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ABSTRACT

Ten (Holstein and Holstein X Brown Swiss) calves of
both sexes -and 55-63 days of age were fed two test
rations containing either 26% untreated or 26% formaldehyde
(FA) treated (5.6 g FA/100 g protein) rape seed meal (RSM)
during a 1l4-week growth trial. No significant differences
(P>0.05) were found in dry matter (DM) consumption, daily
gain, or feed efficiency between the two groups of animals.
Treatment of RSM with formaldehyde reduced (P< 0.01) the
levels of ruminal ammonia, blood plasma urea, concentration
of total VFA's (P 0.05) in rumen fluid and apparent digesti-
bility (P< 0.05) of DM and crude protein (CP)., Nitrogen (N)
balance trials indicated no significant differences (P>0.05)
in DM and N consumption and N retention between the treated
and untreated RSM fed calves. Calves fed the treated RSM
had reduced (P<0.01) urinary N and increased fecal N ex-
cretion,

Twenty-four Holstein calves of both sexes and
eight weeks of age were randomly allotted to three rations
containing either 14% soybean meal (SBM), 20% RSM or 20%
FA-treated (0.7 g FA/100 g protein) RSM. Calves were fed
the test rations ad libitum for 14 weeks., Feed consumption,
DM intake, live weight gain and feed efficiency did not
differ significantly (P>0.05) among the three groups., A

significant reduction in ruminal ammonia levels was observed



in calves receiving the treated RSM compared with those fed
the RSM ration. Urea N levels in blood plasma and VFA's
(mmoles/100 ml and molar percent) in ruminal fluid did not
differ significantly (P>0.05). Formaldehyde treatment of
RSM tended to lower the DM, CP, acid detergent fibre and
energy digestion coefficients,

Four fistulated Holstein (rumen, abomasal and ileal)
steers with an average weight of 189 Kg were used in a
change over design, to study the effect of treating RSM or
caéein protein with FA(0.7 g FA/100 g protein) on DM and CP
digestibility, N retention and flow of various fractions of
N through the G.I. tract. Animals were fed at 10 minute in-
tervals using an automatic feeder device, FA-treatment of
RSM or casein did not show any significant (P> 0.05) effect
on apparent digestibility of DM, CP and N retention in
steers fed treated diets as compared with untreated diets.
There was a trend for lower rumen NHB-N and blood urea N
levels for steers receiving the treated diets compared with
the untreated diets. FA~-treatment of casein lowered (P<£0.05)
the molar percentages of acetic and isobutyric acids in the
rumen fluid of steers fed the FA-casein diet compared with
those receiving the casein diet.

FA-treatment of casein but not RSM influenced the
flow of total N and non-ammonia N (NAN) through the rumen,

Flow of total N and NAN through abomasal digesta of steers



fed treated RSM and casein diets was significantly (P<0.01)
higher than those receiving the untreated diets., Bacterial
N flowing through the abomasum was significantly (P<0.05)
lower for steers on casein diets compared with those fed RSM
diets. Apparently a higher amount of bacterial protein per
100 g of digested dry matter flowed in the abomasum of
steers fed RSM diets compared with those fed casein diets.
The total N flowing through the terminal ileum of steers fed
both RSM diets was significantly (P< 0,01) more than those
fed the casein diets., However, FA-treatment did not affect
the flow of NAN through the terminal ileum of steers fed the
different diets,

The percentages of total amino acids were signifi-
cantly higher in rumen digesta (P<0.01) and abomasal digesta
dry matter for steers fed the FA-casein diet compared with
those receiving the casein diet or RSM diets (P<{0.05). FA-
treatment of casein protein significantly (P«£0.01) increased
the flow of amino acids,as a percent of amino acids consumed,
through the rumen and abomasum of steers. but had no €ffect
(P>0,01) when RSM was treated with FA. The flow of ileal
amino acids as a percent of ruminal amino acids were signi-
ficantly less (P<0.05) for steers fed FA-casein compared
with those fed the other three diets, indicating that the
apparent absorption of amino acids was higher in the small

intestines of steers fed the treated casein diet compared



iv

with the other three diets. The level of cystine was in-
creased in the rumen digesta of steers fed casein diets and
decreased for the steers fed RSM diets, Glutamic acid level
in the rumen digesta was decreased for all the steers as
compared to dietary level. However, glutamic acid was signi-
ficantly (P<0.01) higher for steers fed the FA-casein diet
than the other steers. Except leucine and DAP, no signifi-
cant differences were observed in the amino acid composition
of bacteria isolated from the rumen of steers fed the various
diets. There were noticeable increases in the level of
glutamic acid (all diets) and decreases in the levels of
lysine (RSM diet) and DAP (all diets) in the abomasal digesta

of steers when compared with the ruminal digesta..
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INTRODUCTION

Previous studies in ruminant nutrition have indi-
cated that when the amount or solubility of protein fed is
high, the extent of protein degradation probably exceeds
protein synthesis by rumen microorganisms. Thus, substan-
tial amounts of dietary protein may be lost due to excessive
- production of ammonia in the rumen and consequently excreted
in the urine as urea, Proteins introduced directly into the
abomasum or duodenum have been effective in inecreasing nitro-
gen retention, body weight gain and wool production in sheep.
In order to achieve similar results with dietary protein
it is necessary to protect the protein (an expensive moiety)
from microbial degradation in the rumen, thus allowing more
protein to be digested in the lower gut. It should then be
possible to force the rumen microbiota to use the dietary
non-protein nitrogen (urea) as a source of N for the synthesis
of microbial protein and spare the dietary protein for
digestion and absorption in the small intestines.

Protection of protein could be brought about by heat
treatment, vegetable tannins or with formaldehyde (FA).
However, the nutritional value of both heated and tannin
treated proteins may be impaired. Therefore, FA treatment
of protein for reducing its solubility in rumen fluid and

increasing its resistance to microbial degradation in the



rumen was used in these studies.

Australian workers reported a response by sheep to
FA treated casein supplementation in the diet and to abomasal
infusions of casein and amino acids, Little information is
available regarding the fate of nitrogenous compounds flow=-
ing after the rumen of ruminants fed FA-treated proteins,
however, some workers have reported the effect of FA-treat-
ment of protein on apparent digestibility and N retention in
sheep and calves. Research is required to explore the fate
of nitrogenous components which pass beyond the rumen of
ruminants fed FA-treated proteins. The solubility of pro-
tein in rape seed meal (RSM) is somewhat higher than that of
soy bean meal (SBM). Thus treatment of RSM with FA could be
of some value in increasing N retention, especially when
urea is used to supply part of the N requirement.

Rape seed meal has become readily available as a
protein supplement, but the quantity of RSM used in ruminant
ration has been restricted to a lower level. A limited
amount of research has been conducted with ruminants on di=-
gestibility, acceptability, feed efficiency and comparative
value of RSM as compared with other commonly used high pro-
tein meals. Studies were undertaken to obtain further in-
formation regarding the nutritive and comparative wvalues of

SBM with respect to RSM or FA RSM for young dairy calves,



REVIEW OF LITERATURE

Degradation of Protein and Other Nitrogenous Compounds

Under practical condition of feeding, nitrogen (N)
entering the rumen is made up chiefliy of protein together
with varying amounts of non-protein nitrogenous substances
(peptides, amino acids, amides, purines and other simple
bases). Ruminants do not secrete proteolytic enzymes in
the saliva or from the reticulo-rumen wall (Koningsberger
et al., 1946). Therefore, protein digestion in the rumen
can only be brought about by the proteolytic enzymes
produced by the rumen microorganisms,

The proteolytic activity of the rumen content was
first recognized by Syme (1938) and was confirmed by
Pearson and Smith (1943). They suggested that the value of
protein to ruminants depended upon the extent to which it
is degraded in the rumen. The importance of ammonia as an
end product of protein digestion was clearly defined by
McDonald (1948, 1952). His studies showed that there was
an increased production of NH3 in the rumen of sheep after
ingestion of certain proteins. In subsequent years other
workers alsc observed similar results when pure proteins
were incubated with rumen liquor or washed suspensions of
rumen bacteria (El-=Shazly, 1952 a, b; Annison, 1956;

Warner, 1956; Moore and King, 1958; Blackburn and Hobson,



1960, 1962; Abou Akkada and Blackburn, 1963). Proteolytic
activity has also been observed in ruminal protozoa by
several workers (Warner, 1956; Blackburn and Hobson, 1960,
a; Williams et al. 1961; Abou Akkada and Howard, 1962).

Protein solubility is suspected as one of the
factors which influences the rate of hydrolysis of protein
within the rumen, Ammonia production in the rumen is
related to the solubility of protein (Chalmers et al., 1954;
Annison et al., 1954; Chalmers and Synge, 1954; Chalmers and
Marshall, 1964; and Mangan, 1972). The extent of ammonia
production from different proteins dependsupon a wide
variety of factors: (1) surface of the protein available to
microbial attack, (2) physical consistency of the protein,
(3) effects due to the protein encased within cell walls,
(4) chemical nature of a protein which affects its suscepti-
bility to enzymic attack (Chalmers and Synge, 1954; Blackburn
and Hobson, 1960, b).

Annison (1956) reported that casein, arachin (ground
nut protein) and soy protein were rapidly degraded by the
washed rumen microbes, whereas bovine albumen, wheat gluten
and zein were degraded slowly. Lewis (1962) divided the
proteins roughly into three groups in terms of the rate of
ammonia release in the rumen: casein, gelatin, ground nut
protein > soy protein, wheat gluten > bovine albumen and

zein, Recently, Mangan (1972) showed that the half-life of



casein and ovalbumen in the rumen of steers was in the range
of 20 and 180 minutes, respectively. Although both are

water soluble proteins, their rates of digestion in the rumen
are quite different. The disparity in the rate of digestion
of these proteins in the rumen is dependent upon their
tertiary structures and the availability of the terminal
amino or carboxyl groups (Porter, 1950) for microbial enzymic
digestion,

The proteolytic activity of the rumen content is not
dependent upon the composition of the diets, as most of the
proteolytic bacteria are found in significant numbers in
animals on a wide variety of diets (Warner, 1956; Blackburn
and Hobson, 1960, a). El-Shazly (1952, b) and Lewis (1955)
indicated that the activity of rumen bacterial deaminases is
influenced by the type of protein consumed by ruminants,

The majority of bacteria contain both exo- and endopeptidases
and produce hydrolysate with a high content of amino acids
and small peptides (Abou Akkada and Blackburn, 1963). In
vitro studies with rumen protozoa have shown that ciliate
protozoa can engulf stained particles of casein and after
digestion, incorporate them into protein, (Blackburn and
Hobson, 1960, a; Abou Akkada and Howard, 1962), the princi-
pal products of digestion being peptides and amino acids,
(Abou Akkada and Howard, 1962).

In the process of digestion in the rumen, the



proteins are converted to amino acids before their degrada-
tion to ammonia by the microbes. The concentration of the
free amino acids, however, is usually low which Annison
(1956) assumed to be due to their rapid uptake or degrada-
tion by the microorganisms., El-Shazly, (1952, a) observed
that volatile fatty acids (VFA's) were produced when ammonia
was being liberated during the fermentation of protein. Any
increment in the ammonia concentration was correlated with
increased concentration of Cy and Cs acids, particularly of
the branched chain isomers, which could be atitributed to the
break down of amino acids., He further demonstrated (1952, b)
the degradation of amino acids by a Stickland type of re-
action in which some amino acids are oxidized and others are
reduced, The products of the reaction are ammonia, Co, and
three isomeric forms of the C, - Cg VFA's,

The metabolism of the amino acids has been studied
mainly in washed suspension of mixed rumen microorganisms
and pure cultures. Incubation of individual amino acids
with washed suspension and acetone dried rumen bacteria in-
dicated that most of the amino acids are degraded during in
vitro fermentation. The principal degradation products from
aspartic acid, glutamic acid, serine, cystine, lysine,
histidine, L=-threonine, arginine, citrulline, ornithine,
proline and delta-amino valeric acid were hydrogen, COo, NH3,

VFA®*s and keto acids (Sirotnak, 1953, 1954; Lewis, 1955;



Lewis and Emery, 1960; Van den Hende et al., 1963, a, b;
Portugal and Sutherland, 1966). The other end products ob-
tained in the fermentation of various amino acids by the
washed suspensions of rumen bacteria and strained rumen
liquor were delta-amino valeric acid, indole and skatole,
putrescine, cadaverine, phenylpyruvic acid and phenyl-acetic
acid (Lewis and Emery, 1962 b; Van den Hende et al. 1963, a,
b; Van den Hende et al., 1964).

Warner (1964) indicated that asparagine, glutamine,
nicotinamide and formamide were rapidly broken down by the
sheep rumen micro-orgénisms with the production of ammonia
but acetamidevand propionamide were attacked slowly. He
further suggested that asparaginase was associated with the
bacteria and glutaminase to a large extent with the protozoa.
The amino acids formed by deamination of amides were further
deaminated,

Smith and McAllan (1970) reported that RNA and DNA
added to the calf rumen were completely degraded after one
hour in the rumen and also destroyed fairly rapidly on in
vitro incubation with rumen fluid. Xanthine, guanine-HC1l and
uric acid were degraded completely at a slow rate by washed
cell suspensions of bovine bacteria (Jurtshuk et al., 1958).
The end products formed were COZQ NH3 and acetic acid.
Hypoxanthine was degraded incompletely, whereas adenine was

neither decarboxylated nor deaminated. Thymine and uracil



were broken down into B-amino isobutyric acid and B-alanine
respectively, (Van der Horst, 1965).

Urea entering the rumen is very rapidly hydrolysed
to ammonia, In faect it is difficult to detect urea in rumen
contents at any time after administration (Chalmers, Hughes
and Jaffrey, 1968). Carbon dioxide and ammonia are formed
when urea is incubated with a suspension of rumen micro-
organisms (Sirotnak et al., 1953). Rumen urease activity is
entirely associated with the microbial fraction of the rumen
contents, and bacteria rather than protozoa appear to be
mainly responsible for urease production (Gibbons and
McCarthy, 1957; Abou Akkada and Howard, 1962; Joneset al.,
1964), Other workers suggested that the urease activity of
the ruminal mucosa also originates from the rumen contents
(Abdel Rehman and Decker, 1966). Houpt (1969) presented the
hypothesis that the bacterial urease enzyme penetrates the
cornified layers of the rumen epithelium and hydrolyse a
portion of the urea diffusing from the blood vessel into the
rumen wall. Any unchanged urea continues to diffuse into
the rumen interior where it is rapidly hydrolysed by micro-

bial urease,

Conversion of Dietary Nitrogen into Microbial Nitrogen

The extent to which dietary nitrogen is converted to

microbial protein in the rumen is dependent upon: (a) the



rate at which the dietary protein is degraded to amino acids
and ammonia, (b) the rates of absorption of amino acids and
ammonia through the rumen wall, (c¢) the rates of passage of
digesta out of the rumen, (d) the availability of carbo-
hydrates as a source of energy and (e) the synthetic power
of the microorganisms in the rumen. Since Syme (1938)
demonstrated proteolytic activity in the rumen contents, it
has become evident that proteins and other nitrogous com-
pounds undergo extensive transformation in the rumen before
passing down to the lower gut to become available to the
host., Various workers have confirmed that ammonia is the

ma jor end product of protein degradation in the rumen,
(McDonald, 1948, 1952; el-Shazly, 1952, a, b; Chalmers et
al., 1954; Annison, 1956; Warner, 1956; Blackburn and Hobson,
1960). The importance of ammonia in rumen N metabolism was
suggested by McDonald (1948, 1952)., Part of the ammonia
produced may be resynthesized to microbial protein, Some
ot the ammonia passes directly through the rumen epithelium
and is converted into urea in the liver and can then be re-
cycled via saliva (Somers, 1961) or through simple diffusion
into the rumen from blood (Houpt, 1959) and hydrolyzed into
NH3 again. The ammonia thus evolved can be assimilated by
rumen bacteria for the synthesis of microbial protein
(Pearson and Smith, 1943). Phillipson et al. (1959) in-

dicated that ammonia from other sources (urea and ammonium
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salts) could also be utilized for the growth of bacteria,
Many rumen bacteria are capable of using ammonia as a sole
source of nitrogen (Bryant and Robinson, 1963) and some are
known to have an obligatory requirement for peptides or
amino acids per ge. (Hungate, 1966)., Portugal and Sutherland
(1966) reported fhat glutamic acid and aspartic acid, under
physiological conditions, are degraded to COp, VFA's and NH3
by rumen microorganism. Direct incorporation of these amino
acids into bacterial protein was very small. Therefore,
ammonia and VFA‘s were utilized by the microbes for de-novo
synthesis of the microbial protein rather than the dietary
amino acids., Tracer studies with 15N (Boggs, 1959) have
shown incorporation of ammonia into amino acids by rumen
bacteria in sheep on a purified ration. Pilgrim, Gray and
Weller (1970) measured the synthesis of mierobial protein
from (15NH4)2504 in the rumen of sheep and the proportion of
dietary N converted inte microbial nitrogen. They reported
that 76-78% of the bacterial N was derived from (15NHy),SO0y
when the animals were fed a low nitrogen diet. The values
for protozoal nitrogen were variable (64-43%). On high N
diets (lucerne hay), the corresponding values were lower for
bacterial N (62-64%) and protozoal N (41 and 35%). Mathison
and Milligan (197%) also observed similar results when
15N(NH4C1) was infused into the rumen of sheep fed either a

barley diet or a hay diet with a continuous feeder.
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The mixed bacterial population appear to digest
starch more efficiently in the presence of ammonia than in
the presence of amino acids (Acord et al., 1966, 1968). On
the other hand ciliate protozoa have an absolute requirement
for amino acids essential to higher animals and preformed
purine and pyrimidine bases (Kidder, 1967). Coleman (1967

a, b and 1968) showed that rumen ciliate Entodinium caudatum

incorporate amino acids into its protein without intercon-
version and incorporate nucleotides derived from bacterial
nucleic acids. Wallis and Coleman (1967) also indicated
that washed 1. intestinalis and 1. prostoma incorporated
free exogenous amino acids and amino acids arising from

E. coli cells., Amino acids, arising partly from the diet
and partly from the proteolysis of proteins in the rumen are
either assimilated by rumen microbes (Annison, 1956) or ab-
sorbed through the rumen wall (Cook et al., 1961: Leibholz,
1965, 1969). Wright and Hungate (1967) reported that the
concentration of individual free amino acids in rumen fluid
rarely exceed 0.3 mM which agrees with the findings of
Annison (1956).

Procedures for the direct determination of the
quantity of microbial and food protein which pass from the
rumen into the abomasum and the extent of conversion of food
protein to microbial protein are dependént on methods which

can differentiate between miecrobial and food proteins in the
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digesta. Working with purified proteins, McDonald (1954)
made use of the properties of Zein, (its solubility in 80%
ethanol and the absence of lysine in the zein protein) and
observed that 40% of the zein N was converted into microbial
protein in the rumen of sheep. Ely et al. (1967) confirmed
the low conversion of zein N and indicated that the replace-
ment of cellulose with an equal weight of starch in the diet
containing zein did not affect the synthesis of microbial
protein., The conversion of casein into microbial protein
was assayed on the basis of its phosphorus content. by
McDonald and Hall (1957). They reported that 90% of the
dietary casein passed into the lower gut as microbial pro-
tein. Weller et al. (1958) recommended the use of i-6 di-
aminopimelic (DAP) as a marker for calculating the bacterial
N, because of its absence in plant and protozoal protein.
Using DAP, they showed that 63=-82% of the total N of the
rumen was of microbial N, El-Shazly and Hungate (1966)
arrived at the same conclusion that the bacterial N in the
rumen of cows fed hay or hay and concentrate ration varied
from 69-80% of the total N present in the rumen digesta.
Hutton et al. (1971) used the N:DAP ratio for estimating the
bacterial N and indicated that the contribution of bacterial
N to the total N leaving the abomasum of a lactating cow was
found to be 50%, Ibrahim and Ingalls (1972) showed that the

rumen microorganism contributed 54-92% of the total amino
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acids in the rumen digesta of dry Holstein cows and 24-31%
of which was in the form of bacterial protein., Sharma et
al. (1969) using ~(-amino N as a measure of protein syn-
thesis in the rumen of sheep fed a semipurified diet con-
taining urea, reported that 72% of the total N passing
through the duodenum was microbial protein N.

Several workers have studied the formation of micro-
bial protein in the rumen of cows and sheep by using the
rate of incorporation of 355 added in an inorganic form
(Conrad et al., 1967; Robert and Millers, 1969). Methionine
synthesis ranged from 33 to 46 mg per Kg body weight of cow
and increased with the addition of starch in alfalfa diets
(Conrad et al., 1967b). They further reported that methionine
synthesis increased at a rate of 1.5 g per Kg of feed con-
sumed which represents 63 g microbial protein synthesized
per Kg of feed consumed,

Gray et al. (1958) reported that 1i g of microbial
protein was synthesized for every 100 g of fermentable
carbohydrates. Bloomfield et zl. (1964) reported that the
assimilation of urea N by bacteria required 55 g carbohydrate
for each g of nitrogen fixed in an in vitro fermentation
system., Hungate (1966) sﬁggested that the synthesis of
microbial protoplasm from carbohydrates under anaerobiosis
is in the order of 10% which is significantly less than

under aerobic condition., Hogan and Weston (1967) reported
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that the quantity of microbial protein synthesized did not
exceed 44-49 g per day, which is equivalent to 15-16 g per
100 g organic matter digested in the rumen., Conrad and
Hibbs (1968) calculated the conversion of organic matter
into microbial cells and concluded that 10.2% of the fer-
mentable organic matter was converted into microbial protein
equal to 15.8% of dry cell material. These values are quite
similar to the figures calculated by Hungate (1966). Walker
and Nadar (1968) used NaZBSS to label the sulphide pool of
rumen contents which allowed the estimation of microbial
protein synthesis in untreated rumen ingesta from animals
under normal feeding conditions., They indicated that the
microbial protein was synthesized at the rate of 94 ug per

g of rumen content per hour. Hume (1970) suggested that the
maximum cell yield may exceed 20 g per 100 g organic matter
digested in the rumen. Lindsay and Hogan (1972) estimated
the growth of rumen bacteria in defaunated sheep and indi-
cated that about 32 g of bacterial organic matter and 23 g
of baéterial crude protein were synthesized in the rumen for
each 100 g of plant organic matter digested. Recently use
of nucleic acids as a measure of microbial protein was re-
commended by Telmer-Kucharski and Gausseres, (1965), Ellis

and Pfander (1965), Smith and McAllan (1970).
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Nutritional Value of Nitrogenous Compound in the Digesta

Flowing to the Lower Gut

Protein nutrition of all species is dependent on the
adequacy of the nitrogen containing compounds which are ab-
sorbed to meet the need for tissue protein synthesis, Mono-
gastric animals are dependent on the quality and quantity of
nitrogenous substances consumed. Ruminants are less depend-
ent on the quality of dietary nitrogenous compounds because
of microbial fermentation and synthesis of proteinaceous
material, Smith and Baker (1944) reported that the syn-
thesized material obtained from urea N in in yitro ferment-
ation was very much similar to a typical feedingstuff (line-
seed meal) in its chemical composition,

Various experimental approaches have been used to
assess the amino acids that are available to ruminant animals
by feeding either semipurified diets containing urea or
natural feeds and examining the amino acid composition of
the rumen digesta and the rumen microbes (Loosli et al.,
1949; Duncan et al., 1953; Schelling et al., 1967; Ibrahim
and Ingalls, 1972). They indicated that all the essential
amino acids are synthesized by the rumen microorganisms from
urea N in semi-purified diets, However, the quantity of some
of the essential amino acids were less in the rumen contents
of the animals fed on purified diets compared to natural

diets., Virtanen (1966) reported that the only difference in
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the amino acid composition of the rumen protein was as an
increase in the percentage of diaminopimelic acid in the
ingesta of cows fed a purified diet with non-protein nitro-
gen as compared with cows fed natural diets. Johnson et al.
(1949) analysed rumen bacteria of sheep for sulfur contain-
ing amino acids and reported that ruminal bacterial protein
is rich in both cystine and methionine, Reed gt al. (1949)
found similar results for the rumen bacteria isolated from
the rumen of sheep fed green or dry feeds., They indicated
that rumen bacterial protein was mildly deficient in methion-
ine. Holmes et al. (1953) showed that bacterial protein was
inferior to whole egg protein as a source of leucine, threon-
ine and phenylalanine and markedly inferior as a source of
methionine and isoleucine., Schelling et al. (1967) indicated
that the relative amount of lysine and threonine were some-
what higher in microbial protein, whereas histidine and the
sum of the sulfur containing amino acids were lower as com=-
pared to whole egg protein. The essential amino acids of
microbial protein accounted for less than 50% of the total
amino acids rather than 60% as in whole egg protein,

The amino acid composition of bacterial preparations
were similar to those reported for pasture leaf proteins
(Weller, 1957; Purser and Buechler, 1966 and Bergen et al.,
1968vb) . However, the amino acid composition of bacteria and

protozoa were quite different (Meyer et al., 1967). Lysine



content is higher in the protozoa than in bacteria (Purser

and Buechler, 1966; Weller, 1957; and Bergen et al., 1968,

b). The constancy in amino acid composition of rumen bacteria

does not infer that all the rumen bacteria are of similar
protein quality, since Bergen et al. (1967) demonstrated
that 14 strains of rumen bacteria with similar amino acid
composition were of widely differing protein quality. This
discrepancy could be due to the differences in total digest-
ibility and the pattern in which amino acids are released
from the bacterial protein in the lower gut. The findings
of MeNaught gt al. (1954) were confirmed by Bergen et al.
(1968, a) who also concluded that the first limiting amino
aclids in bacterial and protozoal proteins were cystine and
histidine respectively.

The true digestibility of sheep rumen bacteria was
60% when fed to rats as compared to 100% for casein. The
biological values, which were approximately the same, were
slightly less than 80%. McNaught et al. (1954) reported
similar biological values for dried rumen bacteria and
protozoa but the true digestibility of the bacterial protein
Waé lower than the protozoal protein,

Dry preparations of mixed ruminal bacteria and
protozoa were evaluated as a potential source of protein and
B-vitamins for monogastric animals (Abdo et al., 1964).

Freeze dried microorganisms gave a protein efficiency ratio
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of 3.6 with a true digestibility of 74 to 80%. The bio-
logical values determined by Bergen et al. (1968, a) for
rumen bacteria and protozoa were 85 and 82%, respectively,
and the true digestibility of the rumen protozoa was higher
than that of the rumen bacteria. These results agree well
with the results reported earlier.

Blaxter (1964) reported that ruminants in general
show a greater relative loss of N in the feces than do simple
stomach animals., This is particularly apparent with low
nitrogen intake. He further indicated that this high ex-
cretion of N in feces was caused by trapping of N in the
digesta as a result of microbial activity in the rumen,
Mason (1969) indicated that 57-81% of the nondietary fecal
N was assocliated with bacterial material. Furthermore, Mason
(1971) reported that grinding and pelleting a grass ration
for steers resulted in an increase in the excretion of non-
dietary fecal N and bacterial plus endogenous debris N, 28
and 30% respectively, compared with the chopped material,

It was concluded that these responses reflect the dominating
influence of N of microbial residues from the rumen and hind
gut on the excretion of bacterial plus endogenous debris and
nondietary fecal N, The bacterial mucopeptides constituents
(2=6=-diaminopimelic and muramic acids) synthesized in the
rumen of sheep are not digested in the abomasum and small

intestine but are extensively degraded by bacteria in the



caecum and colon (Mason and White, 1971 and Mason and Milne,
1971).

