
22C
23A
238
¿JV
24A
24F'
24C
25A
258
25C
26A
268
26C

4

7

6

13
10

none
I2

none
none
none

9

T2

none
7

6

flone
9

none
none
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Tyrosíne concentration of plasma and duodenal fluid from sheep
fed supplement'al tyrosíne (experíment 4, individual data)

Duodenal fluid tyrosine (mg/100m1) Plasma Èyrosine (mg/100m1)

Treatment Treatment

C T C T

Sheep il l 9.1

9.6

9

B

9

9.8

10. 7

10. 3

15.3

r.4

1.6

1.5

0.9 t.4

1.33

4

8

a
4

4

t

1

1.3

1,2

Sheep /12 18.4

21.6

33.8

25.0

25.8

34.5

26.1

51.1

47 ,6

28.4

1.5

1.6

1')

1a
I.J

). .4

1.3

1.3

3

4

4

I

I

I

foissing value
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124. Effect of dietary tyrosine supplementation on dry matter (DM)

intake, milk yield, milk composition and plasma tyrosine
concentration of dairy cows (experiment 5' indÍvídual data)

Cow

DM Intake
Treatment (kg/day)

4Z FCl"t Yield %f at 7. Ptotein
(kel day )

Milk Yield
(kelday)

Vision

Loena

Queeníe

Kathy

Peggy

Ros a

CU

TU

CU

CU

TU
CU

CU

TU

CU

TU

CU

TU

TU

CU

TU

TU
CU

TU

24.04
26.79
24.97

19.7r
20.63
20.69

22.30
23.63
26.10

18.43
22 .33
2r.02

2r.37
21,o5
23.10

26.7
27 .4
26.r

2r .4
24.5
22.3

2 1?

3.13
3.14

.67

.30
2

3

3

3 ,43
J. ¿L

21.10
24.06
24.07

25 .4
27 .6
28.t

2 .67
3 .09
2.99

3. 16
3 .06
3.t7

3 .09
3. 14
I t(

2.90
2.9 4

3. i8

3.11
3.23
3 .12

3r.7
31 .9
33.1

.02

3. 1935 .0
33. B

30.9

31.0
30.8
34.1

30.8
28.5
27 .l

27 ,4
25.0
26 .4

30. I
30 .9
27 .3

1( O

2s.9
29.9

/-4.¿
26.7
22.8

2 .56
3.58
2.95

00
34

23.5
20 .5
22.8

3 .04
110

3.08

3.11
3.26
3. 3s

3

3

J

05
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Table 124 continued. Effect of dietary tyrosine supplementation on dry
matter (DM) intake, milk yie1d, nilk composítion and plasma
tyrosine concentratíon of dairy cows (experiment 5, individual
data)

Cow Treatment % lactose

Fat
yield

(e/dav)

Proteín
yield

( e /day)

Lactos e
yield

(e/dav)

Plasma
tyros íne
(lmo-Les/I)

Vivian

Leona

Queeníe

Kathy

Peggy

Ros a

CU

TU
CU

CU

TU

CU

CU

TU

CU

TU

CU

TU

TU
CU

TU

CU

TU

CU

713
904
788

836
858
820

1287
L32t
r268

94
77

110

4.54
4.63
4.60

846
986
990

1002
976
990

r439
t47 7

I523

66
66
94

5.14
5.16
5 .08

108 2
1061
100 4

83
110
1r)

4.60
4.72
4.68

r426
L454
159 6

94
6I
94

788
10 20
799

939
858
905

r466
I 365
t279

4,82
L O.)

