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  HIGHLIGHTS
● Early detection of subclinical mastitis (SM) is
crucial for minimizing economic losses and
improving dairy cow welfare.

● Threshold temperatures for SM detection
were identified using thermal imaging across
658 small and medium scale dairy farms in
four Sri Lankan regions.

● Significantly higher temperature was observed
in mastitis-positive udder quarters than
unaffected quarters and a significant
relationship was observed between
temperature difference and prevalence of SM.

● Threshold temperature differences (ΔT °C)
ranged from 1.86 to 2.49 across the four
regions and were affected by environmental
temperature and temperature-humidity Index.
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  GRAPHICAL ABSTRACT
 

  ABSTRACT
Early  detection  of  subclinical  mastitis  (SM)  in  dairy  cows  is  important  to
minimize economic losses and improve dairy cow comfort. This study focused
on  the  identification  of  threshold  temperature  of  California  mastitis  test  for
being  positive  for  SM  and  determined  if  it  was  affected  by  temperature-
humidity index (THI). Six hundred and fifty-eight small and medium scale dairy
farms  were  selected  in  four  regions  of  Sri  Lanka  (UP,  Up  Country;  MC,  Mid
Country;  CT,  Coconut  Triangle;  and  WP,  Western  Province)  and  4274  udder
quarters were captured using thermal camera. SM positive udder quarters had
a higher temperature (as mean ± standard deviation; UP, 36.4 ± 1.79 °C; MC,
36.3  ±  1.79  °C;  WP,  37.7  ±  1.84  °C;  and  CT,  38.3  ±  1.01  °C)  compared  to  SM
negative samples.  The prevalence of SM was statistically significant for udder
skin  surface  temperature  (P  <  0.05)  and  the  difference  between  it  and  flank
skin temperature was statistically significant with prevalence of SM (P < 0.05).
The threshold temperature differences were (in ΔT °C): UP 2.49; MC, 2.17; WP,
1.90; and CT, 1.86, and these were statistically different (B = −0.080, R = 0.957,
R2  =  0.916,  P  <  0.05)  from  environmental  temperature  and  tended  to  be
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significantly  related  to  the  THI.  Thus,  the  threshold  value  of  temperature
difference can  be  applied  for  early  detection  of  SM taking  into  consideration
that  threshold  temperature  varies  with  the  environmental  temperature  and
THI.

© The Author(s) 2025. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

  

1    Introduction
 
Mastitis  is  an  economically  important  udder  disease[1],  and
globally  estimated  economic  loss  due  to  mastitis  is  nearly  35
billion USD, annually[2]. Inflammation of the mammary gland,
resulting  in  mastitis,  is  predominantly  caused  by  a  bacterial
infection[3]. Both clinical and subclinical mastitis (SM) caused a
decrease  in  milk  production,  an  increase  in  treatment  cost,
increased  labor,  milk  withheld  following  treatment  and
premature culling[4].  Also, mastitis reduces well-being of dairy
cows  due  to  discomfort  and  pain[5],  and  affects  the
sustainability of farms[6]. Prevalence of mastitis is affected with
several  factors  such  as  genetic  and  cow-based  factors,  udder
and  teat  morphology[7],  cow  cleanliness[8],  improper  housing
management  practices[9],  type  of  bedding[10],  stall  surface[11]

and other inappropriate stock management practices[12]. When
clinical  mastitis  infections  result  in  udder  swelling,  it  is
generally  visible  to  farmers.  In  contrast,  SM  often  has  no
obvious  visible  symptoms  and  can  only  be  identified  through
specialized diagnostic examinations[13].

Effective treatment of the disease can minimize the effect of SM
and  therefore,  early  mastitis  diagnosis  is  important[14].
Numerous biomarkers and tests are used to detect SM[15],  and
these biomarkers include somatic cell count [16], milk enzymes
such as alkaline phosphatase, aspartate aminotransaminase, N-
acetyl-β-d-glucosaminidase,  l-lactate  dehydrogenase and other
milk  components.  The  common  tests  are  the  California
mastitis test (CMT), electrical conductivity, Wisconsin Mastitis
Test  and  Whiteside  Test[15].  According  to  earlier  research,
CMT provides a higher overall detection rate[17] than the other
tests  and  a  reliable  diagnostic  method  for  use  as  a  regular
screening  test  in  field  conditions  even  by  less  trained
dairymen[18].  As a most accurate,  easy and fast  method, many
scientists use infrared thermography (IRT) to detect mastitis of
dairy  cattle[15,19],  where  thermal  camera  absorbs  infrared
radiation and generates an image based on the amount of heat
generated[15].  Hence,  according  to  earlier  studies,  CMT  had
identified as a reliable, easy diagnostic method for the detection
of  SMI  and  IRT  applied  for  the  identification  of  temperature
variation.  However,  no  research  has  been  reported  for  Sri
Lanka regarding the threshold value of the CMT being positive
for  mastitis.  Thus,  identification  of  threshold  temperature  of

the CMT using the IRT is the aim of this research and this will
fill  the  research  gap  regarding  CMT  and  IRT.  The  threshold
value is detected using the temperature difference of udder skin
surface  temperature  (USST)  and  flank  skin  temperature
(SKIN).  Further  attention  was  given  to  the  effect  of
environmental  temperature  and  temperature-humidity  index
(THI) on threshold values.
 

