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Preface 

"There are only two ways to live your life - as if everything is a miracle or as though nothing is a 
miracle." - Albert Einstein (1879 - 1955) 

The Sixth International Livestock Environment Symposium (ILES VI) continues a tradition of 
gathering specialists from around the world to share information on the effects of the 
environment on the rearing of animals. Beginning with the first Symposium in Lincoln, NE in 
1974, through Ames, IA; Toronto, CANADA; Coventry, ENGLAND; and Minneapolis, MN, the 
"miracles" of animal response have been investigated, reported and discussed. The formal and 
informal discussions of those investigations among the diverse groups of engineers, animal 
scientists, veterinarians, behavioralists, physiologists, nutritionists and economists have led to 
greatly improved knowledge of the importance of the environment on livestock and poultry 
production. This knowledge continues to advance livestock and poultry care and improve 
production systems. The foresight of the first organizers, Ted Bond, Jim DeShazer and LeRoy 
Hahn, has provided members of the Environment of Animal Structures Committee of the 
Structures and Environment Division of the ASAE with a roadmap to success. 

It is with this multiple-disciplinary background providing contributions to previous conferences 
that we invited interested investigators from around the world to participate in ILES VI. As you 
can see, it has been a successful international effort with nearly half of the 97 publications 
originating outside the United States. Subject matter is wide ranging from feeding and caring of 
animals to effects of animal waste, all with respect to the impact of environmental factors on 
animals. Measured animal response variables used to evaluate the effects of the environment 
have been broadened and improved since the first Symposium 27 years ago, with considerable 
emphasis now on the dynamics of those responses. Then systems were discussed, now models 
can more accurately analyze those systems, tomorrow - is up to you. 

The sixth installment of this series was held in Louisville, Kentucky, USA at a time when the 
world was caught up in controlling the spread of foot and mouth disease, which caused the 
unprecedented cancellation of tours to livestock production facilities in connection with the 
Symposium. The problem was striking evidence of the scope of this conference and the global 
community we have become. We planned to showcase the unique beauty of "bluegrass country" 
in addition to those tours but plans changed. So it is with science, the more deeply we 
investigate, the more we uncover for further investigation, the more surprises we encounter and 
change occurs. As an international community we can address these issues and resolve our 
problems. Let us move forward with that spirit of connectiveness, among countries and among 
disciplines. 
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Comparison of Methods of Measuring Deep Body 
Temperatures of Dairy Cows 

L. C. Hicks, W. S. Hicks, R. A. Bucklin, J. K. Shearer, D. R. Bray, P. Soto and V 
Carvalho, 

ABSTRACT 

Physiological parameters, such as body temperature, are key indicators of heat stress and disease 
th• dairy cows. Heat stress is a major complication in dairy production and is known to predispose - 

cows to significant health problems such as mastitis, poor reproductive performance, and
lameness. It is therefore important to develop improved means of monitoring deep body
temperature. The purpose of this project is to show a comparison between two methods of
measuring deep body temperature of dairy cows. Cow body temperatures measured by ingested 
and implanted CorTempTM sensors and rectal thermometers were compared in an effort to 0 deve 1 p 
an accurate and relatively non-invasive means of monitoring body temperature. 

The CorTempTM sensor, patented by HTI Technologies, Inc., is a wireless transmitter in the shape
of a pill. It consists of a quartz crystal temperature sensor, a telemetry system, and a battery. The
size of the pill varies based on the application. The smallest pills intended for human use or 
poultry are 27 nun long and 10 mm in diameter. The size differs based primarily on the size of the 
battery; the larger the battery the longer the life of the sensor. The transmitter pill can be ingested 
by the cow or implanted. The sensor provides a continuous and accurate means of monitoring 
temperature of dairy cows when implanted or as it travels through the digestive tract. Two tests of 
the sensor were conducted at the Dairy Research Unit (DRU) at the University of Florida. The 
first trial was conducted on a rumen fistulated Holstein cow. A CorTempTM sensor was manually 
placed into the lower rumen of the cow through its cannula, Temperatures recorded by the 
external receiver were compared to rectal temperatures measured using a mercury thermometer. A 
second trial was conducted using three Holstein cows at the DRU. A sensor was surgically 
implanted into the abdomen between the greater omentum and right abdominal wall. Again, 
temperatures were recorded by the receiver, as well as rectally by a mercury thermometer. 
The trials were conducted to compare temperatures measured by the CorTempTM sensor to 
temperatures measured by a rectal thermometer. Both the rectal thermometer and CorTempTM 
sensor gave deep body temperatures within the normal range for dairy cows (38.3-39.4°C). 
Analysis of the temperatures indicated that the temperatures measured by the CorTempTM sensor 
were statistically the same at the 98% level for Cow 1, 97% level for Cow 2 and 95% level for 
Cow 3. Further studies are planned to develop the CorTempTM system as a tool to measure cow 
deep body temperature. 