Due to the microbial activity an appreciable portion
of the dietary N is converted into nucleic acids in associ-
ation with microbial protein. Smith et al. (1968) reported
as high as 250 mg/i00 ml, in the rumen fluid of calves or
10-16% of the total nonammonia N is in the form of nucleic
acids, Ellis and Pfander (1965) indicated 10% or more of
the microbial nitrogenous compounds formed is accounted for
as nucleic acids. Smith et al. (1968) found that the nucleic
acids entering the duodenum of ruminating calves (comprising
8=1.3% of the total N on many diets) were digested and ab-
sorbed to an extent of about 80% in the small intestine. In
experiments in which pure RNA or DNA was fed to rats and pre-
ruminant calves, only about 25-30% of nucleic acid nitrogen
appeared in the urine as allantoin (Smith et al., 1969).
Digestibility of abomasally infused RNA-N was estimated to
be 82% and urinary recovery of purine N from infused RNA was
estimated to be 110% with low N intake and 92% with high N
intake (Condon and Hatfield, 1971), This shows that the
ruminally produced nucleic acid nitrogen is not used directly

for nucleic acid synthesis by the host.

Abomasal Administration of Protein and Amino Acids in

Ruminants

When dietary protein content is high, the extent of
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protein degradation exceeds protein synthesis by rumen micro-
organisms. Thus there is a substantial loss of dietary
protein to the host., However, when proteins are administered
directly into the abomasum or duodenum, N retention and wool
growth are markedly improved (Chalmers et al., 1954; Reis

and Schinckel, 1963, and 1964)., Eagen and Moir (1965) con-
firmed that post ruminal administration of casein improved
its utilization over oral or ruminal administration., Little
and Mitchell (1967) observed that abomasal administration of
casein or soybean protein produced a greater N retention in
lambs than when these proteins were fed orally. Schelling
and Hatfield (1968) reported that infusion of certain mix-
tures of essential amino acids, particularly those contain-
ing lysine, improved N utilization by sheep. Similar results
were obtained with lysine infusion into the abomasum of
steers (Devlin and Woods, 1965). Abomasal infusion of sul=-
fur containing amino acids and MHA resulted in considerable
increased wool growth in sheep (Reis and Schinckel, 1963,
1964 and Reis, 1970).

Formaldehyde treated casein in the diet and casein
per abomasum caused large increases in the concentration of
the branched chain amino acids in plasma. In contrast, un-
treated casein in the diet did not increase the concentration
of these amino acids in plasma and had little effect on the

proportions of most essential amino acids (Reis and Tunks,



21

1970). Substantial increases have been shown in the con-
centration of most essential amino acids in sheep plasma and
a decrease in glycine during abomasal supplementation with
casein (Hogan et al., 1968). Schelling (1970) reported that
infusion of -methionine or casein per abomasum in growing
lambs resulted in a greater N retention on low protein diets
as compared with the high protein diets. He further indi-
cated that methionine was limiting the N retention in lambs
fed high quality diets at two different protein levels,
Hudson et al. (1970) suggested that supplementation of either
regular or heated soybean meal into the abomasum did not
significantly affect the protein digestibility or nitrogen
retention in sheep. Relis and Downes (1971) observed the
greatest increases in wool growth during the first four days
of 100 g casein infusion into the abomasum of sheep and very
little further change was noticed after 8 days. Bird and
Moir (1972) obtained a response in wool growth and body
weight gain when methionine (2 g/day) was continuously in-
fused either ruminally or abomasally in sheep over a 6 week
period, the gains were greater (P < 0.05) with abomasal in-
fusion than with ruminal infusion. Abomasal infusion of
methionine also improved the N and sulfur balances when com-
pared with ruminal infusion. Steinakar et al. (1972) report-
ed a higher N retention in steers when methionine was infused

via the abomasum compared with dietary methionine or no



dietary methionine supplementation but with dietary sulfur
supplementation., Scott et zl. (1972) indicated that the
administration of methionine into the abomasum of growing
wethers showed a trend for increased nitrogen balance and a
significant increase in plasma methionine and a decrease in
plasma threonine.

Reis and Schinkel (1964) reported that infusion of
S-amino acids (methionine or cystine) with casein gave an
additional wool growth response, suggesting that the first
limiting factor in the nutritional value of casein for wool
growth is S-amino acid content. McDonald (1968) suggested
that casein protein has approximately the same content of
S-amino acids as the protein of pasture plants and rumen
microbes. Therefore, it may be concluded that the amount of
these amino acids absorbed in the intestines is a primary
factor in influencing the rate of wool growth in grazing

sheep.

Protection of Protein from Degradation in the Rumen

The preceding discussion has shown that the nitrogen
of several different proteins was utilized more efficiently
for tissue growth and wool production when added directly
into the abomasum or duodenum compared with being given
orally or added to the rumen (Chalmers et al., 1954; Blaxter
and Martin, 1962; Reis and Schinkel, 1963; Reis, 1970; Little



23

and Mitchell, 1967; Hogan et al., 1968; Schelling and
Hatfield, 1968; Reis and Downes, 1971). Feeding of encap-
sulated methionine to beef cattle resulted in a marked in-
crease in N retention (Sibbald et al., 1968). Ingalls et al.
(1970b) reported that there was small increase in feed intake
and welght gain when encapsulated methionine was added to
urea and soy diets. However, methionine supplementation had
no significant effect (P> 0,05) on feed intake, weight gain
or feed efficiency of a basal, basal plus urea or basal plus
soy diets. These findings suggest that performance of rumine
ant animals can be improved if the feed proteins or S-amino
acids were protected from degradation in the rumen and
’allowed to pass unchanged to the abomasum for digestion and
absorption in the small intestine,

Protection of the protein from rumen degradation
might be achieved in many ways. Orskov and Benzie (1969)
showed that degradation of protein in the rumen could be
prevented by stimulating closure of the oesophageal groove
which facilitates the liquid diet to flow directly into the
abomasum for enzymic digestion and by pass rumen ferment-
ation. This could only be possible in young ruminants. The
other promising methods are to modify the protein by increas-
ing their resistance to proteolysis. The modification of
protein can be brought about by two methods: (1) physical

treatments and (2) chemical treatments. The physical
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treatments involve dry heating or toasting and steaming oil-
meals under pressure. Heat-treated casein (Chalmers et al.,
1954) in diets for sheep and heat-treated ground nut meal
(Chalmers et al., 1964) in diets for goats have been reported
to give better overall nitrogen utilization than untreated
proteins., Lower ammonia levels in the rumen with the heated
proteins suggested that this was due to decreased degradation
in the rumen. Whitelaw et al. (1961) reported that heating
of ground nut meal improved growth rate and nitrogen reten-
tion in calves, Loosli et al. (1961) observed an increase

in milk production in dairy cows fed heated &9¥bean, Tagari
et al. (1962) reported improvements in nitrogen retention in
rams given heat-treated soy bean meal compared with untreated
SOy bean meal fed rams.,

Glimp et al. (1967) reported that heating soy bean
meal (S B M) at 149°C for 4 hours improved the gain in lambs
receiving rations with 12% crude protein and resulted in
gains comparable to lambs receiving rations with 17% crude
protein. Hudson et al. (1970) indicated that heating soy
bean meal significantly (P < 0.05) increased the concentra-
tion of dry matter and noﬁ protein nitrogen in the abomasal
digesta of sheep. Autoclaving the cotton seed and SBM re-
sulted in decreased protein solubility and increased feed
efficiencies and N retention in sheep (Sherrod and Tillman,

1962; sherrod and Tillman, 1964, and Danke et al., 1966).
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1. (1967) observed a significant linear increase

Dysli et
in average dally gain as the heating time for the soy beans
increased from 0 to 30 minutes, The efficiency of nitrogen
utilization obtained with sheep was maximum with 30 minutes
heating compared with 45 or 60 minutes heating of full fat
soy beans,

Several experiments have shown that heat treatment
of protein, usually in the presence of carbohydrates will
decrease their solubility and rumen degradation. Severe
heating will also cause protein denaturation and decreased
digestibility and availability of the amino acids,

Chemical modification of dietary protein can be
brought about by treating with vegetable tannins (Leroy et
al., 1965; Zelter and Leroy, 1966)., Later Delort-Laval and
Zelter (1968) reported that tannin treated peanut and lin-
seed meals resulted in slightly increased efficiency of N
utilization by experimental animals., Feed efficiency was
increased when tannin treated milk powder was given to grow-
ing goats. Driedger and Hatfield (1970) found that N re-
tention as a percent of intake was higher for lambs infused
with tannin-treated SBI per rumen or abomasum compared to
the control group. Pelleting the tannin treated SBM resulted
in superior N retention over the treated unpelleted meal in
lambs (Driedger and Hatfield, 1972). Tagari et al. (1965)

suggested a possible disadvantage of the use of tannins for
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protecting protein, because certain tannins interfere with
the cellulolytic activity of the rumen microorganisms.
Ferguson et al. (1967) showed that treatment of
casein with formaldehyde (FA) reduced the solubility of the
protein and its susceptibility to microbial degradation.
Formaldehyde treated casein appeared to be well utilized by
sheep and resulted in a marked improvement in wool growth,
weight gain (Ferguson et al., 1967), and N retention (Reis
and Tunks, 1969). The response to FA treated casein dimine-
ished with increasing energy intake (Hughes and Williams,
1970, 1971p). Peter et al. (1971) reported that lambs receiv-
ing FA-treated SBM without methionine hydroxy analog(MHA)
gained significantly faster and more efficiently (P < 0.05)
than lambs which received FA-treated SBM plus MHA. Lambs
fed glyoxal treated SBM without MHA gained significantly
(P < 0.08) faster than lambs receiving glyoxal treated SBM
plus MHA. Similar results were obtained by Wright (1971).
Langlands (1971, b) did not observe any significant difference
between diets containing untreated or FA-treated cotton seed
meal in either wool production or live weight change. Wool
production was up by 51% when the diet of grazing sheep was
supplemented with 40 or 80 g of FA-treated casein in the
rumen (Langlands, 1971, a). Nimrick et al. (1972) showed
that treatment of fish meal with glyoxal significantly

(P < 0.05) decreased nitrogen digestibility, urinary N
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excretion, plasma urea N and increased fecal N excretion and
N retention. Faichney and Davies (1972) observed little
improvement in weight gain in calves receiving a FA treated
peanut meal ration., Formaldehyde treatment was associated
with a reduction in N digestibility and plasma urea levels.
MacRae et al. (1972) reported that when FA-treated casein
was given, the flow of most of the amino acids to the duo-
denum was increased over that observed with dried grass by
an amount similar to that supplied in the supplement. How=
ever, for amino acids other than histidine, alanine and
glycine the additional flow of amino acids to the duodenum
with untreated casein was much less than the extra dietary
amino acids supplied by the treated casein supplement.

MacRae (1970) reported that there was an increase in the duo-
denal methionine over the dietary intake when the sheep were
fed dried grass plus 60 g of treated casein. When untreated
casein was given the level was much lower than the treated
casein but comparatively higher than the dried grass diet.
This indicated that there was a considerable degradation of
methionine within the rumen with the untreated casein, where-
as formaldehyde treatment of casein protected the methionine
from rumen degradation., Ileal and fecal levels of methionine
for all three diets were similar, showing that the absorption
of methionine within the small intestine was the greatest

with the treated casein and lowest with the dried grass diet.



Influence of Feeding Frequency, Grinding, Pelleting and

Purified Diets on Rumen Fermentation and Protozoal Populations

The even supply of substrate and supposedly even
production of metabolites that may occur under frequent
feeding system may (a) give rise to an alimentary environment
better suited to growth and metabolism of microorganisms,
and (b) it may enable the animal to utilize the metabolites
more efficiently than under the single feeding sysfem where
there may be a more rapid release of metabolites than com-
patible with an optimal rate of utilization (Gordon and
Tribe, 1952). Disappearance of dry matter from the rumen
depends upon the liberation of fermentation gases, absorp-
tion of metabolites and the passage of digesta to the omasum,
Boyne et al. (1956) suggested that the quantity of dry matter
in the rumen at various times after feeding varies according
to the time between feeding and the level of feedings.

Animals fed twice daily showed significantly lower
volatile fatty acids (VFA's) production than those animals
fed 8 times daily (Knox and Ward, 1960). The relative
proportions of propionic acid was higher and acetic acid was
lower in the rumen of frequently fed heifers. Putnam et al.
(1961) observed somewhat greater VFA concentrations in
heifers fed ten times as compared with twice daily. How-
ever, comparisons within the pairs were inconsistant and the

differences did not reach the level of significance.
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Satter and Baumgardt (1962) reported that ruminal ammonia
and VFA levels as well as pH values fluctuated significantly
less when the animals were frequently fed. The absence of
change in the average pH values due to feeding frequency is
consistent with the findings of Rakes et al. (1961) but
differ from another study by Rakes et al. (1957), where pH
was lowered by more frequent feeding. Moir and Somers (1957)
observed the lowest dry matter digestibility, N retention,
ruminal pH and protozoal population in sheep fed once daily
as compared with twice or four times a day feeding., In all
cases diurnal fluctuation about the mean appeared to be less
when the animals were frequently fed than compared to once
or twice daily feedings. Frequent feeding did not effect
the digestibility of dry matter, energy and N but influenced
the N retention (Satter and Baumgardt, 1962). Ibrahim et al.
(1969) suggested that with the continuous feeding system the
rate of fermentation in the rumen of dairy cows virtually
became constant as fluctuations in ruminal pH, ammonia and
nyctohemeral variation in concentration of ciliate protozoa
were insignificant. This facilitated the sampling for
studies of the effect of diet on the concentration and types
of protozoa. The total protozoa numbers were significantly
higher (P < 0.01) for cows fed natural diets than for cows
fed semipurified diets, In addition, inclusion of DES in

the diets resulted in a significant increase in total number
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of protozoa and aided in the establishment and retention of
different ciliate protozoa. Chalupa et al. (1965) found no
difference in the protozoa numbers when the heifers were fed
forage twice or four times daily. Feeding pelleted forage
significantly reduced the protozoa number after 7 days.
Holotrichs were absent and remained so tor the entire dur-
ation of the experiment. Changes in the molar proportions
of VFA's were noticed on pelleted diets, which might be due
in part to the variation in protozoa population. Christiansen
et al. (1964) reported that lambs consuming some unground
hay harboured relatively large protozoal numbers while the
feeding of pelleted or finely ground mixed rations resulted
in small numbers of rumen protozoa. lInciusion of DES not
only prevented the disappearance of rumen protozoa from
lambs fed a high concentrate pelleted ration but it also in-
creased protozoal numbers. These increases were accompanied
by improved live weight gain and feed conversion.

Oltjen et al. (1965) showed that the resting salivary
flow and buffering capacity of saliva were significantly less
for steers consuming purified and pelleted rations., Oltjen
et al. (i962) -~ reported that rumination time was markedly
reduced in sheep fed the purified diets. Bailey and Balch
(1961) indicated that secretion of saliva during rumination
was two and one half times greater than during rest., Saliva

of steers fed either purified diets or pelleted rations had
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less (P > 0,05) buffering ability than saliva from steers on
conventional rations. Reduced salivary flow could also
sffect the rumen pH. This might explain the lowered ruminal
pH observed in steers fed on pelleted rations., Oltjen et
al. (1965) indicated that pelleted rations reduced saliva
flow when compared with conventional rations, Reduced
salivation could result in lowered secretion of mucin which
some investigators believe has antifoaming properties. This
could be a causative factor in many observed cases of bloat,
Reduction in salivary secretion also results in a reduced
flow of electrolytes to the rumen. This may be associated
with a low buffering capacity of saliva., Therefore, ruminal
pH does not rise to an optimum level in animals fed pelleted
diets as compared with those receiving non pelleted diets.
An important effect of pelleting is to increase the
concentration of dry matter in the rumen., This leads to
greater fermentation rate per unit volume and often greater
gains in the animals. Feeds can be ground to varying de-
grees before pelleting. Grinding increases the consumption
partly by increasing the turn over due to more rapid escape
of finely comminuted material from the rumen (Hungate, 1966).
Christiansen (1963) reported that grinding and pelleting the
feed may eliminate the protozoa from the rumen, Purser and
Moir (1959) indicated that ciliate protozoal population is

profoundly influenced by pH conditions within the rumen,
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The extent of the depression in pH and the period during
which low pH conditions prevail, appear to be a major factor
in controlling the concentration of the ciliate protozoa in
the rumen.

The pH=-VFA relationship for different diets may be
considerably modified by variation in salivary secretion and
in the accumulation of ammonia-N in the rumen after feeding
(Briggs et al., 1957). Lactic acid only accumulated in the
rumen on diets containing high levels of soluble carbohy-
drates or starch. Agrawala et al. (1953) reported that in
five out of seven calves receiving purified diet containing
87% - starch, glucose and cellophane, the pH fell below 5.0,

Certain drugs such as antibiotics also influence
rumen metabolism and the microbial population, Rumen
protozoa increased following tylosin or aureomycin supple-
mentation, while no difference was observed in the total
viable bacterial counts (Purser et al., 1965). Klopfenstein
et al. ({96%) indicated that significant improvements were
noticed in apparent digestibilities of DM, N, protozoal con-
centration and N balance by the addition of antibiotics.

Considerable interest has been shown during the past
few years in the contribution of rumen ciliate protozoa to
the metabolism and growth of ruminants., Ciliate free calves
(Pounden and Hibbs, 1950; Eadie, 1962) and lambs (Abou

Akkada and El-Shazly, 1964) had rough hair coats and were



33

pot bellied as compared with the faunated animals. The
cause of this difference is not known. Though ciliate free
calves have been noted to have poorer coats than faunated
animals, there was no obvious difference in wool growth in
lambs (Eadie and Gill, 1971). No significant difference was
found in weight gain, food intake or general performance be-
tween animals with and without ciliates even though calves
were subjected to a stress of low energy diets (Eadie, 1962).
However significant differences in growth rates were noticed
in faunated lambs (Abou Akkada and El-Shazly, 1964; Chris-
tiansen et al., 1965), water buffalo calves (Bohrami et al.,
1967) and early weaned zebu calves (El-Sayed Osman, et al.,
1970) compared to the defaunated animals.

Increased ammonla production in the faunated animals
has been observed as compared with the unfaunated animals
(Abou Akkada and E£1-Shazly, 1964; Christiansen et al., 1965;
Klopfenstein et al., 1966; Chalmers et al., 1968; El-Sayed
Osman. et al., 1970 and Eadie and Gill, 1971). Even on low
N diets, rumen ammonia almost doubled by faunation, while N
retention and percent absorbed N retained were increased
(Klopfenstein, 1966), Ammonia is also excreted by the ciliate
protozoa as an end product of protein metabolism (Williams
et al., 1961; Abou Akkada and Howard, 1962; Warner, 1965).
Ciliate protozoa appear to enhance nutrient utilization when

N intake is limited relative to energy availability.
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From the literature it is clear that, although a
high concentration of total VFA's are associated with the
presence of ciliates in animals on roughage and concentrate
rations, the changes in the proportions of VFA's are not
consistant (Christeansen et gl., 1965; Luther et al., 1966;
Klopfenstein et al., 1966; Eadie and Gill, 1971). In con-
trast Eadie et al. (1970) found higher concentrations of
total VFA's in the absence of or with low ciliate population
in steers given restricted amounts of barley diet and found
a high proportion of butyrate to be associated with very
large ciliate populations in these animals, The restriction
of feed intake in the absence of ciliate protozoa appeared
to lead to an increase in rumen pH relative to that with ad
1lib. intake and suggests that this initial change in pH is
a prerequisite to the eventual establishment of ciliates.
However, Whitelaw et al. (1971) indicated that the rumen pH
values during the restricted ciliate free periods were
similar to those commonly observed in steers on ad l1lib, in-
take of barley diet found by Eadie et al. (1970). Despite
this low pH, ciliates were established with ease after a
single inoculation. This discrepancy between the two set
of observations is not clear.

The influence of defaunation on the plasma amino
acid concentration was demonstrated by Purser et gl. (1966)

Klopfenstein et al. (1966) and Virtanen, (1966). Defaunated



lambs showed higher concentration of plasma amino acids and
a greater decrease in concentration following starch or glu-
cose infusion than the faunated lambs (Purser et al., 1966).
Lysine was one of the amino acid found to be limiting in the
defaunated lambs and plasma amino acids were lower in the
faunated lambs (Klopfenstein et al., 1966).

Host specificity for certain types of ciliates has
been demonstrated by Naga et al. (1969) with cross inocul-
ation among buffaloes, cows and sheep. Certain protozoa
from sheep rumen inoculum failed to survive in young or
adult cows and buffaloes thus suggesting the host specificity

for particular species of protozoa.

Rape Seed Meal as a Protein Supplement in Ruminant Rations

Rape seed meal (RSM) is a relatively new protein
supplement for ruminant animals in Canada, although it has
been used extensively in other parts of the world for many
years. RSM has become available as an ingredient for live-
stock and poultry feeds, however, the quantity used in
ruminant rations is low, Bell et al. (1967) indicated that
when rape seed is extracted by the solvent or prepress sol-
vent process, RSM is a satisfactory protein supplement for
dairy cows. Seale (1952) fed a ration of hay and grain mix-
ture to dairy cows, which contained either 20% RSM or 20%

linseed meal and noticed that the cows receiving the 20% RSM



36

grain ration produced 0.2 Kg more milk per day as compared

to ration containing linseed meal (LSM). There was no
difference in palatability between the ration or in taste

or odor of the milk produced. Asplund (1961) fed RSM at O,
10 and 20% of the dry matter of the ration to milking cows,
The cows that received 10% RSM produced as much milk as those
that received 10% LSM, but those that received 20% RSM de=-
clined in milk production almost twice as fast as the con-
trol. In a further experiment a concentrate mixture contain-
ing 10% of either RSM or linseed oil meal was fed to cows

on pasture at 1 Kg per 6 Kg or 1L Kg per 12 Kg milk produced
during a 13 week trial which resulted in cows consuming

3.6 Kg RSM per day. The substitution of RSM for linseed

meal had no effect on milk yield.

No depression in feed intake or milk production was
noticed in Holstein Friesian cows when fed a ration contain-
ing 10% RSM in a grain mixture (Bell, unpublished data).
Bell (1969) further indicated that dairy cattle found RSM
rations less palatable than the control rations but this
was overcome by use of molasses and by gradually introducing
RSM into the ration. Glucosinolates in RSM are apparently
inactivated or altered when the meal is fed to ruminants as
these have not been reported in the milk of lactating cows
(Asplund and McElroy, 1961; Virtanen, 1963). Ingalls et al.

(1968) reported that the replacement of 10% SBM in the dairy
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rations with 12-13% RSM resulted in a decrease in ad libitum
grain consumption. Thege levels of RSM had no significant
effects on milk composition or production when used in place
of soybean meal,

Jarl (1951) fed cows 2.5 Kg per day of an oil cake
mixture containing 25 and 50-60% RSH. The cows that were
fed 0 and 25% RSM in the mixture produced 0.5 Kg more milk
daily than those cows that received the 50 to 60% RSK ration.
Palatability of RSHM was not a problem as soon as the cows
become accustomed to it. He suggested that Swedish RSM was
a good high protein concentrate for dairy cows and could be
fed at a daily amount of at least 2 Kg per cow and it should
always be fed dry. Ingalls and Seale (1971) indicated no
significant difference in milk production during the first
60 days after calving among heifers that had received rations
containing 0, 6.8 and 13.7% RSM from birth to calving. How-
ever, milk yield was about 10% less for heifers that had
received the 13% RSHM treatments compared with the other
treatments,

Lactation studies were conducted at Fredericton, New
Brunswick on 24 milking cows fed on grass hay and grain
mixtures containing either 15% SBH, 22.5% RSM or 1.75% urea
in a 12 week trial. Milk production of cows fed urea de-
clined more rapidly then those fed RSM and production of
RSH fed cows declined more rapidly than those fed SBM

Ingalls and Waldern, 1972). From the studies at Aggasiz,
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Ingalls and Waldern (1i972) reported that the daily milk
production, rate of decline in milk production and percent-
age of butter fat were lower for those cows fed a grain
mixture containing a 24% RSM compared with those receiving
a 27% SBM diet,

Chanet (1970) suggested a limit of 20% RSM must be
set for the total concentrate feed with regard to dairy
cattle and especially high producers, otherwise the animals
will refuse to eat it, On the other hand, the percentage
of RSM must be allowed to reach 40% in the case of a comple-
mentary nitrogen feed made from grains. He further indi-
cated that toasting of meal enhanced the palatability and
feed utilization without affecting the digestibility.

Seale (1952) studied the effect of feeding 8 to 10%
of linseed meal, sunflower meal, mustard seed mezl and RSM
in the grain mixture to fattening steers. No difference was
observed in efficiency feed utilization among the groups re-
ceiving sunflower seed meal, RSM or mustard seed meal,

Clark and Bezeau, as cited by Whiting (1965), indicated that
6% RSM in place of LSM in the ration of young Holstein
calves had no effect on feed intake or growth rate. Ingalls
and Seale (1971) reported no significant (P > 0.05) effect
on feed intake, weight gain or feed efficiency of heifers

up to breeding weights by replacing SBM with 0, 6.8 or i3.7%

RSM in calf starter rations. Studies were carried out at



the University of Guelph to examine the rate of growth of
calves receiving calf starters containing four levels of RSM
(0, 8, 16 and 24% of the grain mixture)., RSM as a % of

total ration was 0, 6.2, 12 and 17.6, The data suggested
that up to 16% RSM in the grain mixture had no effect on
animal performance. The 24% level of RSM had little effect
on weight gain but appeared to result in higher hay intake
and lower daily starter intake. It is of interest to note
that the daily hay intake appeared to increase at a more
rapid rate than the decrease found in starter consumption as
the level of RSM increased (Ingalls, Waldern and Stone, 1970).
Bezeau et gal. (1960) reported that the digestibility of dry
matter and protein was higher in a ration which contained

20% linseed meal than in a ration which contained 20% RSM

(64 vs 61% for DM and 73 vs 66% for CP), The two ratioms
contained the same percent of protein. Jarl (i951) indicated
the digestibility coefficient of RSM for organic matter and
crude protein were 76 and 83% respectively. Wood and Stone
(1970) observed no significant differences in the digesti-
bility of dry matter and erude protein for the calves receiv-
ing the basal, rape-basal and soy-basal diets during the
growth trial., The growth rates of 0.55 and 0.75 Kg per day
were supported by intakes of 1.66 and 1.92 X maintenance for
rape~-basal and soy-basal diets respectively. Stakes gt al,

(1972) found no significant differences (P> ,05) for protein



digestibility of SFli, RSM and SBM diets., Sunflower meal had
the lowest digestion coefficient for dry matter and energy.
In each instance, it was significantly less (P < 0.05)
digestible than SBM but not significantly different than RSM.
Dry matter intake was significantly (P < 0.01) reduced by
RSM compared with SFM or SBM from birth to eight weeks of
age when RSM made up 26% of the ration. No significant
differences in average daily gain or feed efficiency were

observed from birth to 14 weeks of age.



