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ABSTRACT

Two series of experiments were conducted to determine the long
term effects of feeding NaOH treated diet to steers and to compare
NaOH treated and NH3 treated diets. The three diets used in the

experiments were based on 60% of untreated, 57 NaOH treated or 3.5%

NH3 treated Neepawa wheat straw. ’

The dry matter digestibility of the diets were not significantly
(P > 0.05) different between treatments. Organic matter, nitrogen
free extract (NFE), crude fiber (CF) and digestible energy were sig-

nificantly (P < 0.05) higher for the NaOH treated diet.
0.75
Mean dry matter intakes (g/kgW 7 ) were not significantly
(P > 0.05) different between treatments. Feed conversion efficiency

was significantly (P < 0.05) higher for the 'NaOH diet compared to the

control or NH, diet.
Sodium hydroxide treatment significantly (P < 0.05) increased

urinary nitrogen in the short term. Nitrogen retention increased

significantly (P < 0.05) in the long term for all treatments especially
by steers fed the control diet. There was consistently low nitrogen

retention by the steers fed the NH, diet compared to those fed the

control or NaOH diet.

Total volatile fatty acids (VFA) concentration in rumen fluid
of steers fed NaOH treated diet was significantly (P < 0.05) higher

than those for the control or NH, group. There were no significant

(P > 0.05) treatment differences in molar proportions of acetic
b

(1)



propionic, iso-butyric, n-butyric, iso-valeric and n-valeric acids.
However, acetic and propionic acids tended to decrease with time
while n-butyric acid increased for all treatments. Iso-butyric,
iso-valeric and n-valeric tended to decrease with time in the rumen
fluid of steers fed NaOH diet.

Rumen fluid sodium, potassium and chloride concentrations de-
creased in the long term for all treatments. Potassium concentration,
however, was significantly (P < 0.05) higher in the rumen fluid of
steers fed NaOH diet compared to that of the control and NH3 group.
Osmolarity decreased with time for all treatments but remained signi-
ficantly (P < 0.05) higher for the NaOH treatment throughout the

experimental period. Rumen fluid pH was relatively low for the NaOH

treatment.
The steers fed NaOH treated diet increased water intake

(liters/day) by 40.7% in the short term and by 19.3% in the long
term compared with the control. Urinary excretion by the same steers
increased by 215% and 63% during the short and long terms respectively
Fecal water and urine volumes (liters/day) of

over the control.

steers fed NaOH treated diet declined by 55 and 86.4% respectively

in the long term.
Sodium hydroxide treatment increased urinary sodium by 84 and

58.3 g/day respectively in the short and long term over the control,
Larger quantity of potassium (g/day) was also excreted in the urine
by steers on the NaOH diet, though its concentration (mEq/1) was
higher for the control and NH3 treatments. The concentratiop of

chloride decreased with time and was lowest for the NaOH diet

(i1)



Urinary urea, creatinine and osmolarity were (P < 0.05) signi-
ficantly low for the NaOH treatment. No significant (P > 0.05)
treatment difference in urine specific gravity. The urinary pH
was significantly (P < 0.05) high for the NaOH treatment in the
short term but no significant (P > 0.05) treatment difference was

found in the long term. High sodium intake had more negative effect

on potassium balance in the short term.

Despite the increased intake of sodium, steers fed the NaOH diet
were able to maintain their plasma sodium level relatively constant

within the normal range. High intake of sodium also had little

effect on the plasma level of potassium, calcium, magnesium, Phosphorus,
chloride and bicarbonate. No consistent result was obtained with blood
carbon dioxide and oxygen. Blood hematology was not affected by NaOH

or NH3 treatment. Microscopic examination of the kidney, liver, and

rumen tissues showed little evidence of pathological changes in the
organs.

Steers fed the NaOH diet gained 25.37% faster and had 36.9% better
feed conversion compared with the control. No significant (P> 0.05)
treatment difference was found between the control and NH3 diets.
Heavier carcasses were obtained from steers fed the NaOH diet compared
with the control. There was little differences between treatments ip
dressing percentage and ribeye area. Fat over rib was SignifiCantly
(P < 0.05) higher for carcasses from steers fed the NaOH treated diet.

The ability of steers to adapt to prolonged ingestion of the 5%

NaOH treated diet and show improved performance was demonstrated

(1ii)
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1. INTRODUCTION

The main problem with lignocellulosic materials as ruminant
feed is the presence of complex polymers with resistant cross-
links and high lignin content and bonding. Another common
feature of low quality roughage is the highly crystalline
nature of the cellulose molecule. These factors together with
the inherent low crude protein content of lignocellulosic
materials are largely responsible for the low digestibility
and intake of these materials. The nutritional consequence is
reduced efficiency of utilization of the poten;ial energy of
roughages such as cereal straws by the ruminants.

i various techniques have beeﬁ used to improve the digesti-
pility and intake of straws so as to enharice their feeding
value. The methods involving the use of alkali especially
sodium hydroxide and ammonia have received more attention and
are advanced in development and application. However, the use
of sodium hydroxide, besides improving the digestibility of crop
residues, also increases the concentration of sodium in the
treated materials unless washed several times.

gince animals must excrete excess sodium from their bodies
to maintain homeostasis, ingestion of a high sodium diet could

potentially put stress on animals fed such material. This

could interfere with animal performance in the long term.



Furthermore, the presence of the excreted sodium in the manure
could imposelimitations on the application of manure as a
fertilizer or soil conditioner in poorly drained soils.

Little information is currently available in the literature
on the long term effects of feeding high sodium dietsto ruminants.
The present studies were undertaken to determine: (a) the
effects of prolonged ingestion of a highsodium diet on physio-
logical processes; and (b) to evaluate the effects of diets
containing sodium hydroxide treated or ammonia treated wheat

straw on steers feedlot performance and carcass characteristics.



2. LITERATURE REVIEW

SECTION A

2.1 GENERAL CONSIDERATION

Crop residues form one of the world's largest sources of
carbohydrate; yet billions of tons of these materials are
wasted or underutilized yearly (Owen, 1976; Klopfenstein, 1978;

Anderson, 1978). Historically cereal straws and stovers,

which account for the largest proportion of crop residues,

have been neglected as feedstuffs in Canada and the United
States because of an abundance of inexpensive cereal grains
'(Coxworth, 1976; Walker et al, 1977). In recent years, however,

the situation has drastically changes due to sharp increases

in prices of cereal grains. Thus the future of the tradition-

ally accepted norm of feeding high cereal grain rations to beef

cattle now appears non-economic. Consequently, there is a

growing pressure to develop alternative feeds for ruminants
that will not be in direct competition as human food but of
good emnough quality to give sustained animal production at low
cost.

The unique ability of ruminant animals to convert cellu-

iosic plant materials into meat, milk or wool indicates that a

logical approach is to switch ruminants especially beef cattle



back to more utilization of cellulosic materials which they are
adapted to digest and thrive on. Processed cereal straws could
be valuable emergency feed duriﬁg periods of shortage of con-
ventional forages. Alternatively, when feed costs dictate

straw could be used strategically in maintenance and production

rations to reduce cost (Coxworth, 1976).

2.2 COMPOSITION OF LIGNOCELLULOSIC MATERIAL

(a) bomposition

The composition and proportion of plant cellular contents

and cell wall constituents are of considerable importance to

ruminant nutritionists. This is because the chemical composition,

particularly the proportion of cellulose, hemicellulose and ¢

1ignin influence the nutritive value of lignocellulosic

materials. Table 1 gives a compilation of the results of analyses

of roughages by the detergent procedures of Goering and Van Suest

(1970) . With the exception ofmaterials like hulls and sawdust, cell~walls

account for 60-80% of the plant dry-matter. The table also
shows that there is con?iderable variation in the composition
of cell-walls. Variation in the chemical composition of strays
have been shown to depend on variety, location and cultural
practices employed in growing the cereal crop from which they

are obtained (Van Soest, 1969; Kharat, 1974; Saleem and Jackson,

1975).



TABLE 1

The chemical composition of some roughages as determined by the detergent fibre analysis of

Goering and Van Soest (1970) (percent of dry matter)*

Roughage

Cell contents Cell-walls Hemicellulose Cellulose Lignin Silica Reference

Barley straw

Oat straw

Paddy straw
Wheat straw
Sorghum stover
Chickpea straw
Lucerne straw
Sugarcane bagasse
Sugarcane trash
Paddy hulls
Cottonseed hulls
Sawdust

Sawdust

Poplar bark

19
27
21
20
26
38
31
18
20
14

33

81
73
79
80
74
62
69
82
80
86
91
92
98
67

27
16
26
36
30
20
19
29
26
14
15
14
14
12

44
41
33
39
31
30
38
40
36
39
59
55
50
34

11

10
11
10
11
13
10
11
13
21
32
21

w

13

N N = N W O

22

Fernandez Carmona
Saxoha et st (19915
Sharma (1974)

Sharma (1974)

Sharma (1974)
Johnson & Pezo(1975)
Johnson & Pezo(1975)
Sharma (1974)

Sharma (1974)
Hutanuwatr et al
Johnson & éégg%{975)
Sharma (1974)
Johnson & Pezo(1975)

Gharib et al(1975 b)

*Adapted from Jackson (1977).



According to Van Soest (1969) chemical constituents of
plants may be divided into the structural components of the cell
wall (lignin, cellulose and himicellulose) and the more soluble
and readily digestible cellular contents (sugars, starch,
fructosans, organic acids, lipids and nitrogeneous fractions).
The cell wall components of plant materials are made up of
lignocellulose complexes which may be divided into two main
classes; the matrix and the fiber polysaccharides (Bailey,
1973). This complex is generally characterized by close
physical and chemical association of its main components
(1ignin, cellulose and hemicellulose) which together accounts
for most of thg cell wall constituents of plants (Pigden and

Heaney, 1969). On a dry matter basis, lignocellulose ranges

from 40% in immature forages to 75% at maturity, and up to

91% in immature trees (Pigden and Heaney, 1969). These high
jevels of lignocellulose together with the manner in which

the components are associated have drastic consequences on
digestibility of low-quality roughage such as straws (Morrison,

1959, Maynard and Loosli, 1969; Gould, 1969; Tarkow and Feist,
1969; Harkin, 1973). .

Nutritional Implication

The polysaccharide fractions (cellulose and hemicellulose)

(b)

of the structural components are of nutritive value to rumen

microbes and indirectly to the host animals as sourceg of carbon



and energy. According to Cowling and Brown (1969), the accessi-
bility of cellulose and hemicellulose to extracellular enzymes
of the cellulolytic microorganisms is determined by their
distribution within the cell wall and partly by the structural
relationships with lignin and other cell wall components.

Lignin in itself is of no nutritional value but because
of its physical and chemical association with the cellulose
and hemicellulose acts as a barrier (Pigden and Heaney,
1969). The covalent lignin-carbohydrate bonds which tightly
hold plant polysaccharides together interfer with the digesti-
pility of plant fibre by rumen and ceacum micro-organisms
(Morrison, 1959; Maynard and Loosli, 1959; Gould, 1969;

Tarkow and Feist, 1969). The attachment of lignin to other

polysaccharides imposes physical limitation by preventing
swelling of the plant fibre to a condition suitable for pene-
tration by microbial polysaccharidases (Tarkow and Fiest, 1969).
Therefore, there are chemical and physical effects of lignin
which constitute metabolic blockage to enzymic hydrolysis

(Gould, 1969; Rees, 1963).

Cellulases normally digest cellulose either by removing

cellubiose units from the non-reducing end of the polymer or

by random attack anywhere inside the straight poly-f-1-+4-D-

glucopyranoside chain (Harkin, 1973). In the presence of

covalent lignin - carbohydrate bonds, the non-glycosidic




COO-Lignin

GlucUr

Xyl_xyl-Xyl—Xyl-Xyl—Xyl-Xyl—Xyl:¥yl-Xyl—Xyln

Exo-xylanase Jndo—xylanase
(cleavage 1in sequence) (cleavage at random)

Figure 1. Likely ligno-glucuronosyl-xylose portion
of a ligno-xylan resistant to xylandase hydrolosis
(adapted from Harkin, 1973).



cross—-link inhibit progress of digestion of cellulose derivatives
because enzyme like xylanases normally cannot approach closer
than 2-3 sugar molecules away from the cross~line (Harkin,

1973). With a cross-link, e.g., from a xylan through a
glucuronic acid derivative to lignin (Fig. 1), the portion
encircled would remain undigested by xylanases.

While lignin does impede the rate and extent of digestionm,
the plant cell wall polysaccharides still, show marked differences
in their rate and extent of digestion when lignin is not a
barrier (Barton and Akin, 1977). Thus the relationship of
anatomical characteristics to digestibility should include
considerations of the association of cell wall polysaccharides
with lighin as well as of the type, site, degree of crystallin-

ity and extent of lignification (Barton and Akin, 1977).

FACTORS AFFECTING THE UTILIZATION  OF LIGNOCELLULOSIC
* MATERIALS

2'3

9.3.1 DIGESTIBILITY

Apparent digestibility has long been used as an index of
both the nutritive value and feeding value of forages (Ulyatt,
1973). An exhaustive review of the factors which influence
the digestibility of forages has been given by Raymond (1969).

These factors include genetic and agronomic variations, seasons

and stage of growth; processing and animal species.
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a) Plant species

The cell contents and the nature of the association of
the lignocellulose complex vary considerably among and within
plant species and are influenced further by plant source
(Pigden and Heaney, 1969). For example, on a dry matter basis,
cellulose content accounts for 467, 34%, 27% and 25% of DM of
spruce, rye straw, rye grass and alfalfa respectively (Pigden
and Heaney, 1969). Since rumen micro-organisms difficulty in
digesting roughages is associated primarily with these plant

components, their relative proportions can influence the

digestibility of roughages (Pigden and Heaney, 1969).

b) Stage of maturity

Generally as plants grow the structural carbohydrates
principally cellulose and hemicellulose together with lignin
{ncrease in proportion to provide strength and rigidity to
the plants; with concomitant decline in cell content and crude
protein. Lignin contentsrange from 3.77 in young forages to
10-14% in straw. Over a range of maturity legumes have much
less cell wall materials than grasses but have a higher lignin
content (Pigden and Heaney, 1969).

The manner in which lignin is bonded to other Polysaccharides
be the main cause of reduced digestibility of mature

appears to

1ignocellulosic materials (Van Soest, 1964, Dehority et al

1962, Elly et al 1953).



c) Agronomic variations

Soil fertility, temperature, moisture, light, seasons
and fertilizer application all affect the growth of plants
and the pattern in which cell wall contents are laid. Hence
they influence the digestibility of roughages indirectly.
Nitrogen fertilizer is known to lower cellulose and hemi-
cellulose by promoting rapid growth (Reid and Jung, 1965;
Ford, 1973). Rye pasture and winter grown alfalfa were found
to contain lower levels of cellulose and were higher in diges-

tibility than the ones grown in the spring-summer season
(Harkin, 1973).

d) Feed preparation

The effect of chopping, grinding and pelleting roughages
on their digestibility has been well documented (Macdonald
et al, 1969; Minson, 1963; Meyer et al 1964; Burt, 1966;
Pigden and Heaney, 1969). Extreme reduction in particle size
of roughages usually depresses their digestibility by increasing

rate of passage thereby giving little time for rumemal and ceacal

micro-organism to act on the ingested feed.

e) Level of intake

As the level of intakeincreases (Brown, 1966) some depression
in apparent digestibility occurs. This has been attributed to

the reduction in digestibility of crude fibre and NFE fraction

of roughages (Riewe and Lippke, 1969). According to Blaxter



(1962), intake increases with faster rate of passage of ingested
food. This results in food being exposed to the éction of
digestive enzymes for a shorter period; hence reduction in
digestibility. Thus any factor other than pathological ones,
which increases the rate of passage of feed through the GIT

(e.g. grinding, pelleting) would tend to increase feed intake

and decrease digestibility.

£) Ruminant species

When intake is standardized to metabolic body size and
physiological function (Riewe and Lippke, 1969) both cattle
and sheep appear to digest forages high in cell content equally
well (Swift and Bratzler, 1959; Donefer, et al, 1966). This
implies that the often reported differences in'digestibility ¢
due to ruminant species are confounded with variations in

intake, body size, physiological status and feed quality.

2.3.2 VOLUNTARY INTAKE

The voluntary intake of roughage is commonly defined as

the amount eaten when the roughage is offered ad 1lib. It is

.75

" 0
gsually expressed as kg/day, or g/kg body weight / day .

gxtensive and comprehensive reviews on the factors affecting

the regulation of intake by ruminants and the mechanisms

involved have been written (Balch and Campling, 1962; McClymont ,

1967; Balch and Campling, 1965; Forbes, 1970; Baile and Mayer,
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1970; Baumgardt, 1970; Arnold, 1970; Bines, 1971; Jones, 1972;
Baile and Forbes, 1974; Journet and Remond, 1976). Physiological
status of the animal, the nervous system, feed quality and
palatability are major factors that influence both the short-
term and long-term controls of food intake.

Intake will vary with factors such as body size, sex, age,
species, previous nutrition and production state (pregnancy,
lactation, growth, fattening). A combination of the above
factors determine the energy demand of an individual animal.
Consequently each animal attempts to eat to satisfy this demand
and achieve energy balance. Thus changes in an animal's
physiological status will cause a shift in its energy demand
Feed quality and availability together with

(Ulyatt, 1973).

other environmental factors influence the actual amount of

energy intake .

a) Short term control of food intake

Ruminant digestion influences the response of animals to
feed in three main ways: (i) by affecting the amount consumed,
(ii) by determining the amounts of nutrients obtained from the
feed and (iii) by influencing the nature of nutrients obtained
(Balch, 1977) . Hence ruminant digestion largely controls the
made of energy and the nitrogen fraction of a given diet.

use
Physical factors associated with the rate of breakdown of

ingested feed and emptying of the reticulo-rumen account for
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a considerable proportion of variations in intake of feeds
having digestible energy content of less than 12.5 kJ (2.5 Kcal)
per gram DM (Baumgardt, 1970) or 2.2 Kcal ME/gm DM (Ulyatt,
1973) . Thus feeds below approximately 65-70% digestibility
would tend to prevent constant energy intaké being achieved
as a result of physical restriction of feed intake (Blaxter
et al 1961; Conrad et al 1964; Baile and Forbes, 1974).
Straws, hays and native pastures generally fall below the 65-
70% apparent digestibility and consequently their intake is
largely influenced by rumen capacity (fill), rate of breakdown
and rate of passage (Crampton et al 1960; Blaxter et al 1961).
The rate of breakdown of roughages in the rumen is largely
a function of their composition, both chemical and physical,
though factors such as changes in buffering capacity of the
rumen and the lower GIT can modify fermentation rate (Van Soest,
1965; Weston, 1966; Ulyatt, 1973). The rate of passage in
turn depends on the rate of diminution of particles of ingested
feed to a size small enough to pass through the reticulo-
omasal orifice (Troelsen and Campbell, 1968). There is also
evidencé which suggests that the physical organizations of
molecules within the structural carbohydrate of roughage may
have a profound influence on the rate of microbial digestion
of such material within the rumen (Bailey and Jones, 1971;

jones and Bailey 1973; Barton and Akin, 1977). So the rate
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of breakdown in the rumen may depend not only on the amount of
structural carbohydrate in the roughage but also on the way it
is organized within the plant cell walls. Another indication of
resistance to break down in the rumen has been demonstrated in
eating and ruminating time experiments (Hogan et al 1969).

As ruminating and eating time per 100 g OM intake increased,

so OM intake decreased.

It is evident, therefore, that the primary factor deter-
mining the intake of roughage lower than 65-70% digestibility
is the rate of breakdown in the rumen. As rumen load of
digesta is reduced by microbial digestion, the facilitative
urge of hunger, involving the nervous system and stretch
receptors (Bell, 1963; Baile and Forbes, 1974) may reassert
jtself allowing the animal to commence eating again. However,
distension of the abomasum or duodenum can cause a negative
feedback signals resulting in decreased motility of the reticulum
and reduced digesta flow (Phillipson and Ash, 1965) and hence
depression of intake.

The voluntary intake of feed of higher than 65-70%
digestibility is not controlled primarily by its resistance
to breakdown in the rumen; instead the control becomes more
metabolic in origin. Both thermostatic and chemostatic
mechanisms have been suggested (Brobeck, 1948, Andersson and Larsson,

1961; Balch and Campling 1962; Mayer and Sudsarch, 1959; Baile and
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Mayer, 1970, Baile and Forbes, 1974).

With ruminants, the concentrations of volatile fatty
acids (VFA), particularly acetic and propionic acids, have
been proposed as likely metabolites involved in a chemostatic
control mechanism (Baile and Mayer, 1970). It is suggested
that receptors sensitive to the concentration of these VFA
are located in the rumen wall. In addition, changes in
propionate concentration may be sensed by receptors in the
portal system. All these suggested factors serve to point out

that the regulation of food intake is multifactorial in nature
(Brobeck, 1955).

b) Long Term Control of Intake

Long term control of feed intake by ruminants has been
postulated to be controlled by lipostatic mechanisms (Kennedy,
1953) . While its existence seems real, the mechanism involved
still remains obscured (Baumgardt, 1970). According to this
theory, the feedback for emergy blanace is mediated by the
release of free fatty acids (FFA) from adipose tissue (Baile
and Forbes, 1974). Inan experiment withdairy cows, Journet and
Remond (1976) observed that after calving a high level of
plasma FFA corresponded to low intake initially and thereafter
intake increased until plasma FFA had decreased to about 300
u eq/l. Results in support of this observation were reported
by Thye et al (1970) ; Davenport and Rakes (1969), Emery et al

(1969) .
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c) Palatability

Ruminants use the senses of taste, smell, sight and touch
in the choice of their feeds (Arnold, 1970; Baile and Forbes,
1974). When selection opportunity exist, sensory appraisal of
feed quality would determine which feed would be eaten (Baile
and Forbes, 1974); with little impact on animal performance.
However, if selection is limited and the food offered is not
palatable to the animal, there will be’ a general decrease in
feed intake with resultant reduction in animal performance
(Baile and Martin, 1972; Bell, 1963). With no choice (Tribe
and Gordon, 1950), as the need for food increases the influence
of food preference tend to‘decline and in extreme situations the
anim;i will readily consume not only materials ordinarily
considered unpalatable but even that which is completely
indigestible or even poisonous.

According to Balch and Compling (1962) and Baile and Forbes

(1974) , sensory cues were more important in the initiation of

eating than in the determination of the total amount eaten.

d) Influence of Supplementation on Roughage

Intake and Utilization

Supplementationinfluences the utilization of lignocellulosic
materials by ruminantsby altering protein to energy ratio.

The magnitude and direction of influence can however, be

modified by feeding frequency. The latter with pProper manipulatiop
b

ensures optimum fermentation and intake of the mixed diet
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(@rskov, 1975). Thomas (1974) stated that the ruminant's microbial
symbionts are preoccupied with altering the configurations of or-

ganic molecules for their benefit and indirectly for the benefit

of the host animal. Anderson and Anderson (1977) showed that rumen
microflora upgraded roughage protein which resulted in increased
chemical energy concentration of about 0.5 kcal/g protein added.

This increment in spectral energy demsity (SED) is of great signi-
ficance to the host animal. Thus, if the microbial requirement of
nitrogen is not met voluntary intake will be low (@rskov, 1976),

but when nitrogen requirement is corrected intake will increase.

This has been attributed to an increase in rate of fermentation
resulting from the increased population of bacteria. For roughage
based-diet the microbial need for N will depend on the level of
digestible energy and the level of protein degradability. This' finding
led Miller (1973) and @rskov (1976) to conclude that fof efficient
ruminant digestion, and hence intake, the needs of the micro-organisms
and of the host animals must each, separately, be considered. 1If
either is not met the efficiency in feed utilization by the animal
The provision of feed supplement to ensure optimum

Will fall .

consumption of cellulosic materials must, therefore, be oriented

rowards meeting the needs of both the rumen microflora and the

host animal in terms of protein and energy (Balch, 1977).

The addition of nitrogenous compounds like urea or Starote

(Campling et al, 1962; Hensley and Moir, 1963), certain minerals
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like sulfur and cobalt (Blaxter, 1962) or C4 and C5 long chain
fatty acids (Hemsley and Moir, 1963) are various means which
have been tested for improving intakes of very low nutritive
value roughages.

Donefer et al (1969) reported that although NaOH treatment
resulted in an increase of energy digestibility of oat straw,
an adequate supply of nitrogen was necessary to increase the
rate of microbial digestion and thus the voluntary intake of
'the diet. Improved intake of straw by 407 was demonstrated by
introducing a dilute solution of urea into the rumen (Campling
et al, 1962) . Limitation imposed by inadequate nitrogen level
in low-quality forages was noted by Zafren (1960) and led him to
choose ammonium hydroxide to treat straw because of its nigrogen
contribution.

Nevertheless, non-protein nitrogen (NPN) has proved to be an
economic nitrogen supplement for low quality roughages (Tribe,
1952; Chalupa et al, 1973). The importance of NPN as protein
substitutes in ruminant nutrition is through improved rumen
fermentation and microbial protein contribution (Chalupa, 1976;
Prskov, 1976; Lené and Preston, 1976). These authors have pointed
out, however, that the most important consideration in identifying
a situation in which NPN would be beneficial and in establishing
the amount of NPN to use, is the nature of the basal diet
especially the types and concentration of both the N and energy-
yielding components.

