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FOREWORD

IPEMA — Innovative Approaches for Pork Production with Entire Males is a COST action (CA
15215) supported by the European Union within the framework programme Horizon 2020. Its
main objective is to bring together the scientists and practitioners interested in the challenges
that pork production sector is facing due to the ending of the practice of surgical castration of
male piglets and who are conducting the research or evaluation of two most viable
alternatives a) raising of entire males, and b) immunocastration.

Present publication results from the Training school on Harmonisation of methods in entire
male and immunocastrate research organised in the frame of IPEMA, which had for the
objective the presentation of wide spectre of research methods relevant for addressing the
guestions of interest or research hypotheses in studies of entire male and immunocastrate
production. The emphasis was on the harmonisation of methodological approach in joint
research projects. The goal of the training school was to help trainees understand which are
the knowledge gaps in the respective research area and which methods to use (in
harmonised way) to answer the research questions. The training school was conducted in
collaboration with H2020 ERA-NET project SuSl (Sustainability of pig production with
immunocastration) which represented or served as a case study of a joint research project.
The methodology presented covered analytical procedures of boar taint substances,
methods for on-line detection of boar taint, muscle and fat tissue analysis, welfare,
behaviour, endocrine parameters to assess testicular function, body composition, carcass
and meat quality, anatomy of reproductive tract, gastric ulcers, nutritional and environmental
aspects, demonstrating multidisciplinary approach in searching of new knowledge and
solutions for challenges in pork production with immunocastration.

The training school was held from 20" to 22" November. It was attended by 27 trainees from
15 countries, 18 of them were from Target Inclusiveness Countries (Croatia, Czech Republic,
Estonia, Portugal, Slovakia, Slovenia, FYR Macedonia, Serbia). The lectures given during
the training school are compiled in the present handbook to serve as basic information and
guidelines on methodological aspects.

Ulrike Weiler, IPEMA Chair

Marjeta Candek-Potokar, editor
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Chapter 1

Pitfalls and problems in boar taint research

Michel BONNEAU*?

B

SCIENCE & IMPACT

Pitfalls and problems
In boar taint research

Michel Bonneau
Until 2011: scientist with INRA
From 2012: consultant for IFIP

Why | was asked to give this presentation?

My papers and communications on topics related to
alternatives to piglet castration
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Why | was asked to give this presentation?

My papers and communications on topics related to
alternatives to piglet castration

A generalist
Physiology

Reviews
Genetics WG 1

Consumer Nutntmn WG 2

perception
& societal Management & Welfare
acceptance WG 3
WG 6 Quality control
Processing WG 4
WG 5

Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

m The gold reference for boar taint

m Measurement of consumer dissatisfaction
m The importance of =ample preparation

m The need for boar taint indicators

m Test panel evaluation
m Keasurement of boar taint compounds

m Thresholds for boar taint?
m Boar Taint = fizkatole androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?
m Chain approaches

m To manage boar taint
m To manage entire male production



What is boar taint 7

m Un unpleasant odour/ flavour
There are many unpleasant odours / flavours
in pork meat (Fish, Rancid, Boartaint, ._.)

m ... that is specific of entire male pigs

To be held as responsible for boar taint
a compound must be

1. Perceived as unpleasant by
at least a fraction of the consumers

. . 5
2. Present at concentrations above perception level ﬁ\ﬁ‘uﬂ

in pork from at least some entire males cot® fﬁa""
3. Absent or below perception level P ﬂafoe
in pork from castrates and qilts Y

e ——— —

Compounds responsible for boar taint

As of today only 2 compounds were
demonstrated to meet all 3 conditions

", Patterson RLS 1968. 5o-androst-16-ene-3-one
Compound responsible fortaintin boarfat.
Journal of the Science of Food and Agriculture 19, 31-38.

Important findings may be hidden in obscure journals

Yold E 1970. Fleischproduktionseigenschaften bei Ebern und Kastraten
CHy |V Crganoleptische und gaschromatographische Untersuchungen
wasserdampflichtiger Stoffe des Rickenspeckesvon Ebern.
Meldingerfra Morges Landbrugshsgskole 49, 1-25.

