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Hutrient requirements for domestic animals (MRC) published by the
ilational Research Council are the best estimates available. For beef
cattle, specific tables are listed for animals of different weights and
for various stages of the production cycle. Although these values are
usetful for many situations, there are instances when they should be
adjusted. One needed adjustment is energy requirement for maintenance
when cattle are exposed to cold and rate of heat production must
increase to compensate for increased heat loss. The two factors that
ceternine the rate of heat less are: (1) the difference between body
temperature and environmental temperature, and (2} the amount of insulation
provided by fat, hide, and hair.

The temperature gradient between environmental and body temperature
(factor 1} combined with the animal's insulation {factor 2) can be used
to predict energy loss per unit of time, i.e. maintenance energy require-
rment. The relationship of these variables is:

Equation 1: Insulation = Temperature gradient
Rate of sensible heat Toss

The slower the rate heat is lost, the lower the cost of energy for
maintenance; however, there is a minimum rate of metabalic heat production
which must be lost or body temperature would rise because heat production
nust egual heat loss. For cattle consuming a maintenance level of feed
this minimum heat production is 131 Kcal/w3/4 (Lofgreen and Garrett, 1968).
Rate of sensible heat loss in equation 1 equals heat production minus
evaporative heat loss. Blaxter (1967) has estimated a re]&tive]y constant
rate of evaporative heat loss during §u1d to be 300 Kcal/m*~/da for cattle.
Hlaxter alsoc estimates that B0 Kcal/mé/da is used to warm feed and water.
Wnile heat of warming is sensible heat exchange it is not included in
equation [ because this particular avenue of heat flow is not a function
ot aniwal insulation, nor is it affected by environmental temperature.

Equation 1 indicates that different combirations of insulation and
thermal gradient may result in the same rate of heat loss. In other
worcs, when insulation values are high, animals can tolerate larger thermal

radients (magnitude of cold) without increasing rate of sensible heat
0ss. Lut, 1f insulation value is low, smaller gradients (higher
envircnmental temperature) could result in large rates of heat loss.

The relationship of insulation, tenperature gradient, and sensible
heat flow establishes an animal's critical temperature. Critical temper-
ature is the envirenmental temperature below which the animal must increase
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heat production to maintain constant body temperature, and by definition

is the lower limit of the thermal neutral zone. In effect, the critical
temperature and thermal neutral zone are much the same, but one may be

more appropriate than the other in some situations. When adjusting energy
levels in maintenance rations, the critical temperature is most appropriate
because it is the temperature below which increased energy is necessary.

The major animal variable that determines critical temperature is insulation,
which is obvious from equation 1. Using typical insulation values one can
calculate critical temperature as follows:

Example: 2
Insulation 15/ kecalfm fda
Body temperature 39 C o
Heat flow 2390 Kcal/m™/da

.015C/Kcal/mé/da = §%§5—§t515m2;da

then x = 3 C

This example suggests that the critical temperature is 3 L so when
the environment is colder than 3 C, more energy will be needed for
maintenance.

When adjusting rations for thermal environment an "effective temper-
ature" should be used as environmental temperature. Effect temperature is
defined as the heating or cooling power of the envirenment in terms of
dry-bulb temperature. A wind-chill temperature is a good example of an
effective temperature and should be used for cattle exposed to cold
{see B0th Annual Cattlemen's Day Beport, p. 84).

Critical temperature cannot be calculated without some error. First,
the insulation value of hair and fat is not uniform over the entire surface
aof the animal; second., the animal's ability to shunt blood to and from
specific areas of the body reduces the accuracy of estimates of insulation.
Third, calculations assume that the animal is a sphere with no facing
surfaces. Other methods of determining critical temperature are possible
and involve measuring heat production of animals exposed to various
temperatures to determine effective temperature when heat production is
lowest or performance is highest. Using both calculations and deductive
interpretation, table 25.1 1ists the estimated critical temperature of
beef cows presently being used in our research. The more insulation the
lower the critical temperature (see heavy winter coat, Table 25.1). This
would be expected from equation 1. The effect of wetting the haircoat by
rain or high humidity results in reduced insulation. Fat is not considered
here and more research is needed on its influence. Recent work has
refined observed changes in haircoat insulation (Table 25.2).

Values in Table 25,lare generally higher than calculated values
primarily because previous calculations assumed constant insulation over
the entire body surface. A second reason for higher values is that many
body surfaces face each other so heat lost is regained by the animal. This
is enhanced by behavioral thermoregulation.