Molasses has been widely used to supply energy in Tuminant

rations (Mather et al, 1953; Davis et al, 1954; Preston et
L1 et al,
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1967; Leng and Preston, 1976) and to improve palatability of
NaOH treated straw (Rexeh and Thomsen, 1976). Supplementation
of low quality roughages with urea and molasses increased feed
intake and liveweight gain of penned and grazing sheep and cattle
(Combe and Tribe, 1962). 1In contrast, large intake of molasses
reduced cellulose digestion (Loosli, 1963). This adverse effect
of high intake of molasses has been attributed to competition
between cellulolytic and amylolytic bacteria for nutrients

with the latter group being favoured at low pH (El-Shazly et al,
1961). Increased production of lactic acid from fermentation of
molasses would lower rumen pH and reduce the activity of cellu-

lolytic bacteria (Zafren, 1960).

. £
2.4 LIGNOCELLULOSIC MATERIAL AS ANIMAL FEEDS

Lignocellulosic materials are by far the most abundant
renewable natural resources. Besides direct utilization by
man, they can be extremely valuable as a food source for herbivores.
The great majority of domestic ruminants have always thrived on
cellulosic materials in grazing ecosystems. Reid (1970) predicts
that this situation will increase rather than decrease as human
population continues to grow and the resulting crisis in worilgd
food supplies becomes more critical. Thus it seems inevitable
that in future more lignocellulosic materials will be used as
food sources for ruminants. This is reflected in the renewed
interest in developing cheap and efficient methods for improving

the feeding value of these materials.
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(a) As Roughage

Roughage in proper amount and quality is required in the
ruminant ration to provide tactile stimulation of the reticulo-
rumen walls and to promote cud-chewing. The latter in turn
increases salivation, cellulolytic digestion and the supply of
puffer for the maintenance of rumen pH. The net result is the
regulation of the type o’f rumenfermentation (Baker et al, 1975;
prskov, 1975; Sudweeks, 1977).

This ability of the cellulosic material to influence the
type of rumen fermentation is of considerable importance in
three distinct aspects of ruminant nutrition (@rskov, 1975):

(i) control of energy losses associated with methane production;
(ii) reduction or elimination of excess heat losses in subsequent
uéilization of VFA produced and (iii) achievement of optimum
partition of energy into useful animal products. There is
evidence that the most efficient utilization of VFA is determined
by the ratio of non-glucogenic to glucogenic (NGR) com-

ponents (@rskov, 1975). A ratio of 2.25 to 3.00 is comnsidered to
give optimum utilization for growing and fattening animals; and
a ratio of 3.00 to 3.50 for dairy cows.

The NGR are influenced by the ratio of roughage to concentrate
which influences the type of rumen fermentation (Donefer et al,
1963; Bath and Rook, 1963). Diets containing high levels of

cereal grains and low proportion of roughage, for example,

usually cause elevated level of propionic acid (Frank et al, 1972.
—— ’
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Thomas, 1975) and reduces the acetate to propionic ratio (@rskov,
1975; Schingoethe et al, 1976) "and lowers pH (Hale and Shell,
1975; @rskov, 1975). Lack of roughage in ruminant ration is

also responsible for nutritional disorders as depressed butter-
fat, displaced abomasum in dairy cows (Choppock'gg.gi, 1972;
Latham et al, 1974; Annison and Bickenstaffe, 1974; Welch and
smith, 1975); liver and rumen abscesses and acidosis (Wise et al,

1968; Harvey et al 1968; Bide and Dorwand, 1975; Allison et al,

1975).

(b) As Energy Feed

The major potential value of lignocellulosic materials is as

an energy source. The gross energy content per unit weight of

cereal grain and straw, for example, is virtually identical (Owen,
1976). This potential is often difficult to achieve because of

1ow digestibility. According to Donefer et al (1969), 50 to 70%
of the potential energy of young forages can be utilized by

ruminant animals. But with increased lignification and cry-
stallinity of cellulose and hemicellulose at maturity, only 20

to 50% of the potential energy is realized from most untreated

roughages like straws.

The inherent low nitrogen content of most cereal straws also
reduces the activity of cellulose and hemicellulose digesting
microorganisms in the rumen; thereby leading to poor energy
utilization. Mineral and soluble carbohydrate contents of many

lignocellulosic materials may also be too low for efficient



23

cellulose and hemicellulose breakdown by rumen microogranisms.
Supplementationof such diets with a minimumof 1% N and with 5 to

10% of readily available carbohydrate has been suggested (Pigden
and Heaney, 1969). To achieve moderate production from ruminants,
concentrate supplementation of straws may have to be considerably
higher than 20% (Andrew et al, 1972). Physical processing, chemical
treatments, irradiation or biological upgrading have also been
shown to increase the nutritive value of low quality roughages

significantly (Jackson, 1977; Owen, 1976).

(c) Feed Potential

Quantitatively, lignocellulosic materials are enormous sources
of carbohydrates. However, with the exception of forages not much
of the cellulosic materials have been used adequately as live-
stock feeds due to the problems of low intake and digestibility.
worldwide estimate of cellulosic agricultural by-products (Table
3) reflect the vast quantity available (Owen, 1976). Annual world
production of bagasse has been estimated to exceed 100 million
tons (Srinivasan, 1969). Cereal straw production in Canada alone
is considerable (Table 2).

According to Coxworth (1976), the use of processed straw in
gaskatchewan (assuming a value equivalent to average quality
hay) would be equivalent to creating between 2 to 3 million acres
of new tame hay land. These statistics,though rough estimates,
emphasize the potential of cellulosic materials as energy source

for ruminants. However, the key to making lignocellulosic materials
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TABLE 2. Canadian Straw Production in 1975%

Canada Prairies Saskatchewan

Straw Tons X 106 (%) Tons x 106 (%) Tons x 106 (%)

Wheat 23.5 52 22.5 33 14.5 67
Barley 10.5 23 9.8 23 3.1 14
Oats 6.1 13 4.9 12 1.9 9
Others 5.2 12 5.1 - 12 2.2 10
Total 45.3 100 42.3 100 21.7 100

*Adapted from Coxworth et al, 1977.

more valuable feeds for ruminants lies in finding cheap and practical
chemicals, physical or biological method which will improve their
nutritive value. Alkali treatments are currently attracting great

jnterest and are described below.

2.5 METHODS OF ALKALI TREATMENT OF STRAWS

Three approaches have been developed. (i) Treatment of chopped
straw with concentrated NaOH solution using the "dry" method (Rexen,
1972; Rexen and Moller, 1974; Rexen and Thomsen, 1976). (ii) Treat-
ment of chopped straw with a dilute aqueous solution of NaOH alone
or a mixture of NaOH and Ca(OH)é followed by anaerobic ensiling
of the damp material (Elpat'evskij, 1962; Klopfenstein and Woods,
1970) using the modified Beckmann's method.(iii) Treatment of straw
in loose, baled or chopped form with either aqueous ammonia
(zafren, 1962; Waiss et al, 1972) or anhydrous ammonia (Martynov,

1972; Kernan et al, 1977).



TABLE 3.

Estimated quantity of fibrous waste by-products generated
from major world crops (excluding wood) in 1971%

X 10

DM (Mt)
UK Europe N & C South Asia Africa Oceania USSR China World
America America . P. Rep.
Cereal straws (1)
Wheat 4.1  67.7 51.7 8.1 43.9 7.6 7.4 78.2 27.2 295.9
Rye 0.2 13.4 1.6 0.3 0.7 10.2 26.4
Barley 7.3 43.8 20.9 1.0 10.1 4.1 2.5 30.6 120.3
Oats 1.2 15.9 15.8 0.6 0.5 0.2 1.2 12.8 48.2
Maize 70.0 264.0 47.3 33.3 38.4 0.5 19.6 473.1
Millet and sorghum 0.9 42,2 9.0 37.4 36.0 2.2 5.1 132.8
Rice, paddy 1.5 4.5 7.8 151.0 6.5 0.3 1.2 88.4 261.2
Cereal straws total 12.8 213.2 400.7 74.1 276.9 92.8 14.1 157.7 115.6 1,357.9
Sugar cane wastes (2)
Tops 0.1 10.7 10.2 15.9 3.3 1.5 2.3 44.0
Bagasse 0.1 14.2 13.7 21.2 4.4 2.1 3.1 58.8
Sugar beet tops (3) 0.5 8.4 2.0 0.2 0.9 0.1 6.3 0.4 18.8
Total (Sugar cane & beet wastes) 121.6
* )
Adapted from Owen (1976). o
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2.5.1 SODIUM HYDROXIDE TREATMENT METHODS

Attempts to upgrade cereal straws with sodium hydroxide date
back to 1890 (Walker et al, 1977; Kellner and Kohler, 1900; and
Bechmann, 1919). These early efforts had demonstrated that the
delignification procedures could be used to improve the nutritive
value of low-quality roughages. The process was modified in

Germany (Beckmann, 1919) during World War I and became known as

the Beckmann process.

a) The Beckmann Process

The Beckmann method of alkali treatment consists of soaking
straw in dilute alkali solutions (8 times its weight of 1.5%
NaOH solution) for a minimum of 4 hours at ambient temperature
and then washing it with clean water until alkali free. The
resultant straw was then fed in a wet condition to ruminants.
with this mild treatment, though producing materials less digestible
than that reported by Kellner and Kohler (1900), an approximately
two-fold increase in digestibility was obtained compared with the
original untreated straw. It increased dry matter digestibility
to 60-70%. Thus the method became widely used in Europe during
the war years for improving the feeding quality of straws. The
major disadvantages of this methd are: (i) the large quantity of
water required for washing and the concomitant leaching out of
15 to 25% of the solids originally present in the straw; (ii)

the method cannot be economically industrialized or adapted for
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on—-the-farm use due to the high costs of treatments, (iii) it
creates a pollution problem with the large quantities of water
required to wash out the NaOH and; (iv) the treated product is

not sufficiently dry for storage. Consequently, more recent
investigations on NaOH treatment of lignocellulosic materials have
aimed at modifying the original Beckmann process by reducing the
NaOH and water requirements (Wilson and Pidgen, 1964; Donefer

et al, 1969; Rexen and Thomsen, 1976; Walker et al, 1977; and
Jackson, 1977). The spray process, in which the straw is wetted
with an alkali solution (Wilson and Pidgen, 1964) is an improvement
over the Beckmann method and has been developed to factory scale
(Rexen and Thomsen, 1976; Walker, 1977; and Jackson, 1977)

because of its great potential.

b) The "Dry" Method

The dry chemical treatment of straw with NaOH (Rexen and
Thomsen, 1976) is an improvement on the experimental results
performed by Wilson and Pigden (1964) and Donefer et al (1969).
1t has the advantages of reducing the amount of unreacted NaOH
and the reaction time. The processing system consists of a
chopper, 1lye mixer where concentrated NaOH solution is added,
molasses tank and a cobspress (Figure 2). The lye mixer consists
of a cylindrical chamber with a longitudinal hollow rotating
shaft through which the alkali is introduced onto the chopped

straw. On the shaft are placed a number of nozzles. The amount
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of NaOH sprayed on the straw is automatically regulated by means
of a belt weigher and an electrically controlled valve.

Part of the reaction takes place in the lye mixer and part
in the press with resultant reduction in the amount of unreacted
NaOH (Rexen and Thomsen, 1976). Maximum pressure varies from 100-
300 atmosphere and temperature ranges from 80-100 C, thereby

reducing the reaction time to approximately 20 seconds.

¢} High Pressure Steam Treatment

In the high pressure steam system (Figure 3), ground straw
is treated with high pressure steam in a pressure reactor with
added chemicals (Walker, 1977). At the end of the reaction period
(usually 10 to 90 sec.) a quick release valve is opened and the

produét blown into a collecting cyclone. The moisture content

" of the product varies from 40 to 70%. This means further drying

is required for long term storage of the product. Addition of
NaOH to straw pPrior to steam treatment generally gives a more
digestible product. In terms of animal performance, the
treated straw gives no better results than materials produced
by less expensive methods (Garrett et al, 1974). The major dis-
advantages of this method are: (i) approximately 5-15% of dry
matter is volatilized under high pressure treatment and serious
air pollution results if the material is vented directly to the
atmosphere (Walker, 1977); (ii) overtreatment with steam is alsg

possible which would lead to poor utilization of the materia] and

hence animal performance.
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d) Alkali Soaking Process

This system is a modification of the original Beckmann
process. With this process ground straw is run though an alkali
soaking chamber at 100°C to minimize holding time. The soaked
straw is then pressed and dried (Figure 4). Squeezed water
containing excess NaOH is recycled and additional NaOH is added
to it in the soaking trough to maintain NaOH treatment concentra-
tion level. Alternatively water is added as needed to maintain
the equilibrium of sodium ions. Animal performance on material
prepared by this process is satisfactory (Mowat, 1971) but the

cost of processing needs to be worked out.

2.5.2 AMMONIATION OF STRAWS )

Two common methods of ammonia treatment of roughages are:
(i) ammonia treatment under conditions of high temperature and
pressure (ii) ammonia treatment under conditions of atmospheric

pressure and ambient temperature.

a) High Temperature and Pressure

This method is similar to that discussed for NaOH treatment (c¢).
Apart from the uneconomic aspects of the method, the application
of high temperature (above 100°C) and pressure during ammoniation
causes low utilization of ammonia nitrogen in the feeds. It
jecreases the digestibility and utilization of other nutrients

as well (Ferguson and Neave, 1943) . When high temperature ang
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pressure are applied during ammoniation, poorly digestible amino-
sugars and toxic imidazoles such as methylimidazole and 4, 5-
hydroxy imidazole can be formed. These compounds are considered
to be the cause of low utilization of the ammoniated sugar beet
pulp nitrogen (Chomyzyn and Ziolecka, 1972). However, at
temperatures below 100°C only traces of imidazoles have been
found. Similar results were obtained by Chang et al (1961) when

they studied the ammoniation of whole sugarcan bagasse.

b) Ambient Temperature Ammoniation

The ambient temperature ammoniation process involves simply
stacking baled straw in a gas-tight plastic envelope or any suitable
enclosure. This is then followed by adding the required amount of
ammonia (usually 3%% NH3) ;nd leaving it sealed for the required
period of time, preferably 30 days (Waiss et al, 1972; Lyster, 1976;
gernan et al, 1977) . The procedures involved in the ammoniation is
shown in Figure 5.. This type of process is currently considered
as being suitable for on-the-farm operations (Kernan et al, 1977).
It has a further advantage in that the ammonia bound to the straw
serves as a source of non-protein nitrogen (NPN) for microbial
protein synthesis in the rumen, thereby, encouraging fermentation.
The main potential disadvantage of this process is that without
provision for recycling the excess ammonia, the residual NH3

can present an air pollution problem. The ammoniated straw is

also more susceptible to weathering and when the free and loosely
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bound NH3 has gone, the material is susceptible to mold attack.

2.6 PRECAUTIONS WITH CHEMICAL TREATMENTS

Regardless of the methods of processing, sodium hydroxide
and ammonia pose a potential health hazard if not carefully
handled. Concentrated NaOH is very corrosive and can damage
skin within a few minutes of contact. During hot weather or at
high temperature its fumes can be carried by wind for a consider-
able distance from the treatment site. Thus treatment time and
site must be carefully selected (Kernan et al, 1977).

Liquid anhydrous ammonia can form flammable and explosive
mixtures with air within the limits of 16 to 27% of ammonia by
volume (Kernan et al, 1977). This level could be reached during
ammoniation of straw depending on the moisture content of the
material. In the aqueous form concentrated ammoni; is very
toxic while the gaseous form has a very pungent and disagreeable
odor. Physiological responses to various concentrations of ammonia
are given in the table 4.

Based on these observations, it is imperative that maximum
precautions be taken to avoid or minimize these potential hazards.
provision of protective covers, masks, and plenty of fresh water
for flushing skin are essential. For on-the-farm operations,

choosing a cool day when a light breeze is blowing away

from houses and corrals can afford a further safety precaution.



TABLE 4. Physiological Responses to

Various Concentrations of Ammonia*

34

Physiological Response

NH3 Concentration
pPpm in air

Least detectable odour

Least amount causing immediate
irritation to the throat

Least amount causing immediate
irritation to the eyes

Least amount causing coughing

Maximum concentration allowable
for prolonged exposure

Maximum concentration allowable for
short exposure (% - 1 hr.)

Amount dangerous even for short

exposure (% hr.)

53

408

698

1,720

100

300 - 500

2,500 - 4,500

%
Adapted from Encyclopedia of Chemical Technology,

Vol. 2, 2nd Ed.
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2.7 MECHANISM OF DIGESTIBILITY INCREASE

Since 1890 numerous experimental results have consistently
demonstrated that alkali treatment of roughages increase their
digestibility (Woodman and Evans, 1947). The improvement is
caused by physical and chemical changes which make the treated
roughage more accessible to rumen micro-organisms (Tarkow and
Feist, 1969).

The most notable physical change that occurs after alkali
treatment of lignocellulosic material is the swelling of cell-
walls due to increased fibre saturation point (FSP). According
to Tarkow and Feist (1969) the increase in FSP following alkali
(NaOH) treatment involves the relative proportion of free
carboxyl group content (i.e. the unesterified carboxyl content)
and the polyelectrolytic character of the uronic acid formed on
saponification. The polyuronic acid under such conditions
exists as a polyion and according to Flory (1953) a slightly
higher swollen condition is expected with a polyion than when
a polymer is in the undissociated form. Thus the increase in
FSP is essentially caused by breaking of uronic ester cross-—

links. with ammonia the products formed are amide groups

(Wang et al 1964) . It was reported more recently (Whistler

and Teng, 1970) that the alkali reduces the strength of inter-

molecular hydrogen bonds which bind cellulose together, thus

resulting in swelling. There is also evidence which suggests
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that the hemicelluloses of Graminae are esterified with acetic
acid and that the acetyl groups which impede the digestion of
hemicellulose (Morris and Bacon, 1976) are hydrolysed by chemical
treatment.

Lignin contents of alkali treated crop residue are generally
not reduced (Ololade et al 1970; Klopfenstein et al 1972; Rexen
and Thomsen, 1976). Some of the hemicellulose is usually
reduced by alkali treatment but,cellulose content remains more
or less intact (Klopfenstein et al 1978). However, several
workers have shown that the magnitude of response éo alkali
treatment by crop residues from different plant species varies
(Saxens et al 1971; Sharma, 1974; Gharib et al 1975; Klopfenstein,
" 1978). In an experiment conducted by Jones and Klopfenstein
(1967), a 4% alkali treatment‘dissolved a portion of the cell-wall
and lignin of maize cobs but not of lucerne stems. Even 5%
alkali treatment of lucerne did not dissolve its cell-walls
(Summers and Sherrod, 1975). Aspen sawdust hemicellulose was not
dissolved (Millet et al 1970) unless more than 6% sodium hydroxide
was used; whereas with paddy straw, wheat straw and sugar bagasse
even 1% of alkali solubilized some hemicellulose. These
differences are thought to be due to variation in physical and
chemical associations within the cell-walls between and within

plant specieS-

These physical and chemical transformations in crop residue
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resulting from alkali treatment, through variable, explain the
basis of improved digestibility. The increased FSP after alkali
treatment of crop residues would provide conditions for cellulolytic
enzymes to penetrate more rapidly and form enzyme-substrate complex
with cellulose (Stone et al, 1969). Review of results from several
experiments led Klopfenstein (1978) to conclude that the modes of
action of alkali treatment especially with sodium hydroxide
resulted in the following: (i) solubilization of hemicellulose,

and (ii) increasing the rate and extent of cellulose and hemi-

cellulose digestion.

2.8 FACTORS INFLUENCING THE EFFECTIVENESS OF
ALKALT TREATMENT

2.8.1 SODIUM HYDROXIDE

a) Effect of Levels of Sodium Hydroxide

Several studies have been concerned with the determination of
the optimal levels of sodium hydroxide (NaOH) for treating various
crop residues like straws. Accumulated data relating to the levels
of NaOH suggest two important factors (Klopfenstein, 1978): (i)
the levels of treatment for best animal respinse in ranges
from é to 5% NaOH per 100 gm DM of crop residues; and (ii) there
is a difference in response to alkali treatment as measured by in
vitro and 12.3122 results. In general the in vitro digestibility

of crop residues increased linearly with increasing amounts of
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sodium hydroxide application up to 10gNaOH/100g of roughages
(Jackson, 1977). The effect of the amount of NaOH on digestibility
in vivo have been determined by several workers (Singh and Jackson,
1971; Ololade and Mowat, 1975; Shin et al, 1975; Singh and Jackson,
1975; Rexen and Thomsen, 1976). Both voluntary intake and diges-
tibility increased linearly up to 3-67%ZNaOH/100g of straw and then
level off thereafter.

However, when higher levels of NaOH are used and the PH of
the treated straw was brought back to near neutral by adding
organic acids such as acetic and propionic acids, a linear increase
in digestibility and dry matter intake were achieved with up to
8gNaOH/100g of straw (Donefer, 1969; Fernandez, Carmona and
creenhalgh, 1972). The observed lower in vivo digestibility
relative to in vitro values has been ascribed to an increased
osmotic pressure of rumen fluid which would inhibit rumen microbial
activity (Maeng et al, 1971; Bergen, 1970; Alolade and Mowat, 1975).
This hypothesis was contradicted by Koers et al, 1970 when they
added increasing amounts of KCl (1, 2 and 3%) to 4% NaOH treated
mailze cobs. They found no apparent depression in digestibility
was observed though osmotic pressure must have increased. Intake
erage daily gains were similar at all the three levels of

and av

KCl. Patchey and Mbatya (1977) observed similar animal performance

indicating an associative effect between Na and K. A faster rate
of passage of NaOH-treated diet through the rumen also occurs with
increases in the sodium levels, thus limiting digestibility to

levels lower than would be possible with slower passage (Maeng
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et al, 1971).

b) Effect of NaOH Treatment Time

The length of treatment time has an important bearing on the
economics of alkali treatment of straws. When the 22-hr Beckmann
process was reduced to 3 hrs. (Watson, 1941; Ferguson, 1943;
Williamson, 1941) a slight reduction in the digestibility of crude
fiber was observed. Stone et al (1965) found no difference
between 6 hrs. and 24 hrs. of NaOH treatment of bagasses. Experi-
mental results reported by Wilson and Pidgen (1964) suggest fhat
most of the alkali reaction with straw is completed within 10-15
min. of the treatment time. Evidence in support of the above
result was also reported by Ololade and Mowat (1969). A slight
decrease with time, in the amount of residual alka{i present in
sprayed straw, was observed by Chandra and Jackson (1971). This
jndicates that alkali continued to react with straw at a slow
rate (Jackson, 1977). Ololade et al (1970) found that sprayed
barley straw had a significantly higher digestibility after 24
hrs. than it did after one hour of treatment. It appears that
treatment time at a given level of NaOH is influenced by the

method of processing and the type of roughage being treated.

c) Effects of Temperature, Steam and Pressure on

NaOH Treatment of Roughages

Efforts have also been directed to introducing heat during

alkali-straw reaction with the aim of improving the effectivenessg
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of NaOH-treatment in minimum time; hence reduction in treatment
cost. Of the available heat treatments, steam processing of alkali-
treated roughages has recently attracted the attention of ruminant
nutritionists (Jackson, 1977).

Ololade et al (1970) treated barley straw with NaOH levels
ranging from O to 12% and heated it at different temperatures
ranging from 23 to 130°C for various lengths of time. They
reported an increase in in vitro dry matter digestibility (IVDMD)
at all temperatures and times with increasing concentrations of
NaOH up to 8%. The straw treated with 4% NaOH either at 60°¢C
for 15 min. or at 23°¢ (room temperature) for 24 hrs. gave similar
IVDMD. Mowat and Ololade (1969) reported similar éindings although
they observed little imcrease in energy digestibility of straw
treated with NaOH levels above 4Z.

