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ABSTRACT 

The comparative effectiveness of 7 different 

combinations of cooling techniques were tested in the summer 

of 1986 in Tucson, Arizona. Cooling techniques include 

premilking holding pen fanned-sprinkling, evaporative cooled 

milking parlors, exit water spray, as well as shade access in 

postmilking area. Ten Holstein cows were selected by 

different hair color predominately. 

Mean body temperature drops due to 7 different 

combinations of cooling techniques are presented, twenty one 

planned comparisons between any 2 of the 7 different 

combinations are made. Sixteen comparisons showed significant 

(0.05) differences. 

Hair colors are of null effects on either body 

temperature drops or the stressed body temperatures. Body 

temperature patterns of the 7 different combinations during 

the milking time are graphically presented. 
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INTRODUCTION 

Dairy cows suffer serious heat stress in the Southern 

U.S.A. in the hot summer months during which the peak ambient 

temperature usually exceeds 38 °C (100 °F) . Several 

inexpensive artificial cooling techniques have been commonly 

utilized in the dairy farms. Dairy cows in the Southern 

U.S.A. require no enclosed housing for confinement but rather 

fenced open lots. Dairy cows are confined inside houses only 

at milking time. Cooling the stressed cows during their 

confinement is beneficial and relatively easy to accomplish. 

The techniques used to cool the cows during the milking 

routines are fanned-sprinkling in the premilking holding pens, 

evaporative coolers in the parlors while milking and water 

spray when exiting. 

Cooling effectiveness for dairy cows can be measured in 

terms of body temperature drop (BTD) of the cows responding 

to specific cooling techniques. Maximizing the cooling 

effects during the limited time available during milking 

routines will provide relief periods from the heat during a 

hot day. Knowledge of the effectiveness can be used to 

determine the economical balance between the cooling cost and 
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the increment of increased dairy production. 

The objective of this study is to investigate: 

1. Body temperatures responses to different combinations of 

cooling techniques at milking time. 

2. The influence of different hair colors on the cooling 

effects at milking time. 

3. The influence of different initial stressed body 

temperatures on the effects of cooling during milking. 
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CHAPTER 2 

REVIEW OF LITERATURE 

In this chapter we separately review some artificial 

cooling techniques commonly used in dairy farms on the 

Southern U.S.A.. 

Solar Radiation on Animals 

Several investigators worked on numerically evaluating 

the heat load on animal from solar radiation. Curtis, E. C. 

(1983) estimated that roughly 70% of the total solar energy 

reaches the earth's surface in the form of direct radiation. 

Incropera, P. F. (1985) and others stated that the diffuse 

distribution of the solar radiation may vary from 10% of the 

total on a clear day to 100% on a complete overcast day. 

Campbell, G. S. (1977) expressed the energy budget 

equation for all organism as: 

asS, + c^L,. -Loe + M-<SE-H-q-G = 0 (1) 

Where as: short-wave absorptivity of the animal 

surface; 
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S,: short-wave irradiation on the animal 

surface; 

at: long-wave absorptivity of the animal 

surface; 

L,-: long-wave irradiation on the animal 

surface; 

L̂ : long-wave emittance; 

M: metabolic heat rate, w/m2 of body surface; 

S: latent heat of water; 

E: rate of water loss via evaporation and 

respiration; 

H: heat loss via convection; 

q: rate of heat storage; 

G: heat loss via conduction. 

Campbell also suggested that because each of the these 

components have different magnitude and directional pattern, 

the short-wave irradiation s5 in (1) should be separated into 

three components, a) directly from the sun; b) scattered by 

sky and clouds; c) reflected by terrestrial objects. 

Curtis, E. C. (1983) used a general equation to 

describe the heat balance on a homeothermic animal: 

M + G = L + C ( 2 )  
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where M: metabolic heat production, 

6: total heat gained, 

L: total heat lost, 

C: change in body heat content. 

Curtis, E. C. (1983) stated that if G is known, the body 

temperature change of the animal can be analytically evaluated 

by dividing C by the animal's heat capacity. The animal's 

heat capacity can be estimated by the body's ratio of water 

and dry matter. 

Cooling bv Shading 

Esmay, M. L. (1969) concluded that actively lowering the 

temperature of the surround to reduce the heat load on the 

animals or increase the heat loss from the animals cannot 

always be done economically. But passively reducing the 

exposure of animal to the hot sources and increasing the 

exposure to the cool sources is generally simpler. 

Kelly, C. F. and others (1950) stated that radiant heat 

on animals can be reduced by 30% to 50% by shading. They 

presented a procedure for calculating the incoming radiation 

on a sphere under the shade and above the center of shadow. 

The shadow location of a given solar clock was determined by 

using the U.S. Navy solar graph. The total view factor 

between the sphere and the surround is 1.0 but consists of 5 
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parts. These 5 parts are: the shadow, the hot ground, the 

horizon (10° zone of the sky just above the horizon), the 

shade and the cool sky. With the constraint that both view 

factors of the upper hemisphere and the lower hemisphere 

facing to their surround must each be 0.5, the 5 components 

of the total view factor can be calculated analytically. One 

set of data Kelly and others used for their analysis are in 

Table 1. The results of interest are in Table 2. 



Table 1. Data for calculating radiation on pen-shaded 
animals. 

Data items Values 
Date Sept. 1 
Time 11:00 am 
Air temperature (°F) 106 
Shade: 
Type hay covered 
Size (ft) 16 x 24 
Height (ft) 10 

Radiosity (Btu/hr-ft ): 
Ground in shadow 160 
Ground outside shadow(hot) 210 
Underside of shade 176 
Horizon 205 
Sky 133 

Calculations: 
Sun declination 7°57.7' 
Sun altitude 61°30' 
Sun azimuth 148°12 ' 
Kew °-29 

Kn„ 0.49 r]a 
Radiant heat 

load (Btu/hr-ft2) 169 

(From Kelly, C. F. and others, 1950) 
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Table 2. Calculated radiation on pen-shaded animals. 

