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Abstract
The objective of this study was to evaluate the viability of using transponders for the electronic identification of water buffaloes
and compare their efficiency when used in animals of different age groups. Electronic transponders with RFID technology (2.1 ×
12.2 mm) were implanted subcutaneously (D0) in the scutiform cartilage. The animals consisted of four groups: CLF-I (17
calves; 2.1 ± 1.9 months), CLF-II (20 calves; 5.1 ± 3.2 months), HFR (20 heifers; 22 ± 4.7 months) and STR (19 steers; 26.6 ±
6.7 months). The animals were kept under pasture grazing, a part of the year in the dryland and a part in the floodplain, and were
monitored for up to 350 days. The average time required for individual transponder implant was 49.46 s, while the time required
for reading the code was 3.76 s. The older calves required higher time for individual implant (P = 0.0001) and closer approxi-
mation of the reader in the D150 (P = 0.0001). The mean read distance was 2.98 cm in D0 and 1.94 cm in D150. The magnitude
of the subcutaneous transponder migration was minimal, and was within an area of 17.2 mm2. A slight bleeding was observed in
15.79% of the animals during the implant. A decreasing incidence of edema was observed until D21, with the heifers being more
sensitive until that time (P = 0.0099). Considering the results, it is preferred to implant electronic transponders in calves up to two
months of age. The physical rate of transponder loss was 1.3% and the loss of functionality was 9.2%. High reading rate was
achieved when animals were raised both in dryland (93.9%) and floodplain (97.2%). Thus, the electronic identification of water
buffaloes is a technique capable of replacing traditional and rudimentary methods to identify buffaloes and can provide safe
identification of animals.
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Introduction

The water buffalo (Bubalus bubalis) has been regarded as an
excellent alternative for both milk and meat production (Caria
et al. 2014; Joele et al. 2017; Becskei et al., 2020) due to its
rusticity, adaptability, high reproductive efficiency and feed
conversion capacity from a wide variety of fodder. It is

currently estimated that there are approximately 187 million
animals raised in different countries. The largest herds are
located in India, Pakistan and China, which account for
58%, 18%, and 13% of the water buffalo population in the
world, respectively (Deb et al., 2016). In Europe, significant
numbers of buffaloes (over 100.000) are currently found in
Italy and Romania (Borghese and Moioli, 2016). In Africa,
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water buffalo production is concentrated in Egypt, country
where buffaloes are more numerous than cattle, while Brazil
is the largest producer in the Americas (Lourenço Júnior and
Garcia, 2008).

Although the nutritional properties of buffalo milk, dairy
products and meat are valued and appreciated in many coun-
tries (Zhang et al. 2016), to effectively achieve confidence in
the global market depends on guaranteeing food safety to
consumers, which is currently considered as a key instrument
for safeguarding public health (Murdoch and French, 2020).
To this end, one of the most important premises is the product
traceability system, which depends on the precise identifica-
tion of each animal (Crandall et al. 2013). Traceability pre-
vents data collection errors during the production process, and
also prevents animal registration fraud in the food production
intended for human consumption (Liang et al. 2015).

Over time, various techniques have been developed to
identify the water buffalos, such as hot iron branding, freeze
branding, tattooing, ear notching and plastic ear-tagging.
However, there are some disadvantages to these techniques,
such as causing pain, altering animal esthetics, causing skin
lesions, reducing animal welfare (Garcia and Nahúm, 2006)
and these techniques devalue the leather (Jacinto et al. 2009).
In this context, electronic identification via radio-frequency
identification (RFID) is a promising alternative to individual-
ize the animals, and is considered essential for accurate feed
management (Hristov et al. 2015), livestock health (Smith et
al. 2015), reproduction and breeding.

RFID equipment is a system that uses radio frequency
electromagnetic fields to transfer data from a device to a read-
er for identification and tracking purposes (Ryan et al. 2010;
Liang et al. 2015). Several countries that produce and export
meat and milk make use of RFID technology transponders as
accepted animal identification devices, using specific criteria.
It is the case of the United States, Brazil, New Zealand,
Canada, Australia, and other countries (list of some countries’
regulatory documents available in Supplementary Material
S1). The use of this technology can benefit and optimize the
traceability system, integrating all the links in the production
chain such as farms, inspection service, dairy industries and
slaughterhouses.