2    Materials and methods
  

2.1    Selected cows, housing and general farm
management
The  study  was  conducted  in  four  regions  in  Sri  Lanka:  Up
Country (UP), Mid Country (MC), Coconut Triangle (CT) and
Western  Province  (WP).  Out  of  25  districts  in  Sri  Lanka,  UP,
includes the districts of Nuwara Eliya, Matale, and Badulla and
MC  consists  with  Kandy  and  Kegalle  districts.  CT  covers
Kurunegala,  Puttalam,  and  Anuradhapura  districts  and  WP
includes  the  districts  of  Colombo,  Gampaha,  Kalutara,  and
Ratnapura.

Using  an  open-ended  questionnaire[20],  the  operators  of  658
small dairy farms were interviewed (160 in UP, 184 in MC, 157
in  CT  and  157  in  WP)  to  gather  information  on  their
management practices. According to earlier studies parity, herd
size, breed of the animal and lactation stage had affected on the
prevalence  of  mastitis[21].  Thus,  1074  lactating  cows  (136  in
UP, 245 in MC, 306 in CT and 385 in WP) housed in tie-stalls,
were  selected  based  on  their  breed  (Friesian-Jersey  cross),
parity  (3.45  ±  0.54,  mean  ±  SD),  pregnancy  (3.67  ±  1.52
months),  lameness  score  (zero)  and  body  condition  score
(BCS ≥ 3.0). During the study period, fresh feed was provided
twice  per  day  with  ad  libitum  access  to  water.  Cows  were
milked two times at around 6–7 a.m. and 3–6 p.m., and sheds
were cleaned manually once per day at around 8–10 a.m.
 

2.2    Infrared thermography, California mastitis test
and digital images processing
Thermal images were taken when the cows were in their cattle

876 Front. Agr. Sci. Eng. 2025, 12(4): 875–882



sheds during the morning. Before capturing infrared images, all
animals  were  encouraged  to  stand,  and  attached  fecal  or
bedding residues were removed through light brushing or with
minimum warm water. After this cleaning step, the udder was
dried with paper towel and given a minimum of 10 min of rest
before  any  imaging  commenced[19]. In  this  way,  4274  (544  in
UP, 978 in MC, 1224 in CT and 1528 in WP) images of udder
quarters  were  captured  before  milking  with  a  thermal  camera
(IR FlexCam Pro, Infrared solutions, Fluke Company, Everett,
WA, USA) held about 50 cm from the udder. The thermograph
resolution  was  calibrated  to  room  temperature  for  each
measurement.  The  camera  used  operates  at  0–35  °C  and  can
detect  temperatures  from −20  to  400  °C,  in  the  8- to  14-μm
spectral  band.  The  thermal  resolution  of  the  camera  was
0.09  °C,  and  it  was  calibrated  from  0  to  100  °C.  The  camera
used  microbolometer  detectors  and  had  60  ×  120  focal  plane
arrays. The camera had an internal recalibration feature, which
automatically  calibrated  the  detector  to  give  correct  readings
for  the  ambient  temperature.  The  emissivity  value  was  set  to
0.98, which was the value used for measuring the temperature
of human skin.

In infrared thermal images, the warmest areas appear white or
red, whereas the coolest regions appear blue or black[22] as seen
in Fig. 1(a).  USST  was  determined  using  the  FLIR  tool  +
program  (Teledyne  FLIR,  Wilsonville,  Oregon,  USA)  by
drawing  a  circle  (circle  of  40  ×  40  pixels)  just  above  the  teat
(Fig. 1(a)).  Using  this  method,  maximum,  minimum  and
average  temperatures  were  measured  for  the  four  udder
quarters.  An  earlier  study  had  indicated  that  infrared
thermography  (IRT)  detected  changes  in  temperature  on  the
right  and  left  flanks,  which  were  found  to  have  strong

correlation with heat production[23]. Therefore, for the present
study,  it  was  decided  to  apply  that  concept  by  measuring  the
skin  temperature  via  the  right-side  flank  of  the  cow  and  read
the values by drawing a square (Fig. 1(b)) using the FLIR tool +
program.