4.86

4.76
4.79
4.72

1t 17

1 159
995

899
906

10 84

t799
17 44
1570

833
698
813

964
995

I 064

852
815
884

-t '7

/¿
99

5. 16
5. 13

5. 18

T4T4
1283
I 368

r10
77

105
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Response of dry matrer (DM) intake, milk yield and milk compo-

sítíon to tyrosíne supplementatÍon of diets containing formal-
dehyde treated canola meal (experíment 6, individual data)

Cow

DM lntake
Treatment (ke/day)

Mílk Yield
(kelday)

47. FC¡t Yield
(ke/day)

7. Fat Fat Yield
( e/ daY¡

Queenie

Peggy

Beatrice

Vívian

Emmy

Joan

Bonny

Royalle

Janice

Nora

Lady

UC

UT
UC

20 .r
')'t 1

20 .4

UC

FC

UC

UT
UC

UT

FC
UC

FC

FC
FT
FC

UT

-rr
UT

17 ,2

20.9
2t.8
20.r

20.7
/J.J
t) )

2r.t
a') ')

22.0

20.3
2r .3
20,2

2T .L
22.8
22,9

3s.B
3s .0
33.5

26.9
26.r
2t .6

1( O

38. 5
36.4

11 Q

29.6
30. 6

28.7
30. 6

29 .4

30. 4
3r .2
32.3

3 .4r
3 .65
3.64

1037
1 139
TT7 6

18.6
19 .4

24 .4
23 .5
23 .4

21.8
2t.L
20.3

3.27
3.32
3.r3

798
780
I )L

31.1
37 .9
36 .4

LT24
I 586
153 I

23.8
22.r
19.1

'). ))
2.99
3.22

34
.) /,

26.0
31 .5
30.2

2 .57
3 .49
3.16

851
1190
1090

33. I
I
5

3.14
4,53
4 .57

3.17
3.34

866
780
696

1227
t206
997

33 .9
32 .6
29.0

FT
UT
FT

38.7
36.1
35. I

15.8
15.6
16 .0

26.4
23 .4
20,6

2L
t8

3.64
3 .56
3.2r

961
833
661

2r .4
20.8
2r.4

3s.3
32.9
J4.¿

974
I I65
10 50

2t.o
2L .4
24.2

35. I
35 .4
32.r

3.84
3 .46
3.21

r37 9

I332
1 168

25 0
8
I

2.84

07

UT
FC
UT

UC

FT
UC

.76

.54
2

3
J

4.43
2.6r
2.96

rC
UT
FC

39.3
40.6
39 .9

T7 4L
10 60
i 181

22.6
2r .4
2t.8

36 .4
36.9
39.6

33.6
34 .0
34.7

41.8
32,1
33.1

FT
UC

FT

Míssing value calculated for cow on sequence FT IFCIFT

3.48
3. 48
3. 1B

I267
t284
r259
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Table 134 continued. Response of dry matter (DM) intake, mílk yield and

mí1k conposition to tyrosine supplementation of diets contaínÍng
formaldehyde treated canola meal (experiment 6, índividual data)

Cow TreaÈment
% Protein ProteÍn Yield % Lactose Lactose Yield

( e/daY¡ (s/daY¡

Queeníe

Peggy

Beat ri ce

Vivian

Enuny

Joan

Bonny

Janice

Nora

UT
UC

UT

2.90
2.97
3,29

4.81
4 .83
4,89

t462
r507
1579

3. 10
3 .09
3. 30

3.08
3 .08
3.43

2.82
2.7 4

2,7 7

3.31
3.1s
2.99

2 .88
3.04
3.05

882
927

106 3

756
726
772

10 r0
980

I052

829
804
74r

937
94r

I 059

I269
100 7

l 060

100 6

990
1023

LOT2
r07 4
rt37

UC

UT
UC

UC

FC

UC

FC

UC

FC

FC
FT
FC

UT
FC

UT

2,82
2. 80
3 .14

4,34
4 .53
4.17

10 s9
r065
976

4,64
4 .43
4.48

1661
15 51
150 r

4 .49
4.39
t. 1')

I 208
TT46
93s

4,96
4.64
4 .88

1920
167 5
l7r3

2,83
2.7 6

3.07

5.tl
5. r0
5.07

169 i
17 39
17 49

3.28
.J 10

3.02

FT
UT
FT

UT
FT
UT

744
641
57t

r323
1137
10r 4

Royalle 2 .85
3.01
2.99

4.78
4.52
4.80

r68l
t487
1642

5.01
4.86
4.92

4 .44
4.70
4 .88

FC

UT
¡L

UC

FT
UC

1lBB
12T3
108 B

I59 4

1810
r77 6

tt32
r234
t217

4.Bi
4.81
4.82

1 890
i953
1923

Lady FT
UC

FT

2.7 8
2.91
2.87

4 .46
4 .43
4.53

Missing value calculated for co\'r on sequence FT/FC/FT

t623
16 35
r79 4
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Table 144. Response of plasma amino acid concentrations to tyrosine
supplementation of diets containing formaldehyde treated
canola meal (exPeriment 6, indivídual data)

