TOPIC 1. FACTORS AFFECTING PROTEIN METABOLISM

Protein metabolism of wild ruminants is affected by both biological
and environmental factors. Like other mammals ruminants convert the
ammonia released from the amino acids that are not used in protein synthesis
into ammonlia and then urea. Urea is a soluble compound that is excreted in
the urine. Ruminants, however, have the abllity to recycle urea, making it
avallable to rumen microflora for synthesis into new protein tissue.

The amount of urea recycling is dependent on environmental conditions.
More recycling occurs when the crude protein intake 1s less, and for wild
ruminants, crude protein levels are a function of range condition.

Proteln metabolism 1is also affected by the overall body condition of
the animal, which is also affected by range conditions. Nutritional stress
after fat reserves are depleted results in the breakdown of protein tissue,
which means the animal is 1n a very critical situation. The interdependence
of animal and range is 1llustrated agaln by these examples. Animal-range
relationships of free-ranging ruminants are very dynamic, with feed-back
mechanisms that eliminate direct proportions and simple equations when
evaluating them mathematically.

UNIT 1.1: BIOLOGICAL FACTORS AFFECTING PROTEIN METABOLISM

Two factors affecting protein metabolism, the true biological value or
metabolizable protein and urea recycling, will be discussed in this UNIT.

The true biological value of proteiln is a representation of the amount
of protein that is actually used for metabolism, or true metabolizable prot-
ein. This 1is partly a function of the way the protein or nitrogenous com-
pounds are packaged in the forage, and partly a function of the nitrogen
balance of the animal.

The "packaging” of protein or nitrogenous compounds in the forage af-
fects the digestibility of the forage. Those forages that contain nitrogen
compounds that are easily broken down 1into amino acids are high digestible
forages, and those that have cell structures which bind the nitrogen com-
pounds or very complex proteins are low digestible forages.

The nitrogen balance of an animal affects the amount of true
metabolizable protein by affecting the fate of nitrogen compounds in the
forage. An animal on a high protein and low energy diet will use some of
the nitrogen compounds as a source of energy. The caloric value per gram of
proteins (5.7) 1is less than that of fats (9.5). There, is an additional
inefficiency because animals do not completely oxidize proteins, but excrete
portions of proteln molecules 1in the form of ammonia and urea (Florey
1966:270). Thus the gross energy in a gram of protein oxidized in a bomb
calorimeter 1s 5.7 kcal, and in a gram of protein metabolized in the animal,
4.8 kecal.
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The nitrogen balance also affects the metabolic disposition of protein
compounds. Urea recycling occurs when urea in the blood enters the
gastrolntestinal tract where it 1s broken down Into ammonia and carbon
dixoide. Some of the ammonia i1s then synthesized into protein by intestinal
microflora, and the remainder is excreted in the feces.

Urea recycling represents a means of conserving nitrogen when
ruminants are consuming poor quality forage (Robbins et al. 1974). When
urea recycling is maximum due to very low crude protein in the forage, the
only additional source of nitrogen 1s tissue nitrogen. Then, body condition
may deteriorate rapldly. Short-term tissue nitrogen mobilization meets im-
mediate and specific nitrogen requirements, but cannot continue for long
periods of time, of course.

There are other factors affecting protein metabolism too, including
requirements for maintenance and production; these are discussed in TOP-
ICS 2 and 3. There are not many references avallable on protein or nitrogen
metabolism of wild ruminants, so protein costs for various biological
functions must be estimated from data on domestic ruminants.
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CHAPTER 8, WORKSHEET 1.1la

Urea recycling and the biological value of protein
metabolized by white-tailed deer (odvi)

The amount of urea recycled by white-tailed deer is a function of the
crude protein in the diet. The equation given by Robbins et al. (1974) is:

where X = dietary crude protein (%) and
Y = urea recycled (% entry rate).

Rewriting this equation and changing X and Y to DCPP and UREP, re-
spectively, the new equation is:

UREP = &5-3197 - 0.5007 1n DCPP

where UREP = urea recycled in percent and
DCPP = dietary crude protein.