After capturing images, all four udder quarters of each cow had
scored  for  the  CMT  (scores  0–3)[24] and  the  score  udder
quarters were regrouped into SM-positive (scores 2 and 3) and
SM-negative  (scores  0  and  1).  Those  two  groups  were
compared  statistically  with  the  difference  between  USST  and
SKIN temperature to detect the prevalence of mastitis
 

2.3    Environmental temperature, relative humidity
and temperature-humidity index
Variation of temperature and relative humidity (RH) inside the
cattle  shed  was  recorded  throughout  the  study  period  using
HOBO  temperature  loggers  (HOBO  U23  Pro  v2  temperature
and  RH  data  loggers;  Onset  Computer  Corporation,  Bourne,
MA, USA) in 5-min intervals of time. Loggers had an effective
range of −40 to 70 °C with an accuracy of ± 0.21 °C from 0 to
50 °C of temperature and RH of ± 2.5% from 10% to 90%. The
temperature  logger  was  mounted  under  the  roof  of  the  shed
about 10–15 cm above the height of the cows[20] and data were
downloaded  to  computer  database.  Prior  to  the  analysis,  air
temperature  was  recorded  and  the  THI  was  calculated  using
the  following  equation[25] where  T  is  the  air  temperature  and
relative humidity (RH).
 

THI = (1.8T+32)− (0.55−0.0055×RH)(1.8T−26) (1)
 

 

 
Fig. 1    Calculation of average udder skin surface temperature (a) and flank skin temperature (b) using FLIR Tool(+) software.
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3    Statistical analysis
 
To  account  for  the  hierarchical  data  structure,  where  udder
quarters  are  nested  within  individual  cows,  statistical  analyses
were  revised  using  mixed-effects  models  IBM  SPSS  23.0
version.  A generalized linear  mixed model  (GLMM) was  used
to evaluate the relationship between USST and SKIN and their
difference  were  statistically  compared  with  the  CMT  score
using a multinomial logistic regression method to compare the
effect  of  temperature  on  CMT  score.  The  prevalence  of  SM
(positive  or  negative)  was  statistically  compared  with  the
difference between USST and SKIN in all  four  regions via  the
Mann–Whitney Test. A histogram was plotted for both groups
(negative  and  positive)  and  an  overlapping  histogram  was
obtained for each region. The threshold temperature for being
positive  for  SM  is  the  point  that  two  Gaussian  curves  were
crossed each other.

Using those graphical illustrations, the threshold value could be
measured, however, to improve the accuracy of the values and
to  facilitate  advanced  data  processing,  a  mathematical  routine
was  run  using  Python  programming  language  based  on  the
following  Gaussian  equation  for  each  Gaussian  curve  to
measure the threshold value (γ):
 

γ =
1

σ
√

2π
e−

(χ−µ)2

2σ2
(2)

πwhere, μ is  the  mean, σ is  the  standard  deviation,  is  the
constant 3.14159 and e is the constant 2.71828.

Python  libraries “Pandas” (for  numerical  computation  based,
data  grouping  and  data  tabulation)[26] and “SciPy”[27]

(optimize  segment)  (scientific  calculations  and  statistical
analysis)  were  used.  For  data  visualization,  the  Python  library
“Matplotlib” was  added  and  the  union  of “SciPy”, “NumPy”
and “Pandas” with “Matplotlib” contributes  to  a  high
performance,  as  mentioned  in  earlier  research[28].  The
threshold values obtained were statistically compared with the
environmental temperature and THI of the four regions using
regression  analysis  (IBM  SPSS  23.0,  SPSS  Inc.,  Chicago,  IL,
USA). Linear regression analysis was also used to examine the
relationship  between  environmental  temperature  and
temperature difference USST minus SKIN. The model reported
a significant effect (B = −0.080, R = 0.957, R2 = 0.916, standard
error = 0.104, P < 0.05).
 

γ =mχ+ c (3)
γ χwhere,  is the temperature difference and  is the THI. 

4    Results and discussion
 
It  has  been  demonstrated  that  IRT  has  the  potential  to  assess
various physiologic parameters (breathing, stress or estrus)[29],
identification  of  skin/hoof  injuries[30],  as  well  as  subclinical
diseases  in  calves[31].  Earlier  studies  have  found  that  the
variation  of  USST  is  associated  with  milking,  environmental
conditions, exercise[19] and also in identifying mastitis, whether
subclinical or clinical[15,17].  The temperature of livestock has a
certain  stability[32].  However,  when  animals  suffer  from  an
inflammatory reaction, the blood flow will change accordingly
by  indicating  higher  temperatures  on  the  skin  surface  of
inflamed areas[33]. Through this benchmark, an udder with SM
could be successfully detected.

