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ABSTRACT The measurement of body core temperature is a helpful tool for the early 

recognition of diseases in cattle. Up to now, temperature measurement is done manually 

by measuring rectal temperature. Nevertheless, there is an increasing demand on 

automatic and continuously measuring devices considering the growing herd size of dairy 

farms. Thus the objective of our study was the evaluation of injected transponders with 

temperature sensing option in cattle with respect to the development of an automatic body 

core data logger. In the study injected transponders with temperature sensor were tested 

in twelve male Holstein calves at three different application points: Under the scutulum 

of the left ear, at the base of the right ear and at the left part of the neck in the middle 

between poll and withers. The temperatures of the transponders were recorded using a 

hand held reader. The rectal temperature was measured simultaneously. 11.380 

transponder measures of body core temperature were recorded and compared to 3.948 

manually and parallel measured rectal temperature values within four different climatic 

periods. 90.8 % of the subcutaneous transponder measures were lower than parallel 

measured rectal temperatures. Referred to the three different injection sites 97 % of neck 

values and 96 % of measures at the right ear base were lower than the corresponding 

rectal measures whereas only 79.3 % of the scutulum values were lower than the rectal 

temperatures. In fact the differences between the scutulum temperatures and rectal 

temperatures were lower (0.34 to 0.68 °C) when compared to the two other injection sites 

(0.69 to 2.77 °C). The results reflect the impact of the application site and ambient 

temperature on the subcutaneous temperature measured with the injected transponders. 

 

Keywords: body core temperature, cattle, precision organic dairy farming, injectable 

transponders  
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INTRODUCTION AND GOAL Growing herd sizes evoke the need for automatic 

measuring devices for individual physiological data as management tools for the future. 

In some cases a link between recording of physiological data and electronic animal 

identification could be easily conceivable. The objective of our study was to evaluate 

injection sites to measure subcutaneous temperature using injectable transponders. This 

was considered to be the first step for the development of an automatic body core 

temperature recording system. 

LITERATURE Electronic tags or devices used for animal identification include 

electronic ear tags, injectable transponders and bolus for application in the proventriculus 

(Klindtworth, 2007). Due to the actual European legislation, electronic ear tags and 

boluses are the preferred techniques for electronic identification of livestock. Injectable 

transponders are considered critically cause of the difficult recovery at the slaughterhouse 

(Klindtworth, 2007). Only horses can be identified officially using injectable 

transponders according EU-legislation since June 2009. 

Improved methods for recovery and the use of sensor functions to create an additional 

benefit may increase the interest in injectable transponders and come round with critical 

opinions (Klindtworth, 2007) 

Initial injectable transponders with temperature measuring option existed already in the 

mid eighties, in most cases 32 mm long. The bolus had additional functions at an early 

state as well, which could be easily implemented due to the size. A wide variety of sensor 

applications (pH-Sensor, temperature sensor, heart rate and measuring of ruminal 

contractions) are characteristic for the bolus at present. Sievers (2005) used bolus 

prototypes for an in vivo experiment in four fistulated dairy cows. The boluses were 

equipped with thermometer, barometer, conductivity meter, heart rate meter, a meter for 

ruminal contraction and data logging function. Within the experiment a correlation of r = 

0.92 could be demonstrated between rectal and bolus temperature for three ill cows. Due 

to the measures of pressure variations of the reticulum contractions and additional 

desease could be indicated which was associated with motor function of the 

proventriculus. 

Bewley et al. (2008a) investigated the impact of water intake on body core temperature in 

the reticulum by using a bolus. Either 18.9 kg or 25.2 kg of water at different temperature 

levels were fed to nine cows. Temperature levels of the 25.2 kg water dispensation were 

34.3, 18.2 and 7.6 ° C respectively. The feeding of water lead to an increase of reticulum 

temperature of 2.2, 6.9 and 8.5° C respectively. Three hours after water application basal 

temperature of the reticulum was not yet achieved. Even the dispensation of 18.9 kg 

water at a temperature of 5.1° C lead to a decreased temperature of the reticulum of 9.2° 

C. In further investigations Bewley (2008b) utilized a bolus with temperature sensor 

option in the reticulum of dairy cows. From a group of 180 up to 187 cows in total, 16 

temperature records per cow were analysed. The bolus temperatures were read on four 

consecutive days within four seasons each. The mean value of the reticulum temperature 

of all 16 milkings was 39.3° C whereas the rectal temperature showed 38.9° C. The 

correlation was 0.65. The relation between bolus temperature and rectal temperature 

varied depending on season effect, time of milking, housing and number of lactations. 
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In a study of Green at al. (2008), three different monitoring systems were used for 

continuous recording of body core temperature in horses. Blood temperature, rectal 

temperature and remote gastrointestinal temperature were recorded and the resulting data 

evaluated. The remote monitoring system of gastrointestinal temperature showed a lower 

amount of 13.3 % of corrupt data compared to 11.6 % and 16.4 % for blood and rectal 

temperature respectively. Lefcourt and Adams (1996) implanted temperature transmitters 

(length 10 cm, diameter 3.5 cm) in the peritoneum of ten steers at an age of ten months. 