However, there are no reports in the scientific literature
on the use of transponders with RFID technology in water
buffaloes, whether it is about technical viability or possi-
ble biological reactions to the device. Because this is a
pioneering study, there is also no previously published
information on the use of microchips implanted subcuta-
neously in this animal species. Thus, the objective of this
study was to evaluate the technical feasibility, from the
instrumental and biological points of view, of using tran-
sponders to electronically identify water buffaloes and
compare its efficiency when used in animals of different
age groups.

Materials and methods

Location and animal management

The experiment was carried out at Embrapa Eastern Amazon,
in Belém, Brazil (01°26′35”S and 48°24′27”W). The local
climate is humid tropical climate, average rainfall of
2.876 mm/year, average annual temperature of 26.8 °C and
relative humidity of 83%. The total pasture area comprised
120 ha and was divided into dryland areas with cultivated
grasses and flooded areas with native forages. The animals
were kept under permanent pastures, using a rotating pasture
system, part of the year in the dryland and the other part in the
floodplain. All animals had ad libitum access to water, pro-
vided in automatic waterers, and mineral salt made available
in covered troughs.

Animals and experimental groups

Seventy-six water buffaloes were used, subdivided into four
experimental groups: CLF-I (n = 17 calves; 2.1 ± 1.9 months;
102.5 ± 57.8 kg), CLF-II (n = 20 calves; 5.1 ± 3.2 months;
162.9 ± 73.3 kg), HFR (n = 20 heifers; 22.0 ± 4.7 months;
310.1 ± 125 5 kg) and STR (n = 19 steers; 26.6 ± 6.7 months;
391.4 ± 61.8 kg). The moment when the transponders were
implanted marked the beginning of the experiment (D0, day
zero) and the animals were evaluated up to 350 days, depend-
ing on the response variable considered.

Electronic identification and reading of transponders

The animals entered the experiment using plastic ear-tags in
the right ear and ink tattooing at the base of the tail to ensure
their permanent identification. Experimentally, each animal
was implanted with a transponder in the left ear in the region
of the scutiform cartilage, based on recommendations for cat-
tle (Finkenzeller, 2003). After prior asepsis and local desensi-
tization, each transponder (n = 76; ISO FDX-B, 134.2 KHz)
was injected subcutaneously using a single-shot injector
coupled to single-use sterile needle (Fig. 1), always by the
same operator. The transponders had passive power source,
were encapsulated in sterile bioglass 8625, overall dimensions
of 2.1 × 12.2 mm (KT34/4, AnimallTAG, São Carlos, Brazil),
compatible with the ISO Guidelines (ISO 11784 and ISO
11785), and ABNT Standards (NBR 14766:2012 and NBR
15006:2016). The standards references are given in
Supplementary Material S2.

The numerical code reading of the transponders was per-
formed before and immediately after being implanted to verify
their correct functioning. In the first reading, the plastic ear
tags and tattooed numbers, and the complementary animal
data were automatically associated to the transponder code
and recorded in electronic spreadsheets. The reading of the
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transponders was performed with a handheld RFID reader
(185 mm length × 100 mm width × 40 mm; 295 g weight),
coupled to the rechargeable battery (KT34/13, AnimallTAG,
São Carlos, Brazil). The reader was held close to the head of
the restrained animal and the reading was considered effective
when the reader emitted a sound signal and the transponder
number was displayed on the screen. The technical descrip-
tion, FDX-B Protocol and assurance quality tests are given in
Supplementary Material S3.

Behavior of the binomial transponder-reader

The time required for individual implant (TRI, sec) was
measured in D0. The TRI (n = 76) consisted of the time
spent for inserting the transponder in the restrained animal
and checking the correct positioning of the device (Conill
et al. 2000). The time required for reading the code (TRR,
sec) corresponded to the time spent immobilizing the an-
imal in the chute for the actual reading of the transponder
(Løken et al. 2011). The TRR was measured daily be-
tween D0 and D7, every three days between D8 and
D21, and every 30 days until the animals reached a max-
imum of 350 days (n = 1259).