PART ONE

Nutritive and Comparative Values of Rape
Seed Meal (Treated or Untreated with
Formaldehyde) and Soy Bean Meal

for Young Dairy Calves



MATERIALS AND METHODS

EXPERIMENT I

The influence of treating RSM with 2 vol (W/V) of a
1% FA solution (5.6 g FA/100 g protein) was investigated
using ten young Holstein & Holstein X Brown Swiss calves of
55-63 days of age. The growth trial was conducted for 14
weeks, Rumen fluid and jugular blood samples were collected
at the start and after 1, 2, 4, 6 and 8 weeks of the growth
trial for the measurement of NH3 release in the rumen and
urea level in blood plasma (Appendix no. 1). A digestibility
and N balance trial was conducted by taking two male calves
from each group and using a switch back design. The animals
were given a 14 days adjustment period and total collections
for urine and feces were made for seven days (Appendix no. 1).

In vitro studies were carried out by treating various
0il meals RSM, SBM and linseed meal (LSM) with four solu-
tions of FA. and two of glutaraldehyde (GA). In addition
the oil meals were also treated with heat at 180° C for 20
minutes, The solubility of protein was determined in 0.02
N NaOH and the NHj release was measured in an artificial
rumen from the commercial and treated meals (for details see

Appendix no. 1).
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EXPERIMENT II

Solvent extracted RSM was treated with FA solution
(0.7 g FA/100 g protein) by spraying it on the meal in a
mixer., After treating with FA the RSM was stored in burlap
bags lined with plastic. Three to four days later the FA-
RSM was mixed with other ration ingredients., This method of
application was much more practical compared to that used in
the first experiment.

Twenty four Holstein dairy calves of both sexes were
weaned from milk at 35 days of age and placed on the experi-
mental diets at the age of seven to nine weeks., Calves were
randomly assigned to the three test diets (Appendix no. 2)
for 14 weeks., Calves were housed in individual pens with
feed and water available free choice,

Rumen samples for ammonia and volatile fatty acids
(VFA*s) and blood samples for Urea N were collected and
stored as indicated in "Nutritive value of formaldehyde
treated rape seed meal in dairy calves", (Appendix no., 1).
Biweekly body weights and daily feed consumptions were re-
corded during the growth trial,

Chromium oxide (0.3%) was mixed in the test rations
as a marker for determining the digestion coefficients for
dry matter, nitrogen, acid detergent fibre (ADF) and energy.
Six calves from each group were used for digestibility

studies (Appendix no. 2).
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RESULTS
EXPERIMENT I For results see Appendix No. 1,
EXPERIMENT II For results see Appendix No. 2.
DISCUSSIONS

Protein Solubility

The solubility of RSM protein in 0,02 N NaOH was
decreased from 64,7 to 5.4% by treating with 1% FA (2 V/W).
FA treatments (1, 2, 3 and 4%) reduced the solubility of
protein to zero as measured after incubating for one hour
in rumen fluid., The present findings are in agreement with
those of Peter et al. (1971) in which the protein solubility
of SBM was depressed (P £ 0.01) by treatment with FA, GA or
glyoxal., Ferguson et al. (1967) reduced the solubility of
casein protein from 83 to 8% by treating with 4% FA solution
(10 V/W or 40 g FA/100 g protein). Hughes and Williams
(1971, a) indicated that FA treatment of casein (2.1 g FA/
100 g protein) markedly lowered the solubility of casein
protein from 90 (untreated) to 4.9% (treated) in buffered
rumen liquor after incubating for 48 hours in an artificial
rumen., While working with ground nut meal they could lower
the protein solubility in the rumen liquor from 75.8 to

30.8% after treating with FA solution (Hughes and Williams,
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1971, b). Faichney and Davies (1972) reported a 15 fold
reduction of protein solubility of peanut meal in a 1.0 M-
NaCl solution after FA treatment. However, very little
depression in solubility of protein was found by Langlands
(1971) with cotton seed meal, indicating that mechanically
extracted cotton seed meal protein was less soluble in a
1,0 M~NaCl solution as compared to peanut meal,

Barry (1972) reported that FA treatment of casein
(3.5 g FA/100 g protein) reduced the solubility of protein
from 94.6 to 3.4%, however, the acid pepsin digestibility
of the treated casein was depressed as compared with the un-
treated casein, Zelter et al., (1970) indicated that FA did
not reduce the susceptibility of treated peanut meal (1.31 g
FA/100 g protein) to pepsin digestion in the in vitro rumen
systemn,

Treating RSM, SBM and LSM with heat or various
levels of FA and GA solution significantly (P £ 0.01) de-
creased deamination in the artificial rumen as measured by
ammonia production after a 24 hour fermentation period
(Appendix no. 1), Zelter et al. (1970) obtained total in-
hibition of the bacterial deamination of peanut protein
after treating with 0,6% formal and 1.5-1.8% glyoxal or GA.
Hughes and Williams (1971) reported a significant reduction
in ammonia production from treated meals after 48 hours

incubation with rumen liquor. Faichney and Davies indicated
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that FA (4.37 g FA/100 g protein) treatment of peanut meal
completely prevented ammonia release after a 12 hours in
vitro fermentation with rumen fluid, Peter et al. (1971)
and Langlands (1971) obtained similar results by incubating

treated SBM or cotton seed meal in vitro with rumen liquor.

Animal Performance

Treatment of RSM protein with FA (5.6 g FA/100 g
protein) did not influence the feed intake, weight gain,
and feed‘efficiency in young calves receiving FA-RSM ration
compared with those fed untreated RSM during the growth
trial (Appendix 1). In the second experiment FA treatment
of RSM (0.7 g FA/100 g protein) did not improve feed con-
sumption, live weight gain, or feed conversion over those
calves receiving untreated RSM or SBM diets during the 14
week growth trial (Appendix 2). Other workers also reported
that treatment of SBM protein (Mowat and Deelstra, 1970,
Satter et al., 1970), peanut meal protein (Hughes and
Williams, 1971; Faichney and Davies, 1972) and cotton seed
meal protein (Langlands, 1971, b) did not improve the animal
performances over the untreated meals in sheep and dairy
calves, However, Peter et al. (1971) obtained a substantial
increase in body weight gain in sheep or growing lambs fed
treated SBM (0.6 g FA or 1.5 g glyoxal/100 g of SBM). In-

creased performances as measured by live weight gain or wool
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growth were observed in sheep or lambs when the FA-treated
casein was given as a protein supplement in the abomasum or
in the diet compared with those given the untreated casein
(Ferguson et al., 1967; Reis and Tunks, 1969; Wright, 1971;
Hughes and Williams, 1971; Langlands, 1971, a; Barry, 1972).
The disparities observed in calves and sheep or lambs after
feeding treated meal diets or treated casein diets for growth
performance and wool growth could be either due to the spec-
ies difference relative to amino acid requirements, the pro-
teins difference relative to amino acid composition or the
method of treating the casein or vegetable protein, or both,.
Stake et al. (1972) compared RSM, sunflower meal
(SFM) and SBM as protein supplements for dairy starter
rations and indicated that no significant differences in
average daily gain or feed efficiency were observed from
birth to 14 weeks of age among the three treatments. Ingalls
and Seale (1971) reported no significant (P > 0.05) effect
on feed intake, weight gain or feed efficiency of heifers
upto breeding age by replacing SBM with 0, 6.8 or 13,7% RSM
in the calf starter rations. However, inclusion of 30% RSM
in the calf starter grower ration resulted in reduced feed
consumption and weight gain compared with a ration contain-
ing 20% RSM (Ingalls and Waldren, 1972). The results of the
present studies also indicated that inclusion of RSM at 20%

of the ration for young calves (8 to 22 weeks of age) did
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not affect the dry matter intake, daily gain or feed effi-

ciency when compared with a SBM ration.

Rumingl Ammonia and Blood Urea

Ruminal ammonia levels were significantly depressed
(P € 0.01) in the calves receiving FA-treated RSM compared
with the control calves (Experiment I, Appendix 1, Table 5).
In Experiment II rumen ammonia levels of FA-RSM calves were
also found to be significantly (P € 0,05) lower than those
calves receiving the RSM ration but did not differ signifi-
cantly from those fed the SBM ration (Appendix 2, Table 3).
Satter et al. (1970) observed lower ruminal ammonis level in
cows receiving the FA=-treated SBM compared with those receiv-
ing the control ration. Barry (1972) reported that FA treat-
ment of casein reduced the concentration of ammonia in rumen
fluid of young sheep.

Blood plasma urea N was significantly (P < 0,01)
lower for calves fed FA-treated RSM compared with those re-
ceiving untreated RSM (Appendix 1, Table 5). Similar results
were obtained by Satter et al. (1970) in cows fed FA-treated
SBM, Peter et al. (1971) reported that glyoxal treated SBM
lowered plasma urea N levels (P < 0.05) as compared with
those lambs receiving the water treated SBM., Faichney (1971)
indicated that the plasma urea levels in the lambs given the

FA-treated casein declined steadily until, at nine hours



after feeding, they were only 60% (P < 0.01) of the levels
in the lambs given untreated casein. Faichney and Weston
(1971) also reported a significant decrease (P < 0.01) in
the level of urea N in the plasma of lambs given the treated
casein diet., Blood plasma urea levels observed in experi-
ment II tended toc be lower in the FA-RSM calves than those
receiving the SBM or RSM ration, however, the difference was
not significant (P > 0.05), (Appendix 2, Table 3). Faichney
and Davies (1972) observed no significant (P > 0.05) decrease
in the plasma urea of calves fed FA-treated peanut meal at
lower protein levels (13%) but at a higher protein level
(20%) the reduction was significant (P £ 0.05)., Nimrick et
al. (1972) reported a significant decrease (P £ 0.05) in
plasma urea N levels in lambs fed glyoxal treated fish meal
and SBM compared to the untreated groups. Barry (1972) ob-
served that plasma urea N was lowered by FA treatment of
casein (P < 0,01) but increased with increasing level of
casein intake (P £ 0.01). In experiment II, the level of FA
used for treating RSM (0.7 g FA/100 g protein) was compara-
tively lower than that used in experiment I (5.6 g FA/100 g
protein) and the other workers (Table 1). The depression in
the ruminal NHB and blood plasma urea N in experiment I and
II are associated with the formaldehyde treatment and are in
agreement with Satter et al. (1970); Peter et al. (1971);
Faichney (1971); Faichney and Weston (1971) and Barry (1972).




50

These data indicate that FA treatment partially protected

the RSM protein from degradation in the rumen and/or reduced
the rate of ammonia production thus resulting in more intact
protein passing to the lower G.I. tract. The levels of FA
applied for treating the different proteins which signifi-
cantly lowered the blood plasma urea N were found to be 1.09
g FA/100 g peanut meal protein, 3.16 g - 3.51 g FA/100 g
casein protein and 5.62 g FA/100 g RSM protein (Faichney and
Davies, 1972; Faichney, 1971; Faichney and Weston, 1971;
Barry, 1972 and Appendix 1, Table 5). Ruminal ammonia re-
lease from casein and RSM proteins was effectively reduced,
when these proteins were treated at the rate of 3.16 to 3.5 g,
and 0.7 to 5.6 g FA per 100 g of proteins, respectively
(Faichney, 1971; Faichney and Weston, 1971; Barry, 1972;

and Appendices 1, 2). Furthermore, the studlies carried out
in the in vitro rumen by several workers indicated that lower
levels of FA were sufficiently effective in decreasing the
production of ammonia from the treated proteins (Ferguson et
al., 1967; Zelter et al., 1971; Hughes and Williams, 1971;
Langlands, 1971; Peter et al., 1971; Appendix 1 and 2;

Faichney and Davies, 1972; and Barry, 1972).

Ruminal VFA's

Total volatile fatty acids (VFA's) in rumen fluid

were significantly higher for calves receiving control RSM
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compared with those on FA-treated RSM in Experiment I. How=
ever, no significant difference was noted in the concentra-
tion (m moles/100 ml) of total VFA's for the calves fed SBM,
RSM and FA-RSM diets in experiment II. The level of FA treat-
ment was much lower in experiment II, Except for propionic
acid no significant differences (P>>0.05) were observed in
the concentration or molar percent of VFA's (acetic, butyric,
isobutyric, valeric and isovaleric acid) between the control
and FA-treated RSM groups in experiment I, In experiment II
also, no significant differences (P>0.05) were observed in
the concentration or molar percentages of VFA's in the rumen
fluid of calves fed SBM, RSM and FA-RSM rations. Falchney
and Weston (1971) indicated that FA treatment (3.16 g FA/
100 g protein) of casein caused a significant reduction in

the concentrations of VFA's in the rumen fluild of lambs,

Apparent Digestibility and N Balance

In experiment I, there was a significant decrease in
apparent digestibilities of dry matter (P<0,05) and crude
protein (P<0.01) in the FA-treated RSM (5.62 g FA/100 g of
protein) group compared with the untreated RSM (control)
group, However, in experiment II no significant (P>0.05)
differences were found in the digestion coefficients of dry
matter, nitrogen, ADF and gross energy of the SBM, RSM and

FA-RSM (0.7 g FA/100 g protein) diets. However, the



52

digestibility of dry matter, N, ADF and energy tended to be
higher for the RSM diet compared to FA-RSM diet,

The discrepancy between experiments I, II in the
digestibility of nutrients could be due to the difference
in the level of FA-applied for treatment of RSM. Slightly
lower digestibility of FA-treated casein (40 g FA/100 g C.P.)
was reported by Reis and Tunk (1969) in sheep when it was
included in the diet as compared with the untreated casein,
Hemsley et al. (1970) indicated that digestion of cell wall
constituents (C.W.C.) and organic matter (0.M.,) were little
affected by the FA-treatment of dried forage (4 g FA/100 g
C,P.). Faichney (1971) reported a significant decrease in
apparent digestibility of OM (P € 0.05) and N (P £ 0.01) in
one experiment when FA-treated casein (3.16 g FA/100 g
protein) was fed in the ration, but no difference in a later
experiment., Faichney and Weston (1971) reported that in-
clusion of FA-treated casein (3.16 g FA/100 g protein) in
the diet of lambs had no effect on OM digestion in the whole
gastro-intestinal tract, however, significantly (P < 0.01)
less OM was digested in the stomach of lambs fed treated
casein compared with those fed untreated casein ration. The
digestibility of N was found to be significantly (P £ 0.001)
lower in lambs fed treated casein compared with untreated
casein, Faichney and Davies (1972) found no significant

difference in the digestibility of dry matter and OM, however,
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treatment of peanut meal was associated with a reduction in
the digestibility which was significant at lower protein
(13%) level but not at the higher protein (20%) level.
Hughes and Williams (1971) reported that nitrogen digesti-
bility of FA-treated ground nut meal was significantly lower
in sheep at 15% protein level but not at the 11% protein,
Langlands (1971, b) also observed depression in OM and N
digestibility in sheep by treating cotton seed meal with FA,
In the present studies FA-treatment of RSM (5.6 g FA/100 g
protein) significantly depressed the apparent digestibilities
of dry matter (P < 0.05) and crude protein (P 4 0.01), but
not when 0.7 g FA/100 g protein was used for treating the
RSM., Langlands (1971, b) indicated that breakdown of protein
in vitro was insignificant when more than 0,68% FA (W/W) was
added in the treatment of cotton seed meal. Nicholson gt al.
(1972) reported that FA treatment of RSM (2.53 g FA/100 g
protein) did not affect the digestibility of dry matter or
crude protein in sheep. The level of FA used in experiment
II and III was very low (0.7 g FA/100 g CP) as compared to
other workers, however, even at this low level there was a
trend to lower ration digestibility in young dairy calves,
but little affect in young steers (Experiment III).
Excretion of N in the feces and urine was signifi-
cantly different (P <€ 0.01) in the untreated and FA-treated

RSM groups. Larger amounts of N were observed in the feces




of FA-RSM fed calves than the untreated calves. The op-
posite trend was observed in the excretion of urinary N
(Appendix 1, Table 6). These results are in agreement with
those of Reis and Tunks (1969) obtained when sheep were fed
FA-treated casein, Similar observations were made by
Faichney (1971) with lambs fed FA-treated casein. The FA-
treated RSM apparently became less susceptible to enzymic
digestion in the intestine, which resulted in more N ex-
cretion in the feces of calves, Zelter et al. (1970) indi-
cated that FA did not reduce the susceptibility of treated
peanut meal (0.6 g FA/100 g) to pepsin digestion in the in
vitro system. Hughes and Williams observed a marked de-
pression in the digestibility of FA-treated casein (2.1 g FA
/100 g protein) and ground nut meal (4.37 g FA/100 g protein)
in rumen fluid + pepsin digestion in vitro. FA treatment
appears to make the protein less susceptible to enzymic
digestion in the lower gut. A positive N balance was ob-
served for the treated and untreated RSM fed calves in ex-
periment I but the difference was not significant (P > 0.05).
Reis and Tunks (1969) obtained a significantly higher N
retention in sheep with FA-treated casein compared to the
untreated casein, Faichney (1971) found that N retained in
the body tended to be higher at all times in the lambs given
the diet containing FA-treated casein. The difference in N

retention could be due to the higher digestibility of the
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casein protein as compared with the RSM protein and other
vegetable proteins, RSM is fairly high in fibre content
(cell wall constituents) and the protein encased in the cell
walls is not digested in the rumen and in the G.I. tract
which results in lower protein digestibility.

The studies from experiment I indicate that differ-
ent levels of FA and GA treatments of meals affect the
microbial degradation of RSM protein in vitro. Data of
ammonia release in the rumen of calves in experiment I, II
and III showed a partial protection of RSM protein from
bacterial deamination. However, treating RSM with FA(5.6 g
FA/100 g protein) reduced the rate of deamination in the
rumen and reduced enzymic digestion in the lower gut in
experiment I. The level of FA used in experiment II and III
(0.7 g FA/100 g protein) was comparatively lower than the
FA level applied in experiment I, however, even at this low
level digestibility tended to be reduced. The higher levels
of FA and GA treatments of RSM resulted in only slightly
greater inhibition of the bacterial degradation in the
artificial rumen. These observations are in agreement with
those reported by Peter et al. (1971) for SBM and Langlands
(1971, b) for cotton seed meal. This suggested that the
lower levels of aldehydes used in the present experiments
and reported by other workers were enough to cause a marked
depression of the microbial degradation of the treated meals

or casein in vitro and also produced partial protection in wvivo.
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LEVELS OF FORMALDEHYDE USED FOR TREATING THE DIFFERENT

e p—

TYPES OF PROTEINS +

—a—

Type of Protein Alde~- Level Level Reference
hyde of FA of FA
used /100g /100g
mater pro-
ial tein
used used
(g) (g)
1, Casein 100% FA 40.0 40.00 Ferguson et al., 1967
2, Casein 100% FA 40,0 40,00 Rels and Tunks, 1969
3. Peanut meal FA 0.6 1.31 Zelter et al., 1970
14‘5.8% (CuPn)
4, Forages (25%) FA 1.0 4,00 Hemsley et al., 1970
5, Casein (95%) FA 2,0 2,10 Hughes and Williams,
1970
6. Casein (95.6%) FA 3.0 3,10 Langlands, 1971
7. Cotton seed FA 1.0 2.39 Langlands, 1971
meal (41,88%)
8. Ground nut Fa 2,0 4,37 Hughes and Williams,
meal (45,8%) 1971
9. Casein (95%) FA 3.0 3,16 Faichney, 1971
10, Casein (95%) FA 3.0 3,16 Faichney and Weston,
1971
11, Soy bean meal FA 0.6 1,20 Peter et al., 1971
(50%)
12, Casein (100%) FA Lo,00 40,00 Wright, 1971
13. Soy bean meal FA 0.74 1,68 Mowat and Deelstra,
(Lh%) 1972
14, Peanut meal FA 0.5 1.09 Faichney and Davies,

(45.8%)

1972

continuved.......
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Type of Protein  Alde- Level Level Reference
hyde of FA of FA
used /100g /100g
mater- pro-
ial tein
used used
(g) (g)
15. a) Rape seed FA 2,0 5.62 Sharma et al., 1972
meal (35.6%)
b) RSM (35.6%)FA 0.25 0.70 Sharma and Ingalls,
1972 (unpublished)
¢) Casein FA 0,61 0.70 unpublished, 1972
(87%)
16. a) Soy bean FA 0.5 1,00 Nimrick et al., 1972
meal (50%)
b) Fish meal FA 0.6 1,00 Nimrick et al., 1972
(66%)
17. Casein (85%) FA 3.0 3.50 Barry, 1972
18. a) Rape seed FA 18,5 51.97 Nicholson et al.,
meal 1972
b) Rape seed FA 9.25 25,98 Nicholson et al.,
meal 1972
c) Rape seed FA 0.93 2.59 Nicholson et al.,
meal 1972
d) Rape seed FA 0.62 1.74 Nicholson et al.,

meal

1972

T et
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PART TWO

Effect of Formaldehyde Treatment of Rape
Seed Meal and Casein Protein
on Digestibility and N
Retention by Young

Holstein Steers



MATERIALS AND METHODS

EXPERIMENT III

Four young Holstein steers were fistulated in the
pyloric portion of the abomasum and in the ileum, six inches
before the ileo-caecal valve, with soft plastic T cannulae
(Figure 1, 2). Animals were given about one month for com-
plete recovery from the operation. The animals were then
used in the feeding experiment of a planned 4 X 4 latin
square design. The rations were randomly alloted to the
four animals for four periods. Each experimental period
consisted of a 1l4-days preliminary period for adjustment,
seven days of balance trial and seven days of digesta col-
lections (Table 2). A 12-day rest period was given between

each experimental period.

Feeding Regime

The steers were fed by a continuous belt feeder
(Ibrahim et al., 1969). The pelleted feeds were spread
evenly on the two-ply rubber conveyer belts of the automatic
feeders, which move towards the centre of the unit, dropping
feed into the respective feed box of each steer. The feeds
were placed on the belt once in the morning at 9 AM for each
steer and the feeders were so set that a small quantity of

the pellets dropped from the conveyors into the respective



Figure 1.

Cannulae used in experimental steers with their
discs, clamps and plugs. (A) Rumen cannula,

(B) abomasal cannula and (C) ileal cannula,

60






Figure 2,

Position of the abomasal and ileal cannulae in
the Holstein steer used for the collection of

digesta.
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TABLE 2
PLAN OF EXPERIMENT AND COLLECTION OF SAMPLES

e e e e e T ————
Prelim- Digestibility Collection Collection Collect- Rest

inary and N balance of abomas- of rumen ion of Period
peried trials (Total al, ileal fluid for rumen
collection of and fecal pH, NH contents
urine and grab sam- and VFA's
feces ples
14
days 15 to 22 days I 22nd to 25th day 29-30th 30=42
24th day day days
II 26th to
28th day
Abomasal, ileal Rumen Abomasal, ileal and Whole
and fecal Fluid fecal samples rumen
samples contents
Digesta Collection Days
Time 22 23 24 25 26 27 28 29 + 30
9 AM +4
10 AM + +
11 AM + +
12 AM + +
1 PM + +
2 PM + %+
3 PM + +
L PM +
5 PM + +
6 PM +
7 PM +
8 PM S+
9 PM +
+ = Indicates the samples collected at the particular time

from each steer,

= Indicates collection of jugular blood sample from each
steer at 2 PUM,
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- mangers for 20 seconds after every 10 minute interval (Figure
L), The animals were housed in stalls under continuous
artificial light and temperature (60°F) and had free access
to water at all times (Figure 4). The steers quickly adapted
to the continuous feeding regimen and ate frequently. Early
morning and late evening check indicated that little if any
feed accumulated during any time period. The feed was ad-
Justed to the maximum intake by each steer during the pre-
liminary period and the same amount of the feed was given
during the balance trial and the digesta collection period,
Near steady state conditions were established in the rumen
and gastro-intestinal (G.I.) tract using this feeding system
(Ibrahim et al., 1969).

Feed samples were taken daily from each ration dur-
ing the experimental period, placed in plastic bags and
composite samples were gstored for chemical analysis. The
experimental treatments consisted of feeding the semipurified
pelleted diets containing corn starch, cellulose powder, urea,
rape seed meal (RSM), formaldehyde treated rape seed meal
(FA-RSM), casein, FA-treated casein (FA-casein), minerals,
vitamins, chromium oxide and polyethyleneglycol (PEG),

(Table 3). RSM and casein protein were treated with formal-
dehyde as follows: Three liters of 3,6% FA solution was
sprayed onto 43 Kgs of commercial RSM in a mixer and was

mixed for 20-30 minutes. After thorough mixing the meal was



Figure 3. Collection of rumen digesta sample from the ex-
perimental animal during the present studies

(Experiment III),
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kept in burlap bags lined with plastic. Similarly 17 Kgs

of casein was treated with 1.5 liters of 6.9% FA solution
and after thorough mixing it was stored in a burlap bag
lined with plastic. Experimental rations were mixed 3-4
days later. This technique provided 0.7 g FA per 100 g
protein. All the feeds were pelleted with a 3/16th inch die

and stored in burlap bags for feeding the steers,

Management of the Experimental Animals

During the preliminary and treatment comparison
periods the animals were kept in stanchion stalls with a
central slatted floor area for the collection of urine in
metal trays (Figure 4).

Two of the steers developed swollen knees due to
some physical problems in the stalls during the second per-
jiod and had to be dropped from the experiment. The experi-
ment was continued with the remaining two steers. Within
one month soft plastic T type cannulae were fixed in the
rumen, abomasum and ileum of two new steers of the same
breed and similar initial weights. The procedure was the
same as described above, After the recovery period the new
steers were also placed on the test diets for four different

periods.

R S A A




Figure 4, Stalls and the automatic feeders used for nitrogen
balance trials and digesta collection periods in

Experiment IIT,
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Digestibility and N Balance Trials

The stalls were thoroughly cleaned before the col=
lection of feces and urine, In order to separate the feces
and urine, a plastic ( 006 mils) tube of about one meter long
and 55 cms wide was fixed on the rump of each steer. The
tail was kept free by passing it through a small hole made
in the tube. The lower end of the plastic tube was tied
tightly with a string and thus served as the fecal bag for
each steer during the balance trials., The bags were emptied
several times during the day and the feces were stored in
separate plastic bags for sampling. Urine was collected in
the metal trays placed underneath the slatted floor area of
each stall (Figure 4). Toluene was added in the trays to
reduce loss of N from the urine. Total collection of feces
and urine was over a seven day period. One-tenth of the
feces and 200 ml of the acidified urine were stored at -20°C.
At the end of each period, after thawing, the feces and urine
were composited separately for each animal and sub sampled
for analysis. Fecal samples were dried in a forced air oven
at 70°C. Total N in the feces and urine samples were deter-
mined according to the Kjeldahl method (AOAC. 1965). Chro-
mium oxide in the feed and feces was estimated by atomic

absorption spectrophotometery (Williams et al., 1962).
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Collection of-DigestaAgnd Fecal Samples

Digesta and fecal grab samples were collected during
two three-day periods following the balance trials (22, 23,
24th day and 26, 27 and 28th day, Table 2). On the 25th day
six rumen samples (10 AM, 11 AM, 12 AM, 1 PM, 3 PM and 5 PM)
were collected from each steer for the estimation of ruminal
pH, VFA's and NH4 levels (Table 2).