Table 25.2 data show that total insulation and haircoat insulation
are closely related (r = .98), suggesting that insulatory value of the
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haircoat could be used to indicate total insulation. The best measurement
of haircoat to predict insulation value uses hair depth and weight per
unit area in this equation:

Equation 2: Total Insulation {CchaImeIda} = 7.18 + 3.08 (hair
depth, cm) + .017 {weight in gms/m2)

i After total insulation is estimated, increased energy loss per degree
increase in temperature gradient is determined by modifying equation 1 as
Tollows:

1 e
rate of sensible heat loss

Insulation =

For example, if insulation value is .015 CchaTImEHday then for each 1 C
of thermal gradient the increased rate of heat loss is 66.6 Kcal/mé/da as
shown below:

.015 C/Kcal/mesda = L.C

2 X
x = bb.6 Kcal/m fda

Ore remaining conversion that must be dealt with in determining rate of
neat loss is converting heat production during feeding, which is described
per unit of metabolic size, (131,Kcal/w3/4/da), to rate of heat loss per
unit of surface area (2770/Kcal/m~/da). Both values are a function of body
weight but at slightly different powers (w.73 wvs. w-08)., Thus, body weight
has a relatively small effect when converting rate of heat loss per unit

of metabolic size to heat loss per unit of surface area.

LTab]E 25,3 shows the percentage increases in NRC maintenance energy
requivement at four different insulation values for animals of five
different weights.

Values in table 25,3can help cattlemen properly adjust esnergy in
rations.

Example 1: If a 500 kg. (1100 1b.) cow has a winter coat {critical
temperature 0 C) with an estimated insulation wvalue
of 020 C/Kcal/m fda, how much energy does she require
if the wind=chill is -2& 7

Answer: The cow is experiencing 25 C of cold (difference between
critical and effective temperatures) and according to
table 25,3 needs 1.8% additicnal energy per degree of cold
ar 45% more than the MNRC maintenance energy reguirement.

Thus,

WRC Requirement 13,850 Kcal
Adjustment (45%) 6,232 Kcal
Adj. Requirement 20,082 Kcal

Example 2: Suppose a 400 kg. cow is wet, the dry-bulb temperature is
2 C (35 F) with a wind-chill of =5 € (23 F). \What is
her adjusted maintenance requirement for energy?
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Arnswer: In this case the cow experiences 20 C cold {difference
betwee: critical temperature -15 C and etfective temper-
ature -5 CY. Table 25.3 indicates &2 3.7% dncrease per
degree cold, therefore, 74% adjustment.

HEC Requirenent 11,700 Kcal
Adjustment [74%) 8.660 Kcal
Adj. Requirement 20,360 Kcal

The value of the described system is5 tc more accurately feed enerdgy
during periods of cold stress. The systewm is based an an assumed accuracy
of existing MRC reguirements at thermal neutral temperature. The system
does have some shortcomings in its present form, nowever, the adjustments
attempt to correct NRC requirement for effect cold.

Talle 25.1. Estimated critical temperature - beef cows.

Expocted

Criitical insulation
GCoat descriptiaon temnperature l:[:,-"!{ca[,-"rlzl.-'r_‘.'a",l
Summe r coot orowel 15 ¢ {89 F) .10
Fall coat T o {45 F] LDLs
Wintay cocat 0 C 132.F) L0
Heavy winter coak -7 C (138

Fl L300

Table 5. 7. Haircost, externzl, and total

12n5u1a—;-:-:m
of cattle by manth in

RENZE5 -

3 ; g =
Insuletion (C/4aalfm ddad
LR don LLinge)in (oAl

Month Fafrcoat Externan R e e
Jar. 019 20 032
Feb. 1S LOES JOET
MHar. L0111 MbREL nz2
April e 014 018
Mayw . oos L0111 018
June 03 L DOE Bl3
Jurly L0 L00F g
LG, 002 L0046 i s
Sent. B 04y .01z
gct. o003 Pl 013
Mo, 004 LD 015
Dew. L0006 013 018
Caiculated oo fiftesnth of each wonth.

EE.K[;I—_':"I“:-:'I_I inzulation inclueded haitrceoat and air dinterface.
3Tu1.;s‘l insulation includss hide, haircozt, and air intaerface.

Table 25.3.  Ipcreascd againtenznce enecgy costs far cebilia

per degree (21 cold.

Insulatign Cow weiabt {kel

(G ¥cat mefdal 204 2 400 00 = a0
Percentages ; =

LOLD 4.1 3.9 3.7 3B .5

<015 2.8 2.6 2.5 2.4 223

L0230 2.1 1.9 1.9 1.8 1.8

SR 1.7 l.& 1.5 1.4 1.4

O30 L Y2 1.2 1.2 1.1