The read distance evaluation (RD, cm) was measured
immediately after the transponder was implanted (D0)
and 150 days after (D150) executing one or two reads
per animal (n = 132). The RD was performed with a mil-
limeter-scale metallic caliper juxtaposed to the reader.
The minimum distance required between the transponder
and the reader at the time of the actual reading was ac-
cepted, confirmed after the sound signal and the correct
display of the transponder code on the screen. The read
rate (RR) was determined as the number of successfully
performed reads divided by the total number of attempts
performed to read the field in the transceiver (Ryan et al.

2010). For calculating the RR, 1305 read attempts were
performed (n = 1305).

Migration and clinical reactions

The measurement of subcutaneous transponder migration
(MIG, mm) was carried out comparatively by direct pal-
pation of the transponder and by marking its location
immediately after being injected and also the days of
subsequent evaluations. Permanent markings with India
ink were used in the caudal face of the ear in D0, as
anatomical references for measuring the mediolateral dis-
placement (X axis) and ventrodorsal displacement (Y
axis) using a metallic caliper at the implant site. The
migrations were followed using a Cartesian plane (X,
Y) , where the implant coordinates in D0 were
denominated as (0,0). Migration evaluations (n = 773)
were performed from D1 to D21. Its recording consid-
ered the module, direction, and migration route. Only in
the HFR Group the migration from D8 to D21 was not
measured because on these dates the heifers were in-
volved in reproductive management procedures.

Concurrently with the migration, we evaluated the clin-
ical reactions to the transponder, which were classified as
bleeding and edema formation. The bleeding (n = 76) was
recorded when there was blood dripping immediately af-
ter removing the applicator. The edema formation (n =
304) was characterized as occurring when there was re-
tent ion of extravasated f luid from the auricular
microvessels, possibly injured by implanting the tran-
sponder. The clinical reactions were evaluated by clinical
inspection of the animals, restrained in the chute, daily
between D0 and D7, and every three days from D8 to
D21. The rates of bleeding and edema formation were
calculated by the ratio between the number of individuals

a b

1 cm

Fig. 1 Single-use sterile plastic injector, cap (dotted blue arrow) and
transponder encapsulated in bioglass (2.1 × 12.2 mm, continuous green
arrow) (a). Auricular region of water buffalo identified with subcutaneous

RFID transponder (b); note a minimal scar at the applicator insertion
location (continuous black arrow) and the location of the implanted tran-
sponder (dashed ellipse)
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with any of the adverse signs and the total number of
animals implanted and expressed as a percentage (%).

Statistical analysis

The General Linear Model (GLM) procedure of Statistical
Analysis System (SAS, 2010) was used for the variables
Time Required for Individual Implant (TRI, sec), Time
Required for Reading (TRR, sec) and Read Rate (RR, %).
The statistical model used in these analyses was Yij = μ +
Gi + Ɛij. where Yij = response variable, μ = general mean,
Gi = effect of i-th Group (i = 1,2,3 and 4) and Ɛij is the random
error NID(0,σ2). The data for Read Distance (RD, cm) were
also submitted to analysis of variance using the General
Linear Model, but considering the effects of day (D: D0 and
D150), Group (G: CLF-I, CLF-II, HRF and STR) and the
interaction day * group, following the model: Yijk = μ +
Di + Gj + (D*G)ij + Ɛijk, where Yijk: response variable, μ:
general mean, Di: effect of i-th Day (i = 1,2), Gj: effect of j-
th Group (j = 1,2,3 and 4), (D*G)ij: effect of interaction i-th
Day and j-th Group; and Ɛij is the random error NID(0,σ2).
The averages were compared by the Tukey test except for the
bleeding and edema formation, which were compared by the
Chi-square test.

Chi-square test was used for determination of statisti-
cal significance for comparison of incidence of clinical
reactions, considering a contingency table for four
Groups (CLF-I, CLF-II, HRF and STR), and the absence
or presence of bleeding or edema. Regarding the edema
formation, a Chi-square test was carried out for each
considered time (D0, D1 to D7, D8 to D14 e D15 to
D21). The average percentage of success in reading tran-
sponders on animals kept in different areas (dryland or
floodplain) by group was compared by Student’s t test at
a 95% confidence level. The pattern of subcutaneous
migration (MIG, mm) was evaluated graphically in scat-
ter plot through a plane formed by the mediolateral (X)
and ventrodorsal (Y) migration directions in D1 to D7,
D8 to D14, and D15 to D21 per group. The residual term
of ANOVA was represented by the root of means square
for error (RMSE: root of MSE). The level of significance
was previously set at 5% for all statistical procedures.