WalstraFP, Maarse G 1970. Onderzoek gestachlengenvan mannelijke
mestvarkens. IVO-rapport C-147, Rapport 2. Researchgroepvoaor
Ylees en Vleeswaren, TMNO, Zeist, The MNetherlands.

e ——— S —
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Compounds responsible for boar taint

“%,  « Testicular steroid
» Related compounds (androstenols)actas pheromones

There are obvious reasons for androstenone
to be specific of entire males

I

For a long time I did not recognise
L r & 1 r . [ . - - 4 st
e imporance of skatole for boar taint
CHq

+ Synthesized inthe large intestine
Fromthe breakdown of fryptophan

There was no obvious reason for skatole
to be specific of entire males

el - S 050 e —g

P

I=

Compounds responsible for boar taint

- Rely on facts and

evidence. Results accumulated, demonstrating the
mportance of skatole as malodorous compound
- Do 'r.:'m expect pork fat and its specificity in entire males
reality to fit ones ' '
OWir vision. Still | was not fully satisfied until two articles
« Ones vision gave the explanation why skatole was specific
of entire males

must fit reality

Claus K, Raab s and Rickle 3 1996, Skatole concentrations in blood
CHy plasma of pigs as influenced by the effects of dietary factors on gut
mucosa proliferation. Journal of Animal Physiology and Animal

\ Mutrition Y6, 170-179.

M Doran E, Whittington FW, Wood D, McGivan JD 20020,

H Cytochrome P4501E (CYP2E1)is induced by skatole and this
induction is blocked by androstenone inisolated pig hepatocytes.
Chemico-Biological Interactions 140, 81-92

e ——— S —




Problems and pitfalls in boar taint research

®m What is boar taint?
m Compounds responsible for boar taint
[ The gold reference for boar taint ]

m Measurement of consumer dissatisfaction
® The importance of =ample preparation

m The need for boar taint indicators
® Test panel evaluation
® Measurement of boar taint compounds

m Thresholds for boar taint?
® Boar Taint = fiskatole androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production

The gold reference for boar taint

m From an industry perspective, the gold reference for
boar taint is consumer dissatisfaction caused by
odour and or flavour

m Boar taint is the difference (if positive) in consumer
dissatisfaction between pork from entire males and
pork from control animals (females or castrates)

Boar taint = Differential Consumer Dissatisfaction
with odour/ flavour

20°112017




Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

The gold reference for boar taint
[ m Measurement of consumer dissatisfaction ]

® The importance of =ample preparation

m The need for boar taint indicators
® Test panel evaluation
® Measurement of boar taint compounds

Thresholds for boar taint?
® Boar Taint = fiskatole androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production

Measurement of consumer dissatisfaction

m What can be assessedby consumers?

m Many consumers are needed
m == 100 consumers for each product

m No selection (zunless specific subpopulation is addressed), NO trﬂining

m Monadic or paired comparison?

m Paired comparison with a control because one wants to
measure differential consumer dissatisfaction

m Sample preparation and serving conditions
Crtically important



An illustration of the importance of sample

preparation in consumer studies

Meat Soence 3 HE 25 28

An international study on the importance of androstenone and
skatole for boar taint: 1. Presentation of the programme
and measurement of boar taint compounds with
different analytical procedures
M. Bonneau®*, A.J. Kempster®, R. Claus®, C. Claudi-Magnussen 9,

A. Diestre®, E. Tornberg”, P. Walstra g, P. Chevillon P,
U. Weiler®, G.L. Cook®

e ——— —

An illustration of the importance of sample

preparation in consumer studies

Abstract

An international study, involving 11 participants in 7 European countries,
was conducted to provide scientific evidence for an objective measurement
of boar taint in entire male pigs and its possible vanation between countries.
The specific objectives were to determine the respective contnbutions of
androstenone and skatole to boar taint and their possible variations
according to production systems and consumer populations. Over 4000
entire male pigs and 200 gilts were raised and slaughtered in 6 countries.
Meat samples were taken from the loin and backfat samples were used for
the rapid measurement of androstenone and skatole. A sub-population of
37T entire males and 42 gilts was then selected in such a way as to
represent all combinations of skatole and androstenone levels.
Androstenone and skatole levels in the selected samples were checked,
using established reference methods. Meat samples from the selected
animals were used for sensory evaluation by trained panels and for
consumer surveys in 7 European countries.

