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Key points

Boar fertility plays key role in pig
production efficiency

e e e e

Accurate|pregdiction of fertility remains a
challenge in‘modern pig Oreeding
programs

Emerging biomedical technologies offer
promising avenues for improving
prediction accuracy




Boar is a critical component of pig industry

Each boar fertilizes more than a thousand
SOWS per year

Each boarproduces thousands of piglets per
year

j
Economic study: the cost of purchasing a
boar corresponds to about 0.5 % of the total
value it brings back into the farm

J




Predicting fertility remains a challenge...

Literature reports / recommendations
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Boars that do not meet these criteria should R
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, boars in uds should be examined
at least once a month after any disease or injury




Understanding the importance of the boar...
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Understanding the importance of the boar...
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Background - Current State of Boar Fertility Assessment EULL

Traditional methoads of boar fertility prediction
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Background - Current State of Boar Fertility Assessment EULL

Limitations-of traditional methods

viduals

o.detec bfertile bo ea

" Lack of standardized, predictive biomarkers




Background - Current State of Boar Fertility Assessment EULL

Basic semen analysis
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CASA analysis: VCL, BCF, VAP, VSL,
ALH positively correlated with

farrowing rate and litter size




Background - Current State of Boar Fertility Assessment EULL

Specialized traditional methods of boar fertility prediction

Evaluation and combination of
multiple semen quality
characteristics, e.g. sperm
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@ owing

Source: Tsakmakidis et al. (2010). J Vet Sci.




Background - Current State of Boar Fertility Assessment EULL

Specialized traditional methods of boar fertility prediction

rphology + DNA
Integrity Combo:

this pairing predicts farrowing®




Background - Current State of Boar Fertility Assessment EULL

Specialized traditional methods for predicting high boar
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Current State of Boar Fertility Assessment

New, but current in use methods

Molecular techniques, gen
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Current State of Boar Fertility Assessment “olIM17

Molecular techniques, genetic background anc
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Molecular techniques, genetic background an
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Proteomic approaches for pr
“negative fertility markers in
‘inferi ar spermatozo

Recelved: 18.June 2025 | ) 359811347

Accepred: o5 August 2015 | WOO-5UNg Kwi
Geol Pang

60 kDa heat shock protein,
mitochondrial (HSPD1)

Published: 08 September 2015

Cytochrome b-cl complex subunit 1,
73985642 | | form2, mitochondrial (UQCRCI)

28336 mutant beta-actin (beta’-actin) (ACTB)

57086887 actin-related protein T2 (ACTRTZ)
84579847 actin related protein T3 (ACTRT3)
e of bayin

9102081,

190201

4505773

114053087 (GSTM3)

ATP synthase subunit d, mitochondrial
(ATPSH)

311253799 | Ras-related protein Rab-2A (RAB2A)

27807305

76779289 glutathione peroxidase 4 (GPx4)

13195731 glutathione peroxidase 4 (GPx4)

Arginine vasopressin receptor 2
(AVPR2)

28417




Current State of Boar Fertility Assessment

Molecular techniques, genetic background and potential biomarkers

Using genomic marke ually analyzed sperm
parameters may be > for asse ale fertility
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Current State of Boar Fertility Assessment

Molecular techniques, genetic background andgpotential
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Source: Kwon, Woo-Sung et al., (2015). Scientific Reports 5.1 (2015): 13821.




The challenge of the scientific community

No stress and pain on
animals g ——
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Future Directions

Development of predictive models for boar fertility / sememquality

3se of many influencing
al, seasonal etc.)

= Al - Machine Learning models
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Biomedical techniques

Development of predictive models for boar fertility#'semen

Research project: | ' aproductive capacity
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Biomedical techniques

An under-development method

Via




Biomedical techniques

Knowledge and queries
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Pe semen evaluation is required, waiting
for the report of laboratory results




Biomedical techniques

Questions to answer about the under-develop
NetNOO
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Under boars’ living conditions?
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Strong indications of semen quality before its' lab
!-!;h evaluation?




Biomedical techniques

The aim of the study

piomedical prognostic boar

measurements of|| fertility model

6 iC

measurements?




Biomedical techniques

Implementing the purpose of the study

; of the boar behavior
hin their living space

(B)

ive boar semen.evaluation

alation of biom al and seminal data to
establish a predictive model of boar semen
production capacity

CORRELATION




Biomedical techniques

Selected biomedical parameters / measureme

Boar orientat’
/ m.

Emotional L4s

Temperature (body, scrotal,
y's / environmental)

Scrotal contractions / relaxations




Biomedical techniques “OlIM17

How was the idea born?

Rlapelearth

aes Exr;loslue percolation

Animals have: \
Hyper-sensations and emotions

Different perception ofimagnetic
fields

Orientation and navigation is
based on the different perception
of magnetic fields /




Biomedical techniques “OUIM

Magapor

Animals’ migration based on magnetic fielo

Copyright © 2008 by the author(s). Published here under license by the Resilicnce Allsnce.
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Research

Green Light for Nocturnally Migrating Birds
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Biomedical techniques

The fox uses the earth's magnetic field to hunt!!!