In the present study, SM-positive udder quarters were found to
have a higher temperature than non-mastitis quarters and that
temperature difference was varied at region level. In UP, USST
(mean  ±  standard  deviation,  and  confidence  interval-under
95%)  of  the  SM  affected  udder  quarters  of  cows  was  higher
(36.4  ±  1.79  °C,  36.1–36.7  °C)  than  the  temperature  of  non-
mastitis  udder  quarters  (34.1  ±  2.02  °C,  33.8–34.4  °C)  by
2.27  ΔT  °C.  In  MC,  average  USST  of  SM  positive  udder
quarters  were  (36.3  ±  1.79  °C,  36.1–36.5  °C)  slightly  higher
than  the  temperature  of  non-mastitis  udder  quarters  (35.6  ±
1.56  °C,  35.4–35.8  °C)  by  0.64  ΔT  °C.  In  CT,  1.09  ΔT  °C  of
temperature  difference  was  observed  in  between  SM-positive
(38.3 ± 1.01 °C, 38.2–38.4 °C) and non-mastitis udder quarters
(37.2  ±  0.98  °C,  37.1–37.3  °C).  In  WP  also  same  observation
was resulted with slightly higher USST difference (0.80 ΔT °C)
in  of  the  SM  (37.7  ±  1.84  °C,  37.5–37.9  °C)  affected  than
unaffected udder quarters (36.9 ± 1.14 °C, 36.8–37.0 °C). Thus,
in  the  present  study,  different  USST  values  were  observed  in
each region.

The  environmental  conditions  and  internal  factors  of  animal
may  be  a  reason  for  the  variation  of  USST  in  each  region.
However,  in all  four regions,  an increased USST was recorded
in  cows  positive  for  mastitis  than  unaffected  cows.  Thus,
according to these results,  changes in USST due to SM can be
detected  using  IRT,  which  is  consistent  with  earlier
research[17,19,34].  Also,  this  study  had  resulted  with  higher
USST in SM positive cows than the non-mastitis cows. Earlier
research has also identified an elevated temperature in mastitis
affected  compared  to  unaffected  udder  quarters[34] and,  in
some  studies,  the  temperature  difference  between  mastitis-
positive  and -negative  udder  quarters  was  up  to  1  °C[35].
Prevalence  of  SM  (positive  vs  negative)  was  statistically
compared  with  USST  and  SKIN  and  according  to  the
multinomial  logistic  regression  analysis,  USST  had  significant
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effect on mastitis prevalence (CT: P < 0.05, WP: P < 0.05, UP:
P < 0.05 and MC: P < 0.05) and the effect of SKIN varied with
regions  (CT: P >  0.05,  WP: P >  0.05,  UP: P <  0.05  and  MC:
P < 0.05). Hence, either USST or SKIN may not be able to use
as a single measurement to identify the prevalence of SM.

Therefore,  attention  was  focused  on  applying  the  difference
between  those  two  temperatures  (USST  and  SKIN).  A  few
earlier  studies  have  considered  the  temperature  difference
between the body/skin and udder surface for early detection of
mastitis[32]. To measure the body/skin temperature, researchers
have  used  different  methods  such  as  rectal  temperature
(RT)[36],  virginal  temperature[35] and  ocular  surface
temperature  (OST)[32].  However,  these  methods  had  some
difficulties so were not adopted more widely. Errors may occur
due  to  the  variety  of  cow  head  postures  and  the  detection
accuracy of cow head posture on the OST method[32]. The use
of  digital  thermometers  to  monitor  vaginal  temperature  can
reduce  the  disruption of  animal  behavior[23] compared to  RT.
Determination  of  RT  is  more  laborious,  according  to  some
earlier findings. One study indicated that IRT detected changes
in  temperature  on  the  right  and  left  flanks,  and  showed  a
strong  correlation  with  heat  production[23].  Therefore,  in  the
current  study,  it  was  decided  to  apply  that  concept  by
measuring the  skin temperature  via  the  right-side  flank of  the
cow  using  IRT.  According  to  the  Mann–Whitney  test,  the
prevalence  of  mastitis  was  statistically  significant  with  the
difference between USST and SKIN (right flank) (P < 0.05) and
SM  positive  udder  quarters  had  significantly  higher
temperature  compared  to  SM  negatives.  This  was  compatible
with earlier research findings[15,34]. It showed that SM-positive
cows had significantly higher temperature differences between
USST and SKIN,  and temperature  differences  were significant
with CMT scores.

Early  diagnosis  is  crucial  for  the  success  of  mastitis
treatments[36] and therefore, establishing a precise temperature
difference  or  threshold  is  essential  for  the  proper  detection  of
SM.  Threshold  value  of  the  temperature  difference  was
graphically illustrated using the following Gaussian curves and
each threshold value was calculated using Python program.