Results

The responses of transponder functionality are shown in the
Table 1. The lower age animals, belonging to the CLF-II,
required higher time for individual implant, with a significant
increase according to the progressing age of the calves (P =
0.0001). There was a small delay on the time required for
reading in the CLF-II animals (P = 0.0001).

The read distance was not influenced by age in D0 (P >
0.05). However, in the D150 the reader had to be held closer to
the animals (Table 2) to conduct the electronic identification
of the CLF-II (P = 0.0001). The read rate, which measures the
overall reading efficiency of electronic devices, was 96.15%
(n = 1250/1305), with a maximum value for the adult animals
and a slight lower rate for the animals in the CLF-I (P =
0.0047). The success in reading the electronic transponders
did not decrease when animals were maintained in the flood-
plain areas (Table 3).

The migration of the transponders in the X-dimension
(mediolateral) varied from −3.0 to 2.2 mm and − 2.3 to
1.0 mm in the Y-dimension (ventrodorsal), independently of
the group (Fig. 2). The transponders moved in the ear of the
buffaloes in an approximate area of 17.2 mm2, restricted to a
rectangle of 5.2 × 3.3 mm.

Regarding the clinical reactions, 15.79% of the animals
presented modest bleeding (Table 4) and 43.42% presented
local edema formation after the implantation (Table 5).

Despite the age of animals, the edema formation reached
48.68% between D1 and D7. Nevertheless, in the period rang-
ing from D8 to D14, the animals of the CLF-I and STR no
longer had any edemas. Notwithstanding the progressive de-
creasing incidence of edema observed until D21, a higher
percentage of animals in the HFR still exhibited this kind of
local reaction between D15 and D21 (P = 0.0099).

The loss rate of transponder functionality was 9.2%, while
the percentage of physical loss was 1.3%.

Discussion

In our study, due to the absence of specific references for
buffaloes, the injection of the transponders in the region of
the scutiform cartilage was based on allometric extrapolation,

Table 1 Time required for individual implant (TRI, sec), time required
for reading (TRR, sec) and read rate (RR, %), for the use of transponders
in the auricular region for electronic identification of water buffaloes of
different ages

CLF-I CLF-II HFR STR Average RMSE P value

TRI† 31.00a 75.00c 49.29b 40.11ab 49.46 23.40 0.0001

TRR‡ 2.18a 7.08c 2.63b 2.08a 3.76 2.74 0.0001

RR§ Ω 91.91a 94.17ab 98.82b 99.38b 96.16 10.43 0.0047

† 76 observations; ‡ 1259 observations; § 1305 observations

CLF-I = 17 calves, 2 months old; CLF-II = 20 calves, 5 months old;
HFR = 20 heifers, 22 months old; STR = 19 steers, 26 months old

RMSE=Root MSE (Means Square for Error of Anova)
ΩRR data was transformed by arsin(sqrt(RR/100))
a, b, c Columns marked with different letters differ significantly between
groups
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as recommended for cattle (Giro et al. 2019). Even so, it
proved to be a suitable choice because this anatomical region
is little vascularized and easily accessible when the animals
are restrained. The strategy of approaching the animal by its
left antimer was used because of its easy management access
due to the architectural configuration of the zootechnical fa-
cilities employed. However, in principle, the use of the right
ear could also be indicated due to its anatomical and vascular
similarity with the left ear.

Although it is a static reading system and requires
restraining the animal, using the handheld reader has the
advantage of eliminating transcription errors commonly
observed in non-automatic animal identification systems.
For the rural producer, the time spent in executing the
tasks is decisive for using or abandoning a technology
(Vecchio et al. 2020). Regardless of animals age, the av-
erage time required for individual implant was lower than
that observed by Klindtworth et al. (1999), which report-
ed 60 s to perform the implant procedure in cattle. It is

possible that the higher time for individual implant in the
older calves (CLF-II) was due to these animals’ larger size
in relation to their younger counterparts, in addition to the
greater care and sensitivity required for handling and
restraining them inside the chute. The time required for
implant in adult water buffaloes ranged from 40.1 to
49.2 s, on average, a value considered very convenient
even when projecting its use in large-scale herds.