Maeng et al (1971) steém processed barley straw with 6% NaOH
at 100°C for 30 min. This materials was supplemented with 16% soy-
bean meal and 3Zmineral and fed to sheep. The ration was reported
to besuperior to alfalfa silage in both energy digestibility (66.5%)
and nitrogen retention. Guggolz et al (1971a) measured in vitro
digestibilities of nine samples of grass straw steam pProcessed
with and without NaOH at 231°Candzapre33ure 28 kg/cm? for 3 minutes.
Steam treatment alone improved the digestibility of the grass straw by
50% while the addition of 3% NaOH resulted in more than double the
improvement in the digestibility. Klopfenstein et al (1974)
steam processed corn cobs with or without 3% NaOH at 17.5 kg/CmZ

for 10-30seconds. The pressure treatment alone increased ip vivo
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dry matter digestibility by over 20%above the control; but the
addition of 3% NaOH did not further increase digestibility. 1In
another experiment (Guggolz et al, 1971b), rice straw was steanm
processed with 47 NaOH at 100°¢ for 15 min. or 60 min. and fed
to sheep as 65% of their ration. ADry matter digestibility

the order of 45, 55, and 61% respectively were obtained for the
untreated, 15 min. steam treated and 60 min. alkali steam treated
straw. In vivo studies (Garino, 1974) consistently demonstrated
significant increases in digestibility and voluntary intake of
straw treated with NaOH under high temperature. Ololade et al
(1970) and Donefer (1972) conducted similar studies. In vitro
cellulose digestibility (IVCD) was increased in every case bu;
the degree of response varied with the type of straw both within
and among plant species. Based on their IVCD prediction equation,
they estimated that straws with initial IVCD of more than 35%
would require 2% NaOH solution; straws with initial IVCD ranging
from 25-35% would require 47 NaOH and those with IVCD less than
25% would require slightly more than 4% but less than 6% NaOH to
increase the IVCD satisfactorily at 97°C for 2 hours. Donefer
(1972) also concluded that there was no decided advantage in
steam processing straws at higher than 100°C when low levels

of NaOH were employed. The results of Garret et al (1974) lend

support to the above conclusion.
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d) Effect of Particle Size on Optimum NaOH Level

The reduction of particle size of low-quality roughages prior
to NaOH treatment generally increases the effectiveness of
alkali. Watson (1943) reported that the digestibility of crude
fibre increased from 68.4 to 70.8%7 and NFE from 62.8 to 67% when
chopped versus long straw were treated with NaOH. However, no
significant difference was found in in vivo digestibility (Watsonm,
1943; Ferguson, 1943) and in composition (Hvidsten and Simonsen,
1953). Recently, Chandra and Jackson (1971) reported that NaOH
is as effective in improving digestibility of chopped wheat
straw as that of ground straw. In vitro cellulose digestibilities
(1vCcD) of 80% for ball-milles straw, 76% for fine ground (0.7 mm)
and 65% for medium ground (1.7 mm) straw treated with 8% NaOH
have been reported by Dhinsa (1972). The IVCD of the ung;eated
straw on the other hand were 52%, 337% and 24% for ball-milled,
fine and medium ground sizes, respectively. Dhinsa concluded that
the magnitude of the increase in IVCD due to reduction in
particle size was much smaller for NaOH-treated straw than for
the untreated straw. This result could have been influenced by
the quality of straw and rate of passage. Anderson and Ralston
(1973) found no significant difference in in vitro dry matter
digestibility among three particle sizes of rye grass soaked in

2% NaOH solution at the ratio of 15 ml 2% NaOH solution to kg

of straw.
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2.9 FACTORS INFLUENCING THE EFFECTIVENESS
OF AMMONIATION

a) Effect of Levels of Ammonia

The divergence in crop residue response to ammoniation
indicate that NH3—treatment is not of a single definite nature,
but that several factors combine to influence the final result.
The factors involved have not been clearly determined. Waggepetensen
and Thomsen (1977), reported that enzyme solubility increased with
increasing NH3 dosage (2.6 - 5.9%); the greatest effect being
at the lower temperatures (15° - 30%). . at higher temperature
there was a slight tendency towards a negative effect on digesti-
bility with increasing NH3 dosage. Sundstgl et al (1978),
reviewed the effect of NH; dosage at various treatment temper-
atures on the in vitro digestibility of oat straw. The result
showed a linear increase in in vitro digestibility with increase
in NH3 level from 1.0 to 4.0%up to a temperature of 15°C. No
positive effect was found when ammonia level was increased from
4.0 to 5.57% of straw dry matter. Waiss et al (1972) found that
a maximum effect was achieved with 5% NH3 and a treatment time
of 30 days. Most experiments, however, indicate that there is
very little improvement in digestibility resulting from an increase
of ammonia level above 3-47 of dry matter. The economical

optimum level might even lie below 3% depending on method of

ammoniation and cost of ammonia (Waagepetersen and Thomsen,

1977; Sundstél, 1979).
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b) Effect of Temperature and Pressure

Ammonia is a slow-reacting chemical requiring a longer
period at low temperatures. However, its chemical

reaction, can be accelerated by increasing

temperature up to a certain level; thereafter no change or even
a negative effect occurs. Waagepetersen and Thomsen (1977),
reported increased enzyme solubility with increase in temperature
up to 45°C with no increase’between 45°C and 55°c. In vitro
digestibility also increased as the temperature wés raised from
15°C to 30°C. Temperature increases from 30°C to 45°¢ resulted
in only a minor improvement and the general effect was
Significantly negative if the temperature was increased from

45°C to 55°C. Crude progein contept was similarly increased

- le)
by raising the temperature up to 45 °C. A positive effect of
jncreased temperature was particularly marked with low NH3

dosages.- Maximum digestibility, for example, was obtained with

2.6% NH. at 62°C and 4 days incubation or 5.9% NH3 at 30°C and

3-7 days incubation. Sundstgdl et al (1978), reported that at

very low temperatures, about or below the freezing point of

water, the action of ammonia is very slow. It appears that there

is a significant interaction between treatment temperatures, time

and level of ammonia. This implies that low treatment tempera-

tures can be compensated for to a large extent by increasing the

time of treatment. Alternatively, if the cost of ammonia ig a



45

limiting factor, this could be overcome by using low dosages
and increasing the temperature in the reaction chamber. This
would also reduce treatment time.

The combined effects of high temperature and pressure have
been investigated. Waagepetersen and Thomsen (1977), after
incubation of NH3—treated barley straw applied a pressure of
approximately 250 kg/cm2 at a temperature of 100°¢C for 1.5
minutes. This treatment simulated conditions in a pellet press.
They found little improvement in in vitro digestibility and only a
slight increase in crude protein content. The application of
high temperature above 100°C and pfessure have been found to
cause not only low utilization of ammonia bound nitrogen but
also decreased the digestibility and utilization of_other
nutrients in the treated feed (Ferguson and Neave, 1943; Davis
et al, 1955). It is speculated that the low digestibility and

poor utilization is due to changes in the availability of certain

carbohydrates or to the formation of special inhibiting compounds

(Waagepetersen and Thomsen, 1977) or a combination of both

factors. Part of the bound nitrogen has been shown to be

water soluble (Waagepetersen, 1974). About 24% is reported

+ 9
very loosely bound, probably as NH4; 447 more firmly bound
(might comprise amides), and 32% could not be evaporated by

Mg0 or 2N NaOH (Waagepetersen and Thomsen, 1977).

Waiss et al (1972) reported that after ammoniation of the

straw, 50% of the bound nitrogen is in the form of ammonium sait
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and the remaining 50% is in some more tightly bound form. He
suggested that amide formation could be a possible form which
could account for much of the remaining tightly bound, slow
releasing nitrogen. Poorly digestible amino-sugars and toxic
imidazoles (e.g. methylimidazole or 4, 5-hydroxy imidazole)

are formed during sugar beet ammoniation under high temperature
and pressure; leading to low utilization of the pulp nitrogen
(Chomyszyn and Ziolecka, 1972). 1In laboratory experiments on
the ammoniation of sugar beet pulp Dudkin, et al 1969, found
that with increase of temperature over 100°c the amount of sugars

decreased and large amounts of heterocyclic N-compounds and

imidazoles were formed. Similar results were obtained by Chang

et al (1961) who studied ammoniation of whole cane bagasse.

Apart from reducing N-utilization, Waiss et al (1972)
suggested that the production of methylimidazole could lead to
toxicity problems since laboratory studies have shown that 4-
methylimidazole is quite toxic when fed to mice. This potentially
toxic compound was not detected in rice straw treated with ammonia
at ambient temperature and incubated for 30 days. At temperatureg
below lOOOC only traces of imidazoles were formed (Dudkin et al,
gtudies carried out by Pujszo (1964) showed that ammoniation

1969) .

of sugar beet pulp at ambient temperature and pressure led to

ammonia being firmly bound by metoxyl groups of galacturonic
acid ester of pectins resulting in the formation of polygalacteronic

acid amides and ammonium compounds. These compounds are believed
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to be slowly and gradually decomposed by rumen bacteria without
causing toxicity.

¢) Effect of Treatment Time

Treatment time is one of the most important factors influencing
the effectiveness of roughages ammoniations. It interacts
with temperature as well as level of ammonia and moisture content

of the roughage. In many of the early experiments too short

treatment times were used and consequently less satisfactory

improvement in the feeding value of roughages were obtained

(Sundstgdl et al, 1978). Results from many experiments in which

3-4% NH, were applied at ambient temperature have demonstrated
that for low quality roughages the following minimum treatment times

‘ :
‘Table 5) are suitable effective results (Sundstél et al, 1978).

TABLE 5. Minimum Treatment Period

Temperature Treatment Time
<5°c Requires >56 days
5 - 15°¢ Requires 28-56 days
15 - 30°¢C Requires 7-28 days
>30°¢C Less than 7 days

Waagepetersen and Thomsen (1977) found that a combination

of low temperature of low NH3 dosage with treatment time had
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positive effects on digestibility. Treatment time also had a
slight positive influence on crude protein content especially
with times from 3-7 days. These authors concluded that with
proper insulation, there is potential in using the rapid rise in

o .
temperature (60 - 70°C) during the ammonia reaction to reduce the

treatment time and the quantities of anhydrous NH3 to 2.5-3.5%.

d) Effect of Moisture Content

The moisture content of the roughage influencesthe rate of
reaction of anydrous ammonia, hence its effectiveness. Waiss
et al (1972) found no advantage with moisture level higher than
30% and indicated that the 307 level was optimal when rice straw
was treated with 5% NH3 at ambient temperature. 1In contrast,
Sundstgl et al (197é) reported that oat straw showed positive
effects of iﬁcreasing moisture content up to 50% especially when
a high level of NH3 (5 - 7%) was applied. Such high moisture
content may, howevér, cause some distribution problems. Thus
the 30% level seems to strike a compromise; but variability in

initial moisture level among crop residues must be taken into

account.

e) Effect of Species Variation

The inherent between and within species variations (caused

by genetic and environmental variables) modify further the effective-

ness of NH3-treatment. This has an important practical implication

in terms of recommendation.
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The initial quality of the untreated roughage has been
suggested to influence the effect of ammonia treatment. The
results of experiments carried out by Waiss et al (1972), Kerman
et al (1977) and Coxworth et al (1977) indicated that the improve-
ment due to ammoniation is somewhat more pronounced for roughages
with a relatively low initial digestibility than those with higher
initial digestibility. .The crude fibre content of a
particular variety of straw (Kernan et al, 1977) was found to be
somewhat negatively correlated with the ig_giggg digestibility of
ammoniated as well as untreated straw. However, the increment in
digestibility due to ammoniation was similar for both high fibre
and low fibre straws. The in vitro digestibility reported by
Coxworth et al (1977) showed that legumes responded
moderately while sunflower residue showed little
improvement in digestibility after ammonia treatment. Since
legumes in general have higher lignin content than grass, the
moderate response to alkali treatment by the legume residue and
the inconsistent relationship between crude fibre and digestibility
suggest that the nature of chemical bonding between lignin and

other polysaccharides could be the over-riding factor.

TREATED CROP RESIDUES IN PRODUCTION
RATIONS-VARTABILITY AND EFFECTIVENESS

2.10

2.101 SODIUM HYDROXIDE TREATED RESIDUES

Concentrate to Roughage Ratio

a)
Several feeding experiments to determine the potential of
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alkali treated crop residues as replacement of part or wholly
of the more expensive conventional feeds have been reviewed
(Anderson, 1978; Klopfenstein, 1978; Ward, 1978). The results
are encouraging but variable. Walker et al (1977) reported that
the inclusion of 727 of rice straw treated with 4% NaOH ina lamb

ration resulted in slightly poorer gainsas compared with the

alfalfa ration. In contrast,when the treated rice straw made

up only 35% of the ration, even the control ration containing
untreated ground straw performed just as well as the treated
straw ration. Similar observations were reported by Lamming

et al (1967). In another experiment (Agrawal et al, 1976)

3% NaOH-treated paddy rice straw was supplemented with 5 levels
(12-36%) of groundnut cake and fed to sheep. There was no
difference in digestibility and animal performance between the
untreated and treated rice straw supplemented with an amount
of groundnut ;ake greater than 12%. Koers et al
(1970) fed steers untreated and ground maize cobs
sprayed with 4% NaOH + 1% KC1/100g cobs and supplemented with
20% soybean meal, vitamins and minerals. Average daily gain and
feed efficiency for the untreated and treated maize cob-based
0.30 and 0.72 kg/head/day; and 14.3

rations were as follows:

and 7.1 kg feed/kg weight gain. Greenhalgh et al (1976) obtained

a similar trend when lambs were fattened on diets consisting of 50%

barley straw (treated with 8% NaOH or untreated) and 50% con-

centrate mixture.
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The lack of significant differences in digestibility or
animal response between the untreated and NaOH-treated crop
residues, when supplemented with higher levels of
concentrates, suggests that at a higher level of supplementation
treated crop residues are used less efficiently. This may not
justify chemical processing of crop residues. These observations
could indicate an important practical limitation'to the use of

alkali treated crop residues in higher concentrate diets.

b) Urea Supplementation

The ability of ruminants to utilize crop residues depends
on rumen microbial activity which in turn depends on an adequate
supply of nutrients especially nitrogen. Cereal residues have
jnadequate nitrogen to satisfy microbial growth requirements

(Borrough et al, 1950; Shrewsbury, 1942). Supplementation of N
is therefore required to achieve maximum digestibility and intake.

Donefer et al (1969) measured the effect of NaOH treatment

and urea supplementation of ground oat straw. Treatment of the

straw with 13.3% NaOH and neutralized with 50% acetic acid

resulted in significant increases in digestibility but had no

consistent effect on voluntary intake. Supplementation of the

treated oat straw with 2.5% urea resulted in an average of 160%

increase in voluntary intake when compared with the untreated

and unsupplented treated straw. Coombe and Tribe (1962), Hemsley

and Moir (1963), Weston (1967), and Faichney (1968) also showed

that urea promoted faster passage rates and increased straw

intake and gains.
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Not all reported results, however, indicate that urea supplementation

of straw gave positive response. Where the energy substrate was
obtained from a fibrous source not chemically treated, supple-

mentation with urea resulted in poort utilization and low

productivity (Coombe et al, 1971). Maximum intakes of cereal

residues occurred when small amounts of starch-type carbohydrates
were fed in addition to urea or preformed protein (Crabtree and

Williams, 1971; Fishwich et al, 1973; Andrews et al, 1972).

2.102 AMMONIA TREATED CROP RESIDUES

There is considerable variations in digestibility and
animal performance results reported inthe literature on ammoniated
crop residues (Sundstgl, 1976; Coxworth, 1976). These variations
could be due to thé type of roughages used, dosages of
NH3 and ammoniation technique (Coxworth et al, 1976; Bergen
et al, 19743 Guggolz et al, 197la; Chomyszyn and Ziolecka, 1972;
0ji et al, 1977). According to Chomyszyn and Ziolecka (1972),
the amount of nitrogen in the treated roughage could increase by

100-300% above the control depending on the kind of roughage

treated and the technique used.

Results from most experiments to date indicate that

in spite of the variability ammonia treatment has a positive

effect on intake of roughages (Round et al, 1976). When ammoniated

crop residues are fed in mixed rations intake and animal performance

will depend very much on the amount and nature of the components

of the diet. In experiments with balanced ratioms containing
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ammoniated materials, ammonia nitrogen of the feed was found to

be utilized to the same degree as that of control feed (Chomyszyn
and Ziolecka, 1972). Rumen content, pH and different N fractions
as well as concentration of urea N in blood have not shown any
significant differences between the animals fed balanced ammon-
iated and the control rations (Chomyszyn and Kowalezyk et al,
1966; Treal and Krelowska-Kulas, 1970a, 1970b). In experiments
with fattening heifers addition of ammoniated feeds to protein-
deficient rations increased weight gains by 7-277 and improved
feed utilization by 6-27% (Witezak et al, 1969). Experiments to
determine the effect of ammoniated feeds on the development of
young ruminants (calves and lambs) and their later repreductive
ability were conducted by Trela and Kretowska-Kulas, 1970a, 1970b).
They found no negative effects from the ammoniated sugar beet
pulp when it provided 16-27% ammonia-N of total N in the ratioms.
Poor utilization of ammonia-N has, however, been demonstrated (0ji

et al, 1977) with ammoniated maize stover.

The positive results of ammoniation has shown that this alkali

has potential as an alternative method for improving the feeding

value of low quality roughages. The variability in results suggests

that more research is still required to improve the effectiveness

of the ammonia treatment in terms of animal response.
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2.11 RELATIVE ADVANTAGES AND DISADVANTAGES

OF NaOH AND NH3 TREATMENT

a) Digestibility, Intake and Animal Response

Both methods gave similar improvement in digestibility

when comparable crop residues were properly treated (Coxworth,

1976; Walker et al, 1977). Intake and animal response were
similarly improved with both chemical treatment of crop residues.
However, the NaOH treated crop residues required supplementation

with a N source and molasses to achieve maximum intake (Donefer

et al, 1969).

b) Cost of Treatment

The current cost of treatment with either NaOH or NH3 per

kg appear similar (Coxworth, 1976). However, when considering the

overall cost of processing with NaOH, the cost of supplementing

sodium hydroxide processed crop residues with either preformed

protein oxr urea to provide NPN source and that of molasses if added

to improve palatability must be added. Factors like initial straw

quality, differences in costs from one situation to another and

variations among crop residues due to species affect all can in-

fluence cost. Therefore, caution should be used in attempting cost

comparisons (Coxworth, 1978).

Ammonia is currently derived from natural gas. Thus costs
and availability are closely linked to those of this non-renewabie

resource. The implication is that the cost of ammonia is likely

to rise in the future and its availability will be
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limited. These constraints,together with world wide demand for
nitrogen fertilizers poselimitations to the future supply of
ammonia for processing of crop residues at low cost. Some

potential solutions to the above limitations involve the following

measures: (i) reduction of dosages of NH, from 5% to 2-3% by
modification of the ammoniation technique (Waagepetersen and Thomsen s
1977); (ii) re-cycling of manure onto the land to offset
fertilizer requirements (Coxworth, 1977); and (iii) generation

of ammonia from natural renewable resources e.g. aerobic de-

composition of manure (Hasimoto and Ludington, 1971; Adriano

et al 1971).

c) Effect on Environment

with the possibility of integrating alkali treatment of crop

residues like straws with animal and crop production systems,
examination of the possible environmental effects due to such

integration becomes necessary. The first factor concerns the

possible build up of large amounts of excreted sodium ioms in
to soils which have received manure from animals fed sodium

hydroxide treated straw. It is known that most of the sodium

consumed when sodium hydroxide treated straw is fed to animals
is excreted from the animal and ends up in manure (Maeng et al,

1971). Thus if such manure were recycled onto the fields, es-

pecially where there is insufficient rainfall or where soil

drainage is too poor to wash awaysoluable ions from the top soil, g
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serious build-up of sodium ions in the top 15 cm of the soil can occur

(Coxworth, 1976). Such potential danger exists in parts of Western

Canada (Coxworth, 1976). In contrast, the re-cycling of manure onto

the fields from animals fed ammoniated straw is promising since the

manute is free from excess sodium. The potential large amounts of

nitrogen fertilizers in this form would undoubtedly offset some of the
requirements for synthetic N fertilizers and possibly lead to no net
increase in ammonia requirement in the integrated system (Coxworth,
Furthermore, such manure improves soil crumb structure thereby

1976).
improving soil moisture retention and filtration for optimum plant

growth (Coxworth, 1976).

d) Nitrogen Enrichment

The ammonia bound to the straw during the reaction can serve

as a source of non protein nitrogen (NPN) for microbial protein

synthesis in the rumen; hence increased fermentation. This contri-

bution is of particular benefit since most straws, bagasse, stovers

and other low quality roughages contain low nitrogen levels (0.5 -

1.0%). However, the ability of ammonia bound in straw to serve

as a NPN source still requires clarification in relation to the

effectiveness of the utilization of the NPN in the ammoniated

straw and the long term toxic properties when high levels of
ammoniated straw is fed. In an experiment with treated rice

straw (Carret et al, 1974) , maize stover (0ji et al, 1977) and

wheat straw (Coxworth et al, 1977) the apparent digestibility
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of nitrogen was decreased. In contrast, 20-40% units increase

in N apparent digestibility was reported with ammoniated barley

(Sundstgl et al, 1978). The nitrogen balance studies conducted
by Chomyozyn et al (1960) using ammoniated wheat straw indicated

that the levels of urea, ammonia and creatinine were normal in

blood and urine of sheep fed the straw.

e) Fungicidal Properties of Ammonia

Ammonia treatment also has the advantage that free ammonig
acts as an effective fungicide. Guggolz et al (1971) observed
that the ammoniation of straw prevented fungal growth during 30
days of storage at room temperature under damp conditions. The
germination capacity of some weeds, such as wild oats, is also
destroyed ddring ammonia treatment (Sundstél, 1978). .Knapp et al
(1974) found that anhydrous ammonia (1%) was an effective agent
for inhibiting molding of damp hay provided the hay was covered
to ensure that free ammonia was present during storage. Corn

containing 26% moisture was reported to be preserved by treatment

with 2% NHg (Bothast et al, 1973).
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2,12 THE ROLE OF SODIUM IN RUMINANT
PHYSIOLOGY AND NUTRITION

SECTION B

2.12.1 GENERAL CONSIDERATION

The living cells of animals require a very special environment
to maintain themselved in dynamic equilibrium and perform the com-
plex functions and interactions which constitute the living animals.
The extracellular fluid (ECF) which comprises about 15% of body

weight, forms the milieu interieur - the internal environment -

which bathes the body cells and by its usualconstancy of composition
protects them from the drastic changes in the extermal environment.
Sodium is the principal electrolyte of the ECF and together
with its attendant anions are largely responsible for the contribu-
tion of approximately 280 mOsm/kg of the total 290 mOsm/kg made by
serum electrolytes (Fuisz, 1963). Thus the physiological importance

of sodium, so far as it is known to date, is due mainly to its

osmotic effects in ECF which influence cellular hydration and

ijts functional relationship to other electrolytes

especially potassium. The maintenance of sodium homeostasis ig

therefore, particularly critical.

2.12.2 PHYSIOLOGICAL FUNCTIONS OF SODIUM

Understanding the physiological functions of sodium requires an

understanding of its relationships with potassium. These two major

body electrolytes, in most physiological processes, function jointly.
They are chiefly responsible for the osmotic pressure of the extra-

cellular and intracellular body fluids. Their concentrations ip
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body compartments relative to other electrolytes are shown in
Table 6.

Sodium in association with potassium is involved in the
electrophysiology of cells. Both play a part in the development
and existence of the transmembrance potential and in the generation
and transmission of electrical impulses. The two ions are also
indispensible components of the homeostatic machinery of animals.
As essential components of enzymes (Na-K-ATPases) both ions are
important in carbohydrate metabolism (e.g. glycolysis and oxida-
tive phosphorylation reactions) and in electron transport systems
Active transport of glucose and amino acids

(Tasker, 1971).

require the presence of sodium. Some important anticoagulants

are compounds containing sodium (Tasker, 1971). Water transport in the body is

coupled to sodium movement. Disturbance of physiological sodium
concentration level either through deficiency or overloading of
an animal with sodium can therefore, pose a health hazard.
2.12.3 SODIUM METABOLISM IN RUMINANTS

a) Regulation of Sodium Concentration in Body Fluid

Under a steady-state condition, sodium concentration remains
relatively constant in extracellular fluid. This constancy is
achieved by continuous fine adjustments of sodium levels by the
regulatory mechanisms through control of intake and excretion of
sodium. The thirst-ADH and the salt appetite-aldosterone systems

are believed to be involved (Houpt, 1977). The coordinating links

between these systems are mnot yet fully understood (Houpt, 1977).
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Protein

TABLE 6: Electrolyte Concentrations in the
Body Compartments (mEq/LITER)2
Compartment
Electrolytes Intracellular Interstitial
. Intrav.
fluid fluid flzigular
Cations
Sodium 15 147 142
Potassium 150 4
Calcium 2 2.5
Magnesium 27 1
Anions
Bicarbonate 10 30 27
Chloride 1 114 103
Phosphate 100 2 2
Sulfate 20 1
Organic acids 0 7.5 >
63 0 16

@ Adapted from Tasker, 1971.
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b) Requirements and Intake of Sodium

There is still no conclusive agreement on the sodium require-
ments of ruminants and little information is available on the
optimal K:Na ratio. Part of the reasons for these uncertainties
is due to the fact that the dietary requirement of sodium is con-
trolled by losses of this ion from the body which is extremely
variable; being influenced by temperature, work and other consti-
tuents of the diet especially potassium (Tasker, 1971). Furthermore,
the majority of the general accounts and recommendation of sodium
and potassium requirements for ruminants are derived from mono-

gastric studies (Ward, 1966; Pickering, 1966; Keynes and Harrison,

1967; Meneely and Battarbee, 1976). While such extrapolation may

be justified for ruminants fed concentrate diets, the picture

appears different for ruminants feeding mainly on forages and

roughages. The natural diet of herbivores contains enormous amount

of potassium but the sodium content is relatively low. The high K
and low Na content in forages alters the K:Na ratio and the pattern

of metabolism of the two elements from what is observed in man and

dogs. As a comsequence of the high K content in rough-

ages, ruminants and other herbivores normally consume amounts of K
greatly in excess of their dietary requirement (Ward, 1966).

In an experiment designed to determine the possible mechanisp
responsible for the sodium appetite in sheep (Beilharz and Kay,

1963), it was shown that appetite did not depend on the concentra-
9

tion of sodium in the rumen contents of sheep; neither was it a



62

direct reflection of the concentration of this ion in the plasma.
Similar findings were reported by Michell (1977). The sheep in
the latter experiment drank an amount of sodium that was
approximately equivalent to their sodium deficit. Devlin and
Roberts (1963) conducted a balance experiment with wether lambs
fed diets low in potassium. They found that the sodium require-

ment for maintenance was near 44 mEq/l/day (1.19 g) when

potassium was fed.

