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Study on injectable transponders 
with temperature sensor at bull-
calves
Injectable transponders with temperature sensor function were applied subcutaneous to 
twelve Holstein bull calves at three different injection sites each. The injectable transponders 
were placed at the scutulum of the left ear, the ear base of the right ear and left side 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. 
After eleven months 33 of 36 injectable transponders were still functional. 90.8 % of the sub-
cutaneous temperature values were lower than the rectal temperature.
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■ 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 sta-
te 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. Growing herd sizes evo-
ke 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 elect-
ronic animal identifi cation could be easily conceivable. 

Material and methods

The experiment had been realised at the FAL (Federal Agricul-
tural Research Centre), predecessor institution of the Johann 
Heinrich von Thünen Institute (vTI), at the Institute of Produc-
tion 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 appli-
cation 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. The injectable transponders could either be implement-
ed 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 ac-
quisition was done by using a handheld “Bio-Thermo®” reader 
(Destron Universal Pocket-Reader EX®). Rectal temperature was 
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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 (2) and 
left part of the neck half between poll and withers (3). During 
four measuring periods with different climatic situations and 
at different times per day subcutaneous temperature was meas-
ured using the handheld reader whereas rectal temperature 
was acquired parallel using the thermometer. Every rectal and 
subcutaneous measure was repeated seven times. Measuring 
one calf took 2 up to 3 minutes. Two injectable transponders 
were evaluated in a water bath seven times and with 15 repeti-
tions with the temperature ranging from 32 to 40 °C. Statistical 
analysis was done with the statistical package SAS 9.1. Stand-
ard 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 in-
jectable transponders were readable. Until the last measure-
ment 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 func-
tional (table 1).

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 2).

Lowest standard deviations were found in the water bath, 
ranging from 0.05 to 0.13 °C (table 3).
Finally 90.8 % of all subcutaneous body core temperature val-
ues 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 varia-
tion 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 rec-
tal temperature (table 4).

As an example, mean values of one calf (ear tag 28999) are 
illustrated in fi gure 1. The data were collected at seven consec-
utive days between 7:30 and 8:30 h in the morning. Standard 
deviation ranged from 0 to 0.3 °C.

At all seven days of the measuring period the rectal tem-
perature 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. 

Number of functional injectable transponders

Datum

Date

Anzahl 

Bullen

Number of 

bull calves

Anzahl lesbare Injektate

number of functional injectable 

transponders

Dreiecks-

knorpel

Scutulum

Ohrbasis

Basis of 

the ear

Hals

Cervical

21.03.07 12 12 12 12

19.04.07 12 12 11 12

23.05.07 12 12 11 12

26.09.07 12 11 11 12

20.12.07 12 11 11 12

19.02.08 12 10 11 12

Table 1

Mean of standard deviations (C°) per point of measurement

Parameter

Parameter

Messort

point of measurement

Hals

Cervical

Dreiecks-

knorpel

Scutulum

Ohrbasis

Basis of 

the ear

rektal

Rectal

Mittlere stdev (x)
mean of stdev (x) 

0.15 0.15 0.20 0.11

Table 2

Mean of differences (C°) per calf and point of measurement 

Parameter

Parameter

Rektal-Hals

Rectal-cervical

Rektal-

Dreiecksknorpel 

Rectal-scutulum

Rektal-Ohrbasis

Rectal-basis 

of the ear

Differenz
difference 

0.96 0.49 1.27

Table 4

Table 3

Mean of standard deviations in water bath

Parameter 

Parameter

Wdh. 1

rep. 1*

Wdh. 2

rep. 2

Wdh. 3

rep. 3

Wdh. 4

rep. 4

Wdh. 5

rep. 5

Wdh. 6

rep. 6

Wdh. 7

rep. 7

x 
[°C]

32.45 31.61 40.05 39.35 38.57 37.91 38.18

stdev(x) 
[°C]

0.06 0.05 0.07 0.08 0.08 0.13 0.07

*rep.: repetition
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Lowest values were achieved at the ear base (right ear) indicat-
ing 36.9 up to 38.3 °C. Regarding the graph of all measures 
(fi gure 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 [1] was lower than 
0.3 %. According to [2] several injection sites and transponder 
sizes (28 by 3.6 mm) and (19 by 2.8 mm) were investigated. The 
read-failure rate varied between 19.4 and 9 % 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 rela-
tively 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 in-
jected in the neck may be less sensitive to physical damage.

[3] used another system of measuring subcutaneous tem-
perature, relatively large temperature transmitters with a size 
of 10 cm by 3.5 cm were implanted surgically in the abdomi-
nal cavity of 10 bulls. The body core temperatures showed low 
standard deviations between 0.21 and 0.29 °C due to a measur-
ing point being within the body cavity and thus temperatures 
were closer to the body core temperature. In our own experi-
ment standard deviations had to be calculated individually, 
cause the injection sites could not be standardised.

Within an experiment of [4] 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 ques-

tion of the infl uence 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 [5] with 15 calves and subcutaneous 
injectable transponders under the scutulum the absolute varia-
tion between subcutaneous and rectal temperature was 1 °C in 
the average after the second experimental week.

In our own trial subcutaneous temperatures under the scu-
tulum 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 [5] with meas-
ures of 32 by 3.85 mm, may be this could be a reason for a big-
ger cooling effect.

Conclusions

Injectable transponders with temperature sensing option pro-
vide the facility for a telemetric measurement of the body core 
temperature. The variation of subcutaneous and rectal temper-
ature was due to different injection sites.

The relatively high standard deviation of temperatures mea-
sured in the animal compared to the measurements in the wa-
ter bath raises the question of the effect of encapsulation of 
transponders on temperature sensing as well as the infl uence 
of different types of the biological tissue like subcutaneous 
fatty tissue or cartilaginous tissue, on the temperature measu-
ring function of injectable transponders. Further investigations 
should consider these aspects.
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Mean of rectal and subcutaneous temperature of one calf at seven 
consecutive days
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