KEYWORDS. Dairy cows, heat stress, deep body temperature 

BACKGROUND 

Deep body or core temperature is an important indicator of heat stress in dairy cows. Heat stress 
causes disease and declines in dairy milk production and fertility. It is therefore important to 

• The authors are Graduate Assistant, Agricultural and Biological Engineering Dept, Univ 

of Florida; President, HTI Technologies, Inc. Palmetto, FL; Professor, Agricultural and Biological 

Engineering Dept, Univ of Florida; Associate Professor, Veterinary Medicine Dept., Univ of 

Florida; Extension Agent IV, Animal Science Dept, Univ of Florida; Graduate Assistant, Animal 

Science Department, Univ of Florida; and Graduate Assistant, Agricultural and Biological 

Engineering Dept, Univ of Florida 

.viect 

elep improved methods of monitoring deep body temperature. The primary objective of 

p

this 
was to compare deep body temperatures of dairy cows measured using CorTempTM sensors ,n

7emperatures measured with a rectal thermometer. The purpose is to use this information to 
Teresome an accurate method of continuously monitoring deep body temperature of dairy cows as 

sloola use nn tu0stuthdeyheoaret gsit:ael stsL ow y systems to maintain a narrow range of deep body temperatures, termed 
the zone of thermal neutrality. In order to maintain thermoregulation, adjustments are made to the 
cardiovascular, respiratory and endocrine systems placing less priority on lactation, growth and 
reproduction. As a result, during times of high temperatures and humidity dairy cows experience a 
reduction in performance caused by heat stress. 

cow uses three primary means of heat dissipation under normal conditions: conduction, 
convection and radiation. These methods are sensible heat loss mechanisms that rely on a thermal 
,radiem to operate. However, when ambient air temperature increases to levels approaching cow 

boyd., temperature, the thermal gradient reduces and the cow must rely on evaporative heat loss as 

its primary mode of heat dissipation. This requires the adjustment of cardiac output, blood volume 

and peripheral vasodilation causing greater stress on the cardiovascular system. Furthermore. 
Mere is an increase in the respiratory rate as the evaporative heat loss increases, resulting in stress 

to the respiratory system. This panting and open mouth breathing at higher temperatures alter 
blood CO,, O2, and pH. In addition, as body temperature rises due to heat stress, there is a 
decrease in hormone secretion. The adjustments in the endocrine system's thyroid stimulation 
hormone. growth hormone, and prolactin result in a decline in growth, metabolic rate, and milk 
production (Collier and Thatcher, 1982; Hahn, 1982, 1985; Bucklin et al, 1992). 

It has been shown that heat stress predisposes cows to develop diseases such as mastitis by 
increasing susceptibility to infection. Disease not only decreases milk yield, but also the quality of 

the milk produced. These effects of heat stress result in a necessity to develop a means of 
monitoring heat stress in an attempt to combat it. One means of doing so is to measure deep body 
temperature as an indicator of heat stress. 

Several studies conducted at the University of Florida (Bray et al, 1992, 1994a; Bucklin et al, 
1992) have evaluated different methods of cooling dairy cows. Most of these studies used deep 
body temperatures as one measure of the effectiveness of cooling systems. Deep body 
temperatures can be determined by measuring rectal, vaginal or tympanic temperatures. The rectal 
thermometer is the most widely used measure of deep body temperature. It is an inexpensive 
means of measuring temperature and is accepted as the deep body temperature. However, the 
rectal temperature has seldom been compared to internal temperatures of dairy cows. 
Temperatures at other internal locations in a cow's body would be expected to vary from rectal 
temperatures by at least small amounts. Furthermore, using a rectal thermometer requires direct 
contact with the cow that can be a difficult task in the field. Tympanic temperatures have been 
recorded by inserting an ear probe in the external ear canal near the area of the tympanic 
membrane. This method is effective in monitoring deep body temperature (Beede et al, 1987; 
Hahn et al 1990, 1992; Turner et al, 1987; Wiersma and Stott, 1983); however, tympanic probes 
can be uncomfortable to the cow and inserting the probe in the cow's ear canal is difficult. 
Vaginal temperatures can also be measured as method of monitoring heat stress. A series of 
studies used radio frequency transmitters to monitor vaginal temperatures of dairy cows at the 
University of Florida (Bray et al, 1990, 1991, 1992, 1994a, 1994b). The transmitters effectively 
transmitted temperature signals to a receiver coupled to a computer. However, the transmitters 
could only be left in place in the cows for a period of a few days before infection around the 
transmitters became a problem. The system was also expensive and required frequent time 
consuming calibrations. Because of the limitations of current methods of measuring rectal, 
tympanic and vaginal temperatures, this study was conducted to evaluate the potential of 
CorlempTM sensors to monitor deep body temperatures of dairy cows. 
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SENSORS signalrec:ption. The cow was in a temperature-controlled environment where her temperature 
was stable. Periodically, rectal and sensor temperatures were read and recorded. As shown in 