In Fig. 2,  difference  threshold  values  were  obtained  for  each
area. In UP where much cooling conditions prevailed, resulted
with the threshold of 2.49 ΔT °C and in MC it was observed as
2.17  ΔT  °C.  In  WP  the  threshold  value  for  being  positive  for
SM was observed as 1.90 ΔT °C and in CT a threshold vale of
1.86 ΔT °C was resulted. Four regions have different threshold
values  and  this  may  be  due  to  climate  conditions,  farm
management  practices  or  herd  composition.  When  the

difference  between  SKIN  and  USST  was  higher  than  the
particular threshold, it was concluded that the observed udder
was affected by SM. In an earlier study, mastitis-positive udder
quarters were detected when the temperature difference of OST
and USST was higher than the threshold value[32] and also SM
positive in some earlier studies with a temperature difference of
2.35  ΔT  °C.  This  value  is  roughly  similar  to  the  threshold
values  from  UP  and  MC  whereas  WP  and  CT  had  smaller
values. This might be due to the environmental temperature.

The  effect  of  environmental  temperature  and  THI  was
compared with the threshold value of  each region.  The lowest
environmental  temperature  was  in  UP  (22.6  °C)  followed  by
MC (24.3 °C), CT (28.3 °C) and WP (29.7 °C). Throughout the
study,  the average THI of  each region was 71.6 in UP,  74.4 in
MC,  80.6  in  CT  and  82.7  in  WP.  According  to  the  statistical
analysis,  environmental  temperature  had  a  significant  (B  =
−0.080, R = 0.957, R2 = 0.916, standard error = 0.104, P < 0.05)
relationship  with  the  temperature  difference  USST  minus
SKIN.  According  to R2,  over  90%  of  the  variation  in  udder
quarter  temperature  was  associated  with  variation  in
environmental temperature.

The regression equation obtained for the dependent variable of
environmental temperature was, Y = −0.08X + 4.20, where, Y =
temperature  difference  and X =  environmental  temperature.
Therefore,  with  the  increment  of  one  unit  of  environmental
temperature,  the  temperature  difference  will  be  decreased  by
0.08 ΔT °C. This could be due to an increase in both USST and
SKIN  due  to  the  increment  of  environmental  temperature  as
demonstrated by earlier research[32]. Environmental conditions
can  be  adverse  because  the  immunological  system  of  dairy
cows  can  be  compromised  by  heat  stress[37].  Thus,  the
immunological  capability  can  decrease  and  that  is  likely  to
affect  the  biological  functions  of  the  body  by  detrimental  to
udder health.

The  effect  of  THI  on  the  difference  between  USST  and  SKIN
was only marginally significant (P = 0.051). However, the THI
value  also  had  a  strong  positive  correlation  with  the
temperature  difference  (USST  minus  SKIN)  (B  = −0.053, R =
0.949, R2 =  0.901,  standard  error  =  0.113).  The  regression
equation obtained for the dependent variable of THI was, Y =
−0.053X +  6.207  where Y =  temperature  difference  and X =
THI. Therefore, with the increment of one unit in the THI, the
temperature  difference  will  be  decreased  by  0.05  ΔT  °C.
Increased  THI  was  recorded  in  WP  and  CT  where  elevated
environmental  temperatures  are  more  common.  This  result
was  also  consistent  with  the  published  findings[36] which
concluded that  the  THI can have  a  significant  effect  on USST
and SKIN. Also, both mammary glands and body use the same
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mechanisms  during  high  temperature  and  THI,  and  therefore
the  difference  between  USST  and  SKIN  could  be  smaller  for
positive cows. Although, a limited number of reports have been
published on the effect of environmental temperature and THI
on temperature difference,  THI has been identified as a direct
factor influencing the USTT and SKIN of cattle.

In  addition,  USST  can  be  affected  by  external  factors  when
animals  are  not  kept  under  controlled  environmental
conditions[15,19].  Some  research  findings  on  early  detection  of
SM  found  that  the  application  of  IRT  using  several  methods
was  able  to  detect  the  threshold  temperature  for  positive  SM.
However,  there  can be some potential  sources  of  error  related
to  the  use  of  infrared  thermal  technology  related  to  distance,
angle  of  measurement,  and  surface  characteristics.
Nevertheless, the present study has confirmed that IRT can be
used  for  early  detection  of  mastitis.  By  calculating  the
difference between USST and SKIN and comparing it with the
particular  threshold  value,  SM  can  be  detected  early  and
efficiently.

SM has a considerable impact on animal welfare, consequently,
early  detection  using  IRT  can  reduce  discomfort,
inflammation,  and  the  need  for  antibiotics.  Additionally,
practical  strategies  for  its  implementation  could  easily  be
developed,  including  training  programs  for  farmers,  access  to
user-friendly  infrared  devices,  and  collaboration  with
veterinary  professionals.  These  measures  aim  to  facilitate  on-
farm  adoption  and  enhance  the  real-world  application  of  the
findings  of  this  study.  Therefore,  this  concept  may  be  a  more
practicable method for stockowners in future.
 