Section of View factor Radiosity Heat load 
surround of surround (Btu/hr-ft2) (Btu/hr-ft2! 

Shadow 0.352 160 56.4 

Hot ground 0.148 210 31.1 

Horizon 0.087 205 17.8 

Shade 0.200 176 35.2 

Cool sky 0.213 133 28.4 

1.000 168.9 

(From Kelly, C. F. and others, 1950) 
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Roman-Pone H. and others (1977) conducted a experiment 

of effects of pen shading on physiological and production 

responses of 116 lactation Holstein and Jersey in the hot and 

humid Florida. Cows were randomly assigned to shade and no 

shade treatments. The results showed that black globe 

temperatures in the treated area is 8.3 °C lower than that of 

untreated area. Respiration rate for cows with shade was 

54/min vis 82/min of the unshaded cows. Rectal temperature 

was 38.9 °C vis 39.4 °C of the unshaded cows. Milk yield, 

considering variability due to treatment, year, treatment-

year, breed, breed-treatment, year-breed, year-breed-

treatment, cows in year-breed-treatment, week of experiment, 

and days of pregnant, were 16.6 kg/day for the shaded cows 

and 15.0 kg/day for the unshaded cows with 10.7% effect. 

Performance of shade parameters, including shade 

orientation, shade size, shade height, and shade materials 

were also investigated by researchers. 

Kelly, C. F. and others (1958) defined the effectiveness 

of a shade as the ratio of the radiosity reduction for a 

given shade to the reduction of an aluminum shade under same 

sun radiation: 

RHL(sun) - RHL(sample) 
E = 

RHL(sun) - RHL(aluminum) 
(4) 
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where RHL is the total radiation received by an object from 

all of the surrounding space. According to this definition 

and their field measurement, Kelly and others listed the 

effectiveness of 35 different types of simple shades in 

descending order in which a layer of hay is of the highest 

effectiveness (1.203) and the snow fence lowest (0.589). 

Causes of measurable differences in solid pen sheet 

materials primarily due to capability of suppressing the 

temperature rising under solar radiation. Wiersma F. (1982) 

stated that six inches of loose bulky hay is about 20% more 

effective than galvanized steel (similar to that of Kelly's) 

because surfaces of the hay layer would not heat up and the 

radiation to the animals underneath is minimal. Solid wood 

is slightly more effective than steel for the similar reason. 

He also criticized the use of partial or slatted shades for 

compromise of dryer ground, because slatted shades actually 

allow the sun radiate directly on cow bodies. Therefore, a 

shade with 50% slats is no more than 50% as effective as 

solid shade. 

Esmay, M. L. (1969) stated that an east-west oriented 

shade may provide more possible exposure to the northern sky 

for more animals. But he also noticed that the shadow under 

a north-south axis shade moves over more ground and can 

better dry the ground. Esmay stated that for the top 



surfaces, both the white painted and the unpainted equally 

reflect as much as 75% of solar energy. But the emissivity 

of the white painted is about 0.89 and that of the unpainted 

is only 0.11 to 0.20. For the bottom surface, the black 

bottom is of higher absorptivity so that its surface 

temperature is 8 °F higher then that of the white bottom. 

However, this sacrifice is offset by its lower reflectivity 

and the total radiant load beneath the black bottom is lower 

by as much as 7 Btu/(hr) (ft2) than that of the white bottom. 

He recommended that paint on shade surfaces be a white top 

and black bottom combination. Esmay mentioned that the 

higher the shade, the faster the shadow moves, but the hot 

ground can still be cooled within a few minutes after being 

shaded. 

Buffington, D. E. and others (1983) conducted an 

experiment of dairy cow performance with free access to gable 

roofed shade. A control group was compared with the shaded 

group. They reported that for the cows with shade access, 

besides 10% increase in milk production in the summer, higher 

milk production was also found in subsequent lactation. 

Wiersma F. and Armstrong D. V. (1985) reported their 

two-year experiment of applying shades over the mangers area 

to encourage the cow's eating during the hot summer. In the 

trail of 1983, one hundred and twenty early lactation 
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Holstein cows were divided into two group, one group with 

shades treatment over the manger area, the other group served 

as control. Although the milk production for the treatment 

group was slightly higher than the controlled group, the 

difference was not significant, possibly due to inequality in 

freshening seasons. In the trail of 1984, they found that 

even in the beginning of the trail the milk production of the 

controlled group was higher than the treatment group, in the 

middle and end of the trail, when the weather became hotter, 

the difference was reversed, cows with shades in their 

mangers produced 1.2 kg/cow-day than those unshaded cows. 

Most of existing documents discussed the function of pen 

shading only with respect to blocking the direct sun 

radiation. There are also some literatures further discussed 

other functions the pen shade should have. These functions 

are: maximally exposing to cool source, and maximally take 

use of natural air movement. 

Wiersma F. (1982) stated that pen shades should 

maximally take full advantage of natural air movement and 

reduce the heat reflection into the shades. Objects surround 

the corrals like wood fens, hay stacks should be avoided. 

Esmay, M. L. (1969) presented an energy balance equation 

for a horizontal thin metallic shade as: 



<3 + <3rr = ŝr *3ra — îr ~ (3) 

where g: under side radiation of shade; 

grr: under side reflection of shade; 

gsp: incident solar radiation absorbed on top 

surface; 

gra: radiation to underside of shade from hot 

ground; .. 

qSr: radiation of top surface to the cool sky; 

qc: convective heat loss from surface of 

shade. 

Having given the detail calculation methods of each term in 

(3), Esmay, M. L. (1969) stated that this equation provides 

a means of analytically evaluating the properties of shade 

materials, effects of hot ground surfaces, wind, and cool sky 

temperature. 