J

Source: http://dsc.discovery.com/tv-shows
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What about farm animals?

Cows: tenden
south whe

Research inclu ense of magﬁetic
8000 cows HELE

Source: D. Cressey, Nature, 2008




Biomedical techniques

Boar behavior, movements and orientation

Fitting collars with sensors
Receive and send signals
Processing, algorithms




Biomedical techniques

Boar behavior, movements and orientation
r

Sensor

®
is g\ le
f t
Barometric pressure and humidity
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A race to semen collection pen...




Biomedical techniques

Boar behavior, movements and orientatic

orientation
ng the dummy

Boar movements’
Dili

mber of circular
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dummy and mounting
attempts
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DigiPIG - Methodology

MetaMotionRL
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Device Config
Data Collection .
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Biomedical techniques

Transfer of signals / data

CLOUD STORAGE

3,

Bluetooth’
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Biomedical techniques

Selected biomedical parameters / measureme

Boar orientat’
/ m.

Emotional L4s

Temperature (body, scrotal,
y's / environmental)

Scrotal contractions / relaxations
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Animals have emotions!!!

Nevepbelieve that animals suffer
less than humans. Pain is the same
forthemthatitis for us. Even
worse, because they cannot help
themselves.

- ﬁ'm/'ﬁ,’] ()amuﬁ ==

Louis [."Camuti: a New York City veterinarian and-author




Biomedical techniques “olIM17

Animals have emotions!!!

MEASURING EMOTIONS SENSOR APPROACHE

SENSOR MEASURES

® EEG-Brain Waves ® Heart Rate

® Respiration Rate ® Thermal / Heat
@ Blood Volume Pulse ® Smell / Olfactory
® Acoustics and Noise

Visible Indicators
Ear Postures, Tail Positions, Eye White Region, Orbital tightening, nose or cheek bulge

Source: Neethirajan, S., Reimert, I., & Kemp, B. (2021). Sensors 21(2), 553.




Biomedical techniques

Are the breeding boars happy???

The 5 freedoms - Farm Animal
Welfare

Freedom to express normal
behavior

Source: Llonch. (2024). Animal Reproduction Science 269, 107549.



Biomedical techniques

Breeding boars’ emotional status...

d handlers

separated
A
-

Stress Memory: Cortisol persists for > 72
ours after badhandling

Source: Grandin T. Behavioral Principles of Livestock Handling (2018).




Biomedical techniques

How emotional status can be measured?

tlectrodermal activity (EDA)
'_or.Galvanic Skin Response
(GSR)

\ariations in the electrical
properties of the skin in
response to sweat
secretion.

Source: Munsters et al. (2012). Early Human Development, 88, 21-26.
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Electrodermal activity (EDA) or Galvanic Skin Response (GSR),
the body property that causes continuous changes in thé electrical
characteristics of the skin

¥ MAXREFDES73#

maxim
integrated.




Biomedical techniques

Electrodermal activity (EDA) or Galvanic Skin Response

=1




Biomedical techniques

Selected biomedical parameters / measureme

Boar orientat’
/ m.

Emotional L4s

Temperature (body, scrotal,
y's / environmental)

Scrotal contractions / relaxations
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Temperature measurement by infrared therma era

affected by scrotal




Biomedical techniques

Dummy’s temperature measurement
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Scrotal temperature measurement




Biomedical techniques

Selected biomedical parameters / measureme

Boar orientat’
/ m.

Emotional L4s

Temperature (body, scrotal,
y's / environmental)

Scrotal contractions / relaxations




Biomedical techniques

Estimation of salivation using an infrared (moisture)
Imaging-camera

The boar during ejaculatioafShows more
salivation




Biomedical techniques

Estimation of salivation

| Transfer of images / data |




Biomedical techniques

Selected biomedical parameters / measureme

Boar orientat’
/ m.

Emotional L4s

Temperature (body, scrotal,
y's / environmental)

Scrotal contractions / relaxations




Biomedical techniques

Recording of scrotal contractions using a videc

contractions

‘ .~ Relaxation
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DigiPIG - Scrotal contractions (Matlab
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Biomedical techniques

Processing of biomedical measuremen
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Biomedical techniques

Objective semen evaluation

Magapor

Sperm Membrane cal Activit OST)

DNA integrity
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- animals (e

Article
The Use of Animal’s Body, Scrotal Temperature and Motion
Monitoring in Evaluating Bo en Production Capacity
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Scrotum’s vis onitoring as a tool of boar semen quality
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Biomedical techniques

Mobile app under development
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Feasible methodology?
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Biomedical techniques

Take home message (1)
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Conclusion

Take home message (2)

t of new boar
is rising, providing

Next steps include deeper collaboration
between veterinarians, geneticists, data
. i ﬂ O . ] ‘-'. . . S

A
r a i = 1 = 1|
inbiomedical rmoletdl

nhysitlogical, and computational methods,
we move toward a new era of fertility
prediction
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Research team “DIGIPIG"” www.digipig.gr “olIM17
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