The mean body temperature values per day and animal were almost identical for the 

whole group (39.04° C ± 0.12° C). Circadian rhythm of body core temperatures measured 

was homogenous too.  

Kamann et al. (1999) used injectable transponders for the measuring of subcutaneous 

temperatures of 15 calves. The injectable transponders were injected under the scutulum. 

The temperature measured correlated with rectal temperature (0.82). Subcutaneous 

temperature was lower than the rectal measured values regarding time since injection: 

1.5° C for the first week and 1.0° C from week 2 until week 10. An evaluation of body 

core temperatures of 30 goats, 18 horses and 35 sheep was done by Goodwin (1998) 

using an infrared thermometer in the ear, measuring subcutaneous by a microchip and 

rectal by using a digital thermometer. Body core temperatures of the goats were 

significantly higher than the values measured with the infrared thermometer, whereas 

rectal and subcutaneous values showed no significant differences. Regarding horses and 

sheep rectal temperature values were significantly higher than infrared and subcutaneous 

measured body core temperature. 

MATERIAL AND METHODS The experiment had been realised at the FAL (Federal 

Agricultural Research Centre), predecessor institution of the Johann Heinrich von Thünen 

Institute (vTI), at the Institute of Production Engineering and Building Research as well 

as Agricultural Technology and Biosystems Engineering between March 2007 and 

February 2008. 12 German Holstein bull calves with an age of 2 up to 3 and three-quarter 

months at transponder application time were used in the experiment. The bull calves were 

slaughtered at an age of 13 and 15 months respectively. 

The injectable transponders “Bio-Thermo®” were provided by Destron-Fearing. These 

transponders were relatively small (14.5 by 2.1 mm); common practice is to use them in 

pets and horses, application in cattle is rare. The injectable transponders could either be 

implemented subcutaneously or intramuscularly. The electronic part is coated with a bio-

compatible glass. 

The “Bio-Thermo”- chip provides a 15-digit individual code according ISO 11784 and 

has a temperature sensor. Data acquisition was done by using a handheld “Bio-Thermo” 

reader (Destron Universal Pocket-Reader EX®). Rectal temperature was collected by 

utilising a veterinarian digital thermometer (VT 1831, microlife®) with a rapid 

acquisition time of 10 s. Three transponders were injected subcutaneously per bull calf: at 

the left ear under the scutulum (1), at the right ear base and side of the neck (2) half 

between poll and withers (3).  

Data acquisition During four measuring periods with different climatic situations and at 

different times per day subcutaneous temperature was measured using a handheld reader 

whereas rectal temperature was acquired parallel using a thermometer. At two days 
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thermal imagery was used to measure the surface temperature of the skin. Every rectal 

and subcutaneous measure was repeated seven times. Measuring one calf took 2 up to 3 

minutes. During the experiment 11380 injectable temperature values were recorded 

parallel to 3948 rectal temperature measures (see table 1). Two injectable transponders 

were evaluated in a water bath seven times and with 15 repetitions with the temperature 

ranging from 32 to 40 °C.  

Table 1. Measures performed in total. 

Measuring Period (MP) Days Bulls Injectables Rectal Thermography

MP 1 (barn, spring) 7 12 5145 1764

MP 2 (shade, barn, spring) 1 12 245 84 35

MP 2 (sun, pasture, spring) 1 12 245 84 35

MP 3 (pasture, autumn) 5 12 3570 1260

MP 4 (barn, winter) 6 12 2142 756

Functional Test (winter) 1 12 33

Total 11380 3948 70

Number Number of records per measuring period

 

Statistical analysis was done using the statistical package SAS 9.1. Standard deviations 

were calculated per single animal, location of measurement and time of measurement due 

to the individual characteristics of body core temperature. Subsequently, the mean values 

of the points of measurements were computed. The absolute temperature variations were 

calculated between rectal temperature and subcutaneous temperature referring to 

measuring period, animal, point of measurement and time of measurement. 

RESULTS After injection of the transponders at March, 21st 2007 all injectable 

transponders were readable. Until the last measurement at February 19th 2008 10 (of 12) 

injectable transponders under the scutulum, 11 (of 12) at the ear base were functional and 

all 12 injectable transponders in the neck were still functional (Table 2). 

Table 2. Number of functional injectable transponders. 

 

Regarding the injection sites low standard deviations could be observed for rectal values 

with 0.11 °C, neck and scutulum standard deviation was 0.15 °C and the value of the ear 

base injection site was 0.20 °C (Table 3). 

Date

Number of 

bull calves

Scutulum Ear base Neck

(n) (n) (n) (n)

2007-03-21 12 12 12 12

2007-04-19 12 12 11 12

2007-05-23 12 12 11 12

2007-09-26 12 11 11 12

2007-12-20 12 11 11 12

2008-02-19 12 10 11 12

Number of functional injectable 

transponders
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Table 3. Mean of standard deviations (C°) per point of measurement 

 

Lowest standard deviations were found in the water bath, ranging from 0.05 to 0.13 °C 

(Table 4). 