Wiersma, F. (1982) emphasized that a compromise 

should be made between the cooler shadows and the drier 

ground condition when determining the orientation of the 

shade. He recommended using the north-south oriented shade 

even in the hot dry climate of south Arizona. He suggested 

that to provide sufficient shadow area to the cows, the shade 

size be based on 40 to 50 square feet per mature cow, 20 

square feet per calf of age two to five months, and 3 0 square 
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feet per growing heifer. He suggested that the height of 

shade be at least 12 feet. 

In hot climate area, some shades are further attached 

with other cooling equipment. Wiersma F. (1982) summarized 

several types of equipment in southern Arizona. Use of fans 

can enhance the cool air movement at night and increase the 

number of comfortable hours of the whole day. Shades with 

evaporative coolers are were also used. Evaporatively cooled 

shades are conventional shades attached with evaporative 

coolers. Air was evaporatively cooled and blow into the 

shades and temperature was reduced from 40.6 °C to 29.4 °C. 

Some dairymen also equipped their shades with foggers, in 

which fans are used to control the movement of mist towards 

to the cow bodies. However, the extent of benefits from 

foggers has not been evaluated (Wiersma, F. 1982). 

Irradiation Load Related to Animal Surface Characters 

Curtis, S. E. (1983) presented a simplified method to 

evaluate the net radiation exchange between animals and their 

surrounding: 

Qr = Ara(aTe< - eTs<) (5) 

where Qr: net radiant heat flux on animal; 
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Ar: average area of animal surface; 

ai Stefan - Boltsmann constant; 

a: absorptivity of animal surface; 

Te: average environment temperature, °K; 

Ts: average temperature of animal surface, °K; 

e: emissivity of animal surface. 

Curtis stated that the complication associated with real 

animal situation is due to the uncertainty of animal 

postures, movement of groupmates, inhomogeneous surrounding 

temperature distribution and varying with time. He 

concluded that in the absence of solar irradiation, (for 

example, animals are inside building or outdoor at night), 

both the environment and the animals' surfaces are 

practically black (a = e = 1). 

Observations on the absorptivity and reflectivity of 

cattle's hair varying with hair color, irradiation angle and 

ambient temperature were also reported by a number of 

investigators. Stewart, R. E. and others (1954) investigated 

the reflectivity of dark and white hair of dairy cows. Their 

result showed that the reflectivity of light- colored hair is 

higher than that of dark-colored coats. 

Curtis, S. E. (1983) stated that in the presence of 

solar radiation, the absorptivity and the reflectivity of 

hair are not equal. The absorptivity of dark hair is between 
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0.8 and 0.9 perpendicular to incidence, but it drops slowly 

as the angle of incidence decreases to about 75° and drops 

sharply below this point. In light color hair the 

absorptivity is about 0.6 with incident from 30° to 90°, but 

it drops steadily as the angle decreases. He stated further 

that the white has higher reflectivity and transmissivity 

than that of the black one, its transmissivity is also higher 

than the black hair. For the unreflected portion, white hair 

permits more heat to pass through to the skin. The amount of 

this penetration is larger than if the radiant heat were 

converted directly to sensible heat and conducted to the 

skin. Neglecting this penetration would lead to 

overestimating the role of hair color. Curtis emphasized 

that the hair quality is only one of the many factors 

determining the heat tolerance. Sometimes the relationship 

between hair color and heat tolerance is minor and may even 

be in reverse of what is expected. 

However, effect of coat colors on production were 

reported by several researchers. King et al (1988) presented 

observation results on the relationship between coat color of 

Holstein cows and their first lactation performance in a hot 

climate. Four hundred thirty-two first lactation Holstein 

cows were subjectively assigned one of the three color scores 

at calving: 40% black or less (white), 40% - 60% black 
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(nixed), and 60% black or greater (black). These cows were 

randomly assigned into four herds and treated equally 

throughout the experiment. Cows were maintained in pens with 

evaporative cooling through the first 130 days of lactation. 

Their results showed that interaction between coat colors and 

season of freshening was significant for days open and 

services per conception. White cows freshening in February 

and March required fewer services per conception and had 

fewer open days than those of black and mixed cows. But 

interaction between coat colors and season of freshening was 

not a significant source for variation in production 

performances. They assumed the advantages which the white 

cows might have were entirely overcome by the effect of 

evaporative cooling. 

Cooling bv Wetting Animal Surface 

Campbell, G. S. (1977) introduced equations to describe 

the amount of water and latent heat loss from animal skin or 

coat: 

P'vs - Pva 
Es = (6) 

r„„ + r„„ + r„„ 

where Es: rate of surface water loss(g/m2s); 

p'vs: saturation vapor density at skin or coat 
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temperature (g/m3) ; 

pva: saturation vapor density at ambient 

temperature (g/m3); 

rvs: resistance to vapor diffusion through the 

skin (s/m); 

rvc: resistance to vapor diffusion through the 

coat (s/m); 

rva: resistance to vapor diffusion through the 

boundary layer (s/m). 

Therefore, the latent loss will be vEs, where v is the latent 

heat of evaporation. For moist skin and noncoat animal 

(earthworms, snails) the rvs and rvc are zero, so rva will be 

the controlling resistance for water loss. Seath. D. M. and 

Miller, G. D. (1947) tested the combined effects of shade and 

water sprinkling on Jersey cows. The control group could 

access only simple shade while the treated group could access 

shade after water sprinkling. Their result showed that the 

average body temperature, respiration rate and pulse rate of 

the treated group was significantly lower than that of the 

control group. 

Seath. D. M. and Miller, G. D. (1948) applied a 

self-service sprinkling device on dairy cows. Cattle would 

access the self-service sprinkling device when they suffered 

heat stress. Comparative records showed that average body 
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temperatures of 4 cows were 104.08 °F when held in the sun, 

101.9 °F when in shade only, and 100.76 °F when using shade 

with self-service sprinkling device. Average respiration 

rates were 113.0, 85.2, and 56.7 times per minute, 

respectively, under these conditions. 