Plasma amino acíd concentration (pmoles/1)

Cow Treafment Aspartate Asparagine Glutamate Glutamíne Proline

Queenie

Peggy

Beatrice

Vi-vian

Enmy

Joan

Bonny

Janice

Nora

Lady

UT
UC

UT

UC

UT
UC

t7
t6
t7

53
35
T4

L64
97

105

534
840
453

r28
64
9I

23
25
27

51
83
95

173
IT2
124

6r1
t448

785

t57
1s6
148

UC

FC

UC

2T

20
L4

r42
110
86

r46
285
90

35
42
23

216
254
3r6

110
160

83

FC

UC

FC

2I

2t

20
16
ll

40
44
)¿

IT4
I04

91

203
105
r39

23
19
22

53
48
31

L07
111
LIJ

r57
r37
226

27
44
27

r22
91

¿ LJ

664
474
11 /,

130
130
140

T7

t7
2l

53
23
3B

B2
t67
12I

115
109
98

30
70
46

446
IO 4l
740

449
95s
597

578
722
160

782
299
455

606
375
566

r30
r63
139

FC

FT
FC

FT
UT
T1

UT
FT
UT

10
t4
26

Rovalle UT
FC
UT

FC

UT
FC

T7

23
23

42
35
37

89
201
180

r20
119
135

UC

FT
UC

FT
UC
_tl

34
J¿{

32

23
55
65

194
203
204

390
447
42r

r25
163
r46

39
39
53

133
111
135

23
20
26

r5l
99

183

Missíng value calculated for cow on sequence FT/FC/FT

501
605
725
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Table 144 continued. Response of plasma amino acid concentrations Èo tyrosine
supplementaËion of diets containing formaldehyde treated canola
ureal (experiment 6, índividual data)

Plasma amíno acid concentrations(umoles/1)

Cow Treatment lyrosi.ne Phenvlalani-ne Ttrreonine- Met-hionine Isoleucine

Queenie

Peggy

Beatrí ce

Vivían

Emmy

Joan

Bonny

Royalle

Janice

Nora

Lady

UT
UC

UT

UC

UT
UC

FC

UC

FC

FC

FT
FC

FT
UT
.rr

UT
FT
UT

76
4L
94

55
37
64

r42
101
151

138
108
192

63
94

TL4

52
61
BO

r67
223
218

34
48
48

r66
179
)\/,

54
57
38

118
139

80

31
30
2T

r37
I44
92

38
28
35

UC

FC

UC

55
60
39

4L
27
49

68
101

74

46
57
53

r24
183
138

28
42
33

r57
164
160

50
42
31

43
4l
39

136
r37
106

27
24
20

52
39
62

2t5
r49

85

30
ta
32

177
92

170

27
65
49

33
5B
52

100
136

81

/4

38
33

100
190
156

38
36
39

IJö
134
II+6

43
53
54

32
4I
37

138
111
135

25
32
32

123
r34
136

46
54
53

27
36
36

126
189
154

57
44
60

3l
24
44

143
I28
191

r69
r44
r37

UT
ÏC
UT

46
42
48

124
30
95

66
r52
170

2,?