Table 4. Mean of standard deviations (C°) per point of measurement 

 

Finally 90.8 % of all subcutaneous body core temperature values were lower than the 

rectal temperature measured parallel. In detail 97.0 % of the values measured in the neck, 

79.3 % of the scutulum values and 96.0 % of the ear base measures were lower than the 

corresponding rectal values. The mean variation between rectal and subcutaneous 

temperature under the scutulum was 0.49 °C whereas neck (0.96 °C) and ear base (1.27 

°C) showed higher variations when compared to the rectal temperature (Table 4). 

As an example, mean values of one calf (ear tag 28999) are illustrated in Figure 1. The 

data were collected at seven consecutive days between 7:30 and 8:30 h in the morning. 

Standard deviation ranged from 0 to 0.3 °C (Fig. 1). 

Neck Scutulum Ear base Rectal

(° C) (° C) (° C) (° C)

Mean of standard deviation 0.15 0.15 0.20 0.11

Point of measurement

no. 1 2 3 4 5 6 7

Mean [°C] 32.45 31.61 40.05 39.35 38.57 37.91 38.18

Standard deviation [°C] 0.06 0.05 0.07 0.08 0.08 0.13 0.07

Repetition
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Figure 1. Mean of rectal and subcutaneous temperature of one calf at seven consecutive 

days. 

At all seven days of the measuring period the rectal temperature with values from 38.3 to 

39.2 °C was higher than the subcutaneous temperature. Temperature values obtained 

from injectable transponders under the scutulum (37.5 to 38.4 °C) were higher than 

values measured at both other injection sites. Lowest values were achieved at the ear base 

(right ear) indicating 36.9 up to 38.3 °C. Regarding the graph of all measures (Fig. 1), 

measures of the three different injection sites and of the rectal temperature appeared to be 

parallel. 

DISCUSSION The loss rate of injectable transponders with a size of 23 mm in an 

experiment with 18.145 cattle reported by Klindtworth et al. (2002) was lower than 0.3 

%. According to Fallon et al. (2002) several injection sites and transponder sizes (28 by 

3.6 mm) and (19 by 2.8 mm) were investigated. The loss rate varied between 80.6 and 91 

% depending on the angle of injection at the ear base within 144 male and female cattle. 

Both injectable transponders were injected in 30 bulls. All injectable transponders were 

functional after 121 days. The housing system was the same for both variants. 

In our own experiment injectable transponders were relatively small (14.5 mm by 2.1 

mm) and thus provided a small target for damage. It can be assumed that broken 

injectable transponders were damaged by aggressive behaviour or by harsh contacts to 

the self-locking head gates. Transponders injected in the neck may be less sensitive to 

physical damage. Haapala (2008) examined operability of RFID in cold environment 

(Finland) in a laboratory and in on-farm trials. The author concluded, that reading errors 

occurred due to the education of the staff and individual situations in stables, whereas 

errors according to extreme temperatures were rare. In our own trial unreadable injectable 

transponders were tested by several persons and within every measuring cycle again. 

Thus, the reasons mentioned by Haapala (2008) were not taken into consideration. 
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Lefcourt and Adams (1996) used another system of measuring subcutaneous temperature, 

relatively large temperature transmitters with a size of 10 cm by 3.5 cm were implanted 

surgically in the abdominal cavity of 10 bulls. The body core temperatures showed low 

standard deviations between 0.21 and 0.29 °C due to a measuring point being within the 

body cavity and thus temperatures were closer to the body core temperature. In our own 

experiment standard deviations had to be calculated individually, cause the injection sites 

could not be standardised. 

Within an experiment of Marsh et al. (2008) eleven injectable transponders were injected 

into silicon pads and calibrated in a water bath. 8 injectable transponders showed 

standard deviations between 0.3 and 1.7 °C, whereas 3 injectable transponders provided 

inaccurate values. The standard deviations of the injectable transponders in the water bath 

of our own experiment resulted in lower values between 0.05 and 0.13 °C. This raises the 

question of the influence of imbedding of injectable transponders in the tissue of animals 

or in this special case in silicon pads on the measuring accuracy of the injectable 

transponders. 

In an investigation of Kamann et al. (1999) with 15 calves and subcutaneous injectable 

transponders under the scutulum the absolute variation between subcutaneous and rectal 

temperature was 1 °C in the average after the second experimental week. 

In our own trial subcutaneous temperatures under the scutulum showed a lower variation 

of 0.49 °C compared to the rectal temperature. Our injectable transponders were 

obviously smaller than the ones used in the experiment of Kamann et al. (1999) with 

measures of 32 by 3.85 mm, may be this could be a reason for a bigger cooling effect. 

CONCLUSIONS Injectable transponders with temperature sensing option provide the 

facility for a telemetric measurement of the body core temperature. The variation of 

subcutaneous and rectal temperature was due to different injection sites. 

The relatively high standard deviation of temperatures measured in the animal compared 

to the measurements in the water bath raises the question of the effect of encapsulation of 

transponders on temperature sensing as well as the influence of different types of the 

biological tissue like subcutaneous fatty tissue or cartilaginous tissue, on the temperature 

measuring function of injectable transponders. Further investigations should consider 

these aspects. 
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