Srivastava, R. K. and others (1978) compared the cooling 

effects of water spraying and wallowing on 45 lactating 

buffaloes in 3 groups. One group were sprayed 30 minutes at 

11:00 am and 3:00 pm. One group accessed the wallowing at 

same time as group 1 was sprayed. Another group served as 

controls. All animals were sprayed with water on their body 

once a day before milking. Milk yield performance showed 

significant different as: 7.01 kg/day for the sprayed group, 

8.19 kg/day for the wallowing group, and 6.90 kg/day for the 

controlled group. 

Ansell, R. H. (1981) reported a four-year study of 30 

pure-bred Friesian pregnant heifers in the Arabian Gulf area 

where the climate has high temperature and humidity, low wind 

velocity and little diurnal variation. He found that cooling 

the cattle with water sprinkling is effective even when water 

temperature was 35°C. 

Wiersma, F. and Armstrong, D. (1983) presented a 

premilking and postmilking sprinkling system. This system 

consisted of the holding pen wash jet on the floor, overhead 
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fans and sprinklers, as well as the three-sides sprayer in the 

exit alley. While completely wetting the cow surfaces, the 

fans continuously move the air to enhance the evaporation 

processing before the cows enter the parlors. The three-side 

sprayer on the exit alley once again applies water on cows' 

surfaces as they walk out. The combination of holding pen 

and exit cooling reduces the cow's body temperature to near 

normal by the time they return to their corrals. 

Igono, M. O. and others (1985) reported that cows 

spraye d  w i t h  w a t e r  a t  4 3 . 7  1 / h r  f r o m  1 1 : 0 0  t o  1 7 : 3 0  h a d  0 . 8  

°C lower milk temperature, 0.3 °C lower rectal temperature, 

and 0.7 kg/cow higher daily milk yield. 

Araki, C. T. and others (1985) reported a phenomenon in 

which the vaginal temperature transiently increased in the 

period of sprinkling treatment. On a 30-day's test they 

applied water sprinkling on 10 Holstein-Fresian cows before 

the 01:30 am and 13:30 pm milking each day. Although after 

both sprinkling the vaginal temperatures were generally 

reduced, a transient increasing in vaginal temperature emerge 

midway in the 01:30 am sprinkling. The researchers assumed 

this phenomenon is caused by thermogenesis stimulation due to 

more significant heat loss in the 01:30 am sprinkling. They 

confirmed this transient increasing was not due to heat gain 

from environment because this phenomenon did not happen to the 
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13:30 pm sprinkling. 

Shultz, T. A. and others (1987) made observation on 12 

farms with misters along the corral mangers and compared 

performance of cows on 12 similar dairies without misters. 

The misters were thermostat-activated at 32.8 °C and timed for 

5 minutes on and 5 minutes off. They reported that milk 

production losses in the misted cattle during the hot weather 

averaged 1.35 kg per day less than the unmisted cows. They 

also stated that this difference was more apparent for high-

producing cow and during long heat wave. 

Igono, M. O. and others (1987) reported the cooling 

effects of shades with and without fanned water spray (20 

minutes on and 10 minutes off) . The rectal and milk 

temperatures were higher for the control group at am and pm 

milking time. But for both groups the rectal and milk 

temperatures were considerable higher at pm milking than in 

the morning. They stated that this indicated cows had 

regained their normal body temperature by the am milking. 

They also reported that although the ambient temperature and 

the relative humidity were the same for both groups, the 

fanned spraying can reduce the body temperature 0.3 to 1.2 °C 

and keep it below 39 °C. 

Cooling by surface wetting has also been proved be 

effective in hot and humid area. Strickland, J. T. and 
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others(1988) reported a result of an experiment of fanned 

water sprinkling applied to freestall barn and premilking 

holding area. Their treatments were in a 4x4 factorial 

assignments (cooling vis no cooling, freestall barn and 

holding area). Timing cycle in the freestall was 1.5-minute 

sprinkling followed by 13.5-minute fanning whenever the 

ambient temperature was above 25 °C. Timing cycle in the 

premilking holding area was 0.5-minute sprinkling followed by 

4.5-minute fanning. Their results showed significant 

difference; with freestall barn sprinkling, milk production 

increased from 18.1 kg/day to 20.2 kg/day, feed consumption 

increased from 17.8 kg/day to 19.1 kg/day, and milk protein 

increased from 3.39% to 3.51%; for holding area sprinkling, 

feed consumption increased from 18.3 kg/day to 18.6 kg/day. 

They further pointed out the consumption in electricity and 

water can be far offset by the increased milk production. 

Nichols, D. A. and others (1982) compared the 

effectiveness of continuous fogging and intermittent 

sprinkling (2 minute on and 13 minutes off) on swine. Their 

results showed that intermittent sprinkling consumed only 7 0% 

as much water as the continuous fogging, and the survival rate 

was 5.6% higher than the continuous fogging group. They 

stated that the continuous fogging may actually reduce the 

rate of evaporative heat loss. 
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Curtis, S. E. (1983) stated that wetting the animal's 

surface periodically, and then providing a chance for 

evaporation to occur can significantly increase the 

evaporative heat loss. Curtis emphasized the importance of 

a rest interval between two sprinklings. He stated an 

observation about effect of wallows of swine in the Imperial 

Valley of California. Swine would lose much benefit of surface 

wetting if the swine did not leave the wallow periodically to 

permit evaporation to occur. 
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CHAPTER 3 

MATERIALS AND METHODS 

The experiment was conducted in the summer of 1986 from 

June 16 to July 24. Most of these days diurnal peak 

temperature exceeded 38 °F. The experiment location was in 

the Dairy Research Center of the University of Arizona, 

Tucson, Arizona. 