5    Conclusions
 
In  addition  to  diminishing  quantity  and  quality  of  milk,
mastitis  also  detrimentally  influences  animal  welfare  and
affects  the  sustainability  of  dairy  farms.  Therefore,  early
detection  of  SM  is  vital.  The  difference  between  USST  and
SKIN can be applied to detect SM and when the value is more
than the threshold,  it  indicates that cows are most likely to be

 

 
Fig. 2    Gaussian  curves  and  threshold  values  for  udder  temperature  distributions  in  four  regions  of  Sri  Lanka:  mid  country  (a),  coconut
triangle (b), up country (c), and western province (d).
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positive  for  SM.  This  method  (IRT-based  detection  for  SM)
could  be  integrated  into  herd  management  software
applications in farm and then can facilitate the early detection
of  threshold  temperature.  This  threshold  value  is  affected  by
environmental temperature and is often significantly related to
the  THI.  Since  the  threshold  value  varies  with  regional
conditions,  in  the  future  researchers  should  focus  on building
up  a  model  by  combining  IRT  with  diagnostic  approaches,
including  somatic  cell  counts  and  milk  quality  metrics,  for

early detection of SM using neural networks. Also, CMT is an
indirect  diagnostic  tool  for  SM  and  lacks  sufficient  sensitivity
for a definitive diagnosis. Therefore, milk sample analysis may
be  useful  for  confirmation  of  early  detection  of  SM.
Additionally,  future  research  should  focus  on  longitudinal
studies  to  track  temperature  variations  over  time,  monitor
mastitis  progression  and  refine  the  threshold  values  for  IRT
under contrasting environmental conditions.

Acknowledgements
We are deeply grateful to all the dairy farmers and field officers in dairy processing companies of Sri Lanka.

Compliance with ethics guidelines
Weerasinghe Pathirage Chamila Gayani Weerasinghe, Eranda Rajapaksha, and Thusith Semini Samarakone declare that they have no
conflict of interest or financial conflicts to disclose. All applicable institutional and national guidelines for the care and use of animals
were followed.

REFERENCES 

 Velasco-Bolaños  J,  Ceballes-Serrano  C  C,  Velásquez-Mejía  D,
Riaño-Rojas J C, Giraldo C E, Carmona J U, Ceballos-Márquez
A. Application  of  udder  surface  temperature  by  infrared
thermography for diagnosis  of  subclinical  mastitis  in Holstein
cows  located  in  tropical  highlands. Journal  of  Dairy  Science,
2021, 104(9): 10310–10323

1.

 Azooz  M  F,  El-Wakeel  S  A,  Yousef  H  M. Financial  and
economic  analyses  of  the  impact  of  cattle  mastitis  on  the
profitability  of  Egyptian  dairy  farms. Veterinary  World, 2020,
13(9): 1750–1759

2.

 Hillerton  J  E,  Berry  E  A. Treating  mastitis  in  the  cow—A
tradition  or  an  archaism. Journal  of  Applied  Microbiology,
2005, 98(6): 1250–1255

3.

 Sharif  A,  Umer  M,  Muhammad  G. Mastitis  control  in  dairy
production. Journal of Agriculture and Social Sciences, 2009, 5:
102–105

4.

 Levison L J, Miller-Cushon E K, Tucker A L, Bergeron R, Leslie
K E,  Barkema H W, DeVries  T J. Incidence rate  of  pathogen-
specific clinical mastitis on conventional and organic Canadian
dairy farms. Journal of Dairy Science, 2016, 99(2): 1341–1350

5.

 Franco-Martínez  L,  Muñoz-Prieto  A,  Contreras-Aguilar  M D,
Želvytė  R,  Monkeviciene  I,  Horvatic  A,  Kuleš  J,  Mrljak  V,
Cerón J J, Escribano D. Changes in saliva proteins in cows with
mastitis: a proteomic approach. Research in Veterinary Science,
2021, 140: 91–99

6.

 Uzmay C,  Kaya İ,  Akbaş  Y,  Kaya A. Effects  of  udder  and teat
morphology,  parity  and  lactation  stage  on  subclinical  mastitis
in  Holstein  cows. Turkish  Journal  of  Veterinary  and  Animal
Sciences, 2003, 27(3): 695–701

7.

 Aytekin İ, Altay Y, Boztepe S, Keskin İ, Zulkadir U. The effect
of body cleanliness (hygiene) score on some criteria used in the
detection of milk quality in dairy cattle. Large Animal Review,
2021, 27(2): 69–74

8.