Another determining factor for the possible use of the tech-
nology is the time to read the codes, which presented an av-
erage lower than the 12 s required for digital identification of
the bovines (Klindtworth et al. 1999). The mean time required
for reading the electronic codes of calves (CLF-II) can be
attributed to a greater reactivity to the physical restraint pro-
cedures observed in young animals as the experimental period
progressed. However, the read distance may be related to the
size of the transponder, which is directly proportional to the
size of its internal coil (Barge et al. 2013). The minimal dis-
tance required to read an electronic code may also be influ-
enced by the type of transponder technology, by the physical
and transceiver characteristics, the strength of the electromag-
netic field, and by environmental interferences (Klindtworth
et al. 1999).

The overall reading efficiency of the transponder, regard-
less of the age of the animals, was higher than the 94.8%
reported for subcutaneous auricular implants in cattle (Conill
et al. 2000). The read rate achieved in this experiment for adult
animals (≥98.82%) is noteworthy, and it is greater than 95%, a
minimum value considered as acceptable, for example, for
plastic ear tags with RFID technology (Wallace et al. 2008).
Although considered to be quite adequate, the slight lower
reading rate for the younger calves was possibly due to the
increased restlessness of these young animals during the eval-
uations, associated to a greater probability of physical damage
to the transponder. Thus, the average reading efficiency ob-
served (96.16%) can be considered as high. This highlights
the technology of RFID identification in relation to the use of
plastic ear tags, which are susceptible to loss, deterioration due
to sun and rain (Fosgate et al. 2006), as well as the use of skin
branding, which is cruel (Garcia and Nahúm, 2006;Wulf et al.
2013) and become illegible due to the intense pigmentation of
the water buffaloes. The achieved reading rate can be consid-
ered even more favorable when taking into account that the
buffaloes were raised under pasture grazing and with perma-
nent access to harsh environments with excessive dirt, dust
and moisture. Where water buffaloes are maintained in
flooded areas, animals are currently wet and muddy for pos-
terior management. This is a challenging situation in which
the RFID system is expected to function in a limited mode
(Ruiz-Garcia and Lunadei, 2011). Nonetheless, in spite of the
age, the success of reading electronic transponders achieved a
high rate of efficiency whether animals had been maintained
in dryland or in floodplain.

Table 2 Read distance evaluation (RD, cm) for the use of transponders
in the auricular region for electronic identification of water buffaloes of
different ages, measured immediately after the transponder implantation
(D0) and 150 days after (D150)

CLF-I CLF-
II

HFR STR Average

RD at D0† 2.98aA 2.99aA 2.93aA 3.01aA 2.98

RD at D150‡ 2.27bB 0.76aB 2.21bB 2.50bB 1.94

† 74 observations; ‡ 132 observations

CLF-I = 17 calves, 2 months old; CLF-II = 20 calves, 5 months old;
HFR = 20 heifers, 22 months old; STR = 19 steers, 26 months old

RMSE=Root MSE (Means Square for Error of Anova) = 0.652; P val-
ue = 0.0001; Interaction (Day*Group): P value = 0.0001
a, b Columns marked with different letters differ significantly between
groups
A, B Rows marked with different letters differ significantly between times

Table 3 Average percentage of success (%) in reading transponders for
electronic identification of water buffaloes of different ages, according to
the production system

CLF-I CLF-II HFR STR Average Ω

Dryland† 82.35B 92.70B 100.00A 99.38 93.97 ± 2.27B

Floodplain‡ 94.12A 100.00A 97.50B – 97.22 ± 1.47A

† 76 animals (2 to 17 observations/animal); ‡ 54 animals (4 to 13 obser-
vations/animal); Ω mean ± standard error

CLF-I = 17 calves, 2 months old; CLF-II = 20 calves, 5 months old;
HFR = 20 heifers, 22 months old; STR = 19 steers, 26 months old