Treatment Design 

The experiment was conducted in the manner of simulation 

of different milking cooling routines. Ten high-producing 

cows were used. First, all cows entered the pre-milking 

holding pen simultaneously. They were then randomly separated 

into 3 groups and consecutively spent 10 minutes inside the 

milking parlor, another 10 minutes in the post-milking hold 

area after passing the exit alley of the parlor. 

The cooling treatment applied in the premilking holding 

pen was 100-second timed underwashing and overhead 

fanned-sprinkling, then continued overhead spraying over the 

remaining waiting time. The cooling treatment inside the 

milking parlor was conventional evaporative cooling as is 

provided in most milking parlors primarily for the benefit of 



the workers. The cooling treatment applied on the exit alley 

was three-side pressurized spraying with about 241 KPa (35 

pounds/in2) pressure and 3 liter/second flow rate for about 2 

seconds as each cow passed it. In the postmilking holding 

area the cows had access to simple overhead shades and water 

drinking. The shades were located about 15 meters away from 

the existing alley. Shades were 5 meters wide, 4 meters high 

and covered with corrugated steel sheets. 

When all cooling treatments possible are applied to each 

milking stage, there will be total 23 = 8 different such 

combinations available. However, due to the limited 

commendation of parlor facility and interruption in the normal 

milking routine, only seven of these treatment combinations 

were actually experienced in this experiment (the missed 

combination is YPYY), as shown in Table 3. 



Table 3. Treatment assignment to each milking stage. 

Treatment (Cooling or No cooling! 

premiIking 

holding pen 

milking exit postmilking 

parlor alley pen access code 

NO 

YES 

NO 

YES 

NO 

NO 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

NO 

NO 

YES 

YES 

YES 

NO 

NO 

NPNN 

YPNN 

NPNY 

YPNY 

NPYY 

NPYN 

YPYN 
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Cows were selected by different hair colors. Hair color 

is numerically defined as black ratio between 0.0 (or 10% -

20% black) and 1.0 (or 80%-90% black), average from 

independent estimations of three people. 

Body Temperature Drop (BTD) 

The interested response variable is body temperature drop 

(BTD) which defined as: 

BTD = T, - Te (7) 

where T{: initial stressed body temperature at 

beginning of the treatment; 

Te: body temperature at end of the treatment. 

If the BTD comes out positive, it indicates that the cow 

experiences thermal relief from the initial stress. If the 

BTD results is negative, it exhibits that the cow suffers from 

increased thermal stress. 

To obtain impartial evaluation of all the cooling 

treatments, data only from the treatments in which the cows 

had stressed high body temperatures, and without any water 

spray in the preceding 2 to 3 hours were used. 

Body temperatures were measured through the use of 

thermistor probes in the ear canal adjacent to the cow's ear 
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drum. Data were transmitted to a central receiving station, 

digitized and stored in an Apple lie system. The maximum 

resolution of the sensors was 0.1 °C and the sampling interval 

is normally 2 minutes. Ambient data, including dry bulb and 

wet bulb temperature, were also recorded by the same 

equipment. All sensors were calibrated before and after each 

test using a constant temperature water bath and a standard 

mercury thermometer. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Effects of Hair Color on Milking Cooling routines 

A total of 139 observations of T, are plotted against 

their hair black ratio in Figure 1. The Pearson's correlation 

coefficient between the black ratio and the T. is only 

-0.18442. Which shows that there is an almost null 

relationship between cow body temperatures and the black ratio 

variation. 

For each treatment, the observed BTD versus the hair 

black ratio are plotted on Figure 2 to 8. Note some of the 

identical points are overlapped on these figures. The 

correlation coefficients between observed BTD and the hair 

black ratio are also presented. The Pearson's Correlation 

Coefficient, denoted by r, is used to examine the effect of 

hair color on BTD. Results showed there are no clear 

relationship between the BTD and the hair color black ratio 

under any of the seven treatments. 

Data of BTD of individual cow are listed in Table A1 of 

the Appendix. 
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Cow Body Temperature Pattern during 

the Milking Cooling Routines 

Body temperature pattern under different treatments are 

shown in Figures 9 to 15. Ambient parameters obtained from 

local weather data center (AZMET) are also listed under the 

titles. In this experiment, the formula to convert air 

temperature and RH into THI is: 

THI=1.8 * tdry.bulb+32-(l-RH)*(tdry.bulb-14.3) (8) 

A third power of linear and polynomial regression lines is 

used to plot the mean body temprature. Although the 

predictation of the actual body tempertures vs length of 

treatments was not significant for all groups, our interest 

is in the patterns of the body temperature change and BTD 

under different treatments. Each curve in a figure represents 

a mean body temperature of one group of cows. Group 1 is the 

cows who entered the milking parlor first, and group 3 is the 

last. We recognize that different groups of cows had 

different initial mean body temperatures, so a variation in 

body temperature exists within groups under a given cooling 

treatment. However, our main interest is in the body 

temperature change during treatment periods. These are 

separately discussed below. 
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NPNN (control) Figure 9 shows that body temperatures of 

this group generally increased slightly. Body temperature 

increments increased during the premilking waiting time, 

(group 3) . Cooling effect of evaporative parlor was not 

apparent in this combination. Body temperature kept 

increasing if there was no postxnilking shade access, but 

tended to re-drop when there are pen shade access. 

YPNN Body temperatures in these treatment generally 

decreased in the premilking sprinkling period, Figure 10. In 

group 3, the body temperature decline continued during the 

premilking waiting time. (group 3) . No shade access in 

postmilking holding area did re-increase the cow body 

temperature of group 3. 

NPNY Figure 11 shows that body temperatures in this 

treatment held almost constant. 

YPNY Figure 12 shows that body temperatures generally 

decreased during the premilking cooling treatment and held 

almost constant in the postmilking holding area. 