¢) Absorption and Secretion

The factors which influence the availability of an element

such as sodium include intake, digestibility, absorption,

secretion and excretion. This is shown in Figure 6. Generally

the load of sodium absorbed from ingested food increases by the
amount digested; but increases of 2 to 4 fold occur through

increased flow of saliva, gastric, biliary and pancreatic
secretions which contains a considerable amount of sodium

picarbonate (Sellers, 1977). Most of the absorptive load,

therefore, appears to come from secretions (Sellers, 1977)
particularly in the case of ruminants. Because of the large

turnover of Na; its concentration in rumen fluid usually

exceeds K concentration by a factor of 1.5 to 3.0 (Ward, 1966).

The source of K is dietary if forage is the sole source of

feed. Bailey (1961) investigated a variety of diets and found

K values in saliva of 4-70 mEq/1l and in rumen fluid of 24-85
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mEq/l. Comparable values for Na were 70 - 166 and 83 - 147

mEq/1l respectively. Argenzio et al (1974) reported that the

net exchange of water and electrolytes between the rumen

and plasma of the herbivorous pony was associated primarily with
a cyclic change in digesta osmolarity resulting from a
cyclic pattern of microbial digestion and product accumula-

tion.
Smith (1962) found that the net exchange of sodium in

young calves was about 40% of the intake up to the end of
the small intestine but absorption of the remaining 60%

was almost complete in the large intestine. Using a marker
to study absorption in calves, Petty et al (1967), estimated

that an average of 133 g of sodium were secreted to the

upper small intestine daily. During passage through the

lower gut, 87% of the remaining sodium was absorbed from

the small intestine and of the 13% left, most was absorbed

from the cecum and large intestine.
Hyden (1961) and Parthasarthy and Phillipson (1953) gave

evidence which indicated that Na was removed from fluid

throughout the entire length of the G.I. tract by a mechanism

of active absorption while K entered blood plasma only by

flowing down its electrochemical gradient.

d) Excretion of Sodium

Sodium coupled with water is lost from the body in a

64
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number of ways: (i) through sweating during vigorous exercise

or in a warm environment; (ii) as fecal water loss which in
ruminants can account for appreciable loss of sodium and
water (Tasker, 1971); and (iii) via the kidney which is the
most important route of sodium excretion in all domestic
animals and man (Tasker, 1971).

Perry et al (1966) experimented with dairy heifers
They found that a four-day excretion loss of

using 24Na.

oral 24Na averaged 567 via the urine and 447 via the feces.

Nelson et al (1955) studied the effect of high salt intake

(6% of the diet) on sodium excretion and on digestibility

of nutrients by cattle and sheep. When,steers consumed 3.5
&

g/Na, 41% was excreted in the feces and 54% via the urine.
When these same steers consumed 94.4 g/Na, only 3.7% was
excreted in the feces and up to 87% was lost via the urine.

The authors further observed that there was a reciprocal

change in fecal Na and K ratio which tended to influence

the relative route of excretion.
In comparing K and Na concentration in human and bovine
urine, Anderson and Pickering (1962) found a mean molar ratio

(K:Na) of 0.43 (range 0.12 - 0.87) in human urine and 5.3
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(range 1.65-20.8) in bovine urine. Studies on sheep showed that
the K:Na ratio in urine alone was no less than 175 because only
10% of Na was excreted by this route; 90% being excreted in

feces. When the overall excretory K:Na concentration ratio was

considered, a value of 17 was obtained. Keynes and Harrison (1967)

found a K:Na ratio of 10» while English (1966) reported a value

of 6. Brouwer (1961) gave the value for the grass fed ruminant

as 20. The wide variations in the K:Na ratios could have been

due in part to factors like emotional disturbances of the animal

caused by sampling which could give rise to a diuresis and
an increased excretion of Na (Anderson, 1961; Pickering, 1965).
Feeding may also produce transient alternations in the rate of

Na excretion. Stacy and Brook (1964) reported that pen-fed

sheep showed acute reduction in the rate of urine flow and in
the rate of excretion of Na and K when given feed. The response

was interpreted by the authors as a reflection of the sudden

shift of extracellular fluid flow into the gut at the onset of

feeding.
pitt (1963) reported that in man less than 10% of the
filtered load of K was excreted whereas approximately 50% of

the filtered K was excreted by the cow - a consequence of greater

urnover of K in the latter species. The large turnover

dietary t
of K over Na in ruminants is believed to be associated with an

enhanced excretory reserve capacity (Pickering, 1965). This
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evolutionary adaptation enables the ruminant kidney to promote

very high rates of K excretion; thus preventing hyperkalaemia.

e) The Mechanisms of Excretion and Retention
in the Kidney

The functional organization of the kidney nephron in relation

to reabsorption of sodium and water leading to the formation of

either dilute or concentrated urine is shown in Figure

7. With excessive sodium absorption such as following the

ingestion of a large quantity of sodium, the thirst-ADH system

is stimulated and the resulting increased water intake and

reabsorption help offset the increased osmalarity of the ECF

(Houpt, 1977). As the ECF volume and sodium ion concentration

increase the level of body fluid, an osfotic diuresis is

stimulated leading to an increased excretion of dilute urine

due to the depressed effectiveness of ADH. Reduced sodium

concentration would in turn stimulate aldosterone secretion

resulting in conservation of sodium. Under this situation,

on of sodium in the kidney is essentially complete.

reabsorpti
When sodium concentration increases in the ECF the secretion of

aldosterone is curtailed and the fraction of sodium delivered

to the distai tubule is lost in urine due to lack of reabsorp-

tion by the tubular cells.
e in the former and large amounts excreted in the latter.

Hence little sodium appears in

urin
The key pathway by which changes in extracellular fluid

sodium concentration influence the release of aldosterone is
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Figure 7. . :
relation to reabsorption of sodium and water and

formation of dilute and concentrated urine.

(Adapted from Tasker, 1971).
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by the renin angiotensin system (Oparil and Haber, 1974).

When there is a fall in plasma sodium concentration or renal
arterial pressure, renin, a proteolytic enzyme, is released

from the juxtaglomerular cells located in the afferent arterioles

of the kidney glomerulus. Renin then acts in the blood stream

upon angiotensinogen, a protein of hepatic origin, forming
angiotensin I. The latter is enzymatically converted to angio-
tensin II as the blood passes through the lungs and other

organs. The angiotension II then acts on the adrenal cortex

and causes the release of aldosterone which acts in turn on

the kidney tubules to increase the reabsorption of sodium

(Figure 8). Natriuretic hormone (Wardener, 1973) and adreno-

corticotropic hormone (ACTH) also have direct and indirect

effects on sodium balance. The former increases sodium excretion

while the latter causes the release of aldosterone thereby

decreasing sodium excretion. Prolonged ingestion of excess

sodium, therefore, could interfere with the release of aldosterone
resulting in increased sodium excretion.
In healthy animals the thirst-ADH and salt appetite -

ms often work together. This could occur

aldosterone syste
following severe hemorrhage when both the renal conservation
of water and body sodium are required (Houpt, 1977). However,
in mild or moderate dehydration there is usually a conflict

In such a case the defence of ECF

between the two systems.
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osmo-concentration takes priority and sodium is excreted

in greater amounts-to match the loss of water

(Houpt, 1977). If the loss of ECF is great enough to seriously

affect the circulating blood and hence cardiac output, the

maintenance of plasma volume would then take precedence

(Johnson et al 1970).
When normal water content of the body is altered, like

under high sodium intake, the circulation of blood and perfusion

of tissues are inevitably affected leading to abnormal metabolic

processes within the body. These in turn upset chemical

equilibria that are essential to health. Anderson and McCann

(1956) and Andersson and Larsson (1961) reported that intake
of water was regulated by the thirst centers in the hypothalamus.
Accbrding to Tasker (1971) the total water available to the body
is the sum of drinking water consumed, water in food consumed

and water arising from oxidative metabolism in the body.

The extent to which water is excreted or reabsorbed by the
distal tubule and collecting duct of the kidney is controlled

by antidiuretic hormone (ADH). In the absence of ADH the dista]

tubule and collecting duct are impermeable to water and the
filtered water is lost in the urine. High levels of ADH on

the other hand, increase the reabsorption of water which in
turn reduces the osmotic pressure of the ECF. Thus the ADH
mechanism aids the balance of body water in times of either
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overhydration or dehydration. In cattle which produce voluminous

feces of high water content the losses of water by this route

can be large, averaging adout 15 liters/day ( Tasker ’

197D. Water is also lost via the skin and lungs. Thus when

abnormalities of sodium concentration occur in the ECF, they

are usually the result of conditions which interfere with the

regulation of both water and sodium. Hypernatremia can occur

when salt intake is excessive and water intake is restricted.
It appears therefor%,that abnormalities in the balance of

body water, electrolytes and acid-base is mainly a question

of intake and loss (Tasker, 1971). But because of the possible

combinations and permutations of these abnormalities, which can
occur as a result of the involvement of most of the major
body systems through complex integration, fluid balance problems

will usually reveal a broad spectrum of derangements.

Sodium and Acid-Base Balance

£)
Four acid-base buffering systems are operant within the

body. They are: (i) the bicarbonate-carbonic acid system

which quantitatively is most important; (ii) the phosphate

g system of the red blood cells and renal tubule cells;

bufferin
(iii) the plasma and tissue cell proteins; and (iv) hemoglobin

(Tasker, 197D). The effects of renal regulation of acid-bage
3>

balance on Na and K excretion is well illustrated in the
bicarbonate-carbonic acid buffer system where sodium reabsorption
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is linked to ion-exchange processes (Guyton, 1971). These
processes are of great physiological significance in the mainten-
ance of acid-base and ionic equilibria of the body's fluid
compartment (Gans and Mercer, 1977; Guytom, 1971; Osbaldiston,
1977).

Unlike the urine normally produced by man and the dog,
bovine urine is alkaline in reaction and contains a high con-
centration of bicarbonate (Anderson and Pickering, 1962). It
is believed that sodium is reabsorbed in the distal tubule cells
as part of an ion-exchange mechanism which pumps either H+ or
K+ from the cells into the urine to replace the reabsorbed Na+.
In the bovine the high concentration of bicarbonate in urine is

-

+ v + .
due to the competition between H and K for secretion in exchange

for reabsorbed Na© (Berliner et al 1951). The kidney of the
bovine appears to allow K+ to take the greater share of the

secretion mechanism than normally observed in the monogastric animal
. . + .
kidney. Such preferential secretion of K along with a large

dietary intake by the bovine may account for the common alkaline

reaction of urine in this species. Pickering (1965) stated

that the cow normally does not suffer from a permanent hyperkai-
aemia metabolic acidosis like the monogastric animal. He

attributed this phenomenon to the fortunate coincidence of the

natural herbivorous diet having large amounts of K which is

part of the excess inorganic cations that underline the excretion
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of alkaline urine so as to avoid metabolic alkalosis. This
unique renal mechanism in ruminants, therefore, enables Na+

excretion to be minimal while maintaining a high level of g%

excretion in urine. This may have practical implication on

the feeding of alkali treated roughages relative to K:Na

ratios.

Sodium and Rumen Fermentation

g)
Sodium and potassium added as bicarbonates to high grain

rations of dairy cows have tended to change the rumen pH,
molar ratios of short-chain fatty acids and milk fat percentage

to values obtained when diets containing larger amounts of hay

were fed (Davis et al 1964; Emery, 1965). The rationale for

feeding the bicarbonates was that it increased the buffering
capacity of rumen fluid which was lowered by the decreased

salivary secretion and increased lactic acid associated with the

fermentation of high-grain rations. Perhaps of equal importance

is the addition of the cation which increases the osmotic pressure
of the rumen fluid and tends to maintain a more nearly optimum
moisture content in the rumen (Ward, 1966). He observed that
proper K:Na ratio was essential for maintaining desirablg in

vivo medium for bacterial fermentatiom.

It is generally considered that ruminants requires somewhat

less than 0.67% sodium (Morris and Gartner, 1971) and about 0.6%

potassium (Devlin 25.21.1963) for satisfactory rumination and
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performance. Cellulose digestion in vitro was depressed by an

increase in sodium concentration when potassium concentration

was low (Petchey and Mbatya, 1977). But digestibility was

increased when potassium concentration was high. Hubbert et al
(1958) showed that potassium was essential for improved in vitro

cellulose digestion. The finding was further supported by the

intake and growth of lambs. This led the authors to conclude

that a certain ratio of sodium and potassium exists (unidentified)
which should be maintained for maximum cellulose digestion. The
relative importance of potassium in improving digestibility was

also shown in data summarized by Chappell et al (1955) from a

number of experiments with cattle and sheep. Maintenance of

comparable rumen fluid osmolarity with plasma, which has been
reported to be important to sustain desirable moisture content
of the rumen fluid for cellulose digestion (Balch and Johnson,

1950; Nicholson et al 1960), appear to be the main function of

the two ions.
1t would appear from limited results that the ionic

composition of rumen fluid, especially the K:Na ratio, does
have an influence on fermentation in the rumen. As the standard

nutritional requirements for sodium and potassium have been
determined for animals fed predominantly on cereal diets (Devlin
et al 1963; Morris and Gartner, 1971), the ruminant animalg

requirement may pe different when fed high roughage diets.
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Therefore, if the dietary K:Na ratio is found to be more
relevant than the absolute level, the optimum ratio must be

established and related to the roughage or fibre level of the

diet which will promote better utilization of lignocellulosic
materials.

2.12.4 METABOLIC DISORDERS AND ANIMAL PERFORMANCE
ASSOCIATED WITH SODIUM STATUS

a) Effects of Sodium Deficiency

Sodium deficiency may develop as a result of inadequate

intake, renal insufficiency, adrenocortical failure or due to

excessive sweating. With dogs and young ruminants, sodium

deficiency can also develop as a result of excessive losses
from the GIT during diarrhea or vomiting (Church et al 1974).

Smith and Aines (1959) experimented with dairy cows and

reported that the first clinical symptom of sodium deficiency

was a craving for salt which developed within 2 weeks. After

about two months cows showed signs of pica. A decrease in

body weight was noted after 10-11 months and was correlated

with a loss of appetite and complete anorexia. The sodium

deficient cows also developed dry harsh skin and became restless.
Some of the cows developed a staggered gait while others

collapsed and died.
Work with twin dairy cows (Helfferich et al 1966, Bertzbach

et al 1966; Pfeffer et al 1966) showed that cows on a low sodium
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intake (3.2 g and 5.5 g/day) lost a total of 190 g of body

sodium during the first seven weeks of lactation. In response

to the sodium loss, milk production and body weight fell

rapidly and a new sodium equilibrium was established.

b) Effects of Excess Sodium Intake and Accumulation

Excess sodium may accumulate within the animal's body either

as a consequence of excessive intake or because of failure to

excrete the excess sodium in the urine. The former situation

can be brought about by over supplementation of diet with sodium

salt or by presence of salt marshes and plants containing high

salt concentration in grazing areas. The recent renewed interest

in the treatment of lignocellulosic materials with sodium
hydroxide (Jackson, 1977) to improve their feeding value is
another potential source of increased sodium ingestion.

Accumulation of high level of sodium in ECF above the normal

range can influence animal health and performance.
Chapman and Gibbons (1959) provided a comprehensive review

of the past history of dietary sodium and potassium and their

incidence of hypertensive blood pressure. Dustan

relation to
ointed out that the retention of as little as 20 mEq/1

(1974) p
of sodium per day added one litre of extracellular fluid each

He further noted that one of the manifestations of

week.
hloride toxicity was expanded extracellular

chronic sodium €

fluid volume.
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(i) Genetic Influence

Clues regarding differences in susceptibility to excess
sodium intake among and within species have existed for decades
(Alexander et al, 1954, 1956 and Dahl et al, 1962). Variation
of blood pressure among mice was found to be genetically determined

and involved many genes (Schlager, 1965; 1968 and Schlager and

Weibust, 1967). In earlier work sodium chloride sensitive and

resistant strains of rats were developed to explore the genetic
component of the variable response (Dahl et al, 1962) and later

gimilar strains of rats were tested on various levels of salt

jntake (Louis et al, 1969, 1971). Hypertension in all rats was

found to occur earlier in life and was worsened by extra dietarv
Dahl et al (1963) experimented with rats grouped

sodium chloride.

into four genetic categories. In contrast tha2ir clinical obser-

vation revealed a genetic dissociation of a number of independent

noxious effects of excess NaCl ingestion. Nevertheless, from

the comprehensive review (Henry and Cassel, 1969), it is apparent

that the genetic factors whici +:3plain the phenomenon of individual

sensitivity to excess sodium have been recorded in numerous

epidomiological studies.

(ii) Ruminant Animals' Response

Numerous short-term experiments using sheep and cattle have

to determine possible harmful effecto of ex-~

been carried out
cessive intake of sodium. Elam (1961) and Elam and Autry (1961)
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experimented with cattle. They found that 8% NaCl intake

decreased digestibility of organic nutrients. A lower level

of NaCl (1 or 2%) increased calcium retention. In contrast

Meyer et al (1966) fed NaCl at levels ranging from 0.66 to 12.37

of the ration to growing lambs and found no detrimental effect

on digestibility or growth. Kidneys were, however, larger in

lambs receiving 9.4 or 12.8% NaCl and carcass grades were
depressed slightly. Pierce (1957, 1959) provided water containing

1 to 2% NaCl to sheep. He reported that the 1% NaCl level had

no adverse effect but the 1.57 level was detrimental to some

individuals and 2% was toxic to all the sheep. Decreased

food consumption, loss of body weight , occasional diarrhesa

and increased water intake relative to the amount of

NaCl ingested were observed. Similar results were reported by

Musely and Jones (1974).
In another experiment to investigate the effect of water

restriction on sheep fed diets containing from 7.5 to 15%
added NaCl, Wilson and Hindley (1968) observed that restricting

access to water once a day caused reduction in feed intake.

s more severe with the more saline diets.

The reduction wa
there was variation in response between Merino and

However,
The former drank less water (5 1/day)

Border Leicester sheep.
Potter (1963) found that sheep

than the latter (7.6 1/day).
gestion of saline water (1.3% NaCl) by increased

responded to in
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urinary excretion of sodium and chloride. Urinary pH w
as

Increased and osmolarity reduced; but there was no change i
in

kidney function. This was confirmed in subsequent experiment
nts

(Potter, 1968). He found that sheep could tolerate added

sodium levels (10% NaCl solution) when adapted to saline wate
r

by stepping up excretion of sodium and chloride without

exhibiting adverse signs.
Weeth et al (1960, 1961, 1962, and 1968 ) studied the

effect of excess salt consumption by cattle under various

conditions. They found 1% NaCl in water was tolerated very

well by heifers but 27 was toxic and caused severe anorexia
b

weight loss and dehydration. During winter blood serum sodium

and potassium were elevated. In summer 1.2% NaCl in water was

toxic probably due to increased demand on water metabolism for

Water consumption was increased, 47 and 69%

cooling purposes.
by the addition of 1% and 1.2%Z NaCl to drinking

respectively,
Blood hematocrit, pulse and respiration rates were also

water.
ther work showed that water containing 1.5% NacCl

increased. Fur
resulted in increased urinary excretion of urea-N by 377 over

animals receiving tap water. Plasma osmolarity increased from
the control value of 291 to 332 mosm/kg.

According to Hemsley et al (1975) thirst was induced with
increased drinking of up to 2 litres of water daily when sheep

per day. The increased water intake

were given 150 g of NaCl
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caused increased flow of digesta through the rumen with resul
reduction in retention time in the rumen from 20 hrs to 12 htant
. rs.
The consequences of the rapid flow were 24% reduction in orpea %
matter digestibility and decrease in the number of protozoag -
Long term effects of such rapid flow of digesta through the.

rumen have been reported by Walker et al (1971) on carec
gt al ass

composition Increase i e
. n water content b n
cause of cha i
ges in

osmolarity and reduction in fat content were observed. I
. 1]

addition the fat which is laid down tended to be of a legs-
saturated type due probably to less opportunity for the hydro-
genation of the unsaturated fatty acids in the rumen.

It appears that sheep will adapt readily to 1.3% saline
as dsinking water but 2% is toxic (Payne, 1977). Cattle

would tolerate 1% but 2% would cause anorexia, weight loss and

dehydration. In hot weather the toxicity of saline is great
er
than in cold weather because of the greater strain on water

metabolism to keep cool.

(iii) Monogastic Animals' Response

cess dietary sodium chloride over a period

Ingestion of ex
cause changes in gastric secretion, permeability

of time can
and morphology of stomach cells of monogastric animals. A

ut 0.5 molar NaCl solution in the stomach of

concentration of abo
e near the threshold for inhibition of acid secretion

a dog would b
(Rehm_gg,él 1953) and rat (Sernka and Jackson, 1975)

in the dog
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At slightly higher concentration sodium chloride produced an

increased permeability to ions through the gastric mucosa of

the cat (Frenning, 1974). The same wuthor through scanning

electron microscopy observed that such sodium concentrations
produced disruptions and intercellular openings in the surface

epithelium of the cat gastric mucosa (Frenning, 1973)

However, dogs can consume an astonishing amount of salt

without apparent ill effect provided its renal tissues are

functioning normally (Meneely and Battarbee, 1976). Rats eating

excess sodium chloride with extra potassium showed dramatically

enhanced survival with resultant prolongation of their average

1ife duration by two to eight months (Meneely and Ball, 1958)

Ingestion of excess sodium has been reported to influence fat

metabolism. Dahl (1960) reported that among rats and dogs fed

excess sodium chloride, plasma cholesterol elevations were

Increasing dietary sodium chloride from 4 g to 24 g

frequent.
significantly altered the clearance of intravenously

per day
administered fat from the blood stream of human volunteers

It is suggested (Drori, 1976) that NaCl in

(Talbott, 1961).
s hypodipsia (i.e. a failure to drink an optimal .

the food produce
causing changes in electrolyte balance which

amount of water),
reduce food intake and progressively reduce the efficiency of

fat synthesis.
ment of diets containing 20% soybean protein

Alkali treat
cause nephrocytomegalia in rats (DeGroot et al,

was found to
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1976). The nephrotoxic properties were imparted to the protein
by alkali treatment which caused destruction of amino acids and
formation of new amino acids like lysinoalanine (LAL). The

latter on complete hydrolysis induced considerable renal activity

(DeGroot et al, 1976). But so long as such amino acids remain

protein-bound, their toxic effect on the kidney was minimal
There is an important syndrome of acute salt poisoning in

pigs as well. The spontaneous disease is complicated and caused

by an interrelationship between water availability, dietary

salt, and dietary protein (Deutschlander, 1974). The clinical

signs described by Osweiler and Hurd (1974) included thirst,
blindness, deafness, constipation, and convulsive seizures.

Serum sodium concentration rises above 105 mEq/1 and cerebro-

spinal fluid may rise even higher. Post mortem examinations
showed evidence of fatty liver and cerebral edema. Mason and
Scot (1974) reported that pigs are also tolerant to excess salt

provided drinking water is freely available.
From these studies, it appears that the availability of

fresh water and the extent to which the kidney can excrete

urine containing the various concentrations of salt or sodium

can influence the severity of toxicity. Young and light pigs

(6.1 - 10 kg) are less resistant to salt toxicity than old

ones (Adamesteanu ggﬂgi, 1972).

ction on Blood Pressure

(iv) Sodium~-Potassium Intera
und that potassium salt regularly produced

Addison (1928) fo
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a decline in blood pressure while sodium produced the opposite

effect. Similar additional information was reported by Berghoff

and Geraci (1929) and Thompson and McQuarrie (1933). 1In another

experiment (McQuarrie et al, 1936) it was found that potassium
lowered hypertensive blood pressure although the dietary salt

intake remained high. A low incidence of apoplexy and compara-

tively low blood pressure were reported among a Japanese popu-

jation whose diet was high in sodium chloride and who were also

eating a high level of potassium in the form of fruit (Sasaki,

1962). These findings suggest further that the addition of
extra potassium to a diet containing a high level of sodium

could be beneficial; provided the extra potassium does not
elevate its concentration to toxic levels to influence cardiac
The results further indicate that K:Na ratio may be

function.
ortant factor than their individual absolute value.

a more imp



85

3 EXPERIMENTAL

3.1 INTRODUCTION

The studies reported herein were conducted in three phases. The

first phase consisted of three digestion and nitrogen balance

éxperiments. Phase two involved measurement of feedlot performance.

In the third phase three digestion and nitrogen balance experiments

were again run. Prior to putting steers on the test diets and

during the ad 1ibitum intake period, blood samples were taken. At
the end of each digestion and nitrogen balance experiment rumen fluid

samples were obtained from each steer. After the third phase the

steers were slaughtered for the purpose of measuring carcass

characteristics and evaluating rumen papillae, liver and kidney tissues.

3.2 MATERIALS AND METHODS

a) Animals
Eighteen (F Charlais X Hereford) crossbred steers averaging
]’

216 kg were used for the studies. The steers were matched for age and
gw

Weight d the“ Y andom]y aSSiQIIEd to the d ie tal .Y t) eatments . a h were
an E C

' i .d l ly pennEd dU) i ng t“e adjust]”ent phase a”d S‘il"i Ia' Iy Conf 'ned
“d 1vidua 1

to metabolism crates during res
Wat ailable ad 1ibitum and feeding was done twice daily at
er was av ad

tricted feeding and collection periods.