 Lobeck K M, Endres M I,  Shane E M, Godden S M, Fetrow J.
Animal welfare in cross-ventilated, compost-bedded pack, and
naturally ventilated dairy barns in the upper Midwest. Journal
of Dairy Science, 2011, 94(11): 5469–5479

9.

 Barberg A E, Endres M I, Salfer J A, Reneau J K. Performance
and welfare  of  dairy  cows  in  an  alternative  housing  system in
Minnesota. Journal of Dairy Science, 2007, 90(3): 1575–1583

10.

 Tucker  C  B,  Weary  D  M,  Fraser  D. Effects  of  three  types  of
free-stall surfaces on preferences and stall usage by dairy cows.
Journal of Dairy Science, 2003, 86(2): 521–529

11.

 Tongel  P,  Broucek  J. Influence  of  hygienic  condition  on
prevalence  of  mastitis  and  lameness  in  dairy  cows. Slovak
Journal of Animal Science, 2010, 43(2): 95–99

12.

 Pakrashi A, Ryan C, Guéret C, Berry D P, Corcoran M, Keane
M T,  Mac  Namee  B. Early  detection  of  subclinical  mastitis  in
lactating dairy cows using cow-level  features. Journal  of  Dairy
Science, 2023, 106(7): 4978–4990

13.

 Mavrogianni  V  S,  Menzies  P  I,  Fragkou  I  A,  Fthenakis  G  C.
Principles of mastitis treatment in sheep and goats. Veterinary
Clinics  of  North  America.  Food  Animal  Practice, 2011, 27(1):
115–120

14.

 Polat  B,  Colak  A,  Cengiz  M,  Yanmaz  L  E,  Oral  H,  Bastan  A,
Kaya  S,  Hayirli  A. Sensitivity  and  specificity  of  infrared
thermography  in  detection  of  subclinical  mastitis  in  dairy
cows. Journal of Dairy Science, 2010, 93(8): 3525–3532

15.

WEERASINGHE W P C G, et al. Threshold temperature difference for early detection of subclinical mastitis 881

https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.3168/jds.2020-19894
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.14202/vetworld.2020.1750-1759
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.1111/j.1365-2672.2005.02649.x
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.3168/jds.2015-9809
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.1016/j.rvsc.2021.08.008
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.2011-4363
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(07)71643-0
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.S0022-0302(03)73630-3
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.3168/jds.2022-22803
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.1016/j.cvfa.2010.10.010
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807
https://doi.org/10.3168/jds.2009-2807


 Sutherland  M  A,  Webster  J,  Sutherland  I. Animal  health  and
welfare  issues  facing  organic  production  systems. Animals,
2013, 3(4): 1021–1035

16.

 Colak A, Polat B, Okumus Z, Kaya M, Yanmaz L E, Hayirli A.
Short  communication:  early  detection  of  mastitis  using
infrared thermography in dairy cows. Journal of Dairy Science,
2008, 91(11): 4244–4248

17.

 Kenneth N A,  Michael  S,  Mercy  M T,  Franca  K,  Victor  O M.
Evaluation  of  three  techniques  in  the  diagnosis  of  subclinical
mastitis with antibiotic resistance of S. aureus in Nigeria. Folia
Veterinaria, 2024, 68(1): 46–53

18.

 Berry  R  J,  Kennedy  A  D,  Scott  S  L,  Kyle  B  L,  Schaefer  A  L.
Daily variation in the udder surface temperature of dairy cows
measured  by  infrared  thermography:  potential  for  mastitis
detection. Canadian  Journal  of  Animal  Science, 2003, 83(4):
687–693

19.

 Weerasinghe  W P C G,  Rajapaksha  E,  Gunawardena  W W D
A,  Samarakone  T  S. Relationship  between  management
practices  and  calf  welfare  in  mid-country  dairy  farms  in  Sri
Lanka. Tropical Agricultural Research, 2020, 31(1): 103–113

20.

 Mramba  R  P,  Mohamed  M  A. The  prevalence  and  factors
associated  with  mastitis  in  dairy  cows  kept  by  small-scale
farmers in Dodoma, Tanzania. Heliyon, 2024, 10(13): e34122

21.

 Eddy  A  L,  Van  Hoogmoed  L  M,  Snyder  J  R. The  role  of
thermography  in  the  management  of  equine  lameness.
Veterinary Journal, 2001, 162(3): 172–181

22.

 Montanholi  Y  R,  Odongo  N  E,  Swanson  K  C,  Schenkel  F  S,
McBride  B  W,  Miller  S  P. Application  of  infrared
thermography as an indicator of heat and methane production
and  its  use  in  the  study  of  skin  temperature  in  response  to
physiological  events  in  dairy  cattle  (Bos  taurus). Journal  of
Thermal Biology, 2008, 33(8): 468–475

23.