LL+

27

FC
UT
FC

UC

FT
UC

FT
UC

FT

44
50
58

9B
B3

127

Míssing value calculated for cor.l on sequence ¡T/FC/IT

¿ô
28
30
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Table 144 continued. Response of plasma amino acid concentrations to
tyrosine supplementation of diets containing formaldehyde treated
canola meal (experiment 6, individual data)

Plasma amino acid concentration (umoles/1)

Cow TreatmenÈ Glycine Alanine Citrulline Ornithine Serine

Queenie

Peggy

Beatrice

Vivian

Emmy

Joan

Bonny

Royalle

Janice

Nora

Lady

UT

UC

UT

FC

UC

FC

500
52r
337

396
373
299

509
427
495

385
2r2
37r

411
s00
437

507
s57
576

338
225
3r0

306
340
604

276
352
2rl

242
224
206

178
292
260

253
343
29r

76
89

1i3

92
63
96

1I0
68
77

UC

UT
UC

4r1
497
452

82
r29

B2

9B
1r8
t44

98
I JI
I27

UC

FC

UC

307
262
204

140
r61

91

97
108

74

t22
tr4

82

327
277
24r

7l
138
tL7

90
i 15
93

B8

t02
t02

FC
FT
FC

FT
UT
FT

57
79
85

332
284
397

123
104
i3B

95
48

L27

237
236
311

7B
113
r05

64
72
90

1')

65
65

69
76
95

89
105

BO

82

77

70
111
IT4

84
77
93

UT
FT
UT

UT
FC

UT

FC

UT
FC

408
452
4t9

¿JJ
238
L97

139
113
r37

61
84
73

51
81

67
76
70

8I
r02
92

343
437
398

7L
t54
L27

111
118
113

289
337
4t3

298
253
325

85
94

101

L57
113
90

UC

FT
UC

FT
UC

FT

Missíng value calculated for covl on sequence FT/FC/FT

56
54
6l
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Table 144 contínued. Response of plasma amino acid concentraÈion to tyrosine
supplementatíon of diets contaíning formaldehyde treated
canola meal (experíment 6, indivídual data)

Plasma amino acid concentraÈion (umoles/1)

Cow Treatment Leucine Lysine Valine Tryptophan Arginine Histidine

Queenie

Peggy

Beatrice

Vivian

Enmy

Joan

Bonny

Jani ce

Nora

Lady

FC

UT
FC

1,48
r63
155

'7 1

ao

99

4J
55
56

B7
98
84

E-

47
50

UT
UC

UT

t7r
115
2T2

125
66

135

B

11

15

1i3
82

132

48
36
56

132
lrl
90

95
91

108

8B
T2I
101

268
,,/,1

380

332
355
496

2t9
295
209

z6 I
25r
265

288
390
350

61
69
66

UC

UT
UC

UC

FC

UC

208
204
279

186
199
r27

148
229
231

208
I17
24r

138
177
244

4

3

15

129
187
r67

75
105
r2t

FC

UC

FC

139
193
140

388
368
43r

83
93

111

139
193
64

315
366
219

11

I2
5

111
I29

75

72
94
48

70
QO

B1

221
183
186

379
345
338

84
93
78

4

3

J

5

2

6

7

9

B

FC

FT
¡(.

FT
UT
FT

UT
FT
UT

119
75

134

369
t92
368

-1 a

4J
74

LT2
224
185

66
t26
135

7

10
I

52
67
6l

r26
64
70

84
96
89

Royalle UT
FC
UT

UC

FT
UC

FT
UC

FT

r46
174
t77

161
296
303

8
B

4

4
7

4

150
200
175

97
110
tr7

8
t2
L2

101
I49
153

57
85
66

115
100
L69

224
174
303

80
75
87

7

13
10

l{issing value calculated for colv on sequence FT/FC/FT

76
59
84

52
30
70
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Table 154. Effect of supplemental díetary tyrosíne on feed intake, liveweíght
gain and feed:gain ratio of rats (experíment TA,individual data)

Preexperimental period Experimental period

Final
Paírll Treatment weight(e)

Líveweight
gaín(gl6 days)

Liveweight
gain( g/ I0days)

Feed íntake
( g/ l0days)

Feed:
gain
ratio

1

1

2

2

3

J

4
4

5

5

6
6

7

7

I
8

9

9

RC

RT

RC

RT

L06 ,7 4
It5,79

t02 .7 3
10 3.9 7

10i.23
99 .3s

95 .34
99.08

95.20
95.94

93.77
92.81

92.62
91 .86

88.62
81.87

83. 89
8I.72

28.36
24.90

24.27
29.92

20.36
29,67

16. 16

2r ,47

28. i3
28.36

24.70
2r.09

18 .44
23.33

22.12
t7 .02

71 1)
26.67

2r .27
27,t6

23.03
16.51

t8.16
57.85

40.73
77.38

65.13
58.05

47.87
5t.62

50.74
59 .45

63.81
52.92

54 .46
53.36

242.02
225.70

rgt.73
200.05

168.29
r85.97

175.9r
t77.42

t59.51
20s.18

188.76
2r1.92

187.36
165.5/+

? ?5

3.58

? ??
) a.)