8:30 a.m. and 4:00 p.m-
nce studies, the steers were group fed

During feedlot performa
ntinuously. Weights

co
their respect diets and had access to water
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were taken at two weeks intervals in the morning before the steers were
fed. Water was withdrawn for 12 hours pre-weighing.

b) Ration Formulation
Three experimental diets in pelleted form (15.5 mm in diameter)

were used. The diets consisted of the following Neepawa wheat straw

(NWS) treatments: (i) untreated, (ii) 5% NaOH treated or (iii) 3.5%

NH3 treated straw. A modification of the "Dry Method" described by

Rexen and Thomsen (1976), was used for the sodium hydroxide treatment.

During the experimental period, batches of Neepawa wheat straw with

moisture content of 8-10% were hammermilled through a 1/4 screen and

transferred to a feed mixer. Concentrated solution of commerical sodium

hydroxide (50% W/W) was then sprayed onto the hammermilled straw
(5 g NaOH/ 100 g straw DM) while being mixed. After 10 minutes of
mixing the treated straw was steamed pelleted into 5/8 pellets so that

the heat produced during pelleting process could complete the chemical
The dense hard pellets were reground and 60% of the ground

reaction.
The ambient temperature

straw incorporated into the final diet.
t al, 1977) was used for the anhydrous

ammoniation technique (Kernan et 2.
This involved covering the stacks with a gas-tight

ammonija treatment.

plastic and injecting anhydrous ammonia
The treated materials were then left sealed for 30 days

(3.5 gNH3,ﬂOO g straws DM)

into the stacks.
The ammoniated straw was left in the open

before opening the stacks.

for 9 months prior to start of the ex
9 and the in vitro organic matter digestibility

periment. By this time the CP

had declined from 9% to 6
m 41% to 39%. The control straw was also

(OMD) had also declined fro
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unt i

re i i
spective diets (Table 7). The OMD of the untreated straw at the

start of the experiment was 32% and increased to 33% at end of the t
e trial.

The percent composition of the three diets is shown in Table 7

Neepawa wheat straw constituted 60% of the diet. One percent urea

was added to the control and NaOH diets to provide NPN source to bala
nce

that in the ammoniated straw. To improve the palatability, especially

of the NaOH diet, 2% molasses was added to each diet. Chemical com-

position of the diets is given in Table 8. The three diets were simila
r

in crude protein and gross energy as predicted by computation.

c) Digestion and Nitrogen Balance
Two series of digestion and nitrogen balance experiments were

conducted. The first series ended at after 30 days on the test diets
and the second series were run between 240 and 270 days on the test

rogen balance experiment consisted of

diets. FEach digestion and nit
jtum intake in individual

10 days adjustment phase and 10 days ad lib
owed by 5 days restricted feeding at 70% of ad

pens. This was foll
1 collection of feces and urine in in-

libitum intake and 5 days tota
dividual metabolism crates.

d) Coljection and Measurement
d by each steer was collected in a galvanized

Daily feces voide
ed fresh every morning at 9:00 a.m.

metal tray. The feces were weigh
Urine was collected in

ed metal trays with narrow necks were used

properly covered

and a 10% sample taken.

Plastic containers. Galvaniz



TABLE 7 Percent Composition of Ration

|

Treatment

Ingredients 7% Control 5%NaCH 3.5%NH
Wheat Stréw 60 60 60
Barley 23 23 23
Soy bean 12 12 13
Urea (457N) 1 1 -
Molasses 2 2 2
Ca-P source * 0.5 0.5 0.5
Vitamin Premix+ 1.0 1.0 1.0

0.5 0.5 . 0.5

Salt (I + Co)

18.5% Calcium; 20.5% Phosphorus
U of vitamin A per kg of feed
£ vitamin D per kg of feed

* Cy. Phos:

+ Supply: (i) 4400 I
(i1) 880 IU o



Chemical Composition of the Ration
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TABLE 8.
Treatment
Item Control NaOH NE,
D M (%) 91.4 91.9 92.1
CP (% 12.1 12.2 12.3
Eo Extc (%) . 1-4 ) 1.6 1:4
NF.E. (D 47.4 49.6 46.1
Gross Energy (Mcal/kg DM) 4.1 4.1 4.2
6.4 7.7 6.3

pH
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for ini ine i ;
draining urine into the plastic containers. Daily urine volumes

were measured and a 10% sample taken. Urine samples intended for N

analyses were placed in bottles containing 6N HC1 as suggested by

Martin (1966) and frozen until required for analyses. Neither NC]

(Martin, 1966) or 85% orthophosphoric acid (Ross and Kitts, 1970) was
added to the samples intended for electrolytes and osmolarity analyses
Water consumption per day was measured using a Bedgar meter

(Fig. 9). Rumen fluid was taken 3 - 4 hrs after feeding at the end

of each digestion trial using a stomach tubing technique.

(e) Sampling and Preservation
The fresh samples of feces were weighed and dried in a forced

draft oven at 65°C for 3 days. The dry samples were then weighed,

ground and stored in the cold room for analyses. The urine samples

ed through layers of cheese cloth and their pH measured

were strain
immediately before they were frozen until required for analyses. Rumen

fluid samples were similarly strained and pH measured. This was followed

by centrifugation of the rumen fluid for 20 minutes at 7,000 r.p.m. The

ecanted and frozen for VFA analyses.

supernatants were d
1ibitum intake period, three blood samples

At the end of each ad
were withdrawn from the jugular vein of each steer. Samples for
a were taken before putting the steers on their respective

baseline dat
e samples were taken between 8:00 - 8:30 a.m,

test diets. A1l of th

prior to the morning feeding.
ere withdrawn using a sterilize
Ten ml of blood samples withoyt

Eight ml of heparinized blood, for bloog
gas analyses, W d disposable monoject

needles (18 GA, 14A) and 12 ml syringes.



Figure 9- ger meter used for
recordlng water intakc

A Bed
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anticoagulant were withdrawn into a plain silicone coated vacuum
venoject glass tube for mineral, total protein and BUN analyses. Five
ml of blood was withdrawn into vacujm collection glass tubes contain-
ing 0.05 m1 of EDTA. The latter samples were used for hematological
determinations.

On the morning of slaughter at the Intercontinental Packers
Ltd., representative samples of fresh rumen, liver and kidney tissues

from each steer were taken and immediately fixed in 10% neutral

buffered formalin in labelled jars.
tissues were dehydrated, embedded in paraffin, sectioned at 6 u and
Hot

Following adequate fixation, all

stained with hemotoxylin-easin for microscopy observations.

carcass weights were taken soon after slaughter. Ribeye areas and

' fat thickness were measured from the 12th rib after 24 hours of chil]-

. 50
ing carcass at 0 - 2°C.

f) Chemical Analyses
Chemical analyses were carried out using the following methods:

(i) Nitrogen content of the diets, urine, and feces were
determined by the macro-Kjeldhal method of AOAC (1970).
(ii) Ether extract, NFE, ash and moisture in the feed and feces

were also determined by the procedures outlined by AOAC (1970). Gross

etermined by oxygen bomb calorimetry.

energy was d
(iii) Acid-detergent fibre was determined according to the

method of Van Soest (1967).
(iv) Total and individual VFA were analysed by the gas
chromatography method described by Kellogg (1973).
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(v) Blood gas analyses were carried out using the Corning
pH/blood gas model 161 (Corning Scientific Instruments, 1976). Blood
hematological parameters were determined using the Auto-Coulter

Counter Model S (Coulter Electronic Inc., 1976).

(vi) Osmolarity of urine, rumen fluid and plasma were measured

with an osmometer (Precision Systems Inc., 1976) by the freezing point

depression procedure.

(vii) Urine specific gravity was determined with an American

Optical TS refractometer (AQ, 1976).
(viii) BUN was determined using A-Gent BUN Test based on

hexokinase G.6PDH method (Abbott, L.D.D., 1976). Creatinine in the

urine and blood was determined using the Abbott Biochromatic Analyses

(ABA-100TM) procedure developed by Abbott Laboratories, 1976,

(ix) Minerals: Na and K were determined using the flame

photometry method. P was determined by the Pierce's phosphorus

Auto/Stat TM Kit. Mg was determined using the Pierce's magnesium

Rapid Stat TM Kit (Pierce, 1974). Ca was determined by the Fluoro-

metric method using Corning Model 940 Ca-analyser (Corning Scientific

Instruments, 1973).

imental Design and Statistical Analyses

g) Exper
Randomized block design was used for digestion and N-balance

experiments and related measurements.
Data from digestion, nitrogen balance, blood samples, feces

and rumen fluid sampies were statistically analysed using the two-way

Mode] I ANOVA. One-way ANOVA was used for carcass characteristic data
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as suggested by Steel and Torrie (1960). Repeated measurement split-
plot and completely randomized analyses techniques (Gi1l and Hafs, 1971)
were used for weight gain data. The IBM 370 computer was used for the

statistical analyses and the results verified with T1 programmable 57

Texas instrument hand calculator. The level of significance was set

at P < 0.05.
Bartlett's test for homogeneity of variance was done on the

data prior to statistical analyses (Sokal and Roh1f, 1969). Tukey's
test for nonadditivity was used to ascertain whether the interactions
could be explained in terms of multiplicative main effects (Tukey,

1949). The Student-Newman-Keuls (SNK) procedure was used for the

separation of the means (Sokal and Roh1f, 1969).
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4. RESULTS

4,1 Intake and digestibility

The effects of dietary treatments on voluntary intake and
apparent digestibility are presented in Table 9. Dry matter digesti-

bility (DMD) improved slightly with chemical treatment and with time.

These differences were not significant (P > 0.05). Both the DMD and

organic matter digestibility (OMD) was not influenced by period

(P > 0.05). The pooled means did however show that OMD was signifi-
cantly (P < 0.05) higher for the NaOH diet compared to the other two

diets. The digestibility of the nitrogen free extract (NFE) decreased

with time (P < 0.05) and its value was significantly (P < 0.05) higher
for the NaPH diet than for the:NH3 diet. No significant diffgrence

was found betweén the control and NaOH diets. Mean crude fiber
digestibility (CFD) was significantly (P < 0.05) higher for NaOH diet
than for the control or the NHy diet. Period x treatment interaction
was signficant (P < 0.05). There was significant (P < 0.05) improvement
in CFD in the long term for all treatments. Digestible energy declined
with time (P < 0.05) and there was a significant (P < 0.05) difference

the NaOH diet and the NH3 diet.

between
There was no significant (P > 0.05) treatment differences in
0.75 .
voluntary intake when expressed as g/kgw (Table 9). Period x

treatment interaction and period effects were significant (P < 0.05).
pressed as a percentage of body weight was different

Intake ex
periods but there was no treatment difference

(P < 0.05) between
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Voluntary Incake and Apparent Digestibility

m

Traatment
. Days
t
em on test Control S5ZNaOH 3.szxa3 Pooled period mean
Digescibilicy
Dry matter dig. % 30 56.62 58.02  s56.22 A
270 0 e s 2.
] Pooled mean 56.8% 58.2%  57.4%
Organic macter dig. % 30 57.55,  59.7,  57.63 sg.28
270 58.3 §0.5°  s7.1° 58 ¢A
Pooled mean 57.97 60.1% 57.27
N FE dig. % 30 67.02  70.9°  67.83 A
270 66.8°  66.3°  63.3° 65 c3
Pooled medn 66.9F  68.6%  65.87
Ccrudd fibre dig. % 30 18.72  40.8° .48 A
270 a2.s® 481 aslrd 28-03
Pooled mean s0.67 w7t s0.87
a a a
pigestible emergy 2 30 58.0 59.3 57.8 A
8 270 56.6°  59.0% . 54.5° i)
Pooled mean 57.37 59.2°  s6.27
Voluntary Intake
pry maccer intake g/xg® 7> 30 120.7°  144.75  136.0¢ 136.g5
270 118.6° 106,70 117.7° 11378
Pooled mesn 126.2%  126.7°  126.9%
a a a
g z body WCe 30 30 3-5 3.3 A
Incaks 2 270 e 2 e )
2.9% 2.8% 2.9%

Pooled mean

- ¢ (P < 0.05).

significan

4,2 Pooled period means for

(P < 0.05).

. %Y poolad ET
’ gignificant (p < 0.05)

satment means

a,b,c,d Means within 3 row £o

r each item with different superscripc are
each item with different superscript are signific
. ane

for each irem with differenc superscript are



97

(P > 0.05).

4.2 Nitrogen intake and metabolism

Daily nitrogen intake, excretion and balance are presented in
Table 10. There was no significant (P > 0.05) treatment differences
in pooled meén nitrogen intake but intake increased significantly
(P < 0.05) between period for the control and NH; diets. Significant

(P < 0.05) treatment differences were found within each period but

Intake of nitrogen decreased on the NaOH diet in

were not consistent.
0.75

N intake expressed as g/kgW showed no significant

the long term.

(P > 0.05) treatment effect.
(P < 0.05) low for the control diet compared to the values for the NaOH

Urinary nitrogen was significantly

or the NH, diet. There was a significant (P < 0.05) period effect due

mainly to the substantial reduction by urinary N for NaOH treatment in

the long term. A similar trend was found when urinary N was expressed
as g/kgw0’75. Fecal nitrogen was significantly (P < 0.05) higher for

the NH. diet as compared to the control or NaOH diet. Period effects
3

1 nitrogen was significant (P < 0.05) for steers fed the control

on feca
n nitrogen balance was significantly (P < 0.05)

or NH3 diet. Mea
nd between periods. There was significant]y

different between treatments a
higher N retention by steers fed the control diet compared

(P < 0.05)

iet. N retention increased with ti
to those on the NaOH or NH3 diet h time for

all treatments.

The urinary expressed as a per
» for the control diet compared to the alkali treated

centage of intake was significantly

(P < 0.05) lowe
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Treatment
Days
Item on test Contzol  S5ZNaCH 3.32N83 Pooled period mean
b a ab
N incake g/day 30 109.60  130.02  114.0 117.93
270 140.3%¢  122.0°  146.0° 136.25
Pooled mean 125.0%  126.0° 130.0F
N intake g/Wkg®/day 10 1.60%  1.89%  L.eo 17
270 1.46 1.17% 1.49 1378
Poolad mean 1.53% 1.53* 1.5
a b ¢ A
Urinary N g/day 30 58.8 80. 65.1 68.
= 270 57.8° 5735 ealoc o108
Pooled mean 58.2% 68.97  66.67
0. 75 a b e - A
Urinazy T 8 270 0.6  0.55%  0.70° 0.623
Pooled mean 0.73* 0.8  0.837
b b a
30 34.8 3. 40.4 36.12
Facal N g/day ¢ 270 39.78 32'§b 55.0c 42.53
Pooled mean 36.87  33.3%  4r.7%
b b a
10 16.0 15.4 8.5 13.34
¥ balance g/day 270 42.8° 32.0¢  23.0¢ 32.63
Pooled mean L2947 2377 1s.7%
C 015 .23* 0.222  0.13® A
da 30 0 . 0.19%
¥ balance g/Wkg’" " PEX AT o, 0.45¢  o.md  o0.24® . 0.33%
Pooled mean - 0.3  0.277  o0.18%
b a c
. 30 53.6 62.23  57.4 57.6%
Urinary ¥ as % intake 270 41.2° 6.9 46.6° 44.98
Pooled mean 47.6%  s6.67 5197
b a [ :
30 31.8 26.0%  35.4 3.4
pacal N as % intake 270 2832 26.9° 3.7 31.08
Pooled mean 0.7 26.5%  36.6°
a b c
10 68.2 74.0 64..6. 68.9%
§ digested % 270 71.7% 73.1% 62.3° 69.0%
pooled mean 69.97  73.5%  63.5%
e " a b c
. 30 14.6 11.8 7.5 11.3A
N racaiged as % incake 270 j0.5¢  26.2°  1s.8° 22,28
Pooled mean 22.67 19.0%  11.6%
a b <
10 21.4 16.0 11.5 16,3
§ retained as % digested 2 a2.5¢  35.9%  25.3° 34,58
Pooled meag 31.9° 25.97 18.4%
3,0,C19287  yagng within 2 row for each item wich different superseripe are significane
.
£P3< 01.’051‘;4 pariod means foT each item with different superscripc are significanc
2. Pr-2] o0
xpy<zo'o§;<;1ed creacmene means for each item with differenct superscript are significang
3- 272 .

(P < O¢05) ]
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diets. Its values decreased (P < 0.05) with time for all treatments
Fecal nitrogen expressed as a percentage of intake was not affected
by period (P > 0.05) but treatment differences were significant

(P < 0.05). Pooled mean fecal nitrogen of steers fed NH3 diet was

higher than for the control or the NaOH diet. Digested nitrogen was

significantly (P < 0.05) Tow for the NH3 diet as compared to the con-

trol or the NaPH diet. The values for the control and the NaOH diets

were also different (P < 0.05). Nitrogen retained expressed as a per-

centage of N-digested was similarly (P < 0.05) influenced by dietary

treatments and periods. Period x treatment interaction effects were

significant (P < 0.05) for nitrogen retained whether expressed as
percentage of intake or of digested nitrogen.

4.3 Volatile fatty acids |
The molar proportions of acetic, propionic, iso-butyric, n-butyric,

iso-valeric and n-valeric and total VFA (mmole/liter) are presented

in Table 11. The acetic acid molar proportion was significantly
(P < 0.05) reduced in the long term but there was no significant

(P > 0.05) treatment difference. Significantly (P < 0.05) higher molar

proportions of propionic acid were obtained from rumen fluids in the

short term but these values d
show relatively (P % 0.05) lower propionic acid for the control diet

There were no significant (P > 0.05)

eclined in the long term. Pooled means

than for the other two diets.
in iso-butyric, n-butryic, iso-valeric and n-

treatment differences

valeric acids molar proportions.
r increase significantly (P < 0.05) in the long term

The molar proportion of n-butyric

acid did howeve
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TABLE 11 Volatile Fatty Acids in Rumen Fludid

Treacment

. Days
cem on tast Control §
ZNaOH 3.52NH3 Pooled period mean

Molar prosortions

b
Acetic acid 2 30 59.9 57.12  s9.3P A
270 56.6% .72 “2d 58.8
56.7 56.4 35.9B
Pooled mean 58.3%  56.9%  s6.9%
. b
Propionic acid Z 30 24.72 27.7 26.3° A
. 270 21.6° c % 26.
1.6 23.2 26.2 z:s.i*3
Pooled mean 3.7 25.57 26,37
b
Iso-Butyric acid X 30 1.3% 1.1 1.32 A
270 1.8¢ od 13 U5
Poolad mean 1.67 1.7 1.4%
a a ;b
n-Butyric acid % 30 1.0.4c d 10.4 8.9 A
6. 8¢ d 9.9
270 16.0 16.9 15.0 16,08
Poolad mean - 13.2% 13.7% 12,05
a a . a
Iso-Valeric acid % 30 2.2, 2.1 2.3 A
270 2.0 1.2¢ 1.7% f:gﬁ
Poolaed mean 2.1* 1.7 2.0
a ab b
cid % 30 1.5 1.6 1.9
w-aleric 4 270 1.62 1.5 3P fo
Pooled mean 2.17 1.7 2.07
b a b
Tocal 7 F A conc 270 109.9°  147.0° 100.9¢ )
Pooled mean 109.0°  152.8% 107,27

a,b,¢,458°yaang within a row for each item with differemc supersceript are
sigaificant (P < 0.05).

Avaooled period means for each item with different superscripe are significant

(p < 0.05).

X, Ypooled treatment means for each item with different superseripe are significane

3.
(p < 0.08). *
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for all treatments. The iso-butyric, iso-valeric, and n-valeric acids

molar proportion tended to decrease in the long term especially for

the NaOH diet. There was significantly (P < 0.05) higher total volatile
fatty acid concentration in the rumen fluid of steers fed the NaOH
diet than for the control or the NH; diets. Period and period x

treatment effects were significant (P < 0.05) for all the parameters

4.4 Rumen fluid electrolytes, pH and_osmolarity
The rumen fluid electrolyte concentration, pH, osmolarity and

" potassium'sodium ratios are presented in Table 12. Sodium concentra-
tion was significantly (P < 0.05) reduced in the long term. There was
no significant (P > 0.05) treatment difference in rumen fluid sodium

concentration though the mean value for the NH; diet was relatively

low. Potassium concentration was also reduced in the long term

(P < 0.05).
in the rumen fluid of steers fed NaOH diet compared to the control or

However K concentration was significantly (P < 0.05) higher

NH, diet. There was no significant (P > 0.05) treatment difference

3
mean of chloride concentration. However, chloride con-

in the pooled
uid was significantly (P < 0.05) reduced in

centration in the rumen fl
Rumen osmolarity significantly (P < 0.05) declined in

the long term.
rm for all treatments. Nevertheless, despite the decline,

the long te
p < 0.05) higher rumen osmolarity was main ained in the

significantly (

rumen fluid from steers
The pooled mean of rumen pH for NaOH approaches a signjfij-

fed the NaOH diet compared to the control or

the NH3 diet.

cant level (P > 0.05).
ntrol or the NH3 diet.

There was a lower K:Na ratio for the NaOH diet

as compared to the cO
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TABLE 12 Rumen Fluid Electrolytes, pH and Osmolarity

Treatmant
Days
Icem on cest 5ZNaoR 3.52N33 Pooled Period Mean
+ a a
Na  mBq/lizer , 30 168. 173.0 44
270 H18  ragd loasn
Pooled mean 140.07  136.47
b
+ a
mEq/litaer 30 3.8 28. 29.
N 4 270 2.2°  17.5% 23.5
pooled mean 29.5%  22.87
adb a
- mEq/liter 30 69.7 64.0 68.44
@ sEf 270 15.3° 148 )
Pooled mean 42.5%  39.3%
b ab
K 30 446.0°  400.8 411,84
Oswolaricy mosm/kg 270 337.0°  260.3° 291 08
poolad mean 389.07  330.6%
30 5.7 5.92 5.g4
pE 270 5.9 5.2° 514
- X
Pooled mean 5.8 6.1%
. 30 1:6.8  1:6.1
K:Na ratie 270 1:4.6 1:5.7

l.

(P < 0.05).

""b"‘mans within a row for each item with different superscripc ara significane
(p < 0.05).
A,Bpooled period means for each item with different superseripe are Significane

(P < 0.05).
Xs7pooled treatment means for each item with diffarent superscripe ara significang
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4.5 Water consumption and excretion

Water fntake, urinary excretion and fecal water are presented
in Table 13. Steers fed the NaOH diet drank significantly (P < 0.05)

higher quantities of water per day and per kg of feed DM compared to

those on the control or the NH, diet. They also excreted significantly

(P < 0.05) larger volumes of urine (liters per day or ml per kgw0’75)
compared with the steers on the control or the NHj diet. Water intake

of the steers fed the NaOH diet was positively correlated (r = 0.84)

with DM feed intake. However, water intake and urine excretion by

the steers fed the NaOH diet were significantly (P < 0.05) reduced by

270 days.
Fecal water loss was significantly (P < 0.05) reduced in the

Tong term by ,steers fed theMNaOH diet compared with those fed the contro]
and NH3 diets. Period and period x treatment interaction effects were
significant (P < 0.05). Fecal water expressed in Titers per kg feces
DM was significantly (P < 0.05) reduced for all treatments in the long
term. Analysis of the pooled data showed that significantly (P < 0.05)
more water was lost per kg of fecal DM by the steers fed the NH, diet.

4.6 Urine composition
Urine electrolytes, urea, osmolarity, pH, creatinine and

e 14. There was significant

specific gravity are presented in Tabl

(P < 0.05) treatment differences in sodium concentration. Urine from
< L]

e high sodium diet contained significantly (P < 0,05)

the steers fed th
th urine from steers fed the control or

higher sodium as compared Wi .
The lowest urinary sodium concentration was obtained from
e

NH3 diet.
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TABLE 13 Wacer Consumption and Excration

N
. . B

Treatment
Days
Item on test Control 52NaoH 3.$NH3 Pooled period wean
water intake (liters/day) 30 21_sg 30.4° 23.92 2558
270 21.2 25.3°  21.4° B3
Pooled mean 21.47 27.8° 22,97
Water intake (liters/kg feed 30 3.42 4.3° 3.3 1.6
DM ) 270 2.4 3.8¢ 2.5° 35
Pooled mean 2.9% §.1% 3.17
a b a
Urine volume (liters/day) 30 s. 16.4 4.5
. 270 s.f" 8.8% pape’ 25
. Pooled mean 5.3 12,65 5.7
0075 = <3 b c
Urine volume (ml/k ) 30 65.7 198.5 57.0. . A
= 270 56.2P 8.5  s57.3° 1267:33
Pooled mean 61.07 161.5% 57.27
a a ‘b
iters/d 30 12.7 12.4 14.0 A
Fecal water (liters/day) 270 2. 3o 14.9b ;‘f’gn
_ Pooled mean 12.7° 10.2*  145.57
Facal water (liters/kg feces 30 4-7:: 4-3: s.o{' 474
oMy 270 3.5 3.1 4.1 3.68
Pooled mean 6.1 7% 487

asbv% ans within a row for each item with different superscripe are significane

(P < 0.05).
A,Bp 01ed period means for each item with differenc superscript are significane
—

(P < 0.05).
%,¥poled treacmenc means for each item with different superscripe are significane

(P < 0005) .
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the urine of steers fed the NH, diet. Period and period x treatment

interaction effects were significant (P < 0.05). Urinary potassium

concentration was significantly (P < 0.05) different between the treat-

ments. Urine from the steers fed NH3 Towest value (P < 0.05) was

obtained from urine of steers fed NaOH diet with the control values

Tn-ermediate. There was significant (P < 0.05) treatment differences

in urinary chloride concentration. The Towest values (P < 0.05) were

recorded from urine of steers fed the NaOH diet. The values for the

control and the NH; diets were not significantly (P > 0.05) different.