NPYY Figure 13 shows that body temperature remained 

almost constant until cooling from the exit water spray, then 

continued declining slightly during shade access. 

NPYN In Figure 14. Body temperature tended to increase 

in the unshaded postmilking area even with exit water spray. 

YPYN In Figure 15. Body temperature generally 
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decreased. For group 2 and 3 the body temperatures kept 

dropping during no postmilking shade access. For group l the 

body temperature was re-increased slightly if there is no 

postmilking shade access. 

Effects of Different Stressed Body Temperatures 

The relationship between different stressed body 

temperature T,- and the BTD after each treatment is shown 

through Figure 16 to 22. All Pearson's correlation 

coefficients were positive and range from 0.16918 to 0.97154 

showed that there was but a weak tendency in which the BTD 

increased as the T{ increased. 
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Figure 18. Correlation of BTD versus stressed body temperature in 
treatment NPNY. 
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treatment YPNY. 
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Effects of Different Cooling Treatments. 

For this experiment, the null hypothesis to test is that 

there is no BTD difference among all the 7 treatments: 

Ho: BTD(NPNN) = BTD(YPNN) = ... = BTD(YPYN). 

However, analysis of variance ensure us to reject this null 

hypothesis and conclude that at least some of the 7 treatments 

differ with respect to values of their BTD. 

The analyses of variance tables of these 7 treatments is in 

on Appendix B. 

The magnitudes of mean BTD due to different cooling 

combination treatments are listed in Table 4. Here the 

positive signs indicate reducing body temperatures, and the 

negative signs indicate increasing body temperatures. Factor 

of hair color is no longer considered here since we have 

previously observed no such effect existing. 
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Table 4. Mean BTD due to different cooling treatment. 

Treatment Mean BTD (oC) Replications 

NPNN -0.1538 26 

YPNN 0.4111 9 

NPNY -0.0511 45 

YPNY 0.4778 9 

NPYY 0.1912 34 

NPYN 0.0222 9 

YPYN 0.5000 7 
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A set of planned comparisons between any pair of the 

seven treatments were made and the results are shown in Table 

5. Those entries with 'S' or '.NS* indicate significant or not 

significant, respectively. The contrast matrix and 

statistical sum square reduction due to each contrast are in 

Appendix C. 
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Table 5. Contrast of mean BTD due to different treatments. 

NPNN YPNN NPNY YPNY NPYY NPYN YPYN 
-0.1538 0.4111 -0.0511 0.4778 0.1912 0.0222 0 . 5 0 0 0  

YPNN 
0.4111 S S NS S S NS 

NPNY 
-0.0511 NS S S NS S 

YPNY 
0.4778 S S S NS 

NPYY 
0.1912 S S S 

NPYN 
0.0222 S S 

YPYN 
0.5000 S 
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The completeness comparisons of any pair of the 7 

treatments allows us to sort the effects of the treatments in 

a roughly descending order with respect to their BTD values 

0.5000 0.4778 0.4111 0.1912 0.0222 -0.0511 
YPYN = YPNY = YPNN > NPYY > NPYN > NPNY 

-0.1538 
NPNN 

This relation clearly reveals that the relative effects 

individually due to each cooling technique are in the order 

of: premilking sprinkling, exit water spray, and shade access 

in postmilking holding area. This order also suggests the 

effect of the missed treatment combination YPYY, as mentioned 

in Chapter 3, can be safely predicated to fall within the 

combinations which include premilking sprinkling. 

CONCLUSION 

1. Stressed cow body temperature can be decreased during 

the daily milking routines if some artificial cooling 

techniques are applied. Body temperature can be slightly 

raised if there is no artificial cooling more than evaporative 

cooled parlors and postmilking shade access. 

2. Different combinations of artificial cooling 

techniques result in unequal body temperature drops. The 

relative effective order and their approximate BTD is: 
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0.5000 0.4778 0.4111 0.1912 0.0222 -0.0511 
YPYN = YPNY = YPNN > NPYY > NPYN > NPNY 

-0.1538 
NPNN 

3. The relative effectiveness due to individual cooling 

techniques is such order: premilking sprinkling, postmilking 

water spray, shade access in postmilking holding area. 

4. Body temperature tends to rise more if the hold-

waiting time is longer in the absence of premilking 

sprinkling. Body temperature tends to drop more when the 

hold-waiting time is longer in the presence of premilking 

shrinking. 

5. Different hair colors have no effect on stressed 

body temperature nor the magnitudes of body temperature drop 

during any one of above 7 cooling treatments. 

6. Higher initial stressed body temperature has a weak 

tendency to drop more during the milking cooling routines. 

7. Since the premilking sprinkling most significantly 

reduces the body temperature in the milking time, it become 

advantageous for dairy farms to install it. Even in the 

absence of shade cooling in postmilking hold area, the effect 

of premilking sprinkling can still prevent the body 

temperature from rising rapidly. Since shade does prevent the 

animals from the direct sun radiant, and the combination of 
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premilking sprinkling and postmilking spray also provides more 

cooling effect than using any single cooling method alone, and 

extra cost of water and shade maintenance is trivial, it is 

highly recommended that all of these cooling methods be used 

to achieve maximal possible cooling effect. 



APPENDIX 

DATA AND ANALYSIS TABLES 
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Table A.l. Data of BTD from individual cow. 