3.33
3 .00

3.10
3.90

t62.rr
2t+I.99

3.98
3.i3

J.U4
3.4s

'r (1

3. 60

19 I .06
2I2.30

3 .17
3 .57

RC

RT

RC

RT

RC

RT

RC

RT

RC

RT

RC

RT

2t,27
24.70

39.83
54 .49

1 48.36
186.77

207 .47
r89 .64

3.7 2

3 .43

91.55
86.29

RC

RT
89.31
84. 11

54.93
40.88

166 . t9
154.35

3.03
3.78

10
10

11
11

L2
L2

RC

RT

RC

RT

RC

RT

47 ,86
68.36

63.92
70 .87

57 .48
53.48

3.26
3. 10

2.95
2.99

80
BO

,65
.04
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Table 154 contínued. Effect of supplemental dietary tyrosine on feed intake, live-
weight galn and feed:gain ratio of rats (experiment 74, individual data)

Preexperimental period Experimental period

Final
P aírll Treatment weight ( s)

Liveweight
gain(g/6 days)

Liveweigh t
gain( g/ lOdays)

Feed íntake
( g/ l0days)

Feed:
gain
ratio

13

13

T4
r4

RC

RT

RC

RT

79 .87
77.97

7 6.82
75.19

67 .66
69.7r

6¿.Zt
66.31

61.91
64.08

54.05
63. 31

51 .38
63 .03

49 .39
4s.Bs

20.23
2L.49

20.56
2L.72

rB. 58
24.57

16 .44
20.89

19.85
15.73

T7.48
23.9r

t4 ,14
16 .04

46.9 4

52.28

50 .79
58.01

46.64
46.07

58.59
57.54

166.60
181 . l2

r53.27
155.25

T7 6 ,13
t93.40

139.09
r89 .91

t29 .63
r29.66

r23 .t 7

ro7 .97

97.70
o1 11

3.28
I II

). )L+

3 .09

3.51
3.29

163.19
170.08

3 .48
" t<

15
15

RC

RT

t5.20
19.13

3.29
J.J/

64.01
66 .97

25.73
22.84

53.21
58.56

182 . 31
L9r.96

3 .43
2 îa

3.0r
3. 36

27.87
45.58

111.60
t52.60

4 .01
3.3s

39.10
40.37

t29.32
141 . 85

I 11

3.51

16
16

I7
I7

18
18

RC

RT

RC

RT

RC

RT

19

i9
RC

RT

20
20

RC

RT

4r .65
6l .38

2I
2I

36.91
39 .47

22
22

48.4t
42.17

1.7.06
t2.97

36.68
30.63

RC

RT

RC

RT

J.J/
3 ,52

3 .60
3.56

23
23

RC

RT
37.76
37.70

13.44
L2.04

27 .15
26.05
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Table 16À. Effect of supplemental dietary tyrosine on feed intake, liveweight
gain and feed:gaín ratio of rats (experiment 78, individual data)

Inítia1
Rat// Treatment liveweíght( g)

Liveweight
gaín(g/14days)

Feed intake
( s/ I 4days¡

Feed : gain
ratio

I
2

3
4

5

6
7

I
9

10

11

T2

13
T4

15
16
T7

1B

19

20
2T
22
23
¿4
25
26
27
2B
29
30
31

33
34
35
36
37
38
39
40
4T

42
43
44
45
46

RC
tt

tt

il

ll

il

It

It

il

n

il

il

il

il

il

il

il

il

n

tt

ll

It

It

ÑI
ll

il

il

ll

lt

It

tt

It

il

il

il

tt

il

It

il

il

It

It

il

tt

ll

ll

65.06
73.18
59.65
67 .68
59 .64
69 .81
54.55
62.20
78.77
68. 85
8r,22
59 .38
74.t9
84. 16
86.64
7 4.95
68.82
77.00
72.91
73.58
74.18
63.7 3