The CorTempim sensor system has been used for accurate, continuous monitoring of the deep body Table 1, sensor and rectal temperatures both averaged 38.7°C. The sensor temperatures had a
temperature of humans. The results of human studies have shown that temperatures measured i standard deviation of 0.05°C and the rectal temperatures had a standard deviation of 0.24°C.n
the core of the bodies of humans can differ from rectal temperatures (O'Brien et al, 1998; Spading 
et al. 1993). The Corl enlpTM sensor was originally developed by Johns Hopkins University 
Applied Physics Laboratory in collaboration with NASA (Cutchis ct al, 1988), and is currently 
licensed to HTl Technologies, Inc. The CorTempTM sensor is a wireless pill, consisting of a quartz
crystal temperature sensor, a telemetry system, and a battery that is implanted or ingested by the 
cow. The size of the sensor varies based on the application. For human use it is approximately 27 
mm in length and 10 mm in diameter, about the size of a large vitamin pill. In this application for 
cows, the pill was approximately 9 cm in length and 2.5 cm in diameter. The differing sizes are 
based primarily on the size of the battery; the larger the battery, the longer the life of the sensor. 

The sensor can be either ingested or surgically implanted. When ingested by a cow, the sensor 
allows for a continuous, relatively non-invasive, accurate means of monitoring temperature as it 
travels through the digestive tract. It is expected that an ingested sensor will eventually come to 
rest in the cow's reticulum. One of the future uses of the sensor will be to compare the reticulum's
temperature to rectal temperatures to determine if it can be used as a measure of deep body 
temperature. Surgically implanting a sensor is invasive and a more complicated procedure, but 
with proper location would be expected to provide a reliable deep body temperature. 

Once in the cow, the crystal in the sensor vibrates in direct proportion to the temperature of the 
surrounding substance. A signal is then sent to an external receiver that translates the signal into a 
digital temperature. The size of the receiver is based on the application. The one used in this case 
is 12 x 6 x 2.5 cm in size and weighs 193 g. It is powered by a 9 V DC battery and has an internal 
antenna. The receiver can store up to 10 sensor calibration numbers and 50,000 data points into 
memory. Larger receivers can store up to 50 sensor calibration numbers and two different pill 
frequencies. The receiver can be preprogrammed to display and record time correlated 
temperature data at predetermined intervals, allowing for continuous, real-time deep body 

temperature monitoring. Once the data is stored, it can then be downloaded to a computer through 
a RS232 connection. The pill is encapsulated in food-grade epoxy and coated in food-grade 
silicon, that allows for harmless passage through the cow. The sensor is FDA approved for use in 
humans and has undergone more than a decade of monitoring temperatures in medical and 

industrial applications. Each sensor is factory calibrated to ensure an accuracy of at least ±0.1°C. 

The sensor is calibrated with the use of a stable-temperature water bath, a RTD certified by NBS, 

and a frequency counter. Frequencies corresponding to various temperatures are recorded and then 

analyzed to produce a calibration number, consisting of a slope and offset. This unique calibration 

number and its serial number are then entered into the receiver (262kHz). 

The rectal thermometer is the traditional method of determining deep body temperature. A 

thermometer is inserted into the cow's rectum and held in place for approximately one minute. It 

is then removed and the temperature read. The benefits of this method are accessibility and low 

cost of thermometers. However, major disadvantages include errors when manually reading the 

temperature, and the difficulty involved in securing the cow to measure the rectal temperature. 

COMPARISON OF METHODS 

The initial trial consisted of one rumen fistulated Holstein cow that was tied in an enclosed flat 

barn at the Dairy Research Unit at the University of Florida during testing. Relative humidity and 

ambient air temperature were measured and recorded. A sensor calibration number was 

programmed into the receiver and then a manual reading was taken to determine that an accurate 

signal was received. The sensor was then manually placed in the lower rumen through the 

cannula. The cannula was resealed and another manual reading was taken of the sensor to ensure 

434 

Table 1. Temperatures measured by a CorTempTM sensor in a cow's rumen and rectal 
temperatures for a Holstein cow housed under constant ambient conditions in a flat barn. 