A 50 ml abomasal digesta sample was collected di-
rectly into a measuring cylinder after opening the cannula.
After mixing 25-30 ml of the digesta was transferred to pre-
labelled plastic bags and immediately frozen in liquid
nitrogen. The remaining portion was pooled in another con-
tainer for PEG, NH3 and dry matter analysis.

For ileal digesta no fixed volume was taken from
the ileal cannula because the flow of the digesta was quite
variable., Therefore, digesta that flowed through the cannula
during a 10 to 15 minute period was considered a represent-
ative sample. This sample was collected in plastic bags and
frozen as given above,

Fecal grab samples were taken directly from the
rectum of each animal at the time of collection of digesta
and frozen in the same manner as given above for digesta
samples. During the day (9 AM to 9 PM) 12 abomasal, 10 to
12 ileal and 12 fecal samples were collected from each

steer (Table 2).



TABLE 3

COMPOSITION OF THE EXPERIMENTAL DIETS (EXPT. III)

Ingredients Treatments
RSM FA-RSM CASEIN FA-CASEIN

Rape seed meal 19.0 19.0 - -
Casein - -- 7.5 7.5
Corn starch 38,0 38.0 41,5 41,5
Cellulose powder+ 20,0 20,0 20.0 20.0
Ground barley straw 8.0 8.0 16.0 16.0
Sun flower oil 2,0 2,0 2.0 2.0
Cane molasses 5.0 5.0 5.0 5.0
Urea (281 % C P) 1.9 1.9 1.9 1.9
Trace mineralized salt 3.0 3.0 3.0 3.0
Calcium Phosphate 1.0 1.0 1.0 1.0
Choline Chloride 0.2 0.2 0.2 0.2
Sulphur 6.2 0.2 0.2 0.2
Vitamin pr-emix:T
(A, D, and E) 0.9 0.9 0.9 0.9
Cr203 0.3 0.3 0.3 0.3
PEG 0.5 0.5 0.5 0.5
Total ‘ 100.0 100.0 100.0 100,0
Crude protein (%) 14,7 15,1 14.8 14,1
Acid detergent fibreg
(%) 23.6 23.7 24,0 23.9

+ Alpha~floc -BNB =20 0-11-26-A, Brown Company, New

Hampshire, USA,

F vitamin A 500,000 in IU,
Vitamin E 50,000 IU per

Vitamin D
500 1b of

§ Determined by chemical analysis,

50,000 IU and

eed mixed,
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On the 25th day of each experimental period six
rumen samples (four at hourly and two at 2-hourly) were
drawn with the help of a plastic syringe attached to a hard
plastic tubing. The rumen fluid was aspirated into a 50 ml
syringe, After straining the fluid through one layer of
cheese cloth, pH was measured immediately using a glass
electrode-pH meter. A few drops of 1% mercuric chloride
solution were added to each sample for preservation. Jugular
blood samples were collected at 2 PM from each steer in
centrifuge tubes containing a thin layer of potassium oxalate.
Plasma was separated immediately and kept at -20°C for plasma

urea N analysis.
Rest Period

After each experimental period the animals were
transferred to pens and about 5-6 Kg of alfalfa pellets and
a small amount of mineral mixture were offered to each
steer during a 12-day rest period, in order to remove any

carry over effect of the previous feed.

Determination of Ruminal VFA's and Ammonig

Volatile fatty acids of the rumen fluid were deter-
mined by the method of Erwin et al. (1961). One ml of 25%
of metaphosphoric acid containing acrylic acid (65 mM) as an

internal standard was mixed with 5 mls of strained rumen
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fluid and centrifuged at 1500 XG for ten minutes. The
supernatent was analyzed for VFA's by gas liquid chromata-
graph (Burrell) with a flame ionization detector. The
stainless steel column (180 X 0,318 cm outer diameter) was
filled with 20% neopentylglycol succinate + 2% H3POy on
100/120 mesh Gas Chrom R, and conditioned 17 hours at 200°C,
Helium (30 psig) was used as a carrier gas with a flow rate
of 40 ml/minute plus hydrogen (26 psig) with flow rate of
30 ml/minute and air (20 psig) with a flow rate of 330 ml
/minute., The gas liquid chromatograph was attached to a
Honeywell recorder with a one millivolt range with a chart
speed of 0.5 inches per minute.

Ammonia N in rumen fluid and plasma urea N were

determined according to Conway (1957).

Separation of Protozoa and Bacteria from Rumen Fluid

After the end of each period 3 to 4 liters of rumen
digesta was removed from the rumen with the help of a vacuum
pump (Figure 4). Rumen digesta was transferred from a
plastic bottle to a warm thermos flask, After mixing a
small sample was taken and frozen for further analysis., Dry
matter content of the digesta was determined in a forced air
oven at 70°C. Rumen fluid was squeezed through four layers
of cheese cloth to remove the feed particles, Protozoa and

bacteria were separated according to Ibrahim et al. (1970).
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Protozoa and bacterial fractions were also frozen for lyophy-

lization,

Lyophylization and Sub Sampling

Rumen digesta, protozoa, bacteria, abomasal digesta,
ileal digesta and fecal grab samples were freeze dried and
stored at -20°C for analyses. All the abomasal digesta
samples were separately macerated in a pestle and mortar,
Sub sampling was done separately for the first and second
three-days of each period. by taking an equal weight of
digesta from the sample bags. In this way 32 composite
samples were obtained for the abomasal digesta. Ileal di-
gesta samples were also pooled in the same manner, Fecal
samples were finely ground through a 1 mm screen in a small
grinding mill and pooled as given for abomasal and ileal
digesta samples. Rumen contents, abomasal and ileal digesta
were also ground through a 1 mm screen and then stored in

plastic bags at -20°C till further analyses.

Chemical Analysis of the Digesta

Dry matter in rumen, abomasal, ileal and fecal
samples was determined in the vacuum oven at 98°C for three
hours., Nitrogen content was estimated by microkjeldahl
A.0.A.C. procedures (1971). Chromium oxide in the digesta

and fecal grab samples was determined as given earlier,
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PEG in the rumen fluid and abomasal digesta was
estimated according to Stig Hyden (1960). From feed, dry
digesta and dry fecal grab sample, PEG was extracted by tak-
ing 0.5 g of these samples, separately in screw cap centri=-
fuge tubes with 10 ml of distilled water. Then the tubes
were heated in boiling water for 10 minutes and centrifuged
for 15 minutes at 15000 g. PEG was analyzed as given for
fluid samples. Due to poor recovery of PEG in feed and other
digesta samples, it was not used for the calculation of the

flow of digesta in the alimentary tract,

Amino Acid Analyses

Amino acids in the feed, rumen contents, abomasal
digesta, ileal digesta and fecal grab samples were deter-
mined by an automatic amino acid analyzer (Beckman model no
116/119 with a sample injector).

Dried samples (300-400 mg) of the ground rations,
rumen contents, abomasal digesta, ileal digesta, feces and
200 mg of rumen bacteria were hydrolysed under reduced
pressure in 10 ml of 3 N HCl in a sealed flask at 121°C for
15 hours (Bragg et al., 1966), The hydrolysate was evapor-
ated to dryness at 40°C under reduced pressure in a Buchii
Rotavapor °*R*®., The residue was dissolved in pH 2.2 (0.20N)
sodium citrate buffer, filtered through a medium porocity

sintered glass crucible and adjusted to a final volume of
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100 ml. An aliquot of 0.25 ml of HCl acid hydrolysate was
injected with a self injector on the ion exchange column
(Beckman type AA15 and PA35 resins). Amino acids were eluted
from the ion exchange column with sodium citrate buffers,

pH 3.25 (.2N Na'), 4.25 (0.2N Na*) and 5.10 (0.3N Na¥) at

0, 86, and 180 minutes, respectively. In order to locate

the peak time of DAP, 0.25 ml of a standard solution contain-
ing 0.4 u moles ofe( - &€ - diaminopimelic acid (Grade A,
Calbiochem, Los Angeles, California) was placed on the column
with the amino acid caliberation mixture (type 1, Beckman,
Palo Alta, California). Cystine recovery was variable and low
in preliminary trials. In order to get better recovery of
cystine and separation of methionine from diaminopimelic acid
in the digesta, rumen bacteria and fecal samples, the samples
were oxidized by the modified method of Hirs (1967) as follows:
One hundred mg of the sample was transferred to an oxidation
tube (2X20 cm), cooled in an ice bath to which was added

L ml of freshly prepared performic acid. Performic acid was
prepared by mixing 30% Hy02 and 88% formic acid (1:9) at
room temperature and allowed to stand for one hour, cooled

in an ice bath and used immediately. Oxidation was allowed
to proceed for 20 hours in an ice bath. Excess of performic
acid was neutralized by adding 0.6 ml of 48% HBr acid, The
mixture was evaporated to dryness at 40°C under vacuum in a

rotary evaporator. The dried residue was hydrolysed with




3 ml of 3 NHC1l and filtered through a medium porosity sint-
ered glass crucible in order to remove the humin. The
filterate and washings were transferred to a clean hydro-
lysis flask and evaporated to dryness under vacuum. The
amino acids were dissolved in 5 to 10 ml of pH 2.2 sample
diluting buffer and quantitatively transferred into a 25 ml
volumetric flask and made upto the volume. After thorough
mixing the sample was stored in a plastic bottle at 4°¢ for
amino acid analyses. Cysteic acid, methionine sulphone and
DAP were eluted with peak times of 19, 50 and 134 minute,
respectively. The total time for each run was set at 145

minutes,

Calculation of Passage of Digesta Dry Matter, N and other

Nutrients

The amount of dry matter passing through various
segments of the gut was calculated with the help of chromic
oxide as a marker in the following manner:

Flow of dry matter Concentration of Cr203/g diet DM X g D
= intake/day

M

through rumen (Kg)
Concentration of Cr203/g rumen digesta
DM X 1000

Flow of dry matter Concentration of Cr203/g diet DM X g DM

intake/day

through the abom- =

asum/day (Kg) DM X 1000

Concentration of Crp0,/g abomasal digesta



Flow of dry matter Concentration of CrZOB/gm diet DM X g
DM intake/day
through the ileum =
Concentration of Cry03/g ileal digesta
/day (Kg) ¥ B X 1000
Excretion of DM Concentration of Cr203/gm diet DM X g
DM intake/day
in feces per day =
Concentration of Cr203/g fecal DM X 1000

(Kg)

Calculation of nitrogen and other nutrient flow was made by
multiplying the concentration of N or other nutrient per g
of dry digesta or feces times the amount of dry matter flow
per day through the particular segment of the gastro-
intestinal tract,

Example,

Amount of N flowing
Concentration of N/g digesta DM X g

]

through abomasum/
DM per day
day (g)

Calculation of Bacterial Nitrogen

Bacterial N in the abomasal digesta was calculated
(1971)
Bacterial N(g/day) = R X DAP (g/day)

according to Hutton et al.

where R is the N:DAP ratio determined for bacteria isolated
from the rumen of fistulated Holstein steers.,
Determination of N:DAP ratio of rumen bacteria,

N = gm of nitrogen per 100 gm dry bacteria
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DAP = gm of 1-6 diaminopimelic acid per 100 gm dry bacteria

N:DAP or R = %_of bacterial N
% of diaminopimelic acid

Ruminal protozoal N was not determined because protozoa
were isolated from only two of the steers in some periods.
Also the samples were found to be contaminated with DAP in-

dicating the presence of bacteria,

Statistical Methods

The data collected for all measurements except data
given in Table 11 were analyzed statistically as a change
over design (Snedecor, 1956) and not as a Latin Square design,
because this design was no longer applicable in the present
experiment., The treatment means were subjected to the
Duncan's multiple range test (1955). No statistical analysis
was made on the amino acid composition of the experimental
diets (Table 11). Orthogonal comparisons were made on some

of the data and are indicated in footnotes below each table.



RESULTS

Digestibility and N Balance Trials

Dry matter (DM) digestibility of RSM, FA-RSM, casein
and FA-casein diets appeared to be similar and there was no
significant difference (P >0.05) among the four treatments
(Table 4). Apparent digestibility of DM determined by grab
sampling technique was about two and three units lower for
RSM and FA=RSM rations respectively, whereas the differences
for the casein and FA-casein rations were 0.6 and 1.0 units,
respectively. Apparent digestibility of crude protein
tended to be higher in both the casein diets as compared
with the RSM diets, however, only FA-RSM was significantly
(P£0,10) lower when compared with the other diets. Appar=-
ent digestibility of crude protein determined by grab
sampling technique was significantly (P<£ 0.05) higher for
both the casein diets as compared to the RSM diets. Apparent
digestibility values determined by fecal grab samples
technique for crude protein were also lower than the values
found by total collections method., However, the difference
between the two methods were small., No significant differ-
ences (P>0,05) were found in the consumption and excretion
of DM during the seven-=day digestion trials among the four
treatments,

No significant (P> 0.05) differences were observed
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TABLE 4

APPARENT DIGESTIBILITIES OF DRY MATTER, CRUDE PROTEIN AND N
RETENTION IN HOLSTEIN STEERS FED THE EXPERIMENTAL DIETS
DURING THE 7-DAY TRIALS

Parameters Treatments

RSM FA-RSM CASEIN FA-CASEIN SE +
DM intake (Kg) Ly, 8 39.7 38,2 42,5 2.6
DM excreted (Kg) 14,8 13.3 13.4 14,6 0.7
éggég%%%i%%ty (%)
a) Total collection 66.9 66,4 65.1 65.6 0.9
b) Grab samples 65.0 63.2 64,5 64,6 0.8
Apparent C.P,
digestibility (%)
a) Total collection! 73.72° 73.4° 97,82 77,67 1.2
b) Grab samples 71.3°  71.2°  75.9% 76,22 1.4
N intake (g) 1054.7 958,8 90k.2  959,3 52,6
N excreted in feces(z) 278.4% 256.228P 200.9° 213.6°% 13,7
N excreted in urine(g) 552.0 495.5 509.3 514.9 43,9
Total N excreted (g) 830.5 751.,7 710.2 728.5 49,3
N retained (g) 224,2  207.1 194,1  230.8 11,9
N as a % of N intake
Urine 52.3 51.8 56,2 53.2 2.4
Feces 26.3 26.6 22.3 22,4 1.2
N retained 21,4 21.7 21.6 24 4 2.1
% of absorbed N retained 29.0 28.0 27 .4 31.5 2.3

abc values not sharing the common superscripts are

significantly different (P£0.05).
T Level of significance at P<0.10.
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for N consumption, urinary N excretion, total N excretion
and N retention for steers receiving the four experimental
diets (Table 4), FA-treatment of RSH or casein protein did
not influence the total N excretion and retention., However,
significantly (P< 0.05) less fecal N was observed for the
steers recelving the casein dilet compared with those fed the
rRSH and FA-RSH diets., [IFA-treatment did not show any effect
on the excretion of N in feces of steers fed FA-RSH or FA-
casein diets (Table 4), When the excretion of N in the urine
and feces was expressed as a percentage of N intake, no
significant (P> 0.05) differences were found among the
treatments. The excretion of fecal N as a percentage of N
intake was about four units higher for RSk and FA-RSH fed
steers compared with those receiving casein diets. N re=-
tention as a percentage of intake was slightly more for the
steers fed FA-casein dilet but the difference among the

treatments did not reach the level of significance (P >0,05).

Ruminal pH, Ammonia, VIFA's and Plasma Urea

Rumen pH was slightly lower in the rumen of steers
receiving casein and FA-casein diets as compared with the
RSM and FA-RSH diets, FA=-treatment of RSK or casein did not
influence rumen pH (Table 5). Rumen ammonia level was high-
est in steers fed RSM as compared with the other treatments.

The difference among the treatments, however, was not
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significant (P>0.05).

No significant (P> 0.05) differences were observed
in the concentrations of VFA's (mmoles/100 ml) in the rumen
fluid of steers receiving the experimental diets (Table 5).
A trend of lower concentration of total VFA's was found for
steers fed RSM diet compared to those fed the FA-RSM, casein
and FA-casein diets. Molar percentages of propionic and
butyric acids in the rumen fluid of steers fed the experi-
mental diets were not significantly (P> 0,05) different.

The molar percentages of acetic acid for steers receiving
casein diet were comparatively higher than those fed FA-
casein, RSM and FA-RSM diets. Orthogonal comparison showed
a significant difference (P£ 0,05) in the molar percentages
of acetic acid for steers fed casein and FA-casein diets and
not for the steers receiving RSM diets. RSM fed steers did
not show any difference in the isobutyric acid level but
steers on casein diet had significantly (P< 0.05) higher
molar percentage of isobutyric acid when compared with the
RSM, FA-RSM and FA~casein fed steers. Butyric acid molar
percentages tended to be higher for steers fed FA-casein and
FA-RSM diets compared with those receiving the RSM or casein
diets, but failed to reach the level of significance (P> 0.05).
Isovaleric acid tended to be higher for steers on untreated
casein diet than those on the other treatments. Valeric

acid molar percentages were higher for FA-RSM and FA-casein
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TABLE 5

PARAMETERS MEASURED IN THE RUMEN AND BLOOD PLASMA OF
HOLSTEIN STEERS FED EXPERIMENTAL DIETS (EXPT. III)

e remvrcr e

Parameters Treatments
RSM FA-RSM CASEIN FA~CASEIN SE +
Rumen pHT 5.8 5.7 5.5 5.5
Rumen NH3-N mg/100 ml  25.2 20.5 21.7 17.4 3.4
Total VFA's m moles/ 11.8 13.5 13.2 13.6 1.3
100 ml

Rumen VFA's molar
percentages (%)

Acetic acid%' 55.1°  50.1°  61.8%  48,2° 4,2
Propionic acid 27.5 29.5 22.0 24, 5 4,6
Isobutyric acidl 0.4° 0.5° 1,12 0.8 0.2
Butyric acid 9.7 15.1 10,5 19.8 b1
Isovaleric acid 0.8 0.9 1.7 0.9 0.4
Valeric acid 2.4 4,2 3.0 5.9 2.0
Plasma urea N(mg/100 ml)10.4 10.1 10,4 8.4 0.6

e
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T Pooled data were not analysed statistically.

Orthogonal comparison between protein sources were
significant (P<£0.05).



diets compared with RSM and casein diets. However, there
was a significant interaction between treatments and animals,
which was used for calculating the level of significance,
There was a slight nonsignificant (P%0.05) depres-
sion of plasma urea N levels for steers fed FA-casein diet

compared with the other three treatments (Table 5).

Flow of Dry Matter and N through the Rumen, Abomasum and

Ileum

No significant difference (P >0.05) in the daily DM
and N consumption was observed for the steers fed the four
experimental diets (Table 6). The steers receiving FA-RSM
and casein diets, however, tended to consume less dry matter
which would tend to reduce the amount of DM passing through
the rumen (Table 6), No significant differences (P >0.05)
were found for dry matter flow as a percent of DM intake
among the experimental treatments.

Nitrogen content (%) of rumen digesta of steers re-
ceiving the FA-casein diet was higher (P£0.05) than that
of casein fed steers. The highest amount total N and non-
ammonia nitrogen (NAN) were observed in the rumen digesta
of steers fed FA-casein diet when compared with those fed
RSM and FA-RSM and casein diets., However, no significant
(P> 0.05) difference was recorded among the four treatments.

NAN tended to be higher for steers receiving FA-casein



TABLE 6

DATA ON SOME OF THE PARAMETERS MEASURED IN THE RUMEN
DIGESTA OF HOLSTEIN STEERS FED EXPERIMENTAL DIETS
IN 24 HOURS (EXPT. III)
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Parameters Treatments

RSM FA-RSM CASEIN FA~CASEIN SE +

DM intake (Kg) 6.4 5.6 5,6 6.1
" Total N intake (g) 146.8 135.5 133.3 139.5

Flow of rumen contents

DM % 12,4 12,2 12,7 13.6
DM (Kg) 3.8 3.3 3.5 b1
DM as % of intake 57.2 57,7 62.8 66.1
Nitrogen (%) 3.3%F  3.52  2,8° 3,42
Total N (g) 121.,4 111.9 97.4  139.9
Ammonia N(g) 6.4 5.3 5.9 5.6
NAN . (g) 115.0  106.7 91.5 134.3

NAN as % of N intake 78.2 78.5 68.6 96,6
Bacterial N (g) 59.1 84,2 70.0 65,8

Bacterial N as % of
N intake 40,0 61.1 52.3 47.0

Bacterial N as % of
rumen N 51,9 74,4 69.7 Lé,6

1.1
6.0

0.6
0.4

5.3
0.1

13.0

1.1

12.9

9.0
9.9

7.6

8.1

* Values not sharing the common superscripts in the same

row are significantly different ab(P£0.05).

DM - Dry matter
NAN - Non=ammonia nitrogen
SE - Standard error of the treatment means.
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compared with those fed the RSM diets. The bacterial N as

a percentage of total rumen N tended to be higher for FA-RSM
fed steers compared with the other three treatments, how-
ever, the differences among the treatments were not signi-
ficant (P >0.05).

No significant difference was observed in abomasal
digesta dry matter (%) for steers fed thé four different
rations during the experimental period (Table 7). The
amounts of DM passed through the abomasum as a percent of
DM intake were comparatively higher for RSM diets than those
receiving the casein diets, but the differences did not
reach the level of significance (P>0.05). The passage of
N through the abomasum as a percent of N consumed was in-
creased by FA treatment of casein (P<£0.01) and tended to
increase by FA treatment of RSM, Nitrogen flow as a percent
of N intake was significantly (P<£0.05) higher for the steers
receiving RSM, FA-RSM and FA-casein compared with those
steers fed the casein diet. A similar trend was observed
for NAN as a percent of N intake for the steers fed on var-
ious experimental diets (Table 7).

The total amount of bacterial N passing through the
abomasum of steers receiving RSM diets was significantly
(P£ 0,05) higher than those fed on casein diets (Table 7).
Bacterial N as a percent of total abomasal N tended to be

higher for the steers receiving the RSM diets compared with



TABLE 7

PASSAGE OF DRY MATTER AND VARIOUS FRACTIONS OF N THROUGH
THE ABOMASUM OF FISTULATED YOUNG HOLSTEIN STEERS FED
THE EXPERIMENTAL DIETS IN 24 HOURS (EXPT. III)

Parameters Treatments
RSM FA-RSM CASEIN FA-CASEIN SE +

DM intake (Kg) 6.3 5.7 5.6 6.1 0.4
Total N intake (g) 48,4  136.5 132.5 138.0 6.9
Non-urea N intake (g) 96.1 89.6 86,0 87.1 -

Abomasal digesta

DM (%) 7.2 7.8 7.5 7.7 0.2
DM passed (Kg) 3.9 3.7 3.2 3.5 0.2
DM passed as % of

intake 60.7 65.5 57.2 58.1 2.0
Nitrogen (%) 3.6 3,7 3.4 4,0 0.1
Total N flowed (g) 137.3  134,7 108.8 139.9 7.8
oo e roved @ 91.9AB5&98.3A 82.2"%° 101,78 3.0
NAN (g) 131.7 128.9  103.8 135.0 7.8
NAN as % of N intake 88.1  ok.1® 78.5° 98.1% 3.2
Bacterial N (g)! 77.1%  u,52 5,2 48.2° 10,9
NAN~-Bacterial N (g) 54,5 54,3 49,6 86.8 9.6
Bacterial N as % of

N intake 50,7 53.4 40,9 34,6 6.5
Bacterial N as % of

abomasal N 53.9 54,4 49,1 34,1 6.7

—— —— ———
— o

* Values not sharing the common superscripts in the same
row are significantly different AB(P<0.01) and ab(P<£0,05),

Orthogonal comparison indicated differences between
protein sources were significant (P<0.05).
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those fed casein diets. The bacterial N as a percent of
abomasal N was appreciably lower for FA-casein fed steers
compared with other treatments but was not significantly
different (P> 0.05).

The percentage of dry matter in the ileal digesta
and the amount of total dry matter flow through the ileum
of steers fed RSM, FA-RSM, casein and FA-casein diets did
not differ significantly (P> 0.,05) among the treatments

(Table 8). Dry matter as a percent of intake tended to be

higher for FA-RSM fed steers, however, no significant differ-

ences (P>0.05) were observed among the treatments, Nitrogen

as a percent of DM tended to be lower in the ileal contents
of steers fed FA-~-casein compared to other diets. The amount

of total N flowing through the ileum to the large intestine

tended to be higher for steers getting the RSM diets compared

to those fed casein diets (Table 8). Orthogonal comparison
between the two sources of proteins showed a significant
difference between the RSM and casein diets. A similar
trend was observed for NAN passing through the ileum, There
was no difference between the two rape seed meal diets or
between the two casein diets. NAN as a percent of N intake
was slightly more for FA-RSM steers than for the other three
treatments. When NAN was expressed as a percent of abomasal
N the FA-casein treatment tended to be lower than the other

tregtments.,



TABLE 8

I111)

DAILY FLOW OF NUTRIENTS THROUGH THE ILEUM OF
FISTULATED YOUNG HOLSTEIN STEERS FED THE
EXPERIMENTAL DIETS (EXPT.
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Parameters Treatments

RSM FA-RSM CASEIN FA-CASEIN SE+

2.7 2.6 2.4 2.7 o2

% of DM intake 43.0 46.3 42.1 44.0 1.5
9.4 10.4 9.4 9.1 A

Nitrogen 1.9 2.0 1.8 1.6 .1
Total N 51.0%  50.7%  42.5°  42.2® 3.1
Non-ammonia N (NAN)(g) 49.43* 49.82 41.7b 41.4b 3.1
NAN as % of N intake 33.2 36.5 31.4 30.1 2.5
NAN as % of abomasal 36.3 37.2 38.2 30.7 3.8

:f Orthogonal comparisons between the protein sources.

Values not sharing the common superscripts in the same
row are significantly different ab(P< 0.05).
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Amino Acids

Total amino acid content as a percent DM in the
rumen digesta for the steers fed on the untreated casein
diets was significantly (P£0.01) lower than the FA-casein
fed steers (Table 9). Total amino acids in the rumen con-
tent of steers receiving FA-casein and FA-RSM diets were not
significantly (P >0.05) different but differed significantly
from steers fed the casein diet, There was no significant
difference between the two RSM diets for ruminal total amino
acid content. Total amino acids in the bacterial fraction
of rumen digesta of steers fed on the four experimental diets
did not show any significant differences among treatments.