- steers were not maintained in floodplain during the experiment
A, B Rows marked with different letters differ significantly between sys-
tems of production
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Migration is another critical aspect when using subcutane-
ous transponders, since their possible displacement may pose
a risk to the animal health (Nakamura et al. 2019), as well as
during the post slaughter industrialization of the carcass,
compromising the traceability process and safety of the food
production. Transponders migration had an absolute mean
value lower than 3.0 mm, which is below that observed in
bovines (Klindtworth et al. 1999). So, even with the largest
migrations observed in calves in the second and third weeks
after the implant, the migration showed a smaller magnitude.
As the transponders used were 11.2 mm in length, it was
found that the migration movements were relative to the size
of only one transponder, in the X or Y direction. This result
can be attributed to the static stability of the transponder and
the implant technique employed.

It is possible that the older calves and steers exhibited
bleeding because they were the first groups to undergo the
experimental procedures. Therefore, the operator’s ability
may have improved, reducing the micro-hemorrhages in the
other groups. Thus, specific prior training is recommended in
order to standardize the operator’s skill to inject the transpon-
der, which may also influence the retention and subsequent

functionality of the devices. The animals showed an increase
in the percentage of edema formation up to seven days after
the implant. This finding coincides with the first phase of the
cicatricial process, which is characterized by increased capil-
lary permeability, with edema and clot formation (Silva et al.
2014). This demonstrates that accurate monitoring of the an-
imals up to seven days after implantation is recommended in
order to observe the local inflammatory response.

Over the course of three weeks, animals from all groups
showed a tendency to reverse localized edema. It is assumed
that the higher levels of edema observed in the heifers could
be due to the fact that they are females of reproductive age and
therefore with high estrogen levels, a hormone with vasodila-
tion and hypotension action capable of increasing vascular
permeability (White, 2002). Although slightly uncomfortable
to the animals, a small local inflammatory process could pos-
sibly contribute positively to securing the transponder, since
the cicatricial granulation tissue formed reduces its possible
migration (Nakamura et al. 2019).

The functionality loss rate observed is corroborated by
Andreoni et al. (1994), who reported loss of functionality
between 2 and 9% for electronic devices injected into the

Day Group Axis (X) Axis (Y)
CLF-I 1,3 -1,2

CLF-II -0,8 0,3

HFR -0,1 0,5

STR 2,2 0,9

CLF-I 0,4 -1,6

CLF-II -2,5 -1,6

HFR
STR -0,6 1,0

CLF-I -0,4 -1,1

CLF-II -3,0 -2,3

HFR
STR 2,1 1,0

D1 to D7

D8 to D14

D15 to D21

Fig. 2 Graphical representation of migration (mm) in the mediolateral
(X) and ventrodorsal (Y) planes of the transponders implanted in the
scutiform cartilage of the water buffalos, describing the area and average

movement positions. D =Days after implant. CLF-I = calves, 2 months
old; CLF-II = calves 5 months old; HFR = heifers, 22 months old; STR =
steers, 26 months old

Table 4 Bleeding incidence (% and frequency) during the procedure for auricular subcutaneous implantation of electronic transponders in water
buffaloes of different ages

CLF-
I

CLF-
II

HFR STR Average P value*

Bleeding† (%) 0.00a 25.00b 0.00a 36.84b 15.79 0.0022

Bleeding (frequency) 0/17 5/20 0/20 7/19 12/76 –

† 76 observations

CLF-I = 17 calves, 2 months old; CLF-II = 20 calves, 5 months old; HFR = 20 heifers, 22 months old; STR = 19 steers, 26 months old
a, b Columns marked with different letters differ significantly between groups by Chi-Square Test

* P value associated with global Chi-Square Test, Group vs Bleeding (+,-)
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scutiform cartilage of cattle. It is possible that the loss of
functionality was due to the mechanical compression in the
physical restraining of the animals in the chute during routine
management procedures, or due to the fact that in buffaloes
the ear is a relatively exposed organ, which could predispose
to mechanical trauma or the occurrence of myiasis (Barioni
Junior et al. 2016). The observed functionality loss rate could
initially be considered a disadvantage. But this loss does not
seem to be so impressive, as it also occurs in other animal
identification methods, whether permanent or temporary
(Awad, 2016). For example, the rate of tag loss in adult cows
is 11% (Seroussi et al. 2001; CCIA, 2016), but may range
from 3.8 to 35.3%, depending on the handling and environ-
ment conditions (CCIA, 2016). In goats, the loss rate of flag-
button plastic ear tags is 8.3% (Carné et al. 2009).