Test In Black Ti 
(°C) 

Te 
(°C) 

BTD 
Date Cow schedule arouo Treatment ratio 

Ti 
(°C) 

Te 
(°C) (°C) 

JN16 45 1 1 NPNN .8 39.2 39.3 -. 1 
JN16 140 1 1 NPNN .5 40.5 40.4 . 1 
JN16 69 1 1 NPNN .4 40.3 40.1 . 2 
JN16 1073 1 1 NPNN .3 39.4 39.3 . 1 
JN16 1039 1 2 NPNN .7 39.6 39.5 . 1 
JN16 867 1 2 NPNN .9 38.8 39.0 -.2 
JN16 85 1 2 NPNN .5 39.3 39.4 -. 1 
JN16 115 1 3 NPNN .6 39.6 39.7 -. 1 
JN16 31 1 3 NPNN 1.0 39.0 39. 3 -.3 
JN19 1039 1 1 NPNN .7 39.0 39.2 -.2 
JN19 45 1 1 NPNN .8 39.1 39. 2 -. 1 
JN19 85 1 1 NPNN .5 38.8 39. 0 -.2 
JN19 867 1 1 NPNN .9 38.6 38.6 . 0 
JN19 140 1 2 NPNN .5 39.7 39. 9 -.2 
JN19 69 1 2 NPNN .4 39.5 39.6 1 
JN19 12 1 2 NPNN 1.0 39.5 39.3 . 2 
JN19 115 1 3 NPNN .6 39.4 39.7 -.3 
JN19 31 1 3 NPNN 1.0 38.9 39.3 -.4 
JL23 14 1 1 NPNN .5 38.6 38.9 -.3 
JL23 96 1 1 NPNN .9 38.7 38.9 -.2 
JL23 91 1 1 NPNN .2 38.7 39. 0 -.3 
JL23 140 1 2 NPNN .5 39.1 39.6 -.5 
JL23 74 1 2 NPNN .2 38.6 38.8 -.2 
JL23 31 1 2 NPNN 1.0 38.8 39.0 -.2 
JL23 8 1 3 NPNN .5 38.4 38.8 -.4 
JL23 1073 1 3 NPNN .3 38.6 38.9 -.3 
JN16 140 2 1 YPNN .5 40.3 39.7 . 6 
JN16 867 2 1 YPNN .9 39.1 39. 0 . 1 
JN16 85 2 1 YPNN .5 39.4 39.0 .4 
JN16 1073 2 1 YPNN .3 39.3 39.1 .2 
JN16 115 2 2 YPNN .6 39.6 38.8 .8 
JN16 31 2 2 YPNN 1.0 39.2 39.0 .2 
JN16 1039 2 2 YPNN .7 39.6 39.3 .3 
JN16 45 2 3 YPNN .8 39.4 38.9 .5 
JN16 69 2 3 YPNN .4 40.0 39.4 • 6 
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Cow 

1073 
1039 
45 
31 
140 
115 
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69 
85 

1039 
69 
31 
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45 
115 
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867 
85 
69 
12 
45 
85 
31 

115 
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867 
31 

8 
12 
96 

1073 
14 
140 
74 
91 
91 
12 
14 
31 
8 

96 
74 
140 

Data of BTD from individual cow. (cont.) 
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Test 
schedule 

In 
arour» Treatment 

Black 
ratio 

T i  
( ° C )  

T e  
( ° C )  

B T D  
f ° C )  

1 NPNY .3 38.9 39.0 1  
1 NPNY . 7  39.3 39.4 -.1 
1 NPNY .8 39.5 39.5 .0 
1 NPNY 1.0 39.1 39.1 .0 
2 NPNY . 5  40.0 40.0 .0 
2 NPNY .6 39.6 39.7 1  
2 NPNY . 9  39.0 38.8 . 2  
3 NPNY .4 39.5 39.5 .  0  
3 NPNY .5 39.1 39.0 . 1  
1 NPNY . 7  39.2 39.3 1  
1 NPNY .4 39.7 39.7 .  0  
2 NPNY 1.0 39.0 39.1 1  
2 NPNY .3 39.0 39 . 0  . 0  
2 NPNY .8 39.3 39.3 . 0  
3 NPNY .6 39.6 39.6 . 0  
3 NPNY .5 40.1 39.8 . 3  
3 NPNY .9 38.9 38.8 .  1  
3 NPNY .5 39.1 39.0 .  1  
1 NPNY .4 39.4 39.4 .  0  
1 NPNY 1.0 38.9 38 . 8 .  1  
1 NPNY .8 38.9 38.7 . 2  
1 NPNY .5 39.1 39.0 .  1  
2 NPNY 1.0 39.0 38.7 .  3  
3 NPNY .6 39.2 39.2 .  0  
3 NPNY .5 39.5 39.7 - . 2  
3 NPNY .9 38. 6 38.6 .  0  
1 NPNY 1.0 39.1 3 9 . 3  - . 2  
1 NPNY .5 38.9 39.0 1  
1 NPNY 1.0 38.9 39.2 - . 3  
1 NPNY .9 38.9 39.1 - . 2  
2 NPNN .3 38.9 38.9 .  0  
2 NPNN .5 38.9 38.9 .  0  
3 NPNY .5 39.5 39.5 .  0  
3 NPNY .2 38.9 39.1 - . 2  
3 NPNY .2 39.1 3 9 . 2  - .  1  
1 NPNY .2 39.0 39.0 .  0  
1 NPNY 1.0 39.2 39.4 - . 2  
1 NPNY .5 38.8 38.8 .  0  
2 NPNY 1.0 38.9 39.0 - . 1  
2 NPNY .5 38.6 38.8 - . 2  
2 NPNY .9 38.8 39.1  - . 3  
3 NPNY .2 38.6 39. 1 - . 5  
3 NPNY .5 39.4 40.0 -.6 



A.l. 

Cow 
1073 
45 
140 
867 
1073 
1039 
115 
31 
69 
85 
69 

1073 
1039 
45 
867 
115 
31 
140 
85 
12 
45 
31 
85 
69 
115 

1039 
140 
867 
91 
96 
140 
14 

1073 
8 

74 
31 
14 
96 
74 
91 
31 

140 
8 

1073 

75 

Data of BTD from individual cow. (cont.) 