Abomasal digesta total amino acid concentration for
steers on the casein diet was significantly (P< 0.01) lower
than for steers fed FA-casein diet., The percentage of DM as
amino acids in the abomasal contents of steers on the FA-
casein diet was significantly (P< 0.05) higher than those
receiving the RSM diets (Table 9). Amino acid content of
ileal digesta was slightly more for steers on both the rape
seed meal diets as compared with those on casein diets.
However no significant (P>0.05) difference was observed
among the treatments. Fecal total amino acids concentration
for steers on RSM diet was comparatively higher than for
steers fed FA~RSM, casein and FA-casein diets, but the

difference among the treatments was not significant (P>0.05).




TABLE 9

TOTAL AMINO ACIDS (% DM) FOUND IN VARIOUS SEGMENTS
OF THE GUT FOR FISTULATED HOLSTEIN STEERS
FED EXPERIMENTAL DIETS (EXPT., III)

— o
i

Parameters Treatments
RSHM FA-RSM CASEIN FA-CASEIN SE +

Ration amino acid (%) 7.7 7.8 8.9 7.9

Rumen contents (%) 15.5ABb*16.4ABab13.OBC 18.3Aa 0.8
BacteriaT (%) 37.0 32.2 39.1 34.6 2.6

Abomasum (%) 17.188° 17,388 15,68 19,982 0.6

Ileum (%) 8.2 8.0 7.4 7.3 0.6

Feces (%) 8.5 7.k 6.9 6.9 0.4

O et e e et v e B e VPS5 N eSO ot s SOttt - e e Nt S S s Vet e e o vt
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¥ Values not sharing the common superscripts in the same
row are significantly different AB(P< 0,01) and abc
(P<0.05),

T Bacteria isolated from rumen contents.




The Amount of Total Amino Acids Synthesized or Degraded in

the Gastro-intestinal Tract of Holstein Steers

The amount of total amino acids consumed by steers
fed FA-RSM was slightly lower than those receiving the RSM,
casein and FA-casein diets, however, the difference was not
significant (P> 0.05) among the treatments (Table 10). The
amount of total amino acids in the rumen digesta of steers
fed FA-casein diet was significantly (P< 0.05) higher than
the steers receiving casein and FA-RSM diets (Table 10), but
did not differ from RSM steers. Orthogonal comparison indi-
cated a significant increase of amino acids when casein was
treated with FA (Table 10).

The flow of total amino acids through the abomasal
digesta for steers fed on casein diet was significantly
lower (P£.0.05) than for steers fed the FA-casein or RSM
diets, Flow of amino acids through the abomasum as a percent
of amino acid consumed was lower for steers fed the casein
diet (P< 0.01) compared to those fed RSM, FA-RSM and FA-
casein diets. However, no significant difference was found
among FA-casein, RSM and FA-RSM rations. Passage of total
amino acids through the terminal ileum for steers receiving
RSM diets was significantly (P<£0.05) higher than those
steers fed on casein diets. Flow of ileal amino acids as a
percent of intake was significantly (P «0.01) higher for the

steers receiving the FA-RSM diet as compared with those




TABLE 10

AMOUNTS OF TOTAL AMINO ACIDS SYNTHESIZED OR DEGRADED PER DAY
IN THE GASTROINTESTINAL TRACT OF FISTULATED HOLSTEIN
STEERS FED EXPERIMENTAL DIETS (EXPT. III)

Parameters Treatments
RSM FA-RSM CASEIN FA-CASEIN SE +

AA consumed/day (g) 493,0  434,7  500,4 489,9 39.9

3*
AA flow from rumen (g) 5?9.8ab 522.1b 449.3b 751,12 59.2
Ruminal AA as a % of ‘ B A
intake 120,6 119.,1 90.9 154,5 14,7
AA consumed/day (g)**  495,8 436,6 L499.,4  477,0 33.0
AA flow in the abomasal
digesta (g) 659.6 599.0 500.5 7044 b42,6
Abomasal AA as a % of A A B A
intake 132.1 137.1 101,8 147,2 5.4
AA flow in ileal +
digesta (g) 223.0% 206.82 173.7b 195.5b 13.6
Ileal AA flow as a A Bb
% of intake 4s,02 47,7 34,6 41,0 2.5
Ileal AA flow as a % a a b
of ruminal AA 43,32 40,8 38.5 26,0 3.1

Ileal AA flow as a %
of abomasal AA 34,2 34,7 35,1 27.8 3.4

AA excreted out in
feces (g) 187,482 153 gABDi4o 4B ). gB 8.2

AA excreted in feces
as % of ileal AA 84,9 75,1 83.9 75.8 6.4

— -
= —

—
-

+ Orthogonal comparison between RSM and casein proteins (P< 0.10).

* Values not sharing the common superscripts in the same row
are significantly different AB(P<£0.01) and ab(P£0,05),

*¥*Mean values calculated on the basis of daily DM consumed
during the two digesta collection periods in each experi-
mental period.
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receiving the untreated casein diet. When the amounts of
total amino acids passing through the ileum were expressed
as a percent of ruminal amino acids, significantly (P< 0.05)
less amino acids flowed through the ileal digesta of FA-
casein fed steers as compared with the other treatments.
Steers on the RSM diet excreted more (P« 0.01) amino acids
in their feces than steers receiving the casein diets,
Fecal excretion of amino acids from FA-RSM steers was signi-
ficantly (P« 0.05) lower than from RSM steers,

Total amino acids content in the casein diet was
slightly higher as compared with RSM, FA-RSM and casein
diets (Table 11). Threonine, glutamic acid, proline,
glycine, alanine, cystine, histidine and‘arginine levels in
rumen digesta of steers fed the experimental diets (Table
12) were significantly different (P4 0.05) while the remain-
ing amino acids levels were not different (P> 0.05) among the
treatments. Treatment of RSM with FA resulted in an increased
(P£0.05) rumen level of histidine. Treatment of casein with
FA resulted in increased (P<£ 0.05) glutamic acid and proline
with decreased threonine and glycine, alanine and arginine
levels in rumen contents.

No significant (P >0.05) difference was observed in
the individual amino acid concentration of ruminal bacteria
for the steers fed on various diets except leucine and

diaminopimelic acid (DAP), (Table 13). FA treatment of RSM
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TABLE 11
AMINO ACID COMPOSITION OF THE EXPERIMENTAL DIETS
(EXPT, III)
Amino Acids* Treatments
RSM FA-RSM CASEIN FA-CASEIN
Aspartic acid 9.3 9.3 8.3 7.8
Threonine b,7 L,7 b1 3.9
Serine 4.9 5.1 5.5 5.7
Glutamic acid 20.8 20.7 23.1 22,4
‘‘‘‘‘ Proline 6.7 7.5 9.3 8.0
Glycine 5.7 5.6 2,7 2.5
Alanine 5.9 6.2 L,k b,2
Cystine 2.2 2.2 0.7 0.6
Valine 5.4 5,2 6.0 6.0
Methionine 2.2 2,0 2.3 2,6
Isoleucine b1 h,2 Lh,6 4,8
Leucine 7.4 7.6 8.9 9.1
Tyrosine 2.7 2.7 4.8 3.7
Phenylalanine L, 4 b b 5.0 b.9
Lysine 5.1 4,9 6.2 6.8
Histidine 2.5 2.1 1.9 2.9
Arginine 6.1 5.8 3.3 L,2
Total (% DM) 7.7 7.9 8.9 7.9

e s r——————— e wcov——
— eeie—rv——————

¥ gm amino acid per 100 g of total amino acids.



TABLE 12

AMINO ACID COMPOSITION OF THE RUMEN CONTENTS FROM THE
YOUNG HOLSTEIN STEERS FED THE EXPERIMENTAL DIETS.
(EXPT. III)

Amino Acilds¥* Treagtments
RSM FA-RSM CASEIN FA-CASEIN SE +

Aspartic acid 11.9 10.9 11,4 10.6 0.3
Threonine S.ZA** 5.OAB 5.2A 4.7B 0.1
Serine 4,9 4,8 4,8 5.0 0.2
Glutamic acid 14.8B 14.48 14.9B 17.5A 0.5
Proline 3.8b 4.6b 4.0b 6,42 0.5
Glycine 5.8A 5.6A 5.4A 4.1B 0.2
Alanine 6.§Bb 6,9ABb 7.8Aa 6.OBc 0.3
Cystine 1.7888 g oA 1 5800 4 40 o
Valine 5.6 5.7 5.9 5.8 0.1
Methionine 2.4 2.7 2,6 2,7 0.1
Isoleucine 5.1 5.0 4,9 4,7 0.2
Leucine 7.8 7.8 7.7 8.3 0.2
Tyrosine 3.5 3.5 3.6 3.8 0.1
Phenylalanine L,6 b,s5 L,6 L.8 0.2
Lysine 8.7 8.3 8.5 7.8 0.3
Histidine 2,1 2.4%  2,0° 2,22 0.1
Arginine 5,122 5.6 4.8%  4,1° 0.2
DAP 0.5 0.6 0.8 0.5 0.1
Total (% DM) 15.5 16.4 13,0 18.3 0.8

¥ gm amino acid per 100 gm of total amino acids.

*% Values not sharing the common superscripts in the same
row are significantly different ABC(P<0,01) and abc(P<0.05).
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TABLE 13

AMINO ACID COMPOSITION OF RUMEN BACTERIA OF YOUNG HOLSTEIN
STEERS FED THE EXPERIMENTAL DIETS. (EXPT. III)

-
= =

Amino Acids¥* Treagtments
RSM FA-RSM CASEIN FA~CASEIN SE +

Aspartic acid 12,0 11.7 12,4 11.9 0.3
Threonine 5.5 5.4 5,6 5.3 0.1
Serine 4.5 by b,y b,5 0.1
Glutamic acid 12,2 12,2 12,4 12.3 0.3
Proline 3.2 2.9 3.3 2.9 0.2
Glycine 5.7 5.2 5.6 5,6 0.2
Alanine 7.7 7.8 7.9 7.7 0.3
Cystine 1.2 1.2 1.2 1,1 0.3
Valine 6.0 6.0 5.3 5,9 0.3
Methionine 2.4 2.5 2.5 2.5 0.1
Isoleucine 5.2 e 5.3 5.3 5.0 0.1
Leucine 7.4ABb 7.6Aa 7.3B 7.0c 0.1
Tyrosine 5.3 5.2 5.2 5.0 0.1
Phenylalanine " 4.6 4.8 4.5 bl 0.1
Lysine 9.8 9.7 9,6 9.4 0.5
Histidine 2,0 2.0 1.9 2.6 0.2
Arginine 4,8 5,2 4,9 5.9 0.3
DAP 0.86° 0.83° 1.06® 1.10* 0.06
Total (% DM) 37.0 32.2 39.1 34,6 2.6

¥ g, amino acid per 100 g of total amino acids.

¥% Values not sharing the common superscripts in the same
row are significantly different AB(P £0.01) and abc(P< 0,05).
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resulted in an increased (P<£ 0.05) level of leucine while
treatment of casein resulted in a decreased (P< 0,01) level
of leucine in rumen bacteria. The concentration of DAP in
rumen bacteria for steers receiving casein diets were higher
(P« 0.05) than those fed RSM diets.

No significant differences (P> 0.05) were found in
the concentration of serine, valine, methionine, isoleucine,
phenylalanine, histidine, arginine and DAP in the abomasal
digesta of steers fed the experimental diets (Table 14)., FA
treatment of RSM resulted in increased (P<£ 0.05) proline and
cystine in the abomasal digesta. FA treatment of casein re-
sulted in increased (P£0.05) glutamic acid, proline, leucine,
and decreased (P<£ 0.05) aspartic acid, threonine, glycine,
alanine, cystine and lysine in abomasal digesta., RSM as the
protein supplement in place of casein resulted in decreased
(P<£ 0.,05) alanine and lysine with an increase level of cystine
in abomasal digesta. FA treated casein as a protein supple-
ment in place of FA-RSM resulted in increased (P<£0.05)
levels of glutamic acid, threonine, glycine, alanine, and
cystine in abomasal digesta.

No significant differences were found in the amino
acid concentration of the ileal digesta for steers receiving
the four experimental diets except for glutamic acid, alan-
ine and leucine (Table 15). Glutamic acid content in the

ileal digesta of steers fed FA-casein diet was significantly




TABLE 14

AMINO ACID COMPOSITION OF THE ABOMASAL DIGESTA OF
YOUNG HOLSTEIN STEERS FED THE EXPERIMENTAL
DIETS. (EXPT. III)

e e e e e e e 2

Amino Acids ¥ Treatments
RSM FA-RSM CASEIN FA-CASEIN SE +

Aspartic acid 11,757 11,28 11.6% 108 0.2
Threonine 5,42 5,22 5,22 4.9b 0.1
Serine 5.1 5.0 5.0 5.1 0.1
Glutamic acid 15.48  16,38B° 15,28 17,08 0.
Proline 3.9C 4.6B 3.8C 5.9A 0.2
Glycine 5.2 soh sauh ws® o
Alanine 7.18%% g8 558 590 o1
Cystine 1,582 gh 1P 1 0% oo
Valine 5.7 5.7 5.7 5.7 0.1
Methionine 2.1 2,2 2.4 2.3 0.1
Isoleucine 4.9 4,8 4,8 b,7 0.1
Leucine 7.8b '7.8b 7.6b 8.1% 0.1
Tyrosine 3.720  3.6°  3.03° 397 o4
Phenylalanine b6 4,5 L,s b,s 0.1
Lysine 7.87°¢ 7.18¢ g 0f% 5, 28B0 4 5
Histidine 2.1 2.1 2.1 2.3 0.1
Arginine 5.2 5.2 4,9 4,5 0.3
DAP 0.47 0,47  0.57 0.0 0,06
Total (%DM) 17.1 17.3 15.6 19.9 0.6

¥ o amino acid per 100 g of total amino acids.

*¥% Values not sharing the common superscripts in the same row
are significantly different ABC(P<0.01) and abc(P<L0.05).



AMINO ACID COMPOSITION OF ILEAL DIGESTA OF YOUNG

T

ABLE 15

HOLSTEIN STEERS FED THE EXPERIMENTAL DIETS

(EXPT. III)

Amino Acids* Treatments

RSHM FA-RSM CASEIN FA-CASEIN SE+
Aspartic acid 9.6 9.3 10.0 10.4 0.4
Threonine 5.8 5.5 5.1 5.6 0.2
Serine 6.0 n 5.8 6.2 6.0 0.2
Glutamic acid 14.2B 14.7B 14.0B 17.3A 0.4
Proline 5,6 6.9 4,5 5.8 1,2
Glycine 5.7 5.7 5.5 5.4 0.2
Alanine 8.0° 7.7° 9.3  7.9° 0.3
Cystine 2.9 3.1 2.8 2.8 0.1
Valine 5.7 5.5 5.4 5.2 0.1
Methionine 1.7 1.8 2.4 1.7 0.2
Isoleucine b1 4.3 h,2 4,0 0.1
Leucine 7.4% 7,22 7.0%% 64 0,2
Tyrosine 3.0 2.9 3.8 2.9 0.5
Phenylalanine L,2 3.9 b, L 3.6 0.2
Lysine 7.6 7.3 7.4 7.4 0.2
Histidine 2,7 2.7 2.3 2.4 0.2
Arginine 4.4 b,1 3.9 3.8 0.2
DAP 1.55 1.54 1.79 1,52 0.12
Total (% DM) 8.2 8.1 7.4 7.3 0.6

bt

* ogm amino acid per 100 g of total amino acids,

#% Values not sharing the common superscripts in the same row
are significantly different ABC(P<0.01) and abc(P< 0.05),
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more (P<£.0.01) than those steers receiving the RSM, FA-RSM
and casein diets. Alanine was significantly (P<£0.05)
different for steers on the casein diet as compared with the
other three treatments. Leucine was found to be signifi-
cantly (P< 0.05) lower in the ileal digesta of steers on
FA-casein diet as compared with steers receiving the RSM
diets, but not different from casein fed steers (Table 15),
The concentrations of amino acids in the fecal
matter did not differ significantly (P> 0,05) among the
four treatments except alanine, which was significantly
(P£ 0.05) higher for casein fed steers compared with those

fed the other three diets (Table 16),
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TABLE 16

AMINO ACID COMPOSITION OF FECES OF YOUNG HOLSTEIN STEERS
FED THE EXPERIMENTAL DIETS (EXPT. III)

Amino Acids™ Treatments
RSM FA-RSM CASEIN FA-CASEIN SE +

Aspartic acid 11.3 10.3 11.4 11.3 0.6

Threonine 5.6 5.3 5.4 5.3 0.2

Serine 5.2 5.1 5.2 5.0 0.1

Glutamic acid 13.1 13.5 13.3 13.6 0.4

Proline 3.6 3.8 3.1 3.0 0.2

Glycine 5.9 5.9 6.0 5.7 0.2

Alanine 8.38H$ 8.4b 9.4% 8.6b 0.2

Cystine 2,1 2.5 2.1 2.2 0.3

Valine 5.9 5.9 6.1 5.6 0.2
Methionine 2.5 2.7 2,7 2.6 0.2
Isoleucine 5.1 4.9 5.2 4,9 0.1

Leucine 7.5 7.3 7.6 7.1 0.2

e Tyrosine 3.3 3.0 3.3 3.0 0.1
| Phenylalanine 4.5 o1 4.9 4,2 0.2
Lysine 8.6 9.0 8.3 9.3 0.7

Histidine 2.5 2.8 1.9 3.6 0.4

Arginine 4,1 4,3 3.4 3.7 0.3
DAP 0.93 1,18 1,07 1.27 0.15

Total (% DM) 8.5 7.4 6.9 6.9 0.4

B e e

*¥ g amino acid per 100 g of total amino acids.

*¥%  Values not sharing the common superscripts in the same

row are significantly different ab(P<0.05).



DISCUSSIONS

Treating of RSM or casein with formaldehyde (0.7 g
FA/100 g of protein) did not appear to influence the appar-
ent digestibilities of dry matter (DM) and crude protein
(CP) in experiment III. Apparent digestibility of CP was
slightly higher in both the casein diets as compared with
the RSM diets. This could be due to the difference in pro-
tein source., No significant differences in digestion co-
efficients of DM and CP were observed among the experimental
diets, indicating that the FA-treated or untreated diets
were equally digested by the young steers during the present
studies, However, the digestibilities of DM (PZ0.05) and
N (P£0,01) were significantly decreased when FA was used at
the rate of 5.6 g FA per 100 g protein (Appendix I, Table 6),
In experiment II FA-treatment of RSM did not significantly
(P>0.05) influence the DM and N digestion coefficients for
young calves. But even at such a low level (0.7 g FA/100 g
protein) of formaldehyde there was a trend towards lower
digestibility when compared with the untreated diets,
Similar results were obtained by Reis and Tunks (1969) when
FA-treated casein was included in the diet as compared to
the untreated casein., Weston (1971) indicated that FA-
treatment of casein caused some impairment of the digestion
of treated casein, Faichney (1971) observed significantly

lower (P« 0.05) organic matter digestibility in the first
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balance trial but not in the later experiments when FA-
treated casein was given in the ration of lambs. The appar-
ent digestibility of N was lower in these lambs in all
balance trials. Faichney and Weston (1971) found no effect
of treating casein on organic matter digestion in the whole
gastrointestinal tract, whereas N digestibility was
significantly (P«£ 0.001) lower when treated casein was given
to lambs., The digestibility of N posterior to the abomasum
was higher when casein in the diet of lambs was treated,
Nimrick et al., (1972) stated that glyoxal treatment of fish
meal and SBM significantly (P< 0.05) lowered N digestibility
in growing lambs. Faichney and Davies (1972) reported
similar reduction in N digestion of the treated peanut meal
fed calves,‘however, no differences were observed in the dry
matter and organic matter digestibility between treated and
untreated peanut meal diets., Nicholson et al. (1972) report=-
ed that dry matter and crude protein digestibility of RSM
were reduced in sheep fed the FA-treated RSM (18.5 g FA/100
g meal)., However, when lower levels((.93 g and 0,62 g FA/
100 g meal) of FA were used for treating RSM, no effect was
observed on the digestibility of DM or CP, The results
found in the present studies followed a similar trend.

Total N excretion was comparatively more for steers
fed on RSM diets than the casein diets, however, no signi-

ficant (P> 0,05) difference was noticed between the



experimental treatments. There was a significant difference
(P<£0.05) in the excretion of fecal N for the steers fed on
the untreated RSM and casein diets. When N excretion in
feces and urine or N retention in the body were expressed as
a percentage of intake, no significant differences (P> 0.035)
were observed between the treated and untreated diets. The
percentage of absorbed N retained also did not differ (P >
0,05) among the various treatments., The fecal N was about
four units higher for steers fed RSM diets than for the
casein fed steers. This suggested that treatment of RSM or
casein protein with FA (&7 g/100 g protein) did not appear
to influence the excretion of N in the feces, urine and the
N retention in Holstein steers.,

Larger amounts of N were observed in the feces of
FA-treated RSM than the untreated RSM fed calves (Expt. I)
and an opposite trend was observed in the excretion of N in
the urine of these calves. FA-treatment of RSM protein
signifiecantly influenced the excretion of N in the feces and
urine of Holstein calves fed ration containing 26% FA-treated
RSM (Appendix 1, Table 6). Similar results were obtained by
Reis and Tunks (1969), Barry (1972), and Faichney (1971) with
FA-treated casein in sheep and lambs., Nimrick et al. (1972)
also obtained a similar trend in the excretion of urinary

and fecal N for growing lambs fed glyoxal treated fish meal

(3.75 g/100 g meal).
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A positive N balance was observed in steers receiv-
ing the experimental diets and FA treatments of RSM or
casein did not influence the N retention over the untreated
RSM and casein diets (Expt. III). Similar results were ob-
tained in experiment I (Appendix 1, Table 6) for Holstein
calves fed untreated RSM and FA-itreated RSM rations. Though
slightly more N was deposited in the FA-RSM fed calves, the
difference was not significant, Nimrick et gl. (1972)
showed a significant increase in N retention for lambs re-
ceiving glyoxal treated fish meal as compared with the un-
treated fish meal. An increase in N retention was observed
in sheep and lambs when FA-treated casein was given in the
ration of these animals (Reis and Tunks, 1969; Barry, 1972;
Faichney, 1971). The possible explanation for the lack of
response obtained in the present experiment could be due to
the high level of protein (14-16%) in the rations of Holstein
calves and young steers used in experiments I and III, The
requirements of these animals seems to be fully met Dby the
untreated protein and FA-treatment did not improve the per-
formance in young Holstein calves and steers, Another ex-
planation for discrepancy in animal response could be the
level and method of treating the vegetable or animal pro-
teins and differing amino acids requirements of lambs and
calves.

The results of the present experiment indicated that



the rumen pH in the steers fed the semipurified diets con-
taining RSM, FA-RSM, casein and FA-casein plus 30% urea N
ranged from 5.46 to 5.78., Agrawala et al. (1953) recorded
very low pH in the rumen of calves fed purified diets. The
low pH could be partly due to the higher concentration of
VFA's (Storry and Rook, 1966; Whitelaw et al.,1972). Briggs
et al. (1957) indicated that the rumen pH is closely re-
lated to the VFA's levels and the pH rarely falls outside
the range of 5.,0-7.5 on diets which do not result in the
accumulation of lactic acid in the rumen. Generally a low
pH is assoclated with a reduction or complete absence of
rumen protozoa. Giesecke et al. (1966) reported the com-
plete disappearance of the protozoa from the rumen of sheep
fed a semipurified diet. In the present studies, a limited
number of protozoa were observed in two steers in different
periods of the experiment and complete disappearance in the
other two steers fed experimental diets. Inclusion of
sodium bicarbonate did help in the establishment of the
ciliate protozoa in the rumen of test steers.

The low pH (5.46-5.78) could be beneficial for the
steers fed test diets by decreasing the absorption of NH3
from rumen. Hogan (1961) indicated that absorption of VFA's
across the rumen wall at pH 6.5 increased the transport of
NH3 but not at the lower pH (4.5). Therefore, the available

NH3 in the rumen could be utilized by the microbes for the
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synthesis of protein,

In the present studies, the results showed no signi-
ficant difference in the rumen NHB - N levels for the steers
fed on experimental diets, Treatment of RSIM or casein
slightly depressed rumen NHj levels. A significant reduction
in NH4 production was observed in young calves self fed on
treated rations compared with those on untreated RSM or SBM
rations in experiment I and I1I,

Treating of proteins with different levels of alde-
hydes markedly reduced the ammonia release from the treated
proteins in in vitro and in vivo studies (Ferguson et al.,
1967; Zelter et al., 1970; Hemsley et al., 1970; Peter et
al., 1971; Faichney and Weston, 1971; Barry, 1972; Faichney
and Davies, 1972; Appendix no., 1 Table 3). Satter and
Baumgardt (1962) observed significantly less fluctuations in
ruminal NHB’ VFA's and pH values when the animals were fre-
quently fed. Ibrahim et al.(1969) observed little fluctu-
ation in the ruminal pH and NHj3 levels with frequent.
feeding. In the present studies slight fluctuations were
observed in the ruminal NH4 levels and not in the ruminal
pH values within each period of sampling. Probably frequent
feedings in the present experiment affected the NH5 levels
in the steers receiving the treated and untreated ration and
the influence of formaldehyde on rumen NH3 level was not

clearly indicated. Less ammonia concentration was recorded
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in the rumen liquor of frequent fed animals (Satter and
Baumgardt, 1962; Hungate, 1966) compared with the once or
twice feedings (Hungate, 1966, and Virtanen, 1969). However,
in experiment I and II the NH3 - N levels recorded from the
rumen liquor of calves fed free choice ranged from 4.0 to
7.2 (unt-RSM), 1.0 to 6.0 (FA-RSM); 4.1 to 9.6 (SBM); 6.8

to 11,2 (RSM) and 4.7 to 8,1 (FA-RSM) mg N/100 ml, respect-
ively (Appendix 1, Table 5; Appendix 2, Table 3). Whereas
in steers fed semipurified diets, the levels of ammonia N
were 25,2 (RSM), 20.5 (FA-RSM), 21.7 (casein) and 17.4 (FA-
casein) mg/100 ml of rumen fluid. The higher level of rumen
NH3 in experiment III probably is due to differences in diet
composition, The ingredients used in experiment I and II
are somewhat similar to conventional diets while diets used
in experiment III were more like a semipurified diet. The
values reported here are similar to those observed by
Ibrahim et al., (1969).

The results of the present experiment (III) did not
show any significant difference in the concentration of VFA's
in the rumen liquor of steers receiving the experimental
diets (Table 5). Similar results were obtained in experiment
II with young calves fed SBM, RSM and FA-RSM diets. However,
significantly lower concentrations of VFA's were recorded
in rumen liquor of calves receiving the FA-treated RSM (5.6

g FA/100 g protein), (Appendix 1, Table 5), Faichney and
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Weston (1971) reported that FA-treatment (3.16 g FA/100 g
protein) of casein caused a significant reduction in the
concentration of VFA's in the wether lambs. Protein source
did not appear to influence the total concentrations of
VFA's in the steers fed RSM or casein diets. Acetic acid
showed a significantly lower concentration in the rumen
liquor of FA-casein compared with the untreated casein fed
steers. A similar trend in the molar percentages of acetic
acid was noticed in steers fed RSM diets but the difference
was not significant (Table 5). This trend was not apparent
in experiment I and II. FA-treatment did not influence the
molar percentages of isobutyric acid in the rumen liquor of
RSM fed steers but showed a significant affect in rumen
liquor from steers receiving the casein diets. El-Shazly
(1952, a) reported that valine, leucine and isoleucine were
degraded by bacteria into branched chain VFA's (isobutyric,
isovaleric and B-methylbutyric acids). In the present
studies casein protein supplied more of these amino acids
as compared with the RSM diets, which were catabolized in
the rumen to VFA's, NH3 and COp.