Period and period x treatment interaction effects were significant

(P < 0.05).
There were significant (P < 0.05) treatment and period effects

in urinary urea concentration. The lowest values were obtained from the
Urine of steers fed NaOH diet (P < 0.05) and the highest values were ob-
tained from the urine of steers fed NHj diet. Creatinine concentrations
in urine were significantly (P < 0.05) higher during the short temm

than in the long term. Treatment differences were also significant

(P < 0.05). The lowest values were recorded from urine of steers fed

ary osomolarity was signifi-

NaOH djet. The pooled mean value of urin
w for steers fed NaOH diet. Urinary osmolarity was

cantly (P < 0.05) To

also affected by period and p

(P < 0.05). The pH was significantly
There was no significant (P < 0.05)

eriod x treatment interactive effects

(P < 0.05) higher for urine obtain-

ed from steers fed NaOH diet.
cts on urine specific gravity. Potassium/sodiym

treatment or period effe
eers fed NaOH diet.

i t
ratios were low for urine from s
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Urinary Electrolytes, Urea, Osmla.ricy pH
?

TABLE 14
Creacinine and Specific Gravicy

Treatment
Ie Days
em on test Contzol SZNaOH 3.5 -
«5ZNH;  Pooled perioq
mean
ES
Na nEq/liter 30 60.3°  168.5 c
. . 3.8
270 33.8% 2223  5g¢ ;f'gg
Pooled mean 37.1%  195.37  10.3%
4o
K o2q/1iter 30 285.3%  128.8° 342.7° -
. . 07 A
270 293¢ lagg 312.8¢ g
Pooled mean 289.87  155.3%  1327.8%
a” mq/liter , 30 126,12 46.3% 6640
270 102.7°  §3.7° 155,34 e
Pooled mean 114.47 65.0% 112,57
b a
Urea 8/100al 30 9.9 2.5 11.1¢
, 270 1,82 8.2%  11ga lg-gé
Pooled mean 10.5% 5.3, 11,52
b
Creatinine mg/100ml 30 1343 6:4 19.9¢
270 0.9 0.7® gt 13'?‘)?
Pooled mean na’ 3.5°  10.3%
a b
Osmoloari on/k 30 1.4 0. t.62
24 8 270 2.3° 2.8 2.7¢ 215
Pooled mean 1.y L.4% 2.17 )
b a b
. 30 7.2 8.9 6.8 A
P 270 7.3 760 7.8 7
7.3 8.3% y
Pooled mean . . 7.0
a a a
Soectfl 30 1.0 1.0 1.04
pecific gravicy 270 Lot 1.03."._ 1.04° f‘gzi
Pooled mean L.03*  Lo3®  L.o®
] 30 7.1:1 0.76:1 100:1
K:Na ratio 270 9.1:1 0.82:1  20:1
-\
(P'< 0.0,

3,858, 8. ns within a row for each item with different superscripc are significane
2. A’Bpooled pericd means for each icem with different superscript are significane (p

s < 0,05) .

3. %¥12pgolad treatment means for aach item with diffarent superscript ara significage ®
< 0.05),
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4.7 Effect of sodium and potassium intake on their metabo1isms

Daily calculated sodium and potassium intake, excretion and

retention (g/day) are given in Table 15. There was significant

(P < 0.05) intake of sodium by steers fed the high sodium diet. The

pooled mean showed no significant (P > 0.05) treatment differences
in potassium intake but period effect was significant (P < 0.05).

Urinary sodium quantity was significantly (P < 0.05) higher for the

NaOH diet and different between periods. The period x treatment inter-

action effect was significant (P < 0.05). Urinary potassium was

significantly (P < 0.05) higher for the NaOH diet compared with the

Fecal sodium was not affected (P > 0.05) by treatment

other two diets.
Fecal potassium on the other hand was

except by period (P < 0.05).
affected both by treatments and periods (P < 0.05). A significantly

(P < 0.05) lower quantity of potassium was excreted via the feces by

the steers fed the NaOH diet.

Sodium retained as a percentage of intake was significantly

Steers fed NaOH diet retain-

(P < 0.05) different between treatments.
of sodium (P < 0.05) compared with the other

ed the highest quantity

In the short term there was negative retention of

two treatments.

Kwith a significantly (P < 0.05) effec
was a signficiant (P < 0.05) positive retention of K in the Tong term

e NaOH treatment compared with the NH3 treatment.,

t of NaOH treatment. But there

for the control and th

4.8 Blood chemistry |
ectrolytes, BUN and total protein are presented in

significant (P > 0.05) treatment differences

Plasma el

Table 16. There were no
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Effect of Sodium and Potassiim Incake on Excraci
on and

TABLE 15
Retention of Sodium and Pocassium
B e — '
rtom Days Treatment
on test Control 5ZNaOH
3.5%2NH,  Pooled period maan
Sodium intake g/day 233 21,1: 152,32 20.5° A
28.6 141.6 - 64,6
29.5 66.6%
Pooled mean 26.87  146.9%  25.¢7
Pocassium intake g/day 30 70.4° a
. 85.22  70.2%
c .
270 95.7°  79.2%  g0.7¢ 873';;
Pooled mean 83.1  82.2*% go.5%
Urinary sodium g/day 30 6.9: 90.9" 0.6 A
: 270 6.0 64.3° Nt 32.8
3 3.1 2,53
Poolad mean 6.5% 77.67 1.9%
Urinary potassium g/day 30 57.82 82.4° 60.1%
270 62.0°  62.4°  egaC g5°8§
* 4.2
Paoled mean 59.97  72.4% 64,27
Pecal sodium g/day 30 14-72 16.63 16593 16,14
, 270 21.2°  2.6* 257 23,85
Pooled mean 17.97 20.6*  21.3%
Pecal potassium g/day 30 17.85 12.8° 15.4$
' 270 Zé.gb 8.8°  19.4d 3;’;
Pooled mean 21.3% 10.87 17,47
b
Na recained as % intake 30 2.00,  29.4 16.7%
270 I e il {f;ﬁ
Poolad mean 2.6% 33.57 8.4%
a
R retained as I intake 30 4y L7 o782 -8.94
270 9.3 10.1 3.3¢ _,_7'23
Poolad mean 0.95  -0.87  -2.1°

L. 3,b,6+d+8yaang within a Tow foT each item with different superseripc are signie
1 icant

(P < 0.05).
A,B : ch item with different
2. Pooled period means for ea superscripe are si
(P < 0.05). giflcane
3. X,¥s2pggled trearment means for each item with differant Suparscript are signify
cant

(P < 0.05).
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in plasma
concentratio i
n of sodium, potassium, chloride, bi
» Dicarbonate
]

ed

I | tl" - .C

treatment di
if
ferences except for the control diet in the 1
ong term.

" [ t -

Table 17
. The partial
pressure of oxygen was signifi
gnificantly (P <
0.05)

the other tw
o treatments. The i
. partial pressure of ca
rbon dioxide
was

not signifi
C gnificantly affected by treatments (P > 0.05) and period
reatin. - * ] 10 .
ine was significantly (P < 0.05) low for steers fed NaOH
alH diet.

Period ignif
pH were not signi icantly (P > 0.05) affected by treat
eatments

and period.

4.9 Hematology |
emoglobin (Hb), red blood

Mean packed cell volume (PCV)s h
mean corpuscular hemoglobin

Ce

11 (RBC), mean corpuscular volume (MCV) ,

hemoglobin concentration (MCHC), white blood
) 00

(MCH), mean corpuscular
resented in Table 18. There were no

cell (WBC) and fibrinogen are p

Si T F49

ignificant (P > 0.05) treatment di ffer

Wb, MCV, MCHC and Fibrinogen were significant]
y

P :
(P < 0.05) affected by period. PCVs Hb, and MCV significantly
g term while MCHC and fibrinogen decre
ased,

ences in any of these para-
meters. However, PCV,

(P < 0.05) increased in the lon
d the components are presented in

White blood cells (WBC) an

1s were significant1y
i 0.

ained (P < 05) for NH3 treatment. Period

(P < 0.05) affected by

Table 19. Neutrophi

Period. Low value was obt
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TABLE 16 . Blood Electrolytes, BUN and Total Procein
'I‘reatnen:
Days
Item on test Contzol S5ZNaOB 3.5:1133 period
4o a a
Na mEq/liter 30 146. 143. 144,73
270 148.®  1e6.5° Lead iZ’;Sﬁ
Pooled mean 147.3%  145.2%  146.8%
4 . a 3
4 mEq/liter 30 4.6 4. 4.62
270 4.0° 4.5 4.8° Z'Z:
Pooled mean 4.3% 4.7% 4.7
- a a a
c mEq/liter 30 101.5 99. 100.7 A
270 935° s3> e e
Pooled mean 97.5% 96.3% 97.2%
- a a a
HCO wEq/liter 30 29.5 30.4 23.9 A
3 , 270 30.8° . 31.3% 3P 30.54
pooled mean 30.0 30.9°  30.0%
+* 10.12 10.52  10.23 .
100 =l 3 . 10.
Ca wg/ 270 9.9 10.0°  10.0° 18,33
Pooled mean 10.0*  10.3%  10.1%
a a a
FuR 30 2. 2. 2. A
100 ml .
¥g ng/ 270 2P g ok I
X X
Pooled mean 2.2 2.1 2.2*
— /100 ml 30 8.2, 8.2, 7. 8.1
PO, 8 270 8.0 7.0 8.1 7.74
) x x x
Pooled mean 8.1 7.6 8.0
* a a a
30 16.4 15.3 15.3
BON 0g/100 =l 270 20.8°  18.8° 18.3¢ {3;;‘3
Pooled mean 18.6°  17.1% 170
a a a
10 6.9 7.0 6.9 A
Total protain g/100 ul 270 7.3° 7.8 7P 35
pooled mean 7.1% 7.2% 7.0%
a for each item with different superscripc are significang 0.0
2555 ang within a rawfar each item with different superscript are significane (;1’:006??) .

2. A’BPooled. period means
3. %pgoled treacment means

for each item with che same superscript are not significane (P > 0,05
-03).
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Blood Gas, Creatinine, pH and Osmolaricy

TABLE 17
Treatment
Days i
Item on test Control S52NaOH 3.SXNH3 Pooled period mean
a b b
PO mig 30 42.8 35.9° 37.4 .
2 270 3,15 35.1° 43.9b §2_ﬁ
Pooled mean 36.9 35.57  40.6%
A a a a
pco ol 30 s2. 50. 51.3 51.44
2 8 270 g 49.3” 47.0° e
Pooled mean 49.6% 50.4%  49.2%
a b a
100 m 30 1.1 0.8 1.2 o3t
Creacinina  mg/ 270 1.3° 1.0 1.3¢ e
X
* Pooled mean 1.2% 0.9 137 .
. s a a a
sm/k 30 296.82  299.9%  301.1 29934
Oemolarity mosmiks 270 310.02  308.7° 31005 209, A
Pooled mean 303.4®  304.3%  305.8%
a a a
30 7.37 7.40%  7.39 7.44
pH 270 7,42  7.42®  7.2° 7iaa
Pooled mean 7.40%  7.41% 743

1.

2‘

(P < 0.05).

Avaooled period meand for each item with differeat superscript are gi Seane
(P < 0.05). guif
XsYpooled treatment means for
(P < 0.05).

3,b,Csy0ansg wichin a row for each item with different superscripc are signifiecanc
&

each item with different guperscripe ara significant
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TABLE 18 E{em:ologica.l Paramecarg

—_——
N

Treatmanc
Ie Days
e on test Control § . ——
&NaoH 3.SZN33 Pooled Period mean -
PCV z 30 39.72 35,00 a o
270 45.8° 44.4° /?Z;b ZZ';’;
Pooled mean 42.7% 39.7%  40.9%
b g/100 ml 10 13.82 13.23 La
* . 13. A
270 l6.1® 580 [3.gb {;‘--;n
Pooled mean 14.9% 16.6* 14,75
6, 3 a ‘
RBC x10°/zm 30 9. 8.62 9.12
270 HE) 9.9°  10.0® g.gﬁ
Pooled mean 9.5% 9.2* 9.5%
3 a
, Mev u 30 40.8 39.8%2 39,53
270 46.8° 45l gglish 85
Pooled mean 43.8%  42.6%  4o.6%
. . .
poios: pg 30 15.4, 15.7 15.22 A,
- - 270 16:7°  16.sb gt l6.4A
" Pooled mean 16.0% 16.1*  15.8%
3 3 a a a
MCHC 210° /um 30 36. 37.9 36.8 A
270 35.2" 5.4 350 gg.sos
Pooled mean 35.9% 36.7%  36.2%
3 3 9 13 a ' a
WBC x10” /m 30 . 9. 9. A
270 04 10 HE 97
Pooled mean 9.3% 9.4 g,4%
a b a
100 ml 30 333.3 2667 300.0 A
Pooled mean 258.3%  233.3% 250.0%
L. 3,D5Cy 0ns within a row for each item with different superscripe ara significane
(P < 0.05).
2. %+8pgoled period means for each itam with different superscripe are significane
(P < 0.05).
3. %pooled treatmenc means for each item with the same superscripe arg 2ot

significant (P > 0.05).



4,3 d means
2. “*”poolad peric
%1Ypgoled treacment means for

each item with different superseripc are significane (p

TABLE 19 White Blood Callg and che Componeats
N ———
Treacmenc
Days
Icem on tasc .r:ont:ral 5XNaoH 3.5NE3 Pooled Period mean
WBC x10°/om® 30 9.13 9.28 9,23 9,74
270 9.4 10.0° 9.7 9.44
Pooled mean 9.3* 9.4% 9.4%
b
Neucrophils. x10°/ma’ 30 2.2" .73 2.2° 2,08
270 2.7 2.8 2.2 258
Pooled mean 2.5% 2.3% 2.2%
a b a
pils 2 30 22.7 27.8 23.7 28.14
Neurzop 270 29.5° 25,5 23.0° 25,78
Pooled mean 26.17 26,67  22.8%
3/’ 0.40%  0.402 d
O 30 . . 0-30 0.
¥omocyca  xl07/mm 270 0.40°  o.so° [0.40° o
Pooled mean 0,407  0.45%~ q.3s7
. a b c )
10 5.6 4.0 2.3 3.94
Yonocyca z 270 - 3.8% 4.8  3.7° . 1A
Pooled mean 4.77 427 3.0%
3, 3 30 0.40>  0.30% 0.302 0.33
Eosinophils xl07/mm 270 0.30°  0.30* o.30° 0.30
Pooled mean 0.35*  0.30%  0.30%
a b ¢
30 4.8 2.8 3.6 3.74
Eosinophils % 270 2.8 2.5 gqb 2.78
Pooled mesn 3.87 2.7 3.7
a a a
3 3 10 6.2 6. 8.6 5.5A
Lymphocyte  x107/ma” 270 5.92 7.2‘b 7.1b 6.9
sooled 6.1% 1.27  5.9%
10 68.3%  73.58 71.5° 71
' Lymphocyte % 270 64.0 68.3°  73.2 68.5
y y
66.2% 70.9 72.3
an
' Poole:”m“ch' item with different superscripc. are significanc (p < 0.0s)
L. ms within a.r;:i_ each item wich different superscripc are significanc (® <o, 05y,
0.0s),
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X treatment interactive effects were also significant. Monocyle

expressed in percentage was significantly (P < 0.05) Tow for NH3

diet compared with the other two diets. Eosinophils expressed in

Percentage was significantly (P < 0.05) Tow for blood samples taken

from steers fed NaOH diet.

4.10 Kidney, liver and rumen tissues
The microscopic examination of sections of the kidney, liver

and rumen tissues taken from the steers immediately after slaughter
showed no significant evidence of pathological changes in these organs.
Only mild interstitial nephritis were found in the kidney sections

from steers fed the control and NaOH diets. Some focal area of healing

infarction were also observed. Mild cloudy swellings in the hepatic

sections from steers fed the highvsodium diet and those fed NH3 diet

Glomeruli in all the kidney sections examined appeared

were evident.
to be slightly hypercellular (i.e. increased number of cells). Sections

of rumen tissue examined appeared normal.

4.11 Feedlot performance and carcass_characteristics
al weight of steers when entering the feedlot phase

The initi
final weight, voluntary intake, average daily gain

of the experiment,

and feed conversion are presented 1
diet grew faster (P < 0.05) and were heavier compared to those fed

here was no sign%ficant (P > 0.05) treatment

n Table 20. Steers fed the NaOH

the control diet. T

di fference between the steers fed the control or NHj diet. The steers

fed the NaOH diet significantly (P < 0.05) ate Tess and had higher
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TABLE 20 Feedlot Performance
Item Days on Control NaOH NH
test 3
Tnitial wt. (kg) 200 280.5 284.0 276.5
b
Final wt. (kg) 200 439.0 492.3 450.4%P
c
Intake DM (kg/day) 200 12.6 10.9° 11.6P
c b
Intake D (g/kgW'""0) 200 131.1 104.7 118.7°P
d
AD.C (kg/day) 200 0.82 1.04 0.83%
200 15.2¢ 10.5¢ 14.0°

Feed/gain

—

significant (P < 0.05).

a,b,C»dMeans within a row for each item with different superscript are
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feed conversions compared with those fed the control diet. There

was no significant (P > 0.05) difference between the control and NH3

diets on these parameters. The cumulative mean live weight gains

measured over eleven periods are shown in Figure 10. Pooled analysis

showed significant (P < 0.05) treatment, period and interactive effects

on the growth of steers. Analysis of weight gains for periods 1-5

showed similar significant (P < 0.05) treatment, period and interac-

tion effects but the periods 6-11 only period effect was significant.

Carcass characteristics are presented in Table 21. Hot

carcass weight was significantly (P < 0.05) heavier for steers fed
NaOH diet compared with those fed the control diet. There were no

significant (P > 0.05) treatment differences in dressing percentage

There was significantly (P < 0.05) more fat over

and ribeye area.
‘rib on the carcasses of steers fed NaOH diet than those fed the contro]

om steers fed the control diet graded A] and

diet. Five carcasses fr
ed NaOH diet graded A], two A2 and

Three carcasses from steers f

B
. Five carcasses from steers fed the NH; diet graded A, and

"-
Onhe B]

One A2 respectively.
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Carcass Characteristics

Means within a
significant (P

row for eac
< 0.05).

TABLE 21
_ 4_”'________—:___———————'_.__-—————————-————-———__
Item Control NaOH NH,
Final weight (kg) 439.8P 492.3% 450.33P
b
Hot carcass wt (kg) 243.5¢ 275.9 253.40¢
Dressing 2 55.42 56.6% 56.32
b b b
Rib eye area (cm’) 61.9 63.9 61.9
d cd
Fat over rib (cm) 1.2€ 1.6 1.4
Carcass grade A1(5) AI(B) Al(s)
B, (1) 4,(2) 4,(1)
B, (1)
\
2b,¢,d h item with different superscript are
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5. DISCUSSION

5.1 Digestibility
The pooled mean dry matter digestibility of the straw based

diets were 56.8, 58.2, 57.2 respectively for the control, NaOH treated

and NH, treated diets. Treatment and period effect approached signifi-

cance (P > 0.05). The NaOH treated diet was slightly higher in dry

matter digestibility compared with the control and NH3 treated diets.

Organic matter digestibility for NaOH treated diet was significantly

(P < 0.05) higher compared to the other two diets. Non-signifi-

cant treatment difference was found between the control and NH3 treated

diets. The marginally improved dry matter digestibility within period
and with time for NaOH and NH3 diets could be attributed to a number

of factors. These include the initial quality of the straw, the ration

Of which the straw was a component, the effect of processing and
storage and the influence of the high sodium on the rate of passage of

digesta through the reticulorumen and on micro-organism activity.

n vitro digestibility of the untreated straw was 33%

The mean i
e maximum benefit from chemical

which is quite Tow for obtaining th
(Kernan et al (1978) pointed out that crop residues with

treatment.
initial in vitro digestibility less than 36% may not be worthwhile to

This is because the digestibility of the materials

With chemical.
50% or above) required for effective

would not be improved to a level (
the treated materials by ruminan
nstrated that the digestibility of most straws

t animals. Many in
utilization of —

i i demo
Vivo studies have
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reaches a maximum level with a treatment of 4-63% NaOH/100g DM (Mowat

and Ololode, 1970; Klopfenstein et al 1972; Ololade et al 1973;
Th i
omsen et al 1973). For ammonia treatment, 3-5% NH3/100 g DM have been

reported to be effective (0ji et al 1977; Kernan et al 1977; Sunstgl

et al 1978). Thus it is unlikely that the level of chemical used for

treating the Neepawa wheat straw was a factor on the marginal improvement

in digestibility.
The composition of a ration in which straw is a component is
known to influence the digestibility and intake of straw. - (Fishwick

et al 1974). The diets used in the present experiment were iso-nitro-

genous and fairly isocaloric (Table 8). Thus if the low initial digesti-
bility of the straw rendered chemical treatments less effective, then

the supplemental barley, soy bean, urea and molasses were the main sub-
strates fermented in the diets at least in the short term, resulting

in similar digestibility of the diets. Donefer, (1968) reported an

increase in energy digestibility by 13.5 percentage units when no urea
was included and an increase of 18.3 digestibility units with inclusion

of 2.5% urea to alkali treated straw.

than the values obtained in the present experiment.
proved digestibility (DM) of the NaOH diet over the

s could have been due to the method of pro-

These improvements are higher

The slight im

Control and NH, treated diet
straw treated with NaOH and regrind-

Cessing. The pelleting of chopped
o the final diet gave an

ing the pellets prior to incorporation int
H treated diet over the other two diets. The re-

advantage of the Na0

grindi ade the NaOH treated straw particle size smaller compared
ng m

thereby increasing surface area for

to those of the other two diets;
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microbial attack. This was reflected in the dry matter bulk density
which was 20% per unit volume greater for NaOH diet than the contro]
and 1819% iet.

819% greater than the NHy treated diet.” Arndt et al (1978) fed
lambs a sorghum - soy bean meal in cubed rations containing 70% gin

trash. They reported apparent DMD of 54.67 and 58.65% respectively for

rations containing 4% NaOH treated chopped gin trash and 4% NaOH treat-

ed chopped and reground gin trash. This finding lends supportive

evidence to the present results.
Storage duration could have also influenced the marginal treat-

ment differences in digestibility. The author's unpublished data showed

that the protein content of the ammoniated straw had decreased from 9%

to 6%, a decline of 33.3%, after a year of standing uncovered in the

open. Waagepetersen (1974) reported that about 24% of the ammonia nitro-

gen is very loosely held while the rest is more firmly bound. This

implies that the 24% could volatilize or leach out as ammonia and

ammonium salts respectively if exposed to weather for long periods. The

remaining N fraction could probably not be utilized efficiently by rumen
ata (Table 10) from the present experiment

microbes. Nitrogen balance d
Comparable improvement in digesti-

tends to support this suggestion.
bility coefficients have been obtained from wheat straw freshly treated

With anhydnous ammonia or with NaOH (Coxworth, 1976). Thus the poor
response of the NH3 treated diet indicates that ammoniated straw left

Uncovered in the open could have d

-year old Neepawa wheat stra
minations, to be invaded by fungi Imperfecti

their growth pattern had ruptured the

eteriorated with time.
w used in the control diet

The one

was found, on close exa

Species. These fungi through
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e
pldermis of the straw as shown by the scanning electron micrograph
s

F .
(Fig.11, 12, 13). These activities of the fungl increased surface

area for microbial attack. Such physical change could have improved

slightly the utilization of the untreated straw resulting in reduced

treatment differences. There was no fungal growth on treated straw

The increased sodium and water iﬁtake, together with the

Smaller particle size of the NaOH treated diet, would be expected to

increase the rate of passage of the digesta. This would reduce the

Wean time for fermentation in the rumen and lead to relatively lower
digestibility for the diet (Hemsley et al, 1975) -This appears not
to' have been a major factor in the present experiment particularly

in the long term because the mean digestibility of the NaOH diet was

higher than those of the other two diets.
-
. The decline in the digestibility of NFE with time and the

corresponding increase in the digestibility of crude fibre could be
attributed to adaptation effect related to change in micro-organisms

e rumen., It would be expected that

Population and composition in th
initially amylolytic activity would be great hydrolyzing soluble sub-
pulation of cellulolytic bacteria would

But with time the PO
1973, Phillipsom, 1977)

Strates.

Recent papers (Leng,

become dominant.
sence of readily soluble carbohydrates rumen

emphasized that in the pre
ferment the soluble carbohydrates

Wicro-organisms are able to rapidly
ess digestible cellulose and hemicellulose. The

before attacking the 1
digestibility of crude fibre with time

significant improvement in the
ts used in the present exp

roved crude fibre digestibility of

eriment is a supportive

for all the three die
evidence. The significantly imp
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Figure 11 Llectron micrograph of
surface of untreated one-
year old straw. X300
of Fungi Imgerfecti

racked ridges.