Test in Black Ti 
f°C) 

Te 
(°C) 

BTD 
hedule crrouo Treatment ratio 

Ti 
f°C) 

Te 
(°C) (°C) 

1 3 NPNY .3 38.8 39.1 -.3 
2 1 YPNY .8 39.4 38.6 .8 
2 1 YPNY .5 39.8 39.5 .3 
2 1 YPNY .9 38.9 38.9 .0 
2 2 YPNY .3 39.0 38.8 .2 
2 2 YPNY .7 39.2 38.7 .5 
2 2 YPNY .6 39.3 38.3 1.0 
2 2 YPNY 1.0 39.1 38.8 . 3 
2 3 YPNY .4 39.5 38.9 . 6 
2 3 YPNY .5 39.1 38.5 . 6 
2 1 NPYY .4 39.7 39.4 .3 
2 1 NPYY .3 39.0 38.8 .2 
2 1 NPYY .7 39.0 38.8 .2 
2 1 NPYY .8 39.1 38.9 .2 
2 2 NPYY .9 38.8 38.9 1 
2 2 NPYY .6 39.6 39.1 . 5 
2 2 NPYY 1.0 39.0 38.9 . 1 
2 3 NPYY .5 40.0 39.8 . 2 
2 3 NPYY .5 39.0 38.6 .4 
2 1 NPYY 1.0 38.8 39.0 -.2 
2 1 NPYY .8 38.5 38.3 .2 
2 1 NPYY 1.0 38.6 38.6 .0 
2 2 NPYY .5 38.9 38.7 .2 
2 2 NPYY .4 39.3 39.2 . 1 
2 2 NPYY .6 39.1 38.9 .2 
2 3 NPYY .7 39.0 39.0 .0 
2 3 NPYY .5 39.7 39.6 
2 3 NPYY .9 38.5 38.6 
2 1 NPYY .2 39.2 39.1 
2 1 NPYY .9 39.1 39.0 
2 1 NPYY .5 39.6 39.5 
2 1 NPYY .5 39.0 38.8 .2 
2 2 NPYY .3 38.9 39.0 1 
2 3 NPYY .5 38.9 38.9 .0 
2 3 NPYY .2 39.1 39.1 . 0 
2 3 NPYY 1.0 39.1 39.1 . 0 
2 1 NPYY .5 38.8 38.9 -. 1 
2 1 NPYY .9 39.1 38.7 .4 
2 1 NPYY .2 39.1 38.6 .5 
2 2 NPYY .2 39.3 38.8 . 5 
2 2 NPYY 1.0 39.2 38.9 .3 
2 3 NPYY .5 39.9 39.1 .8 
2 3 NPYY .5 38.9 38.4 .5 
2 3 NPYY .3 39.1 38.4 .7 



A.l. 

Cow 

12 
1039 
45 
31 
69 
115 
140 
867 
85 
8 

1073 
96 
31 
91 
14 
74 

76 

Data of BTD from individual cow. (cont.) 

Test In 
schedule group 

2 1 
2 1 
2 1 
2 2 
2 2 
2 3 
2 3 
2 3 
2 3 
2 1 
2 1 
2 2 
2 2 
2 3 
2 3 
2 3 

Black 
Treatment ratio 

NPYN 1.0 
NPYN .7 
NPYN .8 
NPYN 1.0 
NPYN .4 
NPYN .6 
NPYN .5 
NPYN .9 
NPYN .5 
YPYN .5 
YPYN .3 
YPYN .9 
YPYN 1.0 
YPYN .2 
YPYN .5 
YPYN .2 

Ti 
f°C) 

Te 
f°C) 

BTD Ti 
f°C) 

Te 
f°C) (°C) 

39.3 39.2 . 1 
39.1 39.3 -.2 
39.0 39.1 1 
39.2 39.1 . 1 
39.6 39.6 .0 
39.6 39.4 .2 
40.0 40.0 . 0 
38.7 38.6 . 1 
39.0 39. 0 .0 
38.5 38.4 . 1 
38.7 38.3 .4 
38.8 38.4 .4 
39.0 38 . 6 .4 
39.8 38.4 1.4 
38.7 38.4 .3 
38.8 38. 3 . 5 
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Table A.2. Table of analysis of variance. 

Source of Sum of Mean 
Variation Scruare d.f. Scruare 

Total 13.7900 139 
Mean 1.0188 1 

Corrected Total 12.7712 138 
Treatments 6.2868 6 1.0478 
Error 6.4844 132 0.0491 

F0 = 21.33 F(0.95, 6, 132) = 2.17 



Table A.3. Contrast matrix and F values. 
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Treatments 

NPNN YPNN NPNY YPNY NPYY NPYN YPYN SS R F0 

1 0 0 0 0 0 1.1171 22.74 
-1 0 1 0 0 0 0 0.0369 0.75 
-1 0 0 1 0 0 0 1.3963 28.42 
-1 0 0 0 1 0 0 0.4166 8.48 
-1 0 0 0 0 1 0 0.1085 2.21 
-1 0 0 0 0 0 1 1.4963 30.46 
0 1 -1 0 0 0 0 0.7478 15.22 
0 1 0 -1 0 0 0 0.0156 0. 32 
0 1 0 0 -1 0 0 0.1693 3.45 
0 1 0 0 0 -1 0 0.5293 10. 78 
0 1 0 0 0 0 -1 0.0277 0.56 
0 0 1 -1 0 0 0 0.9790 19.93 
0 0 1 0 -1 0 0 0.2055 4.18 
0 0 1 0 0 -1 0 0.0188 0. 38 
0 0 1 0 0 0 -1 1.0630 21. 64 
0 0 0 1 -1 0 0 0.2875 5.85 
0 0 0 1 0 -1 0 0.7264 14.79 
0 0 0 1 0 0 -1 0.0017 0.04 
0 0 0 0 1 -1 0 0.0999 2. 03 
0 0 0 0 1 0 -1 0.3338 6.80 
0 0 0 0 0 1 -1 0.7990 16. 26 
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