In the present experiment, FA treatment did not show
any significant influence on the blood plasma urea N for the
steers fed FA-RSM and FA-casein diets compared with those
receiving the untreated diets (Table 5). There was a slight

depression in the plasma urea N level in FA-casein fed



steers compared with those on the untreated casein diet., 1In
experiment II similar results were obtained when FA-RSM was
fed in the calf starter ration containing urea. Faichney
and Davies (1972) observed no significant (P>0.05) decrease
in the plasma urea of calves fed FA-treated peanut meal at
lower protein levels (13%) but at a higher protein level
(20%) the reduction was significant (P<0.05), In experi-
ment I a significant (P<£ 0.01) reduction in the plasma urea
N was noticed in calves receiving FA-treated RSM compared to
the untreated RSM rations containing 16% crude protein.
Barry (1972) reported that plasma urea N was lowered by FA
treatment of casein (P£L 0.01) in sheep but increased with
inereasing level of casein intake (P<£0.,01). Significant
reductions in plasma urea N in lambs and sheep were recorded
by feeding glyoxal treated SBM (Peter et al., 1971); fish
meal (Nimrick et al., 1972) and FA-treated casein diets
(Faichney, 1971; Faichney and Weston, 1971).

A significantly (P<0,05) lower N content in rumen
digesta was recorded in the steers fed casein diets compared
with those fed RSM, FA-RSM and FA-casein diets., This would
suggest that a larger proportion of the untreated casein was
deaminated and lost as NH5 through the rumen wall, which is
supported by the fact that the non-ammonia nitrogen (NAN X
6.25 or protein) as a percent of N intake in the rumen

digesta of steers fed FA-casein was, appreciably higher than
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the untreated casein fed steers and also from those on RSM
diets, FA treatment did not show any significant influence
on the N content of the rumen digesta when FA-RSM protein

was fed to steers. The level of FA used for treating RSM

and casein was the same on the basis of protein contents

(0.7 g FA per 100 g protein), whereas it was different on
the basis of dry materials (0.25 g FA/100 g RSM and 0.61 g
FA/100 g casein). Casein being an isolated protein provoided
more free groups for cross linkages with FA as compared with
the RSM protein.

The bacterial N levels (bacterial protein), as a
percent of rumen N, levels for RSM, FA~-RSM, casein and FA-
casein fed steers were 51.9, 74.4, 69.7 and 46.6%, respect-
ively. However, the bacterial N levels, as a percent of N
intake, were in the order of 40,0, 47,0, 52.3 and 61.1% for
the RSM, FA-casein, casein and FA-RSM, respectively. The
lower percentages of bacterial N for RSM and FA-casein fed
steers could be either due to higher amount of N consumed
per day or the higher amount of total N recorded in the rumen
digesta of these steers. Weller et al. (1958) reported 61-
80% of the N in the rumen was present as microbial N,
Pilgrim et al. (1970) calculated the microbial N in the
rumen of sheep and suggested that 73% and 58-59% of the
dietary N in the low and high N diets were converted into

microbial N, In the present studies the bacterial N found



in the rumen digesta of steers fed on various experimental
diets as a percent of N intake varied from 40.0 to 61,1%.

The total amount of N flowing from the abomasum as
a percent of intake for the FA-casein and FA-RSM steers were
101.7 and 98, 3% whereas 82.2 and 91,9% were recorded for
casein and RSM steers, respectively. A substantial gain in
the total N from the mouth to the duodenum was observed
when the dietary N was low in the ration of ruminant animals
(Gray et al., 1958; Harris and Phillipson, 1962; Clark et
al., 1966; Hogan and Weston, 1967; Topps et al., 1968;
Sharma et al., 1969; Van't Klooster and Rogers, 1969), but
less N passed through the abomasum (Hogan, 1965; Clark et
al., 1966; Hogan and Weston, 1967) on high protein rations,
Nicholson et al. (1972) reported that treatment of RSM pro-
tein increased the flow of total N and protein N through the
duodenum of sheep. The results of the present experiment
also showed that FA-treatment of RSM and casein protein
affected the N flowing from the abomasum of the steers,

The non-ammonia-N in the abomasal digesta as a per-
cent of N intake for the steers receiving the casein diet
was significantly (P« 0.01) lower compared with those of FA
casein and FA-RSM fed steers. About 98 and 94% of the
dietary N flowed as NAN through the abomasal digesta of
steers fed FA casein and FA-RSM diets and comparatively less

(78.5 and 88%) in the untreated casein and RSM diets,
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respectively. McRae (1970) indicated that protection of
casein with FA allowed virtually all the extra N to reach
the duodenum as NAN where only half of the untreated casein
N emerged from the rumen to the site of enzymic digestion

in the lower gut of the host animal. In the present studies
the amount of dietary protein N (NAN - Bacterial N) flowing
through the abomasum of steers fed RSM and FA-RSM diets

were (54.5 and 54.3 g) similar but somewhat different (49.6
and 86.8 g) for casein and FA=-casein fed steers, respective-
ly. MacRae et al. (1972) reported that the daily amounts

of NAN reaching the duodenum of the sheep receiving dried
grass (21.4 g) and the treated casein (30.1 g) diets were
similar to amounts of N consumed (20.6 g and 29.4 g respect-
ively). However, the amount of NAN reaching the duodenum
of sheep receiving untreated casein (26,3 g) was less than
the N consumed (29.7 g). Quantities of NAN reaching the
duodenum, relative to the dietary N intake were high in their
studies compared with the reports on high N diets (Clarke
et al., 1966; Hogan and Weston, 1967)., Weston (1971) and
Faichney and Weston (1971) observed significantly more NAN
leaving the stomach when FA-treated casein was included in
the sheep's ration. Similar results were obtained by
Hemsley gt al., (1970) when FA-treated clover rich forage
was offered to sheep in equal proportions at 3 hourly in-

tervals during the digestion trials. The reason for a high
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duodenal flow of NAN could be the very high content of sol-
uble carbohydrates in the present experiment and in the

diets used by other workers (Hemsley et al., 1970; Faichney
and Weston, 1971; MacRae et al., 1972). The results of the
present experiment are in agreement with the studies reported
earlier,

In the present studies, the bacterial N which flowed
through the abomasum was more for steers receiving the RSM
and FA-RSM rations than observed for those on casein and FA-
casein diets. The bacterial N flowing through the duodenum
of the steers in the present experiment was calculated on
the basis of N:DAP ratio and the amount of DAP flowing
through the abomasal digesta (Hutton et al., 1971), Weller
et al. (1958) showed that the N:DAP ratio for mixed rumen
bacterial samples from sheep on a fixed feeding regimen is
reasonably constant and was confirmed by Hutton et al. (1971).
About 51-53% of the dietary N in the abomasal digesta was
accounted for as bacterial N for the steers fed RSM and FA-
RSM diets, whereas lower percentages (35 and 41) were re-
corded for the steers fed FA-casein and casein diets. Hutton
et al. (1971) reported that bacterial N as a percent of the
total N leaving the abomasum of a lactating cow was 50%.
Smith (1969) indicated that on most of their diets approxi-
mately 60 to 70% of non-ammonia N (NAN) was found as micro-

bial N in calf's ruminal and duodenal samples. With
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decorticated ground nut meal in the diet these values some—l
times decreased by about one-third. Similar to Smith's
(1969) calculations Coehlo da Silva et al. (1972) reported
that on chopped and cobbed diets 44-L46% of the total N
entering the small intestine was of microbial origin, the
value falling to 32% for the pelleted diet. On all three
diets, 61-63% of the microbial N was contributed by the
bacterial N. Ellis and Pfander (1965) reported that about
L1 to 52% of the total ingesta N was contributed by the
microbial N. Ely et al. (1967) stated that 26-30% of the
N in the abomasal digesta of lambgwas microbial protein.

The bacterial protein in the present experiment was
calculated from the bacterial N flowing through the abomasal
digesta and found to vary from 11.4 g to 21.8 g of bacterial
protein per 100 g of the digested dry matter for steers fed
the experimental diets. The amounts of bacterial protein
in the abomasal digesta of steers fed RSM and FA-RSM were
20.4 and 21.8 g/100 g digested DM, respectively, whereas
lower values (14.7 g and 11.4 g) were recorded for the
steers receiving the casein and FA-casein diets, respective-
ly. Gray et al. (1958) reported that 11 g of bacterial
protein was synthesized per 100 g of fermentable carbohy-
drates. Hungate (1966) suggested that synthesis of micro-
‘bial protoplasm from carbohydrates was in the order of 10%.

Hogan and Weston (1967) showed that 15-16 g of microbial




protein was synthesized in the rumen per 100 g of the organic
matter digested. Conrad and Hibbs, (1968) also observed
10.2% of the fermentable organic matter was converted into
microbial protein equal to 15.8% of the dry cell material,
Hume et al.(1970) observed 13.3 g protein per 100 g of
dietary organic matter fermented. Hogan and Weston (1970);
Lindsay and Hogan (1972) reported that 23 g of bacterial
protein was synthesized /100 g OM digested. @rskov et al.
(1972) observed 15.6 g bacterial protein per 100 g of the
dietary organic matter fermented in the rumen. The values
for the bacterial protein found in the abomasal digesta of
the steers fed the various experimental diets are somewhat
higher than reported by other workers.

The passage of dry matter as a percent of DM intake
through the terminal ileum was slightly affected by the FA-~
treatment of the RSM and casein and varied from 42 to 46,3%
+ 1.5 for the various experimental diets. A significantly
higher (P« 0.03) total N was flowing through the terminal
ileum of steers fed both RSM diets compared with those fed
on casein diets. NAN as a percent N intake flowing through
the ileum was not affected by FA treatment of the protein,
When the NAN values were expressed as a percent of abomasal
N, very little difference was found among steers fed RSHM,
FA-RSHM and caseln diets with somewhat lower values for FA-

casein fed steers.



Bacterial protein is reported to be less digestible
(McNaught et a2l., 1954 and Bergen et al., 1968, a) than
casein protein., This suggests that more of the abomasal N
or protein was absorbed in the small intestines of FA-casein
fed steers than those receiving the casein diet. A greater
amount of NAN or protein was absorbed in the intestines of
steers receiving the FA-casein diet compared with those re-
ceiving the casein diets which is in agreement with other work-
ers using sheep (MacRae, 1970; Weston, 1971; Faichney and
Weston, 1971; MacRae et al., 1972).

The percentage of rumen DM as amino acids was sig-
nificantly (P<€0,01) higher for steers receiving the FA-
casein diet compared with the untreated casein and RSM fed
steers. Whereas, in the bacterial fractions, the concen-
tration of total émino acids tended to be higher for steers
fed the untreated diets compared to those receiving FA-casein
and FA-RSM diets. The results of the present experiment for
total amino acid content of the rumen digesta of steers were
similar to the levels in the rumen digesta of cows receiving
a semipurified diet (Ibrahim and Ingalls, 1972) but the amino
acid content of the bacterial DM were higher than those ob-
served by them for the bacterial fractions.

In the present experiment, the percentage of total
amino acids in the abomasal digesta DM was signifiecantly

more (P<0,05) for the steers receiving FA-casein diet than



118

the other diets. FA treatment of proteins showed a signi-
ficant influence on the total amino acid concentrations in
the abomasal digesta of steers on casein diets but not RSM
diets. This response might be related to the different
levels of FA used per 100 g of RSM or casein, The level of
total amino acid content in the ileal digesta DM decreased
markedly in all steers compared to the abomasal digesta.
There was a slight reduction compared to ration in the total
amino acid concentration of the fecal DM of steers receiving
the FA-RSM, casein and FA~casein diets with a little increase
for the untreated RSM steers,

MacRae (1970) reported that treatment of casein
protein with FA allowed virtually all the treated casein N
to reach the duodenum as NAN whereas only half of the un-
treated casein N emerged from the rumen to the lower gut for
digestion and absorption, As a result, a much higher a-
mount of treated casein (65%) as compared to untreated
casein (30%) was digested and absorbed within the small
intestine, MacRae gt gl. (1972) reported that the extra NAN
increases observed in the duodenum of sheep over that in the
dried grass diet was equivalent to the amount of N given as
treated casein. Only 50-55% of the extra NAN inecreases were
observed when untreated casein was used as a protein supple-
ment. They further reported that the flow of most of the

amino acids to the duodenum was increased over that observed



with the dried grass by an amount similar to that supplied
by the FA-treated casein,

In the present studies, the amount of total amino
acids passing from the rumen content of the steers receiving
the FA-casein diet was significantly higher (P<£0.05) than
casein and FA-RSM fed steers but not higher than RSM fed
steers, Comparatively, a higher percentage of the amino
acids consumed were recorded in the rumen contents of steers
fed the FA-casein, RSM and FA-=-RSM diets than those on un-
treated casein diet. The level of total amino acids as a
percent of intake in the abomasal content of steers fed FA-
casein diet was significantly more than untreated casein
fed steers, however, not different from the RSM diets (Table
10). The quantities of total amino acids leaving the ter-
minal ileum were significantly (P<£L0.18) lower in the ileal
digesta of steers fed casein diets compared to those fed
RSM diets. The flow of ileal amino acids as a percent of
ruminal amino acids was significantly lower (P<0,05) for
the steers receiving the FA-casein diet compared with those
fed the casein, RSM and FA-RSM diets., The ileal amino acids
as a percent of abomasal amino acids also followed similar
trend but did not reach the level of significance. This
suggested that FA-treatment of casein tended to increase
digestion and absorption of protein in the small intestines

of these steers. IFecal total amino acids expressed as a




percent of total ileal amino acids showed that 75.1 and 75.8%
were excreted in the feces of steers fed the treated RSM and
casein diets, respectively, where as 84.9 and 83.9% of the
ileal amino acids were excreted in feces of RSM and casein
fed steers,

In the present studies, the amino acid composition
of rumen digesta of steers receiving the experimental diets
showed significant differences for some of the amino acids
(threonine, glutamic acid, proline, glycine, alanine, cystine,
histidine and arginine). The other amino acids in the rumen
digesta of steers did not differ significantly (Table 10).
The differences observed for some of the amino acids could
either be due to higher dietary consumption of amino acids
by RSM and casein steers than those fed FA-RSM and FA-casein
diet or to the degradative or synthetic capacity of the
microbes in the rumen of these steers. Ibrahim and Ingalls
(1972) observed no significant difference in the amino acid
composition (except histidine) of rumen digesta of cows fed
semipurified and conventional diets. Duncan et al.(1953)
indicated a similar amino acid pattern for rumen contents
of calves fed a purified diet containing urea and those fed
| natural diets, Some of the amino acids (aspartic acid,
threonine, glycine, alanine, cystine (casein diets), meth-
ionine,; isoleucine and lysine) showed an upward trend when

compared with the amino acid composition of the experimental
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diets. The other, amino acids like serine, glutamic acid,
histidine, cystine (RSM diets) and arginine showed the down-
ward trend. The level of glutamic acid was significantly
(P<£0.01) higher in the rumen contents of steers fed FA-
casein diet than those on other diets, showing some pro-
tection of dietary protein due to FA-treatment. The level
of cystine in the rumen digesta of steers fed casein diets
was increased as compared with the dietary level, indicating
bacterial synthesis.of cystine in these steers. Arginine level
in the rumen digesta was increased for steers fed casein diet
and decreased for other steers receiving the RSM, FA-RSM and
casein diets. The levels of cystine or histidine observed in
the present studies were lower than the levels reported by
Ibrahim and Ingalls (1972) but similar to Schelling et al.
(1967). Valine, leucing, tyrgsine and phenylalanine were in-
creased compared to the dietary amino acids for steers receiving
RSM diets and decreased in those receiving the casein diets.
Bigwood (1964) indicated that the rumen processes led to a de-
crease in proline, arginine and glutamic acid and an increase
in lysine, threonine and isoleucine. Similar results were ob-
served in the present studies.

The results of the present studies, showed a uniform
amino acids composition (except leucine andx=- £ - diamino-
pimelic acid) of the rumen bacterial hydrolysate of the

steers fed on semipurified diets containing RSM and casein
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protein plus urea. Weller (1957) reported a uniform com-
position of the bacterial hydrolysates obtained from rumen
contents of sheep fed on a wide variety of diets and sug-
gested that the amino acid composition of the mixed bacter-
ial proteins is almost constant. Similar results were ob-
served by other workers (Purser and Buechler, 1966; Bergen
et al., 1968, b; Ibrahim and Ingalls, 1972). A significant-
ly lower (PL£0.01) level of leucine was found in the ruminal
bacteria of steers fed FA-casein diet than those steers fed
on casein, RSM and FA-RSM diets. However, bacteria separ-
ated from the rumen digesta of steers fed FA-RSM diet showed
a higher (P<0.05) leucine content compared with those main-
tained on RSH diet. The concentration of £~ ¢Z-diaminopimelic
acid (DAP) in the bacterial fractions of steers fed RSM diets
was significantly less (P<0.05) compared with those receiv~
ing casein diets. The level of DAP in the ruminal bacteria
was not affected by the FA-treatment of RSM and casein pro-
tein but was influenced by the source of protein in the
diets.

In the present studies higher levels of lysine,
valine, leucine, arginine, serine, alanine and lower levels
of cystine, methionine, tyrosine, histidine and DAP were
found in the rumen bacteria isolated from the steers fed
experimental diets than those reported by Ibrahim and Ingalls

(1972) for rumen bacteria of dairy cows fed semipurified and




I
0
[éN]

natural diets., Bergen gt al. (1968, a) indicated that the
rumen bacterial protein appeared to be deficient or limit-
ing in cystine. Constancy in amino acid compositions of
the rumen bacteria has been reported by several workers,
this does not infer that all rumen bacteria are of similar
protein quality. Bergen et al. (1967) demonstrated that 14
strains of rumen bacteria with similar amino acid composit-
ions were of widely differing protein quality. These var-
iations may arise from differences in both digestibility
and the pattern in which amino acids are released from
bacterial proteins.,

The amino acids composition of abomasal digesta
showed some changes over the dietary amino acids. These
modifications to a great extent could be due to the micro-
bial activities in the rumen (Bigwood, 1964) and to some
extent could be due to the mixing of digesta with the gastric
secretions in the abomasum (Phillipson, 1964)., 1In the
present studies, there were noticeable increases in the
concentrations of glutamic acid (all diets) and decreases
in the levels of lysine (RSM diets) and DAP (all diets) in
the abomasal digesta of steers when compared with ruminal
amino acids. The other amino acids levels of abomasal
digesta showed only slight change over the ruminal amino
acids of these steers., Coehlo da Silva et al. (1972) re-

ported that contribution of amino acids from gastric juice



represented 9-17% of each of the amino acids entering the
small intestine of sheep on lucerne hay given as either
chopped, cobbed or pelleted form. They further indicated
that contributions for arginine, lysine and histidine were
negligibles from the gastric juice., Clarke et al. (1966)
reported that more of each amino acid passed to the duodenum
of sheep when hay with or without maize was eaten, while
less of each amino acid passed to the duodenum when the

diet was hay with soy bean protein, The greatest losses
were observed for glutamic acid and substantial losses for
aspartic acid, proline, arginine and leucine, when the
dietary hay and soy protein passed through rumen to the
duodenum of sheep., The smallest losses were noticed with
cystine and threonine. Little et al. (1968) reported that
the amino acid patterns in the abomasal contents were
similar with soy bean, casein and gelatin in Wether lambs,
Neudorffer et al. (1971) observed marked increases in a-
mounts of glycine, isoleucine, lysine, arginine and decreases
in the amounts of glutamic acid, alanine and leucine in
abomasal digesta of heifers fed poor quality grass hay and
maize diet compared with dietary amino acid. Coehlo da
Silva et al., (1972) showed a substantial loss of phenylalan-
ine, proline and aspartic acid and increases of methionine,
lysine, tryptophan and cystine in the abomasal digesta.

MacRae et al. (1972) indicated that the amounts of isoleucine,



leucine, lysine, methionine, threonine, valine, aspartic
acid and tyrosine reaching the duodenum of sheep receiving
dried grass and FA-casein were almost as high as those con-
sumed in the food. However, there was a net loss of all
amino acids passing through the stomach in sheep given un-
treated casein. In the present studies formaldehyde treat-
ment of casein protein did show some influence on the level
of total amino acids (19.9% of DM) in the abomasal digesta
of steers receiving the FA-casein diet compared with those
fed casein diet (15.6% of DM). But did not affect the level
of total amino acids for the steers fed the RSM and FA-RSM
diets. Clarke et al. (1966) suggested that losses of pro-
line before the small intestine 1is associated with its
participation in a stickland-type of reaction with sub-
sequent formation of o - amino valeric acid (El-Shazly,
1952, b). Amino acids liable to be reduced include proline,
glycine, arginine, tyrosine, cystine and methionine and
those liable to be oxidized are alanine, leucine, isoleucine,
valine, histidine, phenylalanine, tyrosine and serine. A
decrease in the concentration of glutamic acid was observed
in the rumen contents of steers fed the experimental diets.
The reduction in glutamic acid concentration could be due

to its incorporation into the transamination reaction for
the synthesis of other amino acids. It could also be

possible that part of the glutamic acid was converted into



glutamine after reacting with ruminal ammonia in the bacter-
ia and rumen mucosa (Hoshino et al., 1966). A portion of
glutamic acid is absorbed into circulation after it is con-
verted to glutamine in the rumen mucosa. In a similar

manner ammonia will be fixed in the rumen microorganisms,
Glutamine which was absent in the current study may have been
used by the bacteria for the synthesis of microbial amino
acids, absorbed in the blood plasma through the rumen wall
and then in the general circulation, or in the digesta flow-
ing to the abomazsum.

There 1s some discrepancy in the net loss or gain
of certain amino acids during fermentation of dietary pro-
teins which were passing through stomach to the duodenum of
steers in the present studies from those of other workers.
This could be due to the differences in the make up of diets
and the species of animals used in their studies,

With the exception of serine, proline, glycine
(FA-casein diet), alanine, cystine, histidine and DAP, the
concentrations of individual amino acids at the terminal
ileum were lower than those at the proximal duodenum.
Similar results were obtained by Coehlo da Silva et al.
(1972). The results of the present studies also agrees
with those reported by Purser (1970) from an examination of
the results of Clarke et al. (1966). Bergen et al. (1967)

suggested that some of the differences in amino acid
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disappearance may be related to the nature of protein
supplied ie. bacterial protein, These differences may
arise from differences in both digestibility and the pat-
tern in which amino acids are released from bacterial pro-
tein., Clarke et al. (1966) reported that in the duodenal
digesta of sheep, marked losses of arginine, an oxidant
like proline, occurred with all diets, But amongst the
reductant amino acids the losses were smaller and less con-
sistant. Barker (1961) indicated that amino acids reacts
in pairs, one partner being reduced while the other
oxidized. The losses of amino acids which occurred in the
duodenal digesta of steers were similar to those observed
by Clarke et al. (1966).

The amino acids composition of the feces dry matter
(except threonine, glutamic acid and arginine) showed a
reverse picture of the ileal digesta. Some increase in the
concentrations of aspartic acid, glycine, alanine, valine,
methionine, isoleucine, leucine, phenylalanine and lysine
were noticed in the feces of steers receiving the experi-
mental diets., The lower level of DAP observed in the feces
of steers when compared with the ileal digesta, indicated
that DAP was degraded by the microorganisms of the large
intestine. Similar observations were reported by White and
Milne (1971). The amino acid increases in the feces over

the ileal digesta could be due to the biosynthesis of these
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amino acids in the caecum which was passed out in the
feces. Treatment of RSM and casein protein did not show
any appreciable influence on the concentrations of individ-
ual amino acids in feces of Holstein steers receiving the
experimental diets. About 75 to 76% of the ileal digesta
total amino acids were excreted in feces of steers fed
formaldehyde treated diets, where as 84 to 85% of total
amino acids of ileal contents were excreted in feces of
those getting the untreated diets. This indicated that
either the amino acids were absorbed in the large intestine
or deaminated by the caecum and colon microorganisms,
MacRae et al. (1972) reported that the disappearances of
amino acids from the large intestine were small with dried
grass, but larger with the untreated and largest with

treated casein.



SUMMARY

Young dairy calves and young Holsteln steers were
used to study the effect of treating rape seed meal (RSHM)
with formaldehyde (FA) on the dry matter (D) consumption,
apparent digestibilities of DM and crude protein (CP), N
retention and flow of nutrients through the gastro-intestinal
(G.I.) tract. Experimental rations containing either 26%
untreated or FA-treated (5.6 g FA/100 g protein) RSH were
fed for 14 weeks to dairy calves. Weight gain, DM consump-
tion and feed efficiency did not differ significantly (P >0.05)
for the two groups. Treatment of RSM with FA significantly |
(P« 0.01) depressed the ruminal ammonia and plasma urea levels
in the experimental calves. Total volatile fatty acids (VFA)
(mmoles/100 ml) concentration was significantly higher
(P<£0,05) in ruminal fluid of calves fed RSM compared with
those fed FA-treated RSIM. Molar percentages of the VFA's
except propionic acid were not significantly different
(P>0.05) between the two groups. In the digestibility and
N balance trials, DM and N consumptions were higher for the
FA-RSH group but did not differ significantly (P>0.05). FA-
treatment of RSM significantly decreased the apparent di-
gestibilities of DM (P« 0.05) and CP (P<0,01) for young
dairy calves. Treatment of RSM with FA resulted in decreased
(P<0,01) urinary N and increased fecal N excretions in

calves with no significant (P>0.05) effect on N consumption
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and retention.,

In experiment II replacement of soy bean meal (SBM)
protein with RSM or FA-treated (0.7 g FA/100 g protein) RSHM
did not significantly (P>0,05) affect the DM consumption,
weight gain and feed conversion for the young calves during
the 14 week growth trial.

FA-treatment of RSM significantly (P<0.05) depressed
the ammonia release in the rumen of calves fed FA-RSM com-
pared with those receiving RSM and SBM rations. Blood plasma
urea levels tended to be lower in FA-RSM fed calves but did
not differ significantly (P> 0.05) compared with those fed
SBM and RSM rations., The concentrations and molar percent-
ages of VFA's were not significantly different among the ;
treatments and were not affected by replacing SBM with RSM
or treatment of RSM with FA.

No significant differences (P>0.05) were observed
for digestion coefficients of DM, N, acid detergent fibre
and energy among the calves fed SBM, RSM and FA-RSM rations,

In experiment III, four young Holstein steers with
cannulae in the rumen, abomasum and ileum were used in a
change over design to study the effect of treating RSM and
casein protein with FA (0.7 g FA/100 g protein) on DM and CP
digestibility, N excretion, N retention, blood urea, rumen
metabolism and flow of nutrients through the various segments

of G.I. tract. Feed intake by each steer was adjusted during
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the preliminary period using an automatic feeder device and
was offered at 10-minute intervals.