Measurement Time Temperature 
(am) (°C) 

Sensor 9:20 38.6 
Rectal 9:20 38.9 
Sensor 9:37 38.7 
Sensor 9:50 38.7 
Rectal 9:50 38.4 
Sensor 10:00 38.7 
Rectal 10:00 38.8 

Ambient Air Temperature: 27.3 °C; Ambient Relative Humidity: 89% 
Sensor Temperature Average: 38.7 °C (Standard Deviation: 0.05 °C) 
Rectal Temperature Average: 38.7 °C (Standard Deviation: 0.24 °C) 

The second trial consisted of three Holstein cows, two of which were rumen fistulated. The three 
cows were initially placed in a flat barn at the DRU in order to perform surgical implantation. 
Two of the cows underwent surgery on October 18, 2000, and the third cow underwent surgery on 
October 23, 2000. All surgeries were performed in the same manner. The cow was shaved over a 
small section of her abdomen on her right side. She was then scrubbed down and given a local 
anesthetic. One cow was nervous and was tranquilized with 10 mg of Xylazine by intravenous 
injection. An incision approximately five inches in length was then made. The CorTempTM sensor 
was placed into the sac of the greater omentum. The incision was then sutured closed. A similar 
procedure was also performed at the MARC in Clay Center, Nebraska using the CorTeinpTM 
sensor for a study involving beef cows (Brown-Brandl et al, 2001). 

The cows were released and kept in an enclosed field at the DRU. The rectal and sensor 
temperatures shown in Table 2 were recorded over an eight day period. Rectal temperatures 
averaged 0.4°C greater for Cows 1 and 2, and 0.6 °C for Cow 3. T-tests were conducted to 
determine if rectal and sensor temperatures were statistically different. Analysis of the 
temperatures indicated that the temperatures measured by the CorTempTM sensor were statistically 
the same as rectal temperatures at the 98% level for Cow 1, 97% level for Cow 2 and 95% level 
for Cow 3. 
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Table 2. Temperatures measured by CorTempTM sensors implanted in the cows body cavity and
rectal temperatures for Holstein cows in an unshaded lot. 

Day Ambient Sensor Rectal Cow 1 Sensor Rectal Cow 2 Sensor 
Temp. Cowl Cow 1 Dif Cow 2 Cow 2 Dif Cow 3 
(°C) (°C) (°C) (°C)  (°C) °C (°C) (°C) 

10/20 

10/22 

10/24 

10/25 

22 / 
Cloudy 

29 / 
Sunny 

27 / 
Sunny 

28 / 
Cloudy 

10/27 24 / 
(am) Sunny 

10/27 30 / 
(pm) Sunny 

38.4 38.3 +0.1 38.5 

38.8 39.1 -0.3 38.4 

38.1 38.8 -0.7 38.4 

38.2 38.6 -0.4 38.1 

37.9 38.6 -0.7 38.0 

38.6 38.9 -0.3 38.3 

38.4 +0.1 

38.6 -0.1 

38.9 -0.5 

38.7 -0.6 38.4 

38.6 -0.6 

39.0 -0.7 38.1 39.1 

Rectal 
Cow 3 

°C) 

Cow 

3
Dif 

( °C) 

4. Bray, D. R., D. K. Beede, R. A. Bucklin and G. L. Hahn. 1992. Cooling, shade and 
sprinkling. In Large Daily Herd Management, eds. H. H. Van Horn and C. J. Wilcox, 655-

663. Champaign, IL: American Dairy Science Association. 

5 Bray, D. R., D. K. Beede, M. A. DeLorenzo, D. Wolfenson, R. G. Giesy, R. A. Bucklin, R. 

A. Nordstedt and S. Means. 1991. Environmental Modification Update. In Proceedings 

of the 28th Annual Florida Dairy Production Conference, 134-140. Gainesville, FL. 

6, Bray, D. R., D. K. Beede, M. A. DeLorenzo, D. Wolfenson, R. G. Giesy, R. A. Bucklin, and 

S. Means. 1990. Environmental modifications update. In Proceedings of the 27'h Annual 
Dairy Production Conference, 100-109. Gainesville, FL. 