Note mycelia
lying along ©C

Close-up of growing
hyphal stylets on N
straw surface. X600
ptured epidermis and tl|
1¢

Figure 13-

Longitudi

straw surface:
of hyphal stylets: Note the TU
underlying tissues.

Figure 12.

NO
te the growth
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treatmtn
e of hemicellulose and lignin of the straw and adaptati
ion of

Tumen mi
microflora to the diet. Sharma and Jackson (1975) obtained
ned an

incr
ease in cellulose digestibility of 15-20% units with 15g NaOH/
a0H/100

wh
eat straw. This would be equivalent to an increase of 5-7% with

5
g NaOH/100g straw which is slightly higher than the increase of

2.1 -
6.2Z units obtained for CF in the present experiment. Whist]
L] er

and Teng (1970) suggested that alkali treatment reduces the strength
of intermolecular hydrogen bonds which bind cellulose molecules to-
gether thus resulting in swelling of the fibres. Such swelling should
make the treated material more easily peﬁetrated by rumen micro-
organisms and this would account for the greater digestibility of the
treated roughage. However, with the dry method of NaOH treatment of

Straws, the increases brought about in the digestibility of NaOH spray

treated straw over that of the untreated may not be due to improvement
Fernandez, Carmona and Greenhalgh (1972) suggested

of cellulose per se.
that both materials solubilized bY the alkali and the portion of the
y the animals contribute to the

treated materials actually digested b
Thus solubilized hemicellulose, silica ang

final digestibility value.
1 digestibility. Nevertheless

lignin would contribute to the overal
e 9) for NaOH treated diet significantly in-

digestible energy (Tabl

creased with time as compared wit

NaOH treatment.
y data obtained in the present

h the other two diets; indicating the

beneficial effect of

the digestibilit

Therefore,
hat in the mixed diets containing 60% straw ang

experiment indicate t
there were numerous associative

Teadily fermentable gubstrates,
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factors which might have interacted to reduce treatment differences

This has implicat;on in the evaluation of the role of chemically

treated crop residues in production diets.

5.2 Intake
Dry matter intake expressed in grams per kg metabolic body size

shows significant treatment differences in the short-term; with the

highest intake for the NaOH diet. In the long term intake declined

significantly for NaOH diet as compared to the other two diets.

However, there was a general reduction in food intake with time across

the treatments. The pooled means show little treatment differences.
Several factors could have influenced the pattern and variations in the

They include response of the steers to pelleted

dry matter intake.
diets, then as time went on, the influence of season and thé diets op

the animals. The effect of body composition change could have been

an additional factor.
as would be expected, the steers responded to the

Initially,
pelleted diets by increasing intake and at the same time interacted

The increased intake of NaOH diet

with the quality of the diets-
uld‘have peen augmented by the effects of NaOH

in the short term co
treatment on rate of passage of the digesta through the reticulo-runen
Ingestion of large amounts of sodiym

and on rumen pH (0lolade, 1972) .
o have increased the rate of flow

chloride (150 g/day) was reported t
of f1 'd'f the rumen and digesta from the abomasum increased by
uld rfrom
5~6 kg/day (Hemsley et al 1975). The high intake of sodium (152 e/day)
- )24 y e et =» .
rved in the present experiment could haye

during the first 30 days obse |
ence thereby increasing intake. Recent studies
u

exerted similar Ainfl
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by Ali et al (1977) gave similar results regarding the effect of Naom

treatment on intake. TIntake of low-quality roughage based diets ig

often strongly influenced by the physical form of the material offered

(A1 et al, 1977). Milling and pelleting being particularly important
in this regard (Moore, 1964; Greenhalgh and Reid, 1973), Both these
effects is related to the rate of passage of the digesta (Jarrige, 1974),
This could have contributed to the generally higher intake of the NaOH

diets during the first 30 days as compared to the long term when steers

Were better adapted to handling such diet.
The decline with time in intake of all diets could have been

influenced by adaptation of the steers to the diets and to slight extent
by the cold winter temperature. Westra and Christopherson (1975) and

Christopherson (1975) reported that cold winter temperature signifi-
ib1lity of feed by sheep and steer

cantly reduced intake and digest
calves. Such severe temperature effect would not apply to the present

s were sheltered. The significant reduction

experiment because the steer
d for by the above factors

In intake of NaOH diet cannot be accounte
janation for the reduced intake could have been

alone. A more likely exp ;
per day during

0.7
due to the high sodium intake of 2.23g Na per kg
el of sodium intake is within the threshold

the short term. This lev

Value of 2.2 - 2.4g Na per kg°'75 per day reported by Potter (1963),
a e
they suggested that the offect of sodium tended to push the mechanismg
geste
is to the limit. This might have forced
for the maintenance of homeostas
‘ xperiment tO compromise by reducing intake

the animals in the present €
um intake (Table 15) in the long

°f the high sodium diet to 1imit sodi
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term. The red ‘
uction in sodium excretion via urine with ¢
orresponding

increase in i
sodium excretion via the feces would indicate th
e ability

of the steers
to adapt to the high sodi
um diet initiall
y by evokin
g

maximum kidne
y excretion of excess sodium
. Then with time
reducing

sodium in
take and altering the route for sodium excretion to avoid
0
over
working the kidney. Such capacity to adapt to high sodium di
um et
5.6% NaOH treatment (Ali et al, 1977). With

may fail with more than
city of animals to cope with

1
ower level of NaOH treatment the capa
depend on fresh water availability and

excess sodium appears to
large water intake and ex-

functional kidney as indicated by the
ter, 1968).
a result of hypodipsia (Drori

.

cretion via the kidney (Pot The effect of NaCl ingesti
on

on intake have been suggested tO be

1976).
ge body weight were similar

Intakes expressed as & percenta
aversation efficiency was significantly

Feed coO

between treatments-
he other two digts. This could be

higher on NaOH diet as compared to E
ion of protein in the

improve feed utilization. The

rumen because of sodium

attributed to less degradat
This wOﬂld

effect (Hemsley, 1975):
n has been recently re-

{mportance of the hindgut if yminant nutritio
¢ the volume of the hindgut content
. s,

ge stated tha

£ that of rumen,
e capaclty for fermentatiom.

Ported (Hoover, 1978) -
together with a longer

which is equivalent O 20% ©
sent. 2 gizeabl

s 27% of the cel
gltant volatile fatt

tal daily production.

retention time, TEPT®
lulose and 40Z of hemi-

This accounts for 2as much 2
Yy acids pro-

o 17% of the to
intake on rate of passage enhanced

cellylose digested d
ount £oT 8t

duction can acc
£ high sodl™®

Probably the effect O
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digestion in the hindgut to give the overall superior digestibility

and better utilization of the NaOH diet. The significant reduction

in feed conversion in the long term could have been due to cold

temperature which forced all the steers to channel some of the fooq

€nergy to temperature regulating mechanism, resulting in the low

average daily gain.

3.3 Nitrogen intake and metabolism
There was a significant intake of nitrogen by the steers feg

the NaOH diet during the first 30 days as compared with the steers

fed the control diet. In the long term the steers on the NaOH diet
had reduced their nitrogen intake by 13% as compared with those on

NH, diet had significantly in-

the control diet while those on the 3

Creased their nitrogen intake by 19.7% over thase on NaOH diet. When

Ditrogen intaﬁe was expresséﬁ as grams per metabolic body size

(S/kgwo‘75) there was no treatment difference but season effect wag
The interaction between animals and the diet with

Still significant.
time 15 g ggested because of the consistent treatment X period inter-
u

luenced the apparent significant

£
action, Body size appear to have in

fed NaOH diet.
higher intake of nitrogen by the steers |
7 and 10.7% respectively higher for

Urinary nitrogen was 37.4
g compared to the control diet during the
iets a

NaOH diet and NH., d

he long ternm there was no treatment diffar-
in the
However, t

short term.
ence b he control and NaOH diets. By 270 days the steers feqd
Ce between the ¢
th d ignificantly redUCEd thEir urinary nitrogen by
€ NaOH diet had s
41 days value. This indicated a remarkable adjus .
. o ay tn
3% over the 3 dium diet and suggests that NaOH influepceg

by the steers to the high 59
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nitrogen metabolism. There was a slight increase of 4.4% in urinary

nitrogen of the steers fed NH, diets by 270 days. The values from

this experiment is higher than the urinary nitrogen values reported
by Braman and Abe (1977) probably because of low nitrogen intake by

the steers they used and the low crude protein content of their test

dlets as compared to the ones used in the present experiment,
McDonald (1968) recognized that dietary protein may undergo deamina-

tive degradation in the rumen and that in the absence of sufficient

energy the resulting ammonia may largely be absorbed and wasted.
Tagari et al (1962) stated that protein with a high solubility are
degraded in the rumen to ammonia at a rate too rapid for efficient
utilization. The r;men micro-organisms in such a situation can

utilize only a relatively small part of the liberated ammonia for
Synthetic purposes Eécess ammonia would d%ffuse into the blood

.
‘the urine and a small amount is returned

of which 1s them excreted in

to the rumen through saliva.
iment the solvent extracted soy bean used

In the present exper
prone to rapid degradation

all
as supplement together with ured are
Tt has been demonstrated (Hemsley, et al,

€0 ammonia in the rumen.
alters the osmolarity of the'rumen

1975) that ingestion of high sodium
rumen microflora during adaptation period.
.

and the activity of the
- ’ 1ain the abnormally high urinary

%p
These previous findings might e
f steers fed
u d in the short-ter® from the urine © ed the
trogen obtaine

N
a0H diet, gher in the feces of steers

tly hi
Fecal nitrogen was gignificantly
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fed MH,
diet and the value increased with time compared to th
e other

3
two diets.
s. This might have been due to increased nitrogen intake b
e Dby

steers on NH, d v '
3 iet in the long term. However, the consistently high
er

fecal nitro
gen for steers £
ed NHB diet compared to those on the other

two diets indica
tes that the dieta nit
ry rogen in NH3 diet was poorly

g reflected in the nitrogen dige

o be lowest for this treatment. There

[ ]

tion values which were found t

t difference between the control and NaOH diets in

was no consisten
ssed as g/day or S/RSWO 75- This result

fecal nitrogen whether expre
) who found 1ittle animal and

t of Jackson et al (1971
cal output of nitrogen.

agees with tha
There:-was

treatment differences in fe

iod x treatment interaction in the present experimeng

significant per
1ittle treatment difference

t 30 days there was
ts in nitrogen retentd

regardless of whether nitrogen

During the firs
trol and NaOH die

tion was significantly 1ow for NE, diet
0.75 :
day or g/keW . For all treatments

ime at different rate thereby giv-

on; but N reten-

between the Ebn

gpressed 1o g/

nitrogen retention increased with t
tment interaction.

period X trea
e of NaC]- (80g

ed nitroged ret

retention was €
Mosely and Jones (1974)

ing gsignificant
/day) by gheep increased urinary

showed that high intak
Evidence from

tion and reduc

ention.

o agree with their

nitrogen excre
xperiment tend t

jet in this €
g/day) by the steers fed

Steers fed the NaOB d
on Of nj_trogen (

The mean retentlo
ely higher compared

o 24.1% and

diets:

¢ for steers £
¢rol and NE; diets. Hemsley (1975)

results.
87.3% respectiv

n contrast animal performance and

ed NaOH diet with slight

the control diet ¥

NaOH and NH,

I

with those on
were guperio

empty body weight ¥
o fed the cont

difference between thos
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tion by th
e steers fed the contr
ol diet with corres
ponding lower r
ates

of gain and
empty body weight could mean that part of the r
oo etained
gen was metabolized for non synthetic purpose, possibly £
or

S O

Protein:
Lindsay (1973) stated that reactions have been demonst
rated

which s
how that amino acids like alanine, glutamate, asparte , ph
s enyla-
lanine and tryptophan can be converted to intermediates such a

a-oxo glutarate OT propionyl-CoA; all of which

Pyruvate, oxalo-acetate,

are
known to be comvertible to glucose.

ressed as a precentage of intake was significantl
4

Urinary N exp
hg control. Fecal N

ets compared to t
\ ]

h
igher for the NaOH and NH, di
intake was significantly low for

ge of nitroge?

e
Xpressed as a percenta
Nitrogen digested wa

s significantly

NH diet . The

N
a0H and highest for NH, diet.
¢ of control and NH,

¢ compared tO tha
or NaOH diet with
en retention suggest that most of the

higher for NaOH die

improved digested nitroger £
and low nitrog
arine particul

the corresponding high

Urinary excretion
arly during the short term

digegsted N ended as ured in
retained as @
4 followed th

o some significan
period X treatment effect.

percentage of intake and as a per-

The pooled nitrogen
e same pattern as nitrogen re-

¢
entage of nitrogen digeste
t treatment differences

gh there wer
*ithin periods resulting 12 gignificant
8 therefore, that NaOH tread

t
ained (g/day) thou
tment had some effect on

put this effect declined with

e steers to the diet. On

It appearl
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the other hand the poor nitrogen utilization by steers fed NH, diet

tended to agree with the result of Nicholson et al (1977). The low

digestibility of nitrogen would {ndicate that considerable fraction

of
nitrogen source in the NH, diet was not easily digestible as shown

by the high fecal loss. The low performance and the empty body weight
of steers fed the control diet in spite of the high nitrogen retention

ie fraction of the retained nitrogen was metabo-

suggested that sizeab
to meet synthetic energy require—

lized possibly for gluceneogensis

ments.

5.4 Rumen fluid parameters
ds (VFA)

5.4,1 Volatile fatty acl
total VFA concentr
fed NaOH diet du

1 or NH3 dieto FO
n time (Table 12) and period x

ation’ was significantly higher in the

Rumen
ring the short and long terms

rumen fluid from steers

ose for the contro

r all treatments

compared to th

total VFA concentrations declined Wit
gnificant. The significant increase in
NaOH diet in the present experiment

treatment interaction was si

entration for

10lade and Mowat (1975) and AlL et al (1977)

Tumen total VFA con¢
he results of O

increased wi

The decline in

agrees with t
th NaOH treatment.

vhere rumen total VEA
h time could not be attributed much to
ed bY Westra and Christopherson (1975)

gteers were sheltered in’heated

total VFA concentration wit

the winter temperaturé as obserV

herson (1975) pecause the

and Christop
S8tone barn.
che molaF proportion of acetic acid for NaOH
ghort-ter®
In the ¢rol and NHS diets. There

diet was lower than

was no significant tred
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acet
ic acid in the long term. Period x treatment interaction was

significant. Wilkie and Merwe (1976) reported that high levels of
concentrate in the diet could result in high molar proportion of
propionic acid at the expense of acetic acid proportion. The relative-
ly low level of concentrate supplements ugsed in the experimental diets

would indicate that other factors Weie involved in reducing the pro-
964) summarized that one of the effect

portion of acetic acid. Moore (1

of grinding and pelleting is a decrease in ratlo of acetate to pro-
plonate in the rumen. The regrinding of pelleted straw treated with

e-pelleting could probably exP
h corresponding increase

jain partly the decreased

NaOH and r
of proportion

proportion of acetic acid wit
ort term. In contrast, Jackson

14 observed in the sh

t the effect of the P
ain fatty acids of the rumen fluid

of propionic ac
hysical form of the diét

et al (1971) reported tha
of the short-ch
mann and Ra¥ (1967

a the rumen decreased ac

on the composition
y and Jackson et al (1971)

Kro
etic acid

were not consistent.
gs sodium 4ons 1
p:opionic acid
£ sodium jons in t
4s sodium jon level in the rumen

showed that exce
In the present

and elevated butyric aad levels.
oncentration © he rumen was in fact
NaOH diet:
{milar observat

here is 2 dynamic interaction be-

t be adequately explained.

experiment the €
Th

slightly lower for the
jons obtained in this

Seems not to account for the 8

experiment., Thus it ap

1 and its diet which canno

tween the anima
h time for all treatment.

There was.no si
NaOH diet and thelr proportions declined

ow for the
ave similar values but the

and n-valeric were 1
d NHB diets &

with time. The control &%
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ce

Annison (19
54
) reported an increase in branched-chain (C
, and Cs) acids

with su
pplemen
tary protein feeding. These acids are deri
erived from

Of

El-Shazl
y (1952a, 1952b)-.and Anni
.. son (1954) showed that
iso=-butyric

iso-vale
ric and D-2-meth
yl-n-butyric acids are
produced in res
ponse

d amino acid catab
tabolism. However, Bryant (
1977) point
ed

to protein an
dietary amino acids metabolized in the

ou
t that the mounts of total
products are not well known

Tum

en that are catabolized to these and

these branched-chain fatty acids withi
n

Wi

th the variable values of

ods and among treatments obtained in the present
t to ascribe the patte
ency of {so-butyric, iso-valeric and

and between peri
rn to protein and amino

e
Xperiment it 1s difficul

a
cid catabolism per se. The tend
e with time gor NaOH diet indicates the in

D~valeric acids to declin

um hydroxide op t

heir proportions in rumen fluid

fluence of sodi
the decreasé in iso-valeric

0
lolade and Mowat (1975)
{on with NaOH tT due to impairment of

12 by this @

a
cid concentrat

T
Proteolytic rumen bacter

3. : p
4.2 Electrolyte osmolarit and pE
e concentrations in the rumen

Sodium, potassiu® and chlorid
However, sodium was the

e results of

£
luid decreased Wit
i{ch agrees with th

m
0st abundant mineral and cations wh
rr (1968) and those of Bennink et al (1978). The non-
ons could have been

a concentratl

ference i
nigh d1lution rate for NaOH treatment or
t of godium £

MeCullough and Sma

8
ignificant treatment dif

itions,
rom the rumen of

d
ue to galivery add
ive tranSPOf

Potassium stimulated 56°
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st l
eer fed NaOH diet. Scott (1966) indicated that high K concentration

a
ffects electrical potential between rumen £luid and blood and may

st
imulate active tramsport of Na from the rumen. In the present experi-

| me
nt K concentration in the rumen fluid from gteers fed NaOH diet was

an those of the contro

1 source of Na in rumen £luid is from

significantly higher th lor NH3 diet. Bailey”
(1961) reported that the principa

saliva and tend to increase with coarse f

eed. The coarse pellets of

ive to NaOH treatment could have in-

the control and NH3 diets relat

The higheT water {ntake by steers fed NaOH

cluence salivary £low.
diet could have been & factof 4n dilution rate.

n of NaOH diet si

ed to those ©

gnificantly increased osmolarity

The ingestio
£ the control and NH3 diets.

of the rumen £luid as compar
t with the res
diet prodd

glts of Potter et al (1972). The

This is in agreemel
ced rumen fluids which in the

Steers fed the control OF NH,
jasma. The rumen fluid

; the experimental period.

ments in the long tér™ i

- (1972),
gmen osmotic pressure might be expect-

£ electrolytes {n the rumen

ed to result from .
rner an Stacy, 1965)) and

Particuylarly . that of sodiu® and P ’
1978) . This was the case

centratiOﬂ
hich was significantly higher

increaged VFA cof
with the steers o088
in rumen f£luid electrolYtes

In t
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1Ytes through osmotic effect were related to alteration in fermenta-
t7?" Pattern. Adaptation of rumen micro-organisms was postulated b
Peirce (1957) to account for the increased food consumption which Y
often accompanied salt-water ingestion in sheep. Potter et al, (1972)

fo . ..

und the total metabolic activity of the rumen flora significantly
al e 1
tered when sheep drinking salt water was consuming ground and pellet

Hogan and Weston (1971) found the rumen liquor from sheep

ed ration,
Similar

consuming NaOH-treated wheat straw was devoid of protozoa.
report was given by Hemsley et al (1977) suspected that the reduction
in voluntary intake of the diet containing 5.6% NaOH was due to high

Osmolarity of the rumen liquor which pushed the physiological mechanisms

to the Timit. Hemsley et al (1975) suggested that the high osmotic

Pressure in the rumen was unfavourable to rumen microflora and reduced
) reported that cellulose digestion was

their activity. Bergen, (1972

Not impaired until the osmotic pressure was greater than 350 mosm/kg.

the rumen fluids osmolar-

In the short term of the present experiment,
Tties were greater than 350 mosm/kg. This might explain the Tow crude
t term and higher digestibility in the

Fibre digestibility in the shor

long term.
n rumen fluid pH was

treatment differences i
rom the steers fed the NaOH diet. This
VFA concentration in the rumen fluid of

1976 reported that as VFA concentra-

church (1975) and Moore, (1964)

There was no
relatively Tow in thefluid f
Might have been due to increased

Steers fed NaoH diet. Hodgson €t al
pH decreased.

tion increased, the rumen
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concluded that grinding and pelleting of roughage will normally in
Crease microbial activity, resulting in greater VFA production and

lower pH of the rumen.

3.5 Water consumption and excretion

3.5.1 Consumption
Steers fed NaOH diet drank significantly higher quantity of

fresh water whether expressed as liters per day or liters per kg feed

dry matter. The mean daily intakes (liters per day) for the entire

experiment being 21.4, 27.8, and 22.7 liters for the control, NaOH
and NH3 diets respectively. Between periods water intake decline with

time particularly for steers fed NaOH diet and the decline was related

t0 decline in sodium {ntake (Table 15) in the latter. These results
(Potter et al, 1972,

are in agreement with several previous reports
e of sheep with increase

Plerce (1957) reported increased water intak
Increased water intake was

1n concentration of NaCl in drinking watezr.
i e experiment carried out by

associated with salt treatments 1n th
Drori (1976) reported that

Hemsley (1975) and Hemsley gg,gi_(l975)-
rats by 23 - 44% 1if the salt was

NaCl increased the fluid imtake of
luded in drinking water,

inc
Provided in food and by 44 - 229% if NaCl was
¢ has been observed that growing lamb

Yore recently (Ali et al, 1977) 1
rank alot of water and had their

d
fed diets containing 4.1% oF 5.6% NaOH
In the present experiment similar ob-

Tumens distended with liquid.
e high sodium diet increased

The steers o0 th
% over the control
5 - 58.3% when intake was ex~

SeIvations were made. when intake was

their vater intake 19.3 - 40.7
by 26

e r day and

*Presged in liters pe here a8 & high correlation between kg

Pressed in 1iters/ks feed DM
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feed DM
and W:
ater consumption (r = 0.84). The st
. steers drdnk al
ot of

water and
shortly af
ter feeding their stomach were dist
stended to th
' e
the distention disappeared with
This

size of
bloating animals. However
?

time
post-feedi
. ng without apparent 111 effect on the st
o eers.
pid
movement of fluid through the rumen Engelh
. ardt (1970)

pointed
out tha
£ little net movement of water across the
rumen

rumen osmolarities are 260 to 340

epithe
1ium has been observed when
was absorbed into the body

mosm/k
g.
This would imply that most wateT

from
the h
e hindgut in the present experiment.

5.5
2 Water Excretion
75

Daily urine ou '

t

put expressed either as 1iters/day or ml/kgwo°
er for steers fed N

diet.
% over the control. The mean

a0H diet compared to those

was
significantly larg
Urine excretioh by steers

erm
steers ‘fed the control or NH3
eased by 63 ~ 215

xperiment were 5.2, 12.6 and 5.1 liter
8

on
NaOH treatment incr

control, NaOH and NH3 diets. The

uyme output by the steers has

urin
e
volumes for the entire e
yom steers fed

Per
day respectively'f
ge grine vol

incr
eased water intake and lar
sociated wit

3ud maintenance of body fluid osmplarity
961, 1963, 1966, 1968) have S
g kidney function which allowed the sheep
h large quan

pechanis® may b
(1966) reported that the

h the excretion of excess sodium

(Potter, 1963). A number of

hown that there is an

bee
n reported to be as

8t
udies by Potter (1

ada
pPtive mechanism {avolvin
tities of ingested or in-

he
experimented with tO deal wit
d that this e related to condi-

fus
ed salt, He suggeste
Warnel

y hypertonic conditions in the

panism bY which the kidney

ti
ons within the rumes:
abg
orption of sodiu® is stimualced b
ment and mec

Tumen
. The possible involve
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enabl
ed the steers to cope up with the high sodium intake in the
pre-

Sent experiment is discussed in subsection 5.5.3.

Fecal water expressed either as liters per day or liters pe
r

kg feces DM was
significan hi
ficantly higher for NH3 diet as compared with

t
he control and NaOH diets. However, there was a marked reduction in

b
ecal water loss and urine output by steers on the high sodium diet
A decline of 86.4% in urine volume and 55Z in fecal

¢ in the long term.
Although this tended to related to reduced water

/ Water were observed.
intake, it 1s also suggestive that the steers were conserving water in

their body in the long term (Table 13) possibly to balance the osmotic

|
|
| effect of the slightly elevated plasma sodium.