FA-treatment (0.7 g FA/100 g protein) of RSM or
casein did not show any significant (P >>0.05) 2ffect on
apparent digestibility of DM as determined by total collect-
ion or by the fecal grab sample technique, FA-treatment of
RSM or casein protein did not affect the total N excretion
and retention. However, less (P< 0.05) fecal N was observed
for steers fed casein diet compared with RSM and FA-RSM fed
steers, Ruminal ammonia and blood plasma urea N levels
tended to be lower for steers fed treated diets but did not
differ significantly (P> 0.05) from those fed untreated
diets, No significant differences were observed in the con-
centrations of VFA's (mmoles/100 ml) in the rumen fluid of
steers fed the experimental diets, Molar percentages of
acetic acid were higher (P< 0.05) for casein diets compared
with RSM diets.

No significant differences (P >0.05) were found in
the flow of DM as a percent of DM intake through the rumen,
abomasum and terminal ileum of steers fed the experimental
diets.

The passage of total N through the abomasum as a
percent of N consumed was increased by FA-treatment of
casein (P« 0.01) and tended to be increased by FA treatment

of RSIH, The bacterial N as a percent of total ruminal N
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and of total abomasal N tended to be higher for the RSM
diets and lower for casein diets. FA-treatment of proteins
did not show any significant (P> 0.05) affect on the flow
of bacterial N from rumen or abomasum of the steers, Total
N and non ammonia nitrogen (NAN) flowing through the termin-
al ileum were influenced by the source of protein but not

by FA treatment of the two protein supplements.,

FA-treatment of RSM and casein protein significantly
influenced the concentrations (as % DM) of total amino acids
of rumen (P<0,01) and abomasal (P<0,05) digesta but did
not show any significant (P>>0.05) effeet on the rumen bac-
terial total amino acid concentrations. The amount of total
amino acids flowing, as a percent of amino acids consumed,
through the abomasum of steers were significantly influenced
(P< 0.01) by FA-treatment of the casein diets and not by the
RSM diets. There was a significant (P<0.01) increase in
the amount of total amino acids flowing, as a percent of
amino acid consumed, through the ileum of steers receiving
FA-RSM diets compared with casein diet. Steers fed RSM
diets excreted more (P« 0,01) of amino acids in their feces
than the steers receiving the casein diets. FA treatment
of RSM or casein did influence the total excretion of amino
acids in the feces of steers fed treated diets.

Treatment of casein with FA, in contrast to FA

treatment of RSM, significantly increased the amount of



total amino acids flowing in the rumen digesta of steers
compared with the untreated casein., The amino acid com~
position of the rumen digesta indicated that FA-treatment
of casein significantly increased (P<0,05) the levels of
glutamic acid and proline. Bacterial amino acid levels,
except for leucine and DAP, were not significantly (P >0,05)
influenced by FA treatment or protein source.

FA treated casein as a protein supplement in place
of FA-RSM resulted in increased (P<£0.05) glutamic acid,
threonine, glycine, alanine and cystine levels in the abom-
asal digesta of steers. Treatment of casein with (0,7 g FA
/100 g protein) significantly (P<0.01) influenced the con-
centration of glutamic acid in the ileal digesta of steers
receiving FA-casein diet compared with untreated casein fed
steers. However, no effect of FA was observed on the other
amino acids in the ileal digesta and also in the fecal matter

of the steers fed the test diets.



CONCLUSIONS

The following conclusions could be drawn from the

present studies,

1,

Treating of RSM with FA (5.6 g FA/100 g protein) reduced
the rate of deamination in the rumen and reduced enzymic
digestion in the lower G.I., tract,

A lower level of FA treatment (0.7 g FA/100 g protein)
tended to reduce ration digestibility.

Consumption of FA-treated RSM (0.7 g FA/100 g protein)
did not appear to influence animal performance.

FA and GA treatment of meals reduced in vitro degradation
of RSM, SBM and LSM,

Treatment of casein with FA (0.7 g FA/100 g protein) in-
creased the N content in the rumen, abomasum and increas-
ed the flow of total N, NAN, total amino acids through
the rumen and abomasum of Holstein steers,

Treatment of casein with FA (0.7 g FA/100 g protein)
inhibited gradation in the rumen but had little affect
on protein digestion in the lower G.I. tract.
FA-treatment of RSM (0.7 g FA/100 g protein) tended to
increase the flow of various N fractions through the
G.I. tract of Holstein steers compared with those fed
RSM diet.

Treatment of RSM or casein increased the levels of cer-
tain amino acids in rumen digesta; histidine for FA=RSH,
glutamic acid and proline for FA-casein fed steers, re-

spectively.
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ABSTRACT

Treatment of oilseed meals with formalde-
hyde (FA) and glutaraldehyde (GA) signifi-
cantly (P < 0.01) reduced the solubility of
protein in 0.02 N NaOH and the production
of NH, in the artificial rumen. Ten Holstein
and Holstein X Brown Swiss calves of both
sexes were fed two test rations containing
either 26% untreated or formaldehyde-treated
(5.6 g FA per 100 g protein) rapeseed meal
(FA-treated RSM) for 14 weeks. Plasma urea
nitrogen (N) and rumen NH, levels were sig-
nificantly (P < 0.01) lower in the FA-treated
RSM calves compared with the control calves
during the first 8 weeks of the growth trial.
No significant difference (P > 0.05) in dry
matter consumption, daily gain, or feed effi-

ciency was observed. Total volatile fatty acids
(VFA) (mmoles/100 ml) concentration was
significantly higher (P < 0.05) in rumen fluid
from the control calves compared with those
receiving treated RSM. Molar percentages of
the VFA’s were not significantly different (P
> 0.05) between the two groups. In the N
balance and digestibility trial, dry matter con-
sumption did not differ significantly (P >
0.05); however, the FA-treated RSM resulted
in decreased (P < 0.05) dry matter and crude
protein digestibility. Calves receiving the treat-
ed RSM had reduced (P < 0.01) urinary N
excretion; however, there was no significant
effect (P > 0.05) on N consumption and re-
tention.

RESUME

Le traitement de tourteaux & laldéhyde for-
mique (FA) ou glutarique (GA) a abaissé de
facon significative (P < 0.01) la solubilité de
la protéine au NaOH & 0.02 N, ainsi que le
dégagement de NH, en rumen artificiel. Dix
veaux Holstein de race pure ou croisés avec
la Brune des Alpes (Suisse brune), ont regu
pendant 14 semaines deux rations expérimen-
tales contenant, 2 raison de 26%, du tourteau
de colza respectivement traité (5.6 g FA par
100 g de protéine) ou non a I'aldéhyde for-
mique. Le niveau de Pazote uréique du plasma
et du NH, du rumen a été significativement
(P < 0.01) moindre chez les veaux nourris au
tourteau traité que chez les veaux témoin au
cours des 8 premiéres semaines de I'essai de
croissance. On n’a noté aucune différence
significative (P > 0.05) quant a la consom-

mation de matidre séche, le gain quotidien ou
lindice de conversion. La concentration totale
en acides gras volatils (AGV) en mmoles/ 100
ml était significativement plus forte (P < 0.05)
dans le liquide du rumen des veaux témoin
que de celui des veaux recevant le tourteau
traité. Il n’y a pas eu de différence significa-
tive (P > 0.05) entre les deux groupes quant
aux pourcentages molaires ’AGV. Dans T'es-
sai de bilan azoté, la consommation de ma-
tisre séche ma pas différé significativement
(P > 0.05) mais le fourteau traité a entrainé
une baisse significative de la digestibilité_de
Ja matiére séche et de la protéine brute. Les
veaux nourris au tourteau traité ont manifesté
un moindre taux d’excrétion d’azote urinaire
mais on n'a constaté aucun effet significatif
sur la consommation et la rétention azotées.

INTRODUCTION

Previous studies in ruminant nutrition have indicated that proteins of high solubility
are rapidly hydrolyzed in the rumen and may result in elevated ruminal ammonia
levels that the microflora cannot utilize efficiently for protein synthesis, and thus a
sizeable portion of the dietary N is lost through ruminal absorption. Chemical
modification of dietary protein can be brought about by treating with vegetable
tannins (Leroy et al. 1965) or formaldehyde (FA) (Ferguson et al. 1967). Both
these treatments have been shown to decrease the solubility of protein and in-
crease its resistance to bacterial degradation. Ferguson et al. (1967) and Reis
‘and Tunks (1969) reported that FA-treated casein was well utilized by sheep and
resulted in a marked improvement in wool growth. Peter-et al. (1971) also
obtained similar results with FA-treated soybean meal (SBM).

Can. J. Anim, Sci. 52: 363-371 (June 1972)
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Rapeseed meal (RSM) has become readily available as a protein supple-
ment, and data are required on the solubility of rapeseed protein, which appears
to be higher than that of soybean meal. Information is required as to how the
solubility of the protein might be decreased and thus result in increased nitrogen
retention. Rumen microorganisms could thus be forced to obtain a higher per-
centage of their nitrogen from dietary nonprotein nitrogen (NPN). The objectives
of the present investigation were to measure the solubility of FA- or glutaraldehyde
(GA)-treated RSM protein in 0.02 N NaOH solution and rumen fluid and to
determine the effect of FA-treated RSM on nitrogen retention and growth of
dairy calves. ,

EXPERIMENTAL PROCEDURES

In vitro Studies

TREATMENT WITH ALDEHYDES. Four different solutions of formaldehyde (FA-1,
2, 3, and 4% ) and two of glutaraldehyde (GA-1.25 and 2.5% concentrations)
were prepared by diluting formalin and GA solutions with distilled water. One
hundred g of each of the commercial RSM, linseed meal (LSM), and SBM were
placed in six small containers with lids and mixed thoroughly with 200 ml of the
varjous aldehyde solutions. The containers were closed and allowed to react
for 1 hr at room temperature, then dried at 80 C in a forced-air oven. After
drying, the meals were reground through a 1-mm screen and stored in plastic
bags for analysis.

HEAT TREATMENT. One pound of RSM, LSM, and SBM were taken in 3 iron
trays and heated at 180 C for 20 min. After cooling to room temperature, the
meals were reground as indicated for the chemically treated meals. Untreated
meals were also reground in a similar manner.

PROTEIN SOLUBILITY. One g each of the untreated, FA-treated (1-4% solution),
GA-treated (1.25% solution), and heat-treated RSM were incubated according to
Lyman et al. (1953) for 1 hr in 100 ml of 0.02 N NaOH solution at 37 C with
frequent shakings. After incubation, the mixtures were centrifuged at 1500 X g
for 10 min and the supernatant filtered to remove any floating particles. The
filtrate was used for the determination of soluble protein by the Kjeldahl method.
The above test was repeated four times on different dates.

. Protein solubility in rumen fluid was determined by incubating 1 g of the
untreated and FA-treated RSM in 100 ml of fresh rumen fluid for 1 hr. Pro-
cedures followed were then similar to those used above after incubation with
NaOH. Rumen fluid for this test was obtained from a fistulated cow and strained
through four layers of cheesecloth into a thermos flask. The fluid was bubbled
with CO:; for 1 min and kept in the incubator for 30 min to allow the particulate
matter to rise. Nonparticulate rumen fluid was syphoned off into another beaker
and used immediately for the protein solubility test.

Ammonium release was determined after a 24-hr in vitro fermentation. Two
hundred mg of the untreated, heat-treated, or aldehydes-treated meals were in-
cubated with 10 ml of the nonparticulate rumen fluid (obtained in the same manner
as given above) for 24 hr at 37 C. The fermenting tubes were flushed with CO-
before being put into the incubator. After the 24-hr fermentation, the volume was
made up to 50 ml in the tubes by adding distilled water. Ammonia content was
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measured according to Conway (1957). Observations were made on 4 different
days.

In vivo Studies

In vitro ammonia release and solubility of protein indicated that a 1% FA
solution was sufficiently effective in protecting the protein from bacterial degradation
and decreasing the solubility of RSM protein. Therefore, one part of the com-
mercial RSM was thoroughly mixed with 2 vol (w/v) of a 1% FA solution
and allowed to react in a closed container for 1 hr. The mixture was dried at
80 C in a forced-air oven and reground through a 3-mm sieve in a Wiley mill
and kept in burlap bags for mixing in the ration. Aliquots of the unground com-
mercial RSM and reground FA-treated RSM were tested through standard sieves
no. 10, 20, and 40 on a shaker for 10 min. Most of the material passed through
the no. 10 sieve in both instances. About 14% of the untreated and 32% of
the treated RSM were retained on sieve no. 20. Equal amounts of the meals passed
through sieve no. 40.

GrowTH TRIAL. Reground FA-treated RSM and commercial RSM were used in
feeding 10 dairy calves (Holstein and Holstein X Brown Swiss) of both sexes for
14 weeks. Calves were weaned from milk at 32 days of age and placed on ex-
periment at 55-63 days of age. All calves were randomly distributed into two
groups. Calves were housed in separate pens with feed and water freely available
at all times. Animals were fed experimental rations (Table 1) at 10:30 AM.
Rumen samples for ammonia and volatile fatty acids (VFA) were taken by stomach
tube from each calf (3—4 hr after feeding) before putting the calves on test diets
and at the end of 1, 2, 4, 6, and 8 weeks on test. Blood samples for urea N were
also taken at the same time from the jugular vein in potassium oxalate tubes.
Blood plasma and rumen fluid samples were stored at —20 C for further analyses.

Table 1. Composition of experimental rations

Rations

Item FA-treated RSM

Ingredients (%)

Rapeseed mealt (RSM)
Formaldehyde (FA) - treated RSM
Rolled barley

Corn starch

Barley straw

Ground hay

Corn oil

Cane molasses

Trace mineral salt
Calcium carbonate
Vitamin A and Dsi
Aurofac-50

Total

coo

DRV =E T
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Howunooo
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(=

Crude protein
Acid detergent fiber

JCommercial rapeseed meal was supplied by Co-op Vegetable Oils Ltd. Altona, Manitoba.
IVitamin A 2740 IU/kg, vitamin D3 274 IU/kg of final ration.
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One of the animals from the FA-treated group bloated several times and was
dropped from the experiment after 10 weeks.

NITROGEN BALANCE STUDIES. At the end of the growth trial, four male calves,
two from each treatment, were used for nitrogen balance trials. A switch-back
design using two animals and three periods resulted in six observations for each
treatment. Each period consisted of a 14-day adjustment period and a 7-day
collection perlod of total feces and urine. One-tenth of the feces and 200 ml of
the acidified urine were taken from each calf daily and stored at —20 C. At the
end of each period the samples were composited and subsampled for analyses.

Dry matter contents of the feed and feces samples were determined by drying
at 70 C in a forced-air oven. Nitrogen contents in feed, feces, and urine samples
were determined according to the Kjeldahl method and plasma urea nitrogen was
measured according to Conway (1957). Statistical analyses were carried out ac-
cording to Snedecor (1956) and Duncan (1955).

RESULTS

The solubility of RSM protein (Table 2) in 0.02 N NaOH solution was signifi-
cantly (P < 0.01) decreased by the various levels of FA, 1.25% GA, and heat-
treated RSM compared with untreated RSM. Incubation for 1 hr of untreated
and FA-treated RSM in strained rumen fluid also indicated a marked depression
in the solubility of protein.

The influence of heating at 180 C and the various levels of FA and GA
solutions on ammonia production from the treated meals (RSM, LSM, and SBM)
were tested in the artificial rumen. The results of the in vitro ammonia release
(Table 3) indicated that treating the meals with heat or with aldehydes signifi-
cantly decreased deamination as indicated by ammonia levels after incubation.
There were significant (P < 0.01) differences among the meals as well as among
treatments applied to them.

When RSM data alone were subjected to analysis of variance, heated and
aldehyde-treated RSM resulted in significantly (P < 0.01) less ammonia produc-
tion compared with that of untreated RSM. Duncan’s (1955) test indicated that
heating at 180 C or treating the RSM with 1.25 or 2.5% GA solutions and 1 or
2% FA solutions caused a similar reduction in ammonia release into the in vitro

Table 2. Solubility of rapeseed meal (RSM) protein in 0.02 N NaOH solution and in strained
rumen fluid

Solubility of protein (%)

Treatment NaOH Rumen fluid

Rapeseed meal (control) 64.741.4 30.3
1% FAf-treatedf RSM 5.44-0.1 0.0
29, FA-treated RSM 5.440.2 0.0
39, FA-treated RSM 4.740.2 0.0
49 FA-treated RSM 4.540.2 0.0
1.259%, GA§-treated RSM 18.640.1 -

Heated RSM (180 C for 20 min) 11.540.3 -

{FA = formaldehyde — prepared from formalin (37% formaldehyde), Ingram and Bell Ltd., Winnipeg, Manitoba.
12 ml of FA or GA solution per g meal.
§GA = glutaraldehyde — prepared from a 25% glutaraldehyde solution, J. T. Baker Chemical Co., USA.
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Table 3. Ammonia levelst (mg N/100 ml) found after incubating 200 mg of meals in the
in vitro rumen for 24 hr

Treatments

1.25% 2.5% 1% - 2% 3% 4%
Mealsi Control  Heated GA GA FA FA FA FA

RSM  88.342.0 40.541.6 45.64=1.4 38.5%1.4 37.512.9 37.04=2.5 31.6:£2.6 29.7£1.5
LSM 59.741.9 31.24-0.1 35.842.0 31.940.1 33.21.6 - - -
SBM  71.241.6 31.1404 32724 30.5£2.0 33.043.0 - - -

fInitial ammonia N level in rumen fluid = 34.0 mg/100 ml.
IRSM rapeseed meal, LSM linseed meal, SBM soybean meal.

system. The 3 and 4% FA solutions resulted in a further decrease in ammonia
release, such that no increase in ammonia level was noticed after fermentation
for 24 hr. A 1% FA solution decreased the ammonia release from 88.3 to 37.5
mg N/100 ml showing a substantial influence on the microbial deamination and
protecting the RSM protein from bacterial attack in the artificial rumen; therefore,
in the in vivo experiment a 1% FA solution (2 v/w) was used for treating the
commercial RSM.

In vivo Growth Experiment

Untreated (commercial) and 1% FA-treated RSM were used in rations for young
dairy calves. One of the animals in the FA-treated group bloated several times
after about 8 weeks on test and was dropped from the experiment at 10 weeks.
Total dry matter intake was slightly higher (Table 4) in the treated group than
the control, but the difference between the two was not significant (P > 0.05).
Daily gains in the untreated and FA-treated RSM groups were not significantly
(P > 0.05) different. Feed conversion was slightly lower for calves receiving
the treated RSM. However, this difference was not significant (P > 0.05).
Ammonia levels in the rumen fluid of the calves were significantly (P < 0.01)
less for those animals receiving FA-treated RSM compared with the control animals
(Table 5). During the 8-week sampling period, blood urea ranged from 4.6 to
9.0 mg and 3.5 to 6.2 mg per 100 ml of plasma for calves receiving the untreated
and FA-treated RSM, respectively. Blood plasma urea N was significantly
(P < 0.01) lower for calves receiving FA-treated RSM compared with those

Table 4. Effects of treating rapeseed meal with 19, formaldehyde solution on the growth and
performance of dairy calves

Ration

Formaldehyde-
Growth trial (14 weeks) Control treated

No. calvest 4
Initial wt (kg) . . 88.8
Daily gain (kg) . 0.87a +0.25
Total DM intake (kg) . 344 0a +16.3
Feed/gain . 41a =+0.3

¢ Figures with similar letters are not significantly different (P > 0.05). 5
1One of the animals in FA-treated group bloated several times'and was therefore dropped from the experiment.
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Table 5. Rumen ammonia nitrogen (mg/100 ml), blood plasma urea nitrogen (mg/100 ml),
and rumen volatile fatty acids (VFA) (mmoles/100 ml and molar %) of calves receiving treated
and control rapeseed meal

Weeks on exp

2 4

Blood urea N
Control -
Treated 5.6t

Rumen NH;-N
Control 4.6
Treated - 6.0

Rumen VFA's (mmoles/100 ml)

Total VFA's
Control 15.33 13.39
Treated 11.95 10.51

Propionic acid
Control 5.85 5.34
Treated 4.82 3.44

VFA’s molar percentages

Acetic acid
Control 47.82
Treated 46.15

Propionic acid
Control 37.46
Treated 37.84

Butyric acid
Control 8.29
Treated 9.81

tBased on three calves,

receiving untreated RSM.  This indicates that the FA-treated RSM protein was at
least partly protected from the microbial attack and bypassed the rumen as intact
protein.

Total VFA’s in rumen fluid were significantly (P < 0.05) higher for calves
receiving control RSM compared with those on FA-treated RSM. The concen-
tration of propionic acid ranged from 3.11 to 5.85 and 2.30 to 4.82 mmoles per
100 ml of rumen fluid of the calves receiving the untreated and FA-treated RSM
rations, respectively. Except for propionic acid, no significant differences (P >
0.05) were observed in the concentration or molar percent of VFA’s (acetic,
butyric, isobutyric, valeric, and isovaleric acid) between the control and FA-treated
RSM groups. Rumen fluid concentration of the propionic acid was significantly
higher for calves receiving the control ration compared with those receiving the
FA-treated RSM.

Digestibility and Nitrogen Balance Trials

Digestibility of the dry matter in FA-treated RSM ration was significantly lower
(P < 0.05) than that of the untreated RSM ration (Table 6). Apparent protein
digestibility was 20.4% lower (P < 0.01) in the FA-treated RSM ration com-
pared with the control ration. Dry matter and N consumption were slightly higher
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Table 6. Influence of treating rapeseed meal with 1%, formaldehyde solution on digestibilities
of dry matter (DM), crude protein (CP), and nitrogen retention in young calves

Rations

Formaldehyde-
Nitrogen balance trial (7 days) Control treated

No. observations 6

DM intake (kg) 36.9¢a
DM digestibility (%) 75.4¢a
N intake (g) 969.3 ¢
N in feces (g) 248.6 A
N in urine (g) 408.4 A
N retained (g) 312a
CP digestibility (%) 74.5A

3 O L O B O
He Wwe &R

a,b Figures with different letters are significantly different (P < 0.05).
A,B Figures with different letters are significantly different (P < 0.01).

in the treated group but did not differ significantly (P > 0.05) from the untreated
RSM group. Excretion of N in the feces and urine was significantly different
(P < 0.01) in the untreated and FA-treated RSM groups. Nitrogen excreted in
the feces as a percent of N intake was 25.6 and 40.4 in the untreated and FA-
treated RSM groups, respectively.  Urinary N excretion was 42.1 and 24.7%
of the N consumed in the untreated and treated RSM groups, respectively. The
decrease in the urinary N (P < 0.01) and increase in fecal N (P < 0.01) with
FA treatment resulted in no significant difference (P > 0.05) in the total N
retained as a percent of N intake.

DISCUSSION

The solubility of RSM protein in NaOH was decreased from 64.7 to 5.4% by
treating RSM with 1% FA (2 v/w). FA treatment (1, 2, 3, and 4% ) reduced

the solubility of protein to zero as measured after a 1-hr fermentation in rumen
fluid. The present findings are in agreement with those of Peter et al. (1971)
in which the protein solubility of SBM was depressed (P < 0.01) by treatment
with FA, GA, and glyoxal. Ferguson et al. (1967) reduced the solubility of casein
from 83 to 8% by treating the casein with 4% FA (10 v/w, or 40 g FA per
100 g casein).

Treating RSM, LSM, and SBM with heat or various levels of FA and GA
solutions significantly (P < 0.01) decreased deamination in the artificial rumen as
measured by ammonia levels after a 24-hr fermentation period. Zelter et al.
(1970) obtained total inhibition of the bacterial deamination of peanut protein
after treating with 0.6% formol and 1.5-1.8% glyoxal or GA. Peter et al. (1971)
reported similar results. These studies indicate that the higher levels of FA and
GA treatments resulted in only slightly greater inhibition of the bacterial degrada-
tion of treated RSM protein in the artificial rumen. This suggests that the lower
levels of the aldehydes are enough to cause a maximum depression of the microbial
degradation of the treated oil meals in in vitro studies.

No appreciable difference in weight gain was noticed in young calves fed on
FA-treated or untreated RSM for a 14-week period. Feed intake, weight gain,
and feed efficiency did not differ significantly (P > 0.05) for the two groups.
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Mowat and Deelstra (1970) and Satter et al. (1970) reported that FA-treated
SBM was less efficiently utilized for weight gain and feed efficiency, whereas Reis
and Tunks (1969) and Peters et al. (1971) showed a substantial increase in body
weight gain in sheep or growing lambs fed on rations containing either FA-treated
casein (40 g FA/100 g) and treated SBM (.6 g FA or 1.5 g glyoxal/100 g of
SBM). This discrepancy between the calves and lambs may be due to the species
difference relative to amino acid requirements or method of treating the vegetable
protein or casein, or both.

Ammonia levels in the rumen and plasma urea N were significantly depressed
(P < 0.01) in the calves receiving FA-treated RSM compared with the control
group. Similar results were obtained by Satter et al. (1970) in cows fed FA-
treated SBM. Peter et al. (1971) reported that glyoxal-treated SBM lowered
plasma urea N level (P < 0.05) as compared with lambs receiving the control
(water-treated SBM). The data indicate that oil seed meal protein after treatment
with aldehydes is protected from microbial degradation in the rumen of sheep
and cattle. .

Results of the present digestibility and N balance trials showed a significant
decrease in apparent digestibilities of dry matter (P < 0.05) and crude protein
(P < 0.01) in the FA-treated RSM (2 g FA/100 g RSM) group compared with
the untreated RSM (control) group. Higher feed intake was noticed for the
treated group during the growth studies and N balance trials, though the values
were not significantly different (P > 0.05). Slightly lower digestibility of FA-

* treated casein was reported by Reis and Tunks (1969) in the sheep when it was
included in the diet as compared with the untreated casein.

Larger amounts of N were observed in the feces of FA-treated RSM than
the control group. An opposite trend was noticed in the excretion of urinary N.
These results are in agreement with those Reis and Tunks (1969) obtained when
sheep were fed FA-treated casein. The FA-treated RSM apparently became
less susceptible to enzymatic digestion in the intestine, which resulted in more N
excretion in the feces of the calves. However, Zelter et al. (1970) indicated
that formaldehyde did not reduce the susceptibility of treated peanut meal (.6 g
FA/100 g) to pepsin digestion in the in vitro system. In our experiment we
obtained a positive N balance for the treated and untreated RSM group. The
retention of N was slightly higher in the FA-treated RSM but the difference was
not significant (P > 0.05). Reis and Tunks (1969) obtained a significantly higher
N retention in sheep with the FA-treated casein than the untreated casein. This
difference could be due to the higher digestibility of the casein as compared with
the RSM protein.