 Kandeel  S  A,  Morin  D  E,  Calloway  C  D,  Constable  P  D.
Association  of  California  mastitis  test  scores  with
intramammary  infection  status  in  lactating  dairy  cows
admitted  to  a  veterinary  teaching  hospital. Journal  of
Veterinary Internal Medicine, 2018, 32(1): 497–505

24.

 Ravagnolo O, Misztal I. Studies on genetics of heat tolerance in
dairy  cattle  with  reduced  weather  information  via  cluster
analysis. Journal of Dairy Science, 2002, 85(6): 1586–1589

25.

 Takefuji  Y. SCORECOVID:  a  Python  package  index  for
scoring  the  individual  policies  against  COVID-19. Healthcare
Analytics, 2021, 1: 100005

26.

 Silvestri  L  G,  Stanek  L  J,  Dharuman  G,  Choi  Y,  Murillo  M  S.
Sarkas: a fast pure-Python molecular dynamics suite for plasma
physics. Computer  Physics  Communications, 2022, 272:
1100–1140

27.

 Bødker  M  S,  Wilkinson  C  J,  Mauro  J  C,  Smedskjaer  M  M.
StatMechGlass:  Python-based  software  for  composition-
structure  prediction  in  oxide  glasses  using  statistical
mechanics. SoftwareX, 2022, 17: 100913

28.

 Stewart M, Webster J R, Verkerk G A, Schaefer A L, Colyn J J,
Stafford K J. Non-invasive measurement of stress in dairy cows
using  infrared  thermography. Physiology & Behavior, 2007,
92(3): 520–525

29.

 Nikkhah  A,  Plaizier  J  C,  Einarson  M  S,  Berry  R  J,  Scott  S  L,
Kennedy A D. Infrared thermography and visual  examination
of  hooves  of  dairy  cows  in  two  stages  of  lactation. Journal  of
Dairy Science, 2005, 88(8): 2749–2753

30.

 Schaefer A L, Cook N G, Tessaro S V, Deregt D, Desroches G,
Dubeski  P  L,  Tong  A K W,  Godson D L. Early  detection  and
prediction of infection using infrared thermography. Canadian
Journal of Animal Science, 2004, 84(1): 73–80

31.

 Wang Y,  Kang X,  He Z,  Feng Y,  Liu G. Accurate detection of
dairy  cow  mastitis  with  deep  learning  technology:  a  new  and
comprehensive  detection  method  based  on  infrared  thermal
images. Animal, 2022, 16(10): 100646

32.

 Qurino  C  R,  Jardim  J  G,  Nogueira  L  M,  González  A  R  M,
Madella-Oliveira A F. Infrared thermography to map the udder
health  status  of  zebuine  dairy  cows. Tropical  and  Subtropical
Agroecosystems, 2022, 25(1): #016

33.

 Scott S L, Schaefer A L, Tong A K W, Lacasse P. Use of infrared
thermography  for  early  detection  of  mastitis  in  dairy  cows.
Canadian Journal of Animal Science, 2000, 80: 764–765

34.

 Kaufman  J  D,  Saxton  A  M,  Ríus  A  G. Short  communication:
Relationships  among  temperature-humidity  index  with  rectal,
udder surface, and vaginal temperatures in lactating dairy cows
experiencing heat stress. Journal of Dairy Science, 2018, 101(7):
6424–6429

35.

 Metzner  M,  Sauter-Louis  C,  Seemueller  A,  Petzl  W,  Klee  W.
Infrared  thermography  of  the  udder  surface  of  dairy  cattle:
characteristics,  methods,  and  correlation  with  rectal
temperature. Veterinary Journal, 2014, 199(1): 57–62

36.

 Neculai-Valeanu  A  S,  Ariton  A  M. Udder  health  monitoring
for  prevention  of  bovine  mastitis  and  improvement  of  milk
quality. Bioengineering, 2022, 9(11): 608

37.

882 Front. Agr. Sci. Eng. 2025, 12(4): 875–882

https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3390/ani3041021
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.3168/jds.2008-1258
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.2478/fv-2024-0006
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4141/A03-012
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.4038/tar.v31i1.8347
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1016/j.heliyon.2024.e34122
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1053/tvjl.2001.0618
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1016/j.jtherbio.2008.09.001
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.1111/jvim.14876
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.3168/jds.S0022-0302(02)74228-8
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.health.2021.100005
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.cpc.2021.108245
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.softx.2021.100913
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.1016/j.physbeh.2007.04.034
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.3168/jds.S0022-0302(05)72954-4
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.4141/A02-104
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.1016/j.animal.2022.100646
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.3168/jds.2017-13799
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.1016/j.tvjl.2013.10.030
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608
https://doi.org/10.3390/bioengineering9110608