The physical loss of the transponder may have occurred
due to ear movement, which may have forced the retrograde
movement of the device. Even so, the observed value was
lower than the 2% loss reported for cattle (Conill et al.
2000). Therefore, if the correct procedures are implemented
for injecting the transponders, in addition to preventing con-
taminations, it is possible to prevent losses (Finkenzeller,
2003). One possibility not investigated in this study would
be to consider other anatomical points of interest to execute
subcutaneous implants, such as the caudal fold, the lateral
neck, the upper scapula region or the lower scapula (Lee et
al. 2016). In fact, the position to place electronic devices for
animal monitoring is a critical point in standardizing the iden-
tification and auxiliary diagnostic techniques using automated
systems (McCorkell et al. 2014). All the same, RFID electron-
ic identification can contribute to the entire supply chain, and
the stakeholders could take advantage of data availability in

real time, in a collaborative network of shared platforms
(Barge et al. 2013).

Considering the low incidence of bleeding during implan-
tation, the rapid return to a normal tissue condition after tran-
sponder injection, and the lower time required for individual
implant and for reading the codes, it is recommended to adopt
the electronic identification of water buffaloes at the earliest
possible age. With a uniform and early electronic identifica-
tion of buffalo calves, the permanent and individual recogni-
tion is guaranteed. Moreover, sanitary recordings and future
food traceability are facilitated. It must also be considered that
the progress in using this type of technology depends on the
convenience related to implementation, access and operation,
in addition to assuring welfare to the animals. Last but not
least, the results of this study may also contribute to research
advances on the use of subcutaneous thermochips with RFID
technology, which have recently been used to predict the in-
ternal body temperature of animals (Lee et al. 2016; Giro et al.
2019).

Conclusion

The use of transponders for electronic identification in water
buffaloes is a high efficiency technique that requires little
implanting and reading time, in addition to presenting low
subcutaneous migration rates, both for young animals and
for adult animals. The implant procedure is very successful
if the correct restraining and injection techniques in the
scutiform cartilage are used. The migration of transponders
in the ventrodorsal or mediolateral directions is minimal, with
an absolute movement smaller than its own length, and is
considered almost negligible in relation to the size of the an-
imal, independently of the age. However, the reading distance
of the transponder is a factor that still requires further gains.
Additionally, it is recommended that the operator should be
trained to implant the transponders and that greater attention
be given when working with calves and reproductive-age fe-
males, in order to reduce the formation of local edema.
Considering the biological and technical results, it is preferred
to implant electronic transponders in water buffaloes up to two
months of age. Therefore, the identification of water buffaloes
with subcutaneous transponders is a technique that can replace
traditional methods, ensuring a reliable identification of ani-
mals, reduction in stress management and constituting the first
step for incorporating buffalo populations to modern precision
livestock farming.
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Table 5 Edema incidence (% and frequency) for auricular
subcutaneous implantation of electronic transponders in water buffaloes
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Days after
Implantation†

CLF-I CLF-
II

HFR STR Average P value*

D0 23.53a

(4/17)
15.00a

(3/20)
70.00b

(14/20)
63.16b

(12/19)
43.42
(33/76)

0.0004

D1 to D7 52.94a

(9/17)
35.00a

(7/20)
60.00a

(12/20)
47.37a

(9/19)
48.68
(37/76)

0.4470

D8 to D14 0.0a

(0/17)
5.0a

(1/20)
35.0b

(7/20)
0.0a

(0/19)
10.53
(8/76)

0.0005

D15 to D21 0.0a

(0/17)
5.0a

(1/20)
25.0b

(5/20)
0.0a

(0/19)
7.89
(6/76)

0.0099

† 304 observations

CLF-I = 17 calves, 2 months old; CLF-II = 20 calves, 5 months old;
HFR = 20 heifers, 22 months old; STR = 19 steers, 26 months old
a, b Columns marked with different letters differ significantly between
groups by Chi-Square Test

* P value associated with global Chi-Square Test, Group vs Edema (+,-),
by times
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