38.6 38.8 -0.2 7, Brown-Brandt, T. 2001. Correlations of respiration rate, core body temperature, and 
ambient temperature for cattle and swine. In: Livestock Environment VI, ASAE, St Joseph, 

MI. 38.8 -0.4 

8. Bucklin, R. A., G. L. Hahn, D. K. Beede and D. R. Bray. 1992. Warm climate systems. In 
37.8 38.8 -1.0 Large Dairy Herd Management, eds. H. H. Van Horn and C. J. Wilcox, 609-618. 

Champaign, IL: American Dairy Science Association. 

-1.0 

Avg 
(SD) 

-0.4 -0.4 
(0.3) (0.3) 

-0.6 
(0.4) 

The deep body temperature of a cow under normal conditions is approximately 38.3 to 39.4 °C 
Both trials of the rectal thermometer and CorTempTM sensor gave deep body temperatures within 
this range. Analysis of results showed no statistically significant differences between sensor and 
rectal temperatures in the same cows, showing the validity of using the sensors as a means of 
measuring deep body temperature. Further trials are also planed to test temperature monitoring 
using ingested sensors. The performance of the implanted sensors will be periodically monitored 
during the expected six month lifetime of the sensors. The rectal method requires contact with the 
cow and does not provide continuous monitoring. In contrast, the CorTempTM sensor is capable of 
monitoring continuously. Further trials will be conducted to develop a method of placing the 
receiver on the cow to ensure continuous signal reception. One goal will be to then use this 
method as a means of monitoring heat stress of dairy cows in the field. 
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Development of a Respiration Rate Monitor for Cattle and Swine 

R.A. Eigenberg, G.L. Hahn, T.M. Brown-Brandt, and J.A. Nienaber' 

ABSTRACT 

Respiration rates (RR) were used in studies to investigate bioenergetic responses of cattle to heat 
challenges. Separate studies also considered RR as a response measure for growing-finishing 

swine exposed to adverse thermal environments. Both studies incorporated RR monitoring 
using small battery powered micro-computers and specially adapted sensors to store data. This 
paper reports the development of the monitors and the relevance of the data as an indicator of 
stress for both cattle and swine. Characteristic cattle data obtained in environmental chambers, 

as well as representative swine data from.a calorimetry study, all indicate an association of RR 

and ambient temperature (P<0.01). Data reduction and analysis are also discussed, based on 
representative samples of records collected. 

KEYWORDS: Bioenergetic, Respiration rate monitor, Transducer, Micro-computer, Cattle, 
Swine 

ABBREVIATIONS: USMARC (U.S. Meat Animal Research Center), RR (respiration rate), Ta
(ambient temperature), RH (relative humidity), UMC (University of Missouri at Columbia), 
BPM (breaths per minute) 

INTRODUCTION 

For most mammals (homeotherms), respiratory heat transfer is a significant mechanism of heat 
loss under a wide range of environmental conditions (Ingram and Mount, 1975). Respiration 
rate (RR) provides an easily observable measure of an animal's thermal state and can be a 
valuable physiological parameter in conjunction with additional information, such as ambient 
temperature (T,), humidity, radiation heat loads (Garrett et al., 1967; Hahn,1976) and air 
velocity (Monteith, 1974). 

Physiological responses of cattle have been studied intensively and RR has been shown to behave 
predictively, increasing with rising ambient temperature (Hahn et al., 1997; Ingram, 1974; 
Morrison and Lofgreen, 1979; Webster, 1974; Kibler and Brody, 1949) and likewise for swine 
(Brown-Brandl et al., 1998; Liao and Veum 1994). However, respiration rate response is non-
linear. As Ta increases beyond a threshold, RR increases rapidly; this threshold occurs near heat 
stress conditions for cattle (Hahn et al., 1997) and RR increases exponentially (Brown-Brandl 
et al., 1998) for swine. 

An improved understanding of the RR signature for cattle and swine would provide researchers a 
better interpretation of physiological response to thermal conditions, as well as providing a better 
tool for producers to recognize animal distress. While RR is easily observable by traditional 
means (e.g., using a stopwatch while counting flank movement), long-term studies require 

'Authors are: R.A. Eigenberg, G.L. Hahn, T.M. Brown-Brandt, J.A. Nienaber, ASAE Members 
Engineers, Agricultural Engineers, Biological Engineering Research Unit, Agricultural Research Service, U.S. Meat 
Animal Research Center, P.O. Box 166, Clay Center, Nebraska 68933. 

Names are necessary to report factually on available data; however, the USDA neither guarantees nor 
warrants the standard of the product, and the use of the name by USDA implies no approval of the product to the 
exclusion of others that may also be suitable. 
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