70 ,62
76.13
62.85
66.22
59 .37
7 2.00
68. 11
55.38
89.73
63.59
66,T1
79 .93
7 4.24
7r.69
78. B3
73.15
82.I9
66.81
6r.29
66.53
75.22
7r.40
60.06
60.17

62.93
53.68
56 .45
48.s4
42.75
34 .6t
56.10
77.87
35.58
63 .67
43,20
46.92
5r .49
7 4.55
57.28
66.34
55 .97
64.77
4s .40
41.98
53 .59
52.66
66.99
42 .85
60.65
54 .01
40.62
29.9r
41 .98
46.29
80 .61
52.95
63.70
63.31
60.72
69.2r
47 .24
72.39
58.9 s
43.11
44.34
56.86
41.3s
52.t8
50.41
45.T6

223.07
2t8.s6
192.72
201 .68
181 .35
2r9.47
192.88
257.5I
213.96
236,84
186.83
197.00
202.86
286.37
233 . 19
239.45
2'2L.OI
237.49
r89.33
185.33
2r5 .47
2r5.10
238 . L4
t64 . 14
))) )1
2L7 .07
166.80
154 .42
180.28
r89.92
294.24
t96 .7 2
225.85
23r .7 2
243.00
230.27
243,82
222.90
230.86
2r8 .59
183.20
235.03
2r5,54
203.67
2TT.84
195.40

3.54
4.07
3.4r
4.15
4.24
6.34
3.44
3.31
6 .01
3,72
1.J¿
4.20
3.94
3 .84
4 .07
3.61
3.95
3.67
4.17
4 .43
4.02
4 .08
3.55
3.83
3.66
4.02
4. 11

5.16
4.29
4. 10
3.65
L '1)

3.5s
3 .66
4.00
J.JJ
5.16
3 .08
3.92
5.07
4. 13

4.13
5.2t
3 .90
4.20
4.33
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Table 174. Effect of supplemental dietary tyrosíne on feed intake, liveweíght
gaín and feed:gaín ratio in chícks (experiment 7C, Índividual data)

Inítial
lfveweight

Trea tment Group// ( g / chi ck)

Liveweíght
galn

(glchicklTdays)

Feed
intake

(glchícklTdays)

Feed:
gain
ratio

I
2

3

4
5

6

44.
44.
44.
44.
44.
44.

19 .4
19.8
t6./+
20 .6
2r.8
16.8

4
ô

0

0
6
o

6

4
0
2

6

4

69.
76,
69.

aJ

3

4

3

3

4

5

7

5

9

9

7

.58

.24

.18
,o

.67

.68

FCl

FC2

FC3

FC4

77
BI
68

t8
76
09

7

8

9

10
11
t2

44.
43.
44,
44.
43.
44.

20.8
23.8
24,5
24 .4
15.8
13.6

7 6,2
82 .0
84.5
80.4
7L.4
72.7

80.
66.
70.
76.
75.

3.66
3 ,45
3.45
3. 30
4 .52
5.35

13
T4
I5
I6
t7
18

44.0
43.0
44.0
44.0
44 .4
44.0

43. B

45 .0
44.0
44.2
43.4
43.8

20.4
23.8
15.8
L6.4
20. B

20 .4

22.6
)))
23.6
2L0
24 .4
20.4

75 3

3

4
4

3

5

8
2

0
J
J
1

.72

.37

19
20
2T
22
23
24

76.2
77 .7
81.1
76.0
79 .6
72.5

3.37
3. 50
3 .44
5.O¿
3.26
3.55
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Table 1BA. Glucosinolate content of the canola meal used in experiments
6,7Ã, 78 and 7C

Glucosínolate Concentration
(prnoles/B oil f ree rneal)

Butenyl

Pentonyl

Hydroxypentenyl

Hydroxybutenyl

Indole

[Iydroxyindole

Total

3.99

0.42

0. 19

r0.32

0.31

2.4L

17 .64