5.5.3 Urinary composition
The urinary sodium concentrations differed significantly be-

Significantly higher concentra-

tween treatment and between periods.

tion of sodium was obtained from the urine of steers fed NaOH diet as
NH., diet surprisingly contained very

The urine of steers fed 3

€Xpected.
No explanation could be given for the

low concentration of sodium.
on of high sodium conservation (Table 14),

very low values except indicatl
on declined with time by

Expressed as g/day, urinary sodium concentrati
indicating that the apparent in-

41.4% for the steers fed NaOH diet,
in the long term was due to

ration (mEq/liter)

Creagse in sodium concent
The concentration of urinary

Steers fed

Changes in urine volumes (Table 13.).
£ that of sodium.

re the reverse °
d in thelr urine significantly higher

ge on the high sodium diet,

Potassium and chloride we
diets excrete

/1iter) thad tho
ction for chloride excretion (Table

the control and NH3

Potagsium and chloride (mEd
There was period x treatment intera
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14). When potassium concentration was expressed as g/day the pattern

Steers on NaOH diet excreted significantly higher

quantity of potassium in urine in the short term as compared to the

S8teers on the other two diets (Table 15). In the long term there wag

Do difference in the quantity of urinary potassium between the group

of steers that were fed the control or NaOH diet.
No detailed measurements were made to obtain information which

Would explain the manner of renal response of the steers fed the high
80dium diet over the prolonged period. However, the increased water

intake and urine excretion together with the pattern of electrolytes
€xcretion agree with several previous work involving high salt inges-

tion (Potter, 1960, 1963, 1968; Ali et al 1977). According to Potter

(1961) renal adjustments associated with ingestion of salt were due

to increasas in glomerular £4{1tration rate and filtration fracti°§ with-
In another experiment

Out any pronounced change in renal plasma f£low.
1963), evidence was given which showed

inVOIVing tubular study (Potter,
:ubuiar tissue remained the same even

that the amount of functional
This contrasted with his

When sheep consumed salt over long periods.
rmed the pattern of excretion of the

But he confl
g, c1) in urize of sh
um excretion was considerable. He also

Previous results.
eep which consumed NaCl,

three electrolytes (Na,

48 expected the increase in sodi
otassium and chloride were re-absorbed
P

found that  less sodium,
ration at the glomeruli. Thus he

1a the kidney tubules after filt
ation of additl
individual nephron rather than by an

This result was

onal salt 1is accomplished by

Concluded that the elimin

in
a Tedu re.abgorption
ction of iney

he sheep
increase in the tUbuj-ar mass of t
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subsequentl
y confirmed (Potter, 1968)
, . His experiment (Po
tter, 1968)

with shee d a c v
p adpated to salt intake demonstr ted that sheep which ha
e

become a
ccu
stomed to drinking salt water, developed some adapti
ve

mechanism
which enabled them to withstand sodium chloride loadi
ng.

Results
from the present experiment ghow that the steers adapted well
we

to the
high sodium diet with time, thus agreeing with Potter's find
ing, )
g. He suggested that the stimulus for this adaptation remains in

jted from the rumen.
ase excretion in cattle is mainly

doubt but
ma
v be elic stigsen (1975) suggested

that with high intakes of NaOH, D

n diuresis, to agree with results

which tend

regulated by changes 1
fr

om the present experiment. The present evidence indicates that
homeostasis by excreting moxre urine and by con-

Steers maintained
1e maintalning inv

erse relationship with

Centrating sodium in urine whi
o maintain elect

rical neutrallty. The negative

potassium probably t
rms and the positive

in the short te

e to sodium ingestion and metabolism

potassium balance (Table 15)
term in respons

balance in the long
sm of these tW

o electrolytes is variable.

indicates that the metaboll
Lase of 15 - fum with time (Table
£ would tend
e of excretion
excreting sodium.

d NaOH was 45,7% and 5072

The substantial inc® 97% in fecal sod
15) for steers fed NaOH die ro suggest that the steers have
ing the rout of sodium possibly to
overload of
e of gteers fe
urine from steé
emained hyperosmotic wit

d enable the osmotic

the capacity of vary
alleviate the kidney £¥o%
of the urin
nat of the

311 uriﬂe T
3) this woul

Osmolarity
rg fed the control

Tespectively less tha? *
h respect

°n NH3 diet. Nevertheless’

The specific gravity

concentration of bo%Y
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| range °f 1003
. e

average
pH of th
e urine of steers fed NaOH diet was high
gher than tha
t

of gteers £
ed th
e control or NH diets as
3 expected., Urea was signif
i-

cantly hi
gher
in the urine obtained from steers fed the
control or

hose fed NaOH diet.
e due to extensive protein and

The high level of urea

NH
4 dlet compared with t

for t
he two diets was considered to Db
amino a
cids catabolism £
or purposes other than s
ynthesis of
protein.

5.6
Blood chemistry and hematology

)
e the great increase in sodium intake by steers fed
e

Despit
xperiment, they were able to maintain th
e

Nao e
H diet throughout'the
constant within normal values. The 1

. ack

le
vel of plasma sodium relatively
ffects of NaOH

d be attributed PT

treatment.on sodium Jlevel

of
no apparent detrimental -€
imarily to remal

coul

and
body £fluid homeostasis,
e
chanisms Wh%Ph were able to excrete t
t al 1973) .

968; Thomas et
gorbed into the bod

um can bé ab
r conditions of high rumen osmolarity

1972; Hemsley && al 1975) could P
etion by steers fed the high sodium diet
t differences in

he increased sodium load
The observation that sub=-

(P
otter, 1963, 1
y fluid against

st
antial amounts of sodi

radient unde
robably explain

a
concentration g

(Warner and Stacys
y sodium excr
ie ¢reatmen
chlorid
and Peir

the 1a
rge urinar
plasma potassium,

e and picarbonate thus in accord

ce, (1963, However,

There were 1itt

phosphor‘us )

e
alcium, magnesium,
(1963

wi

th the observations o

reased with time. Bicarbouate leve
tments indicating that the steers were

£ Potter
1 in plasma were

[
hloride level dec
r
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alkaloti I i 1 nduc d i tem f ers
cC. h1$ COU]d have been i du e by EXC' ent 0 ste

durin i r r r
g blood wi thdrawal as all steers appea ed healthy. Blood ga
A4 S

gher in value above normal average fig
These deviations could also be attributed

g of blood. Peirce, (1963) reported

were also hi
ure especially for

partial pressure of COZ‘

t Y
0 steers excitement during samplin

ults of blood carbon dioxide and cound not attribute

inconsistent res
d urea nitrogen jncreased with time on all

it to salt effect. BloO
ith jncreased urinary urea nitrogen

treatments and were associated W
contrast with that re
dict the N-balance reé

This result is in ported by 0lolade and Mowat
(1975) and tend to contra

f
ound that consumption of salin
ncreased urinary u

¢fected by Nad

sults. Lesperance (1965)

e water instead of tap water decreased

rea. Total protein, pH and plasma

plasma urea but i
treatments. Blood

H or NH3

osmolarity were 1ittle a
for steers fed NaOH

gnificant]y Tow

c 03 . o ) .
retinine concentrat1on was S1
nd its value de-

he steers fed t

1 treatments.

diet compared to t he other two diets a

creased with time on al
H or NH3 treatments did not have serious

n the short and long terms. This

Thus in general Na0
emistry both i

steers were

d maintain homeostosis

effects on blood ch
able to adapt an

would indicate that the

inspite of high sodium jntake.

nt treatment differ-

5.6.2 Hematology
Pooled means (Table 18) show 10 significa
ences and the values of the parameter‘s measured were within the normal
riod X treatment effects were

range for healthy povine- Howevers pe
p < 0.05) foF pcV, Hbs ycy and MCH

¢ with MCH approaching

significant (
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significant 1
evel .
(® >-0.05). Non significant differences am
ong treat-

t

ments were al
so found for whi
te blood cell co
mponents with th
e excep-

tion of ne
utrophils and 1
ympocytes which were infl
uenced by period

ar trend. EHigh intake of NaOH, there

But
they did not show any particul

pear to have i{nfluenced these parameters to aff
ect

fore, did not ap

the health of the animals.

5.
6.3 Health of the animals

All the steers remained in good health throughout the exp
eri-

gonitis (inflamatl
H rreated diet.

on of the stiffe joint) did occur

mental period, but
This was not attributed

in
one of the steers fed Nal
The micro-

to NaOH treatment becauseé the causes of gonitis are many.
ctions of kidne
all steers showed little evidence of pathologica
erstitial pephritis were found in the kidney
a0H and the con
eared to be slight

y,‘}iver and rumen tissues of

8¢
opic examination of se
1 chadges in these

o
rgans. Only mild int
trol diets. Glomeruli in

8e
ctions of the steers fed N
1y hypercellular.

al
1 kidney sections examined aPP
xamined all ap

g p

the renal

Thus althou
e threshold values,

g within th
o] maintain the steers in

d
uring the short ter® wa
g were ablé t

elated orgad
This was achieved mainly:

echanisms and T
o ensuré good health.

on of excess godium bY th
0.75

el
ectrolytes balance t
e kidney and fecal

(a) through active excretl

1
oss, coupled with hig
a mean of 1.80g/kgW

0.75
intake {n the long ter® (1.36s/kgW /day) with

£
oT the experimental Period'
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body wat
er, electrolytes and acid-base under high sodium intake

be brou N
ght about if fresh water {ntake 1s restricted or when remal

mechani
sms fall to excrete excess sodium.

d carcass characteristics

5.7 Feedlot performance an
g fed the NaOH diet grew faster and were heavier at th
e

ared to those fed the

Steer
control or NH, diet.

end of the experiment comp
d the

The

re was little differemce in performance between the steers fe
NE3 diets (Fig. 12).
eatment differences O

pe in summer and fall. During

statistical analyses showed

control and those fed
ccurred during

th :
at maximum rate of growth and tT

ich happened to
ed winter time,
reatment differences though cumu-

t
he first five periods wh
rates of growth were

t
he last six periods which cover
no gignificant t

r
educed and there %as
ed to be super

4{or for NaOH diet over

{nu

ht gain conta
ge could have

lative live weig
dy compsoition with 2

Change in b
luenced the st

feed conversio

the other two diets.
tor which inf

eer's performance.

b
een another fac
a in the feedlot ob-

eviously

The average daily
re higher than pr

r all diets 8
The p oport:l
ne breed of catt

t
alned in this experiment fo
on of stravw in the diet,

1 1978)
gion and ©

T
eported (Nicholson == et al
1e used could

£ supplementa
e Ji£ferences
at 36% Stt

gved 12 int

performance. Garret
t no significant

gain of lambs.

L
evel and type ©
n steers

ha
ve contributed t© th
orted that

aw in the die

&t al (1976) rep

were obsé
gnificant treatment

t
Teatment differences
nere Were si

However, at 72% gtraw 1o the ration t
differenc b created and ammo onla ated StI'3W“based diets. These
es betweel un
ficial effects £
achieVe the bené o
pat i2 order t°

aq
thors concluded t
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ammoniation’
and improve animal performance economically, large amo
unts

of stra
w must be included in the ration. The 60% straw used in di
K etary

treatment
s in the present experiment was high enough to effect treatm
atment

diffe
rences. The non-significant difference between the control and

NH
4 cannot therefore be attributed to low level of straw in the diets
ngly high performance by steers fed the control

The surprisi
¢ could be due to the quality of

diet 1s difficult to explain but i
Grimson (1978), observed

th .
e straw, processing and storage effects.

e dail}' gain’
rossbred steers were fed

a
Pparent improvement in averag feed intake and feed con-~

Version when Hereford and Angus-Herefotd c
rav. The steers fed the NaOH treated

Pelleted NaOH treated barley st
7 better feed conversion than

Straw gained 13.5% faster and had 12.2
t experiment the ste
eed conversion than the control.

the control. In the presen ers fed NaOH diet gained

25, 3% faster and had 36. 9% better f
petween the contr

There was 1little difference
onse of old stra¥ to ammonia treat-

ol and NH3 diets. This

Could be due to reported poor resP

Bent (Nicholson et al 1977) .
g welght was neavier for steers fed
diets. No signifi-

The carcas
NaOH diet compared to those fed the control and NEj
cant treatment differences were found in dressing percentage and rib-
percentage would suggest that

in dressiﬂg
ed NaoOH diet mi
to high conserva

&¥e area, The gimilarity
ght have been exaggerated

the liveweight of the gteers f :
tion of water. The

n flﬁid due

a
bit by increased rume
set nad sl t over rib

gnificantly moTe fa

Caracags of steers fed NaOH d
rol and NH, diet. This

¢
Ompared with caracass £
¢ the caracasses:

Was reflected in the grade
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6. SUMMARY

tr w .
IH3 eated N'eepawa wheat straw were used in experiments desig'ned
to

determi.
ne the long term effects of feeding high sodium diet to st
eers,

eristics of the steers fed the

Fe
edlot performance and carcass charact
three
diets were also investigated. The various parameters measured
e
gestibility, nitrogen balance, rumen

included the following: intake, di
and pH), water con-

f1
uld parameters (VFA, electrolytes, osmolarity
blood chemistry and

s
umption and excretion, urinary composition,
rmance and carcass characteristics.

hematology, perfo
pility of the diets for the entire
- .

The dry matter digesti
pectively for the control,

eXperiment were 56.8, 58.2 and 57.2% TeS
¢ differences approache

the ration of which

d significant level

N
a0H and NH3 diets. Treatmen
raw qualitY,

(»
2 0.05)., Factors involving the st
essing and storage and

the effects of PTOC

the.-
e straw was a component,
ke were considered to have affected

t

he {nflyence of high godium intd
organic matterl digestibility was significantly
mpared with the NH3

rude fibers digestibility
(P < 0.05) in the

tr
€atment differences.
diet. NFE

® < 0.05) higher for NaOH diet ¢°
h time While c

ed significantly
gnificantly (p < 0.05

d
1gestibility declined Wit

e
Specially for NaOH diet increas
) higher for

ergy was si

or NHB diet.
d expressed in g

1

ong term., Digestible €2

N

a0H diet than for the control 0.75
/kgW ' '~ was not

Dry matter intake of the fee
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significan
t (P > 0.05) between treatments when overall means were
con~

sidered.
Intake of feed decreased with time for all treatments
1

ng

term.
Intakes expressed as a percentage of body weight was affected
by
period only. Feed conversion efficiency was significantly (P < 0.05)

h either the control or NH3 diet.

high for NaOH diet compared wit
tween treatments were apparent-

Differences in nitrogen intake be
ly due to body size because there was BO gignificant (P > 0.05) treat-
intake was expressed in g/kgWO'75/day. Urinary
betweenl the contro
rm it was gignificantly (

jficantly (P < 0.05) higher

ment effect when
1 and NaOH treatment

n _
itrogen (g/day) was similar
In the short te

P < 0.05)

in the long term.

e control. Sign

higher for NaOH than for th
4 for NH, diet co

was also recorde
1y’ (B < 0.05) higher for the

as significa®
L or NaoH diet:

mpared with the

Urinary nitrogen

co 4
ntrol. Fecal nitrogen ¥
N retention was

d to the contro
the alkali

NH3 diet compare

significantly (¢ < 0.05) Bl

treated d
iets.
centage of intake was significantly

ed as 8@
o the alkal

was significan
N digested was signifi-

i treated diets. Fecal

tly (P < 0.05) high

Urinary N express

low for the control compared t
Uitrogen as a percentas® of intake

ared to the ©
ared with the control

b3
or NH, diet comp

ge of intake or N

cantly (p < 0.05) high
as a percenta

Or NH3 diet respectively. N retenti -
¢ NaOH oT et.
digested was higher for the control ¢han £0 5
1 VEFA concent ation significantly (p < 0.05) in-
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Creased with N
a0H treatment over
the contr
01 or NH3 diet. Th.e molar

Proportion
of acetic acid was generally low for the alkali treatme
nts

While th
@ molar proportion of propionic acid was high. These

diffare
nces were not significant (P > 0.05). Iso-butyric acid in

Creased
with time and were slightly higher for the control and NH
3

diets ¢p
an for NaOH diet. N-butyric acid increased with time on all

treatme
nts., Iso-valeric and n-valeric did not show any consistent trend

bug
tended to decrease with time for NaOH treatment.
Sodium.concentration in the rumen fluid did not differ

(P>
0.05) between treatments but the value declined with time.

Pot
assium concentration also declined in the long term but it was

81
Sificantly (P < 0.05) higher for NaOH treatment compared to the con-
gnificant (P > 0.05) treatment differ-

There was po si

t
Tol or NH3 diet.
Rumen fluid osmolarity and pH were

€ne
€ in chloride concentration.

8
ignificanely (p < 0.05) higher for NaoH diet compared with elther the
rumen fluid osmolarity for each

e
ontrol or NH;. In the short term the

‘reatment was hyperosmotic to that of plasma. However, in the long
term only the rumen fluid from gteers fed NaOH diet .was hyperosmotic.
he high godium diet i{ncreased their water in~

The steers fed t
control in the long and

t
ke (1iters/day) by 19.3 - 40-7

Short termg respectively and by 26:
pM. Urine excret

ver the control diet in the long and

7 over the
5 - 58.3% when water intake was ex-

ion by the steers fed

Pressed ag 1iters/kg of feed

Ya0H d1et increased by 63 - 215% ©
s significantly (P < 0.05)

s er wa
Bort terms respectively: Fecal war

1
% for NaoOH diet.
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Urinary concentration of godium was significantly (B < 0.05)

higher for steers fed NaOH diet compared to the control or NHB diet.

Steers fed NH3 diet surprisingly conserved sodium and excreted a lot
of potasgium. Potassium and chloride were significantly (P < 0.05)
Steers fed the control or

low in the urine of steers fed NaOE diet.

¥H, diet excreted significantly higher urine urea compared to those

fed NaOH diet. Creatinine and osmolarity
the high sodium diet.
ﬁ compared to the control or NH3

were significantly low for

the urine from steers fed Urine pH was signifi-

cantly (P < 0.05) higher for NaOH die
icant sreatment diffe
s were quite low for urine from

e in urine ifi
diet, There was no signif renc specific

gravity. Potassium toO sodium rgtio
Sodium intake and e
¢ term and positive

xcretion had negative effect

Steers fed NaOH diet,
effect in the long

on potassium balance in the shor

term.
take, the steers fed

ase in sodium in

Despite the great incré
ma sodium jevel relatively con-

o maintain plas

NaOH diet were able t
ment differences in plasma

gnificant treat

Stant, There was also mo i
chloride and bicarbonate.

pagnesiul phosphorses

Potasgium, calcium,

ters peasured appeared normal and there

1ogical parame
p > 0.05) tred
0.05) imcrease

But PCV, Hb, MCV

to
The hens tment differences.

wer
e no. significant ( 4 with time for all treat-

and MCHC significantly (B °

e
aes. throughout the experimental

in
Steers remained g at the time of slaughter.

Period except for o
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The microscopic examination of the kidney, liver, and rumen tissues

showed little evidence of pathological changes.

The steers fed NaOH diet frew faster and were heavier at the

ead of the trial compared to those fed the control or NH, diet. The

rate of gain was 25.3% faster for the steers fed NaOH diet and their

feed conversion was better by 36.9% over the control.

Carcass weight was heavier for those steers fed NaOH diet

Compared to carcasses from steers fed the other two diets. There
and ribeye area for all

wag little difference in dressing percentag?
was significantly (P < 0.05) for carcasses

treatments, Fat over rib
h carcasses from steers fed

from steers fed NaOH diet compared wit

the control or NH, diet.



752

7. CONCLUSIONS

1. There was no significant treatment differenmce in dry matter
digestibility.,

2. Organic matter, NFE, CF and energy digestibilities were
Significantly higher for the NaOH treated diet.

'3. NaOH treatment gignificantly increased urinary nitrogen
in the short term but its concentration decreased by 41.37 in the long
term indicating adaptation by the steers to NaOH diet.

4. Fecal nitrogen was significantly higher for steers fed

NH3 treated diet compared to NaOH or control diet indicating poor N

digestibility.

5. Mean niltrogen retention (294, 23.7 and 15.7 g/day

. diets) shows improved
resPeCtively for the control, NaOH and NH3 ) mp

Ditrogen retention by steers fed the control diet compared to those

fed  a1kali treated diets.

6. Digestible nitrogen Was significantly higher for NaOH
. ge

r NH, diet but the relatively
treated diet compared to the comtrol oF Rij

ur ea.,

1ted 1in decrease
7. NaOH treatment resu

l°n8 term.

rgion efficiency was obtained from
conve

8. Higher feed
: hose fed the control or NH3 diet.

t
Steers fed NaOH dlet tham from
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9. NaOH treatment increased VFA concentration in the rumen
fluid by an average of 40.2%7 over the control. However, VFA cop~
centration in rumen fluids decreased with time for all treatments.
10. The molar proportions of acetic and propionic acids
decreased with time while that for n-butyric acid increased in the

long term. Iso-butyric, iso-valeric and n-valeric acids tended to

decrease with time for NaOH diet.

1l. There was no significant treatment difference in rumen
£luig sodium and chloride concentrations. Potassium was signifi-

Cantly higher in the rumen fluid of steers fed NaOH diet compared to

the other two diets.

12. Rumen fluid osmolarity was significantly Increased by

Naog treatment; though it decreased with time. pH was lower in the

.fluid from steers fed NaOH diet.
OH treated diet increased their water intake

13, Steers fed Na
rm and by 19.3%2 in the long term

(literS/day) by 40.7%.in the short te
When water consumption was expressed as

OvVer the control group.
in water intake was 58.3%Z in the short

liters/kg feed DM, the increase

term and 26,5% in the long term-
/day) excreted by steers fed NaOH

14. Urine volume (1liters
vely during the short term

dlet increased by 215% and 63% respectl
hat of the control group indicating

Ad long term compared with t

OSmotic diuresis in the former:
iters/day) excreted by

1
15, Fecal water and urine volumes (
. declined with time, suggestive

Steers fed NaOH diet gignificantly
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of lon
g term adjustment to sodium load by the steers.

for st
eers fed NaOH diet compared with values for the control or

NH, di
3 diet., In terms of g/day, steers fed NaOE diet excreted 84 and

58,
3 g respectively more sodium during the short and long terms com

Pared to those fed the control diet.
17. Urinary potassium was significantly higher for the con-

tro
1 and NH3 groupsucompared with that from the steers fed NaOH diet.

Chloride concentration followed simi
{um intake had more negative effect o

lar patterm.
n K reten-

18. High sod

tion in the short term.
19. Urinary urea, creatinize and osmolarity were signifi-
diet compared to the values for the

cantly low for steers fed NaOH

Other two diets
pecific gravity.

£{cant change in urine s

20. There was no signl
e in sodium intake,'steers

21. Despite the great increas

paintain plasmad sodium level relatively

fed NaOH diet were able toO
Constant, High intake of sodium 8150 had little effect on the level
caleium, magnesiuds phosphorus and chloride.
atments. No con-

°f plasma potassium,
Bicarbonate level was slightly elevated £OF all tre

ped with plood gase

sistent results was obtal
ameters measured were not significantly

T
cv, Hb, MCV and MCHC were signifi-

22. Hematological P2
tments. But P
r 311 treatments .

‘antly increased with time fo d
NaOH diet remained in goo

different petween trea
health like those

23. gteers fed
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on the control or NHS diet. Microscopic examination of the kidney,

liver, and rumen tissues showed little evidence of pathological

changesg.

24,
better feed conversion compared with the control. No significant

Steers fed NaOH diet gained 25.3% faster and had 36.9%

difference in performance was found between the control and NH3

groupg,

25. Heavier carcasses were obtained from steers fed NaOH

dlet compared with the control. However, there was little treatment

differences in dressing percentage and ribeye area. Carcasses from

Steers fed NaOH diet had more fat over rib.
26. Although the availability of fresh water has been shown

to be important in the excretion of excess sodium, there appear to
This

-
be an important relationship between sodium and potassium,
Research

. .
Wght be important in the feeding of NaOH treated diets
Further work 1s also required

long thig 1ine might be worthwhile.
The variability in response

o test the value of old ammoniated STTaw.

to Naom dter by the steers during the present experiment would suggest
r breeds. The role

imals o
the peeg for further test with different an

' tigation.
o fungt 1n o1d straw also need further investlg
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HEMATOLOGY

Baseline Data on Alfalfa/Brome Hay

Treatment
—_ Item Control 5%NaOH 3.5%NH,
P
Hbcv % 37.70 36.28 35.13
- g/ 10‘; ml 13.35 13.07 13.03
Mcy x31° fum® 9.23 8.68 8.75
Mo " 40.00 40.67 39.00
¥CHe e ; 14.77 15.32 15.20
Mg x 10°/m’ 35.72 36.02 37.15
Ne1.1t1:‘:’131'1.‘f.1 ) 103/ms 9.40 9.02 zz:(;
Neutzopng =t 25.33 24,60 2.
s x 10°/m° 2,276.67 2,267.67 2,125.83
THeerte 1 69.50 69.67 72.00
M:mp Weyte  x 10%/m’ 6,421.17 6,252.83 6,485.57
nothe 7 3.60 3.50, 3.17
Monocyte - 103/mm3 395.60 307.00 274.50
osinophj_ls 7 5.25 .00 5.75
F:.:in Phils  x 10%/m 212.75 159.75 231.25
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BLOOD CHEMISTRY

Base Line Data on Alfalfa/Brome Hé.y
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Treatment
Plasma Composition Control 5%na0H 3.SZNH3
wt o Eq/1 140.50 140.83 141.33
< m Ea/1 4,43 4.50 4.65
HCO™ o Eq/1 26.17 "28.45 26.17
3
Mg ’ mg/100 ml 2.28 2.17 2.37
oS mg/100 ml 7.30 7.62 7.47
A .
- 2g/100 11.65 12.18 12.03
7.05 6.82
Total Protein g/100 ml 6.97
o0 g 37.55 33.73 36.87
2
.87 44,12 49.23
}?c:o2 mmHg 4b '
7.38 7.40 7.37

PH