Complete the calculations and plot the values below. At what 7 diet-—
ary crude protein is 1007 recycling reached?
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The biological value of the protein increased as the crude protein
decreased. The equation in Robbins et al. (1974) is:

Log, Y = 4.9825 - 0.3096 Log, X

where X = DCPP as defined before and
Y = biological value (%) = BVAP

Rewriting the equation:
BVAP = e4.9825 - 0.3096 1n DCPP

The relationship may be plotted below.
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The decreasing biological value of the protein with increasing dietary
protein may result from less efficient use of dietary protein due to more
excretion and to less efficient urea recycling and use (Robbins et al.
1974).
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UNIT 1.2: ENVIRONMENTAL FACTORS

It 1s difficult to separate biological factors from environmental
factors when evaluating protein metabolism. Crude protein in the diet is an
envirommental factor that causes changes in the efficiency of use by the
biological organism. The stimulus i1s from the environment, the response is
biological and internal. ’ i

Another enviromental stimulus that affects protein metabolism, cata-
bolism in this case, is extreme cold that places the animal in a critical
thermal environment (Moen 1968). An animal in good condition mobilizes fat
1f a thermogenic metabolic response is necessary. If the fat reserve is de~
pleted, protein tissue 1s the only internal substrate for thermogenic re-
sponses. : '

Weight losses accelerate when protein tissue must be oxidized as a
source of energy. The main reason for this is that the energy content of a
gram of fat is about 9.5 kcal, and of a gram of protein, 5.7 kcal. Further,
a gram of protein is not metabolized completely by animals; only 4.7 kcal of
heat energy are released as part of the heat energy remains 1n waste
products (ammonia and urea) that are excreted and lost to the animal (Florey
1966:270). Thus heat production per unit of protein tissue weight is only
about half as much as heat production per unit of fat tissue. Accelerated
weight losses and quick death must occur when depressed nutrition and cold
stress are combined. The WORKSHEET that follows provides some insight into
the relative effects of energy metabolism on fat and protein substrate.

LITERATURE CITED
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W. B. Saunders Company, Philadelphia. 713 pp.
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CHAPTER 8, WORKSHEET 1.2a

The effects of ~energy metabolism from fat and protein substrates
on welght losses

About 9.5 kcal of heat energy are released when a gram of fat is
metabolized. About 5.7 kcal are released when a gram of proteln is oxidized
in a bomb calorimeter, and 4.8 kcal when a gram of protein is metabolized.
Demonstrate the effect of a change 1n substrate from fat to protein when
one-half of the animals metabolic requirements are met by metabolized fat
and protein tissue.

Begin with an animal weighing 100 kg with a 10 5¥ fat reserve and
metabolism of MBLM = 1.5 so that EIMD = (1.5)(70)(1000:73). The resulting
ELMD is 3320 kcal. If one-half is met by daily intake and the other half by
fat reserves, the first day welght loss is 0.17 kg. Making the calculations
for one week at a time, weight loss after one week is 1.22 k§. The new
welght 1s 100 -1.22 = 98.78. ELMD is then‘(l.S)(70)(98.780° 5) = 2193,
and one-half of that i1s 1097 kcal of energy to be met by fat. At 9500 kcal
per kg, the welght loss 1s 0.12 kg per day or 0.81 per week. The next
week's weight is 97.94 and the calculations are cycled through again.

Continue until the fat is gone, plotting the weight loss per week and the
live weight in kg (LWKG) at weekly intervals below.
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Continue the calculations after the fat 1s gone and protein must be
the substrate metaboized. Continue plotting the results on the grid on the
next page.
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UNIT 1.3: INTERSPECIES COMPARISONS

General reviews of the literature indicate that protein metabolism
processers are similar in both wild and domestic ruminants. Confined
domestic animals are often given specific treatments to enhance growth, but
such treatments do not alter basic metabolic processes. Urea and other
non-protein nitrogen sources, for example, may be used as feed additives,
even though domestic animals recycle urea naturally. Wild ruminants often
do not not have access to foods high in protein or nitrogen, especially in
the winter; urea recycling becomes a very important protein conservation
adaptation then. '

Endogenous urinary nitrogen has been measured in both domestic and
wild ruminants. An equatlion for estimating endogenous urinary nitrogen in

grams per day (EUNG) excreted, based on data in Crampton and Harris
(1969:174) is:

EUNG = 0.002 x 70 (MEWK)

endogenous urinary nitrogen 1in gms per kg metabolic weight per

where EUNG =
day, and
MEWK = metabolic weight in kg = LwKGO-75,

The constant 0.002 represents the average ratio of nitrogen in gms to kecal
basal metabolism.

EUNG calculated with this equation is larger than that determined for
white-tailed deer by Robbins et al. (1974). The equation for deer is given
in UNIT 2.1.

The use of first approximations of metabolic costs for wild ruminants
based on data for domestic ruminants is preferable to saying "I don't know"
when faced with the need to determine total dally costs of living. This is
necessary when estimating protein costs, and also when estimating mineral,
water, and vitamin requirements in CHAPTER 9.
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