The present studies indicate that different levels of formaldehyde and glu-
taraldehyde treatment of meal affects the microbial degradation of rapeseed meal
protein. _

Treating RSM with FA (5.6 g FA/100 g protein) reduced the rate of de-
amination in the rumen and reduced enzymatic digestion in the lower gastro-
intestinal tract. Further work is required to find a level of FA treatment that
will slow deamination rate in the rumen but not reduce apparent protein digestion
of RSM.
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COMPARATIVE VALUE OF SOYBEAN, RAPESEED AND FORMALDEHYDE

TREATED RAPESEED MEALS IN UREA CONTAINING CALF RATIONS

H. R. Sharma and J. R. Ingalls
Départmént'of Animal Science
University of Manitoba
Winnipég, Manitoba,

Canada

ABSTRACT

Twenty four Holstein calves were fed three experimental
rations containing either 14% soybean meal, 20% rapeseed meal

or 20% formaldehyde treated (0.7 g formaldehyde per 100 g
protein) rapeseed méal from 8 to 22 weéks of age. No signif-
icant differencés (P>0.05) wére'observed in feed consumption,
dry matter iptaké, live weight gain and féed conversion among
the three groups. There was a significant (P<0.05) reduction
in rumen ammonia levels in calvés receiving the treated rape-
seed meal compared with rapeseed méal rations. Plasma urea
levels and rumen flﬁid volatile fatty acids (m moles per 100
ml and molar percent) did not differ significantly (P>0.05)
among treatments. There was no significant difference in the
digestibilities of dry matter, nitrogen, acid detergent fibre
and gross energy among treatménts, although treating the rape-
seed meal with formaldehyde ténded to reduce dry matter,

nitrogen, fibre and energy digestibility.
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INTRODUCTION

The quantity_of rapeséed meal (RSM) used in ruminant

ration has been limited to 10%. A limited amount of

research has been conductéd with ruminants on digestibility,
acceptability; feed efficiency and comparativé value of

RSM as comparéd with Other commonly used high protéin meals.
Clark and Bezeau; as clted by Whiting (1965), indicated that
'6% RSM in place of linseed meal in the diét of young Holstein
calves had no éffect.on feéd intake or growth rate. Ingalls
and Seale (1971) reported no significant (P>0.05) efféct_on

feed intaké, welght gain or feed éfficiency of heifers up

to breeding weights by replacing soybean meal (SBM) with 0,

6.8 or 13.7% RSM in the calf starter rations. Ingalls et. al.

(1968) indicated that rations containing 12% RSM or 6% RSM +

' 0.8% urea décreaséd.grain consumption (P<0.05) in dairy cows

when compared with SBM ration.

The'protéin moiety in calf.startér-rations of early
weaned calvés is éxpensivé. Protéction of this protéin from
mlcrobial degradation could be brought about by formaldehyde
treatment (Ferguson gg. al., 1967), thus, allowing more
protein to be digésﬁed in the lower gut. This should force
the rumeﬁ microbiota to use the non-protein nitrogen (urea)
that is present as a sourcé of nitrogen for thé sYnthésis of
microbial protein and spare the vegetable protein for

digestion and absorption in the lower gastrdintestinal tract.

The present experiment was undertaken to study the
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effect of substituting SBM protein by RSM or formaldehyde

treated rapeseed meal (FA-RSM) in the ration of young
dairy calves whén urea suppliéd about 30% of the total
crude proteln on feed intake, live weight gain, feed

conversion, digéstibility and somé of the rumen parameters.

MATERTALS AND METHODS

Previous studies from this laboratory indicated that

formaldehyde whén used at 5.6 g per IOO‘g protein caused a

marked dépression on the crudé protein digestibility. 1In
vitro studies suggested that 0.7 g formaldéhydé pér 100. g
protein would reduce protein solubility. Theréforé, this lower
level of formaldehydé was uséd in ordér to obtain protection
and may not affect the digestibility of dry matter or crude
protéin,

Formaldehyde treatmént‘of RSM

Formaldéhydé solution was prépared by diluting 676 ml
of 37% formaldehyde solution in 4 1itres of distilléd water.

This solution was sprayéd onto 100 kg of RSM in a horizontal

mixer and thoroughly mixed for 30 minutés. This provided

0.7 g of formaldehydé pér 100 g of protéin. After treating

with formaldehydé the FA-RSM was stored in burlap bags lined
with plastic. Three to four days later the FA-RSM was mixed
with other ingredients.

Growth trial

The nutritivé value of commércial RSM and FA-RSM was

compared with SBM by feeding isonitrogénous rations to
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Holstein dairy calves. About 60% of the crudé protein of

the ration was providéd by SBM, RSM or FA-RSM and 30% by

urea, (Table 1). Twenty-four Holstein dalry calves of both

sexes were weaned from milk at 35 days of age and equal

numbers of female (six) and male (two) calves were placed
on each treatment at the age of 7 to 9 weeks. The exper-

iment was started with a small number of calves which were

‘randomly assigned to the three test diets (Table 1) for

1% weeks. Thé remaining calvés were randomly alloted to the
threé_groups as available from the University dairy herd.
Calves weré housed in individual péns with féed and water
available free choice.

Rumen samples weré takén by stomach'tubé for ammonia
and volatile fatty acids (VFA'S) analysis and jugular blood
samples for ﬁrea N analyses wéré collectéd and stored as

previously indicated (Sharma et al., 1972). Bi-weekly body

welghts and dally feed consumption were'recordéd during thé

~growth trial.

Digestibility trial

Chromium oxidé (0.3%) was mixed in the test rations
as a markér for detérmining apparent diggstibility of dry
matter, nitrogen, écid detergent fibre (ADF) and énergy.
Six calves from éach'group wéré ﬁsed for thé digéstibility
studies. Affter 10 wéeks on thé test diets, the pens were

cleaned and fecal samplés were collected at 10 a.m. and

5 p.m., from the flodr for five days. During the coiléction
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1 period fecal samples were stored at -20C for each animal
2 in plastic bags. After thawing to room temperature fecal
3 sampleé for each animal were mixed and subsamples were dried.
4 1in a forced-air oven at 70C and then ground in a Wiley mill.
5 The digestibility coefficients for dry matﬁer, nitrogen,
6‘ ADF and energy were determined by using the feéd:;afeces
7 ratio of Cr2Q3.
8 :Dry mattér content in the feéd samples was‘determinéd
9 by drying at 70C in a forced-air ovén. Nitrogen in the
10 feed and fecés was estimatéd according to the'Kjéldahl
11 method (AOAC, 1965). ADF was determined according to Goering
12 and Van Soest (1970). Chromium oxide in feed and feces was
13 measuréd by atomic absorption'spéctrophotometer according
14 to Williams ég al., (1962). Rumen fluid ammonia was estimated
" 15 according to Conway (1957) and VFA'S according to Erwin et al.,
16 (1961) by gas liquid-chromatography. Plasma urea N was
T 17 measuréd by an autoanalyser using a standard uréa solution as
18 referencé'(Marsh et al., 1965). Gross énérgy values of the
19 feed and feces were determined by adiabatic oxygén b omb

20- calorimeter. Data were analysed by analysis of variance using

21 a completely randomized design according to Snedecor (1956)
27 and mean différences wéré tésted according to Duncan's
23 multiple rangé test (1955).

24 , RESULTS AND DISCUSSIONS

25 Calvés receiving the SBM and FA-RSM gainéd slightly but

26 not significantly (P>0.05) more than the commercial RSM group
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(Table 2). Feed consumption was slightly but not signif-

icantly (P>0.05) lower in the SBM group compared to that

of RSM and FA-RSM groups. Ingalls and Seale (1971) report-

ed that 0, 6.8 and 13.7% RSM in the ration of dairy heifers

did not significantly (P>0.05) affect feed consumption
whereas Ingalls and Waldern (1972) reported that a starter-

~grower ration containing 30% RSM resulted in réduced daily

feed intake and weight gain ;omparéd with a 20% RSM ration.
Sharma et al. (1972), with a limited number of calvegobserved
no significant différéﬁce'(P>0.05) in the dry matter intake
or welght gain when 26% of either RSM or FA-RSM were fed in
the calf starters. Stake et al. (1972) stated that dry
matter intake was significantly lower (P<0.01) for RSM vs
sunflower méal (SFM) or SBM when féd to dairy calves‘from
birth to 8 weeks of age when RSM made up 26% of the ration
but they observed no significant difference in average daily

gain or feéd efficiéncy from birth to 14‘wéeks. In the pre-

sent studies the feéd conversion was not significantly
(P>0.05) poorer for calves receiving the untreated RSM
compafed to those receiving SBM or FA-RSM (Table 2).
Hughes and Williams (1971) fed rations containing un-
treated and formaldehyde (FA) tréated_ground nut meal to
lambs for 123 days. Withfll, 13 and 15% protein rations,
welght gains were not significantly (P>0.05) different between

the treated and untréated_ground nut meal rations. However,

there appeared to be a weight gain depression for lambs
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recelving the 15% protein ration containing FA-tréated rather
than untreated ground nut meal. Faichney and Davies (1972)
observed a significantly (P<0.05) lower intake of dry matter

of a.FA-peanut meal ration compared with an untreated peanut

meal raﬁion. When a high prqtein (20%) ration was fed FA
treatment of péanut meal had no effect on live weight gain
or dry matter conversion.. However, there were small improve-
ments in live weight gain (2.5%) and dry matter conversion

(4.5%) when FA-treated méal was fed in a lower protein (13%)

ration.

: The'lévels of.urea N in blood plasma of calves after
oﬁe week on the test diets was significantly (P<O;05) lower
in thé SBM_grou§ as éompared with the RSM and FAeRSM.fed
calves. Later‘on the plasma uréa levels‘tendéd to be iower
in the FA-RSM calves than those receiving the SBM and RSM
rations(Table 3), howévér, the differénces wéré not signif-
icant (P>0.05). Nimrick'ég'gl. (1972) obsérved a significant
decreasev(P<0.05) in plasma urea N levels in lambs fed glyoxal
treated fishmeal and SBM comparéd to the untreatéd:groups.
Sharma et al. (1972) reported a significant (P<0.01) decrease

in thé plasma urea N in calvés receiving FA-RSM compared to

the untreated RSM ration containing 16% crude protein.

Faichnéy and Davies (1972).observed no significant (P>0.05)

decrease in thé plasma urea of Qalves féd FA-treated peanut
meal at lower protein levels (13%) but at a higher protein

level (20%)the reduction was significant (P<0.05). In the
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presenf work the level of formaldehyde (0.7 g/100 g protein)
used for treating the RSM was éomparatively lower than that
used by Sharma et al. (1972), (5.6 g formaldehyde/100 g
protein) and Faichney and Davies (1972), (.5 g formaldehyde/
100 g dry meal). -}

Ammonia levels in the rﬁmen of FA-RSM calves weré signif-
icantly (P<0.05) lower than for -SBM—and RSM fed calves (Table
3). Sharma ég‘gl. (1972) observed a signifiqgnt (P<0.01)
reduction in rumen ammonia level of calves féd FA-RSM compared

with an untréated RSM diét. The présént studiés are in agree-

ment with those of Sharma et al. (19?2), in which_FA—tréatment
paftially protécted the RSM from degradation in the rumen or
reduced the rate of ammonia formation.

Although RSM is more soluble (Sharma ég al., 1972) than
SBM, the presence of 30% of the N as urea in a RSM ration
appeared to result‘in animal performance similar to a SBM
ration with 30% of the N as urea. These data would suggést
that urea can be used to furnish part of the crude protein
requiremént in a RSM ration as well as in a SBM £ation.

No significant (P>0.05) differencé was noted in the
concentfation (m molés per 100 ml) of total volatile fatty
acids and molar percentages of the VFA'S (acétic, propionic,

butyric, isocbutyric and valeric acids) in the rumen fluid

of calves receiving SBM, RSM and FA-RSM diets (Table 3).

Similar results were reported by Sharma et al. (1972) when

RSM and FA-treated RSM wére fed to young dairy calves.
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There were no significant (P>0.05) differences in the

digestion coefficiénts of dry matter, nitrogén, acid deter-

gent fibre and gross énérgy between the SBM, RSM and FA-RSM

diets (Table 4), The digestibilities of dry matter, nitrogen,

ADF and energy ténded to bé higher for thé RSM diet compared
to FA-RSM diet. Stake gg al. (1972) reported no significant
difference (P>0.05) betwéen protein digestibility of SFM,

RSM and SBM dists. Also dry matter and energy digestibilities
of RSN and SBM diets were not different (P>0.05). Wood and

Stone (1970) observed no significant differencés at mainten-

ance levels of intake betwéen basal, rape-basal and soy-basal

diets or at levels of intake for growth. However, there was

a tendency for the crude protein coefficient of digestibility
of the rape-basal diét but not thé soy—basal.diét, to be lowér
at maintenance than at the growth level of intaké. Faichnéy
and Davies (1972) indicated that the digestibilities of dry
matter and organic matter were similar for FA-treated and un-

treated diets containing 13% and 20% crude protein. FA-

'treatment was associatéd with a réduction of about 7 units in

protein digestibility for both the 13% and 20% dietary protein

levels. 1In the présént work, FA tended to lower the digest-

ibilities of dry matter, nitrogen, ADF and energy as compared
with the RSM diet but these differences were not significant

(P>0.05). 1In a prévious trial higher lévéls of formaldehyde

treatment (Sharma et al., 1972) reduced crude protein digest-

i1bility with little effect on nitrogen balance.
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The present studles indicated that inclusion of RSM at
20% of the ration of calves (8 weeks to 22 weeks of age) did
not affect the dry matter intake, daily gain or feed efficienéy
when compared with a SBM diet. Digestibility of dry'matter,
nitrogen, ADF and energy was similar for rations containing
SBM and RSM. Inclusion of FA-RSM in calf ration did not
appear to Influence animal performance. The level of formal-
dehyde used was véry 1ow, however, even at thi§ level there

was a trend of lower ration digestibility. The present study -

suggested that urea can be used to furnish part of the crude

protein requiremént of a calf ration whén RSM is used as a

protein supplement in place of SBM.
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TABLE 1. Ingredient and chemical compositlion of experimental

rations

SBM RSM FA-RSM

(kg) (kg) (kg)
SBM# 14 _— _—
RSM¥ — 20 —
ParsMt _— - 20
Corn starch | b1 - L1 | 41
Ground barley 11 5 5
Ground alfalfa hay 5 5 5
Ground barley straw 15 15 - 15
Cane molassés 6 6 6
Tallow 2.4 2.4 2.4
Trace mineralized salt 3 -3 -3
Calcium Phosphaté -1 -1 1
Urea (281% CP) 1.4 1.4 1.4

 Premix T 0.2 0.2 0.2
Total (Kg) 100.0 100.0 100.0

Analysis of Rations (DM basis)
Crude protein (%) 13.8 13.9 13.8
Acid detergent fibre (%) 12.0 14.0 14.1
Energy (k cals /kg.) 5021 14070 4ou8

% SBM and RSM were supplled by Co-op Vegetable Oils Ltd., Altona,

Manitoba, Canada.

+ Formaldehyde treatéd Rapeseéd meal (.7g per 100g of protein)

¥ Vitamin A 220,500 IU, Vitamin D, 22,050 I.U., Vitamin E 22,050
IU and Aurofac-50, 30.21g per 180 kg of feed. -
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Table 2. Effect of feéding SBM, RSM and FA-RSM on body weights,
dry matter intake and feed efficlency

feed consumption,

of young dairy calves from about 8-22 weeks of age

Rations
Parameter
______ SBM  RSM  FA-RSM  s. E.T
{No. of calves "8 "8 "8
Av. gain in wt. (kg) 90.6 1 87.5 91.8 + 6.8
Av. daily gain (kg) ' 0.92 0.89 0.94
Av. DM intake (kg) 307.9 332.9 325.3 23.0
Av. daily DM intake (kg) 3.14 3.39 3.32 + .24
Av. DM intake per 100
kg body wt. 2.86 2.67 2.87 + .08
Dry matter intake/gain 3.42 3.83 3.60 t+ .16

+ SE

standard error of thé treatments méan.



'&Table 3. Effect of feeding SBM, RSM and FA-RSM on blood plasma urea
nitrogen, rumen ammonia nitrogen and rumen VFA's in young
dairy calves | 180

Weeks on test
0 - : 1 2 R -8 Treatment mean

Blood Urea N (mg/100 ml)

SBM 4.3 3.8° 5.3 5.4 5.2  4.80
RSM by 7.4% 1.5 . 4. 5.11
FA-RSM T 6.02° 3.4 3.3 b0  b4.22
' sxT+ 0.32
‘Rumen NH3—N (mg/100 ml) |
SBM 9.6 7.3 7.1 6.8 4.1 7.343P
RSM 8.3 11.2 11.1 12.3 6.8 9.942
FA-RSM | 8.1 7.9 5.8 6.7 4.7 6.63°
| - SX £ 0.93
‘Rumen VFA's (m moles/100 ml)
SBM 12.1 8.9 9.6 10.5 12.6  11.3
RSM 12.3 8.7 9.2 10.3 11.2  10.3
FA-RSM 13.3 6.9 9.6 10.8  12.5 10.6
| | SX + 0.6

Rumen VFA's molar pércentages (%)
Acetic acid

" SBM k6.4 56.5 52.1 54,0 50.9 52.0
RSM 4g8.1 55.4 54.5 52.4 49.1 51.9
FA-RSM k5.4 53.2 51.9 52.9 50.5 50.8
SX + 0.8
Propionic acid
SBM 39.2 33.5 35.7 36.8 39.0 35.6
RSM 37.9 33.6 33.8 37.1 39.1 36.3
FA-RSM 39.1 - 36.4 38.7 38.9 39.6 38.6
' | S + 1.1
- Butyric acid
SBM ~ 8.0 9.4 9.1 7.8 7.2 8.3
RSM 9.0 7.4 7.3 7.6 8.6 8.0
FA-RSM 10.5 7.1 6.2 5.8 6.2 7.1
L ‘ SX % 0.6

- ab —_M?ans_nog sharing the same superscript are significantly different
(P<0.05

+ 8X - Standard error of the treatment means
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Table 4. Apparent digestibilities of dry matter, nitrogen, acid
detergent fibre and energy of SBM, RSM and FA-RSM
rations fed to the growing dairy calves

Ration ' Dry matter Nitrogen Acid deter- Energy
..... ... ... gent fiber
y4 ‘ % % %
'SBM 69.2 66.7 9.1 68.3
RSM ’ T 69.7 68.9 8.6 69.4
FA-RSM 66.3 63.3 3.4 66.3
sxt £1.1 £2.3 £2.9 +1.6

+ SX - Standard error of the treatment means.

~
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TABLE 1
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DATA ON SOME OF THE PARAMETERS MEASURED ON FISTULATED

(EXPT. III)

YOUNG HOLSTEIN STEERS FED EXPERIMENTAL DIETS

——— o .
e ——— —

Animals Treatments
RSM FA-RSM CASEIN FA-CASEIN
DM Intake per Day (Kg)
1 701 503 5'5 5'5
2 6.6 5,4 5.6 7.7
3 5.5 5.0 5.9 5.5
b 6.4 6.8 5.5 5.9
Rumen Digesta DM (Kg)
1 1.9 2.1 2.9 3.8
2 5,8 3.4 4,2 5.1
3 3.3 3.0 3.6 3.6
L 4,2 b, 7 3.4 4,0
Rumen Digesta DM (%)
1 8.9 9.9 10,0 11,7
2 12.0 9.1 13.4 12.1
3 15.4 16,1 14 4 15,5
L 13.5 13.8 13.1 15.0
Nitrogen in Rumen Contents (%)
1 3.8 4,0 3.6 3,7
2 3.3 3.5 2.4 3.4
3 3.1 3.5 2.4 3.3
L 2.9 3.1 2.9 3.3
Daily flow of Non-Ammonia-N in Rumen
Contents (g)
1 69.6 79.8 100.6 138.3
2 189.8 111.1 95.3 161.6
3 91.3 99.2 75.9 112.7
i 114.5 136.7 94,2 124,2
NAN as a % of N intake in Rumen Digesta
1 Ly, 0 58,8 74,4 110.5
2 118,2 82,8 71.7 95.7
3 72.8 82.3 58,2 92,6
b 77.7 90.1 70.0 87.7

continued,,
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1 (continued)

[
o
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Animals Treatments
RSM FA=-RSM CASEIN FA-CASEIN
Total N Consumption in 7 Days (g)
1 1121.0 960.4 959.9 843.3
2 1078.0 951.5 887.2 1191.,2
3 1024.7 808.2 850,2 905.6
4 995.1 1115,2 919.6 896.8
N retained as a % of N Intake
1 15.8 21.0 19.3 26.0
2 21.2 17.2 17.5 20,0
3 22,5 25,2 27.6 25.5
4 26.3 23.2 21.9 26,2
Percentage Recovery of Cr203 in Feces
1 92.2 97.8 107.2 101.4
2 102.,8 100.8 93.8 107.5
3 83.1 97.4 100.2 91.6
L 102.9 92,3 107.1 107.3
1-6, Diaminopimelic acid % Bacterial AA
1 0.9 0.8 1.1 1.2
2 0.6 0.8 0.9 1.0
3 1.0 1.0 1.2 1.2
L 1.0 0.6 1.0 1.0
N:DAP Ratio of Rumen Bacteria
1 23.3 25.3 17.3 17.4
2 34,1 25.6 22,1 18.9
3 19.8 17.1 14.9 14,3
L 18.7 34,4 20,9 18,3

—
——
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TRACT
III)
Treatments
CASEIN FA-CASEIN

FA-RSM

APPENDIX 3
TABLE

RSHM

DAILY FLOW OF NUTRIENTS THROUGH G.I.
OF FISTULATED HOLSTEIN STEERS (EXPT.

Animals
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APPENDIX 3 - TABLE 2 (continued)

Animals Treatments
RSM FA-RSH CASEIN FA-CASEIN
NAN as a % of N Intake in Abomasal Digesta
1 93.9 96.7 68,2 110.4
92.2 102.5 78.5 106.,7
2 102.2 89.8 97.1 96.0
95.1 97.1 83.1 99,4
3 81.1 85.3 74,8 91.8
78.8 88.4 72,4 100.4
[ 80.2 92.1 7L 90,8
81.1 100.7 79.3 89.2
Bacterial N as a % of Abomasal Digesta N
1 58.1 35.8 56,1 35.7
68.0 36.2 72.9 39.7
2 68.1 84,3 62.9 38.1
75.5 57.6 58.8 30.3
3 36,4 35.4 32.2 20,7
h2.9 35.7 28,4 21.5
L b2,5 68, k5,5 47,0
39.9 80.9 35.8 39.6
Bacterial Protein/100 g Abomasal Digesta DM
1 25.4 12,6 14.5 12.9
31.1 17.7 25.5 17.4
2 32.0 34,9 23.4 14,1
30.1 29.2 18.2 9.2
3 10.1 11.2 8,3 6.6
11.4 12,1 7.0 7.3
4 12,2 23.0 10.9 11,2
11.1 33.7 9.9 12,1

|




APPENDIX 3
TABLE 3
TOTAL AMINO ACIDS (%DM) IN THE FEED AND

VARIOUS SEGMENTS OF THE G.I. TRACT FOR
FISTULATED HOLSTEIN STEERS (EXPT. III)

Animals Treatments
RSM FA-RSM CASEIN FA=-CASEIN

Total AAL in feed (% DM)

1 8.14 7.01 10.18 7.35
2 7.22 8.04 8.37 8.33
3 7.78 8.18 9.02 8.00
L 7.81 7.77 8,11 8.07
Total AA in rumen contents (% DM)
1 17.91 19,07 16.03 17.99
2 16.39 17.19 11.17 18,36
3 14,10 13,84 11,03 18,16
4 13.50 14,30 13.76 18,77
Total AAl in ruminal bacteria (% DM)
1 35.29 2l 46 27,92 22,56
2 24,43 30, 34 41,21 37.78
3 L3,67 36.48 b41.79 35.96
L 4y, 52 37.58 45,29 42,16
Total AA in abomasal digesta (% DM)
1 16,68 16,25 13,93 16.85
16,14 16,07 14,48 19.33
2 19,14 17.04 19,16 18,70
| 18,14 16.31 15,87 22,50
3 16.55 17.48 14,13 18,03
15.24 20.15 13.38 21,58
4 16,71 17.40 16,55 20,66
18,02 17,64 17,60 21,34

AA - Amino acids (g) per 100 g dry matter,

continued..,....
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APPENDIX 3 - TABLE 3 (continued)

Animals Treatments
RSM FA=-RSHM CASEIN FA-CASEIN
DAP' in abomasal digesta
1 0.52 0.41 0. 74 0.55
0.64 0.37 0.97 0.46
2 0.40 0,68 0. 56 0.40
0.45 0.48 0. 59 0.30
3 0.40 0, 4k 0,47 0.29
0.49 0.40 0,43 0,28
L 0.47 0, 4l 0.47 0.49
0.42 0.50 0.36 0.41
NAN in ileal digesta as a % of N intake
1 33.6 37.0 41.8 33.2
30,4 37.0 48,0 37.9
2 34,1 39.9 37.7 34.8
42,0 52.1 29.1 38.3
3 38.3 34,1 26,9 29.7
30.0 29.6 23,0 30.5
L 30.8 31,1 21 0 24,3
26,8 31.3 23.7 22,5
DAP1 in ileal digesta
1 2.07 1.35 1.72 1.44
2 1.13 1,40 1.39 1.10
3 1.15 1,34 1.58 1.52
L 1,88 2,06 2,48 2,01
DAP1 in fecal contents
1 1.30 1,42 1.47 1.20
2 1.07 1.37 1.17 1,07
3 0.65 0.79 0.75 1.77
L 0.69 1.12 0.89 1.05

s

Diaminopimelic acid (g) per 100 g total amino acids.
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TABLE

4

AMOUNTS OF TOTAL AMINO ACIDS CONSUMED AND FLOWED

THROUGH ABOMASUM OF HOLSTEIN STEERS (EXPT.

I11)

RSM FA-RSM

CASEIN

FA-CASEIN

25

27

47

48

25

27

b7

48

70

70

71

71

70

70

71

71

JaS N o D = DN =

N =

N - N = N =

N =

Amount of total Amino acids consumed/day

578.7 398.
534.7 383.
507.3 436,
507.3 436,
423,1 401,
423,9 Lo1,
495,.8 526,
495.8 510,

2
5

0
8

0
0

0
5

559.9
559.9

b57.3
hé5.5

532.4
532.h

hhs,7
Lh3,7

h2s.5
405.0

526,7
636.3

bik,9
hh2,1

488, 2
h77.6

Amount of total amino acids passed through

abomasum/day

790.7 501,
714,8 571,
833.6 602,
754,6 618,
498, 2 Lok,
Lsg,7 576,
589.6 685,
635.6 741,

I
8

2
0

2
6
5
9

L33,
497,

7

9

637.8
51?03
473.9
448,8
5

9

468,
525-
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TABLE 5
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CHANGE OVER DESIGN AND TREATMENT SEQUENCE (EXPT. III)

Treatments/Periods I II III IV I II IIT IV
RSM 27 25 L8 47
FA-RSH 27 25 b7 48
CASEIN 27 25 48 u7

FA-CASEIN 25 27 u8 47