el - S OS5 [ —)



An illustration of the importance of sample
preparation in consumer studies

Meat Soemde 54 (200K 271283

An international study on the importance of androstenone
and skatole for boar taint: III. Consumer survey in
seven European countries

K.R. Matthews®, .B. Homer?®, P. Punter®, M.-P. Béague©. M. Gispert “,
A.). Kempster®, H. Agerhem’, C. Claudi-Magnussen &, K. E"iﬁclwr". F. Siret ©,
H. Leask®, M. Font i Furnols¥, M. Bonneau™*

e —— - SO

An illustration of the importance of sample
preparation in consumer studies

Materials and methods

Joints were roasted in an oven at 180=C to an internal temperature
of 75°C. Fifteen millimetre slices of m. Longissimus thoracis et
lumborum with & mm overlying subcutaneous fat were prepared. The
ends of the m. Longissimus thoracis et lumborum were timmed from
each slice and the centre cut into 4 pieces which were placed in
sealed aluminium foil containers. These were

held chilled at 4=C prior to use [...]. Onthe day of the testthe
samples for flavour evaluation were heated in their sealed containers
for about 10 minin an oven at 180=C to achieve an internal
temperature of 80°C. Samples for odour were heated to 95°C
immediately prior to consumer testing.

e ——— S —
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An illustration of the importance of sample
preparation in consumer studies

Ssum by i Lk wwry Lakig Liks Prepthor hke Lhahiks Dbk LEndike wery

ke mich a bk nior deilike & ko mich

i bl O enlhoni S0 oies [ Te 28
2 -

34
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An illustration of the importance of sample
preparation in consumer studies

Results and discussion

It is, however, striking that such a high percentage of samples
were disliked, particularly as consumers who said that they did
not eat pork were excluded from the sample. It is possible that
the samples were generally disliked due to their unusual
presentation in comparison with the normal consumption
situation. Additionally, the re-heating and chilled storage of
samples may have resulted in the development of warmed
over flavour which may have been exaggerated by the high
serving temperature.

e ——— S —
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An illustration of the importance of sample
preparation in consumer studies

m This high level of dissatisfactionin control meat
casted doubt on the results ofthe study

m This was a pity because the study actually
demonstrated very important knowledge at an
international level
m Dissatisfaction higher for Odour than for Flavour

m Skatole contribution = Androstenone contribution
for the whole population of consumers

m High contribution of Androstenone in the subpopulation of

consumers that are sensitive to androstenone
(Weiler et al. Meat Science, 54, 297-304).

An illustration of the importance of sample

preparation in consumer studies

. I =
el os- T
| 2.00%
wTl 04
d o T.SE%J
in 2 0.3 -
5
w02 > 1.75%
0.1 4 oS
i o w
VN 1.00% Androstenone
] 0.0 + . - 3 T T -7 T v ] 1 ﬂf
gin.::ml_ i ﬂ.?E%‘ > 3 4

m Better prediction of differential consumer dissatisfaction
with an index = flfAndrostenone, Skatole) than with
thresholds

12



Measurement of consumer dissatisfaction

» \What{ = Many parameters to be considered
a Hedor m Which sample? ction
- Drocn ® % fat in the sample
-_ ) o m Presence [/ absence of other ingredients
| vVian m Cooking method (oven /grill /frying pan /_..)
m==10 m Cooking temperature
= No se m Cooking time hing
- m Container {open [ closed)
| Vionad m Time delay between cooking and serving
m Paire _ I
meas

m Sample preparation and serving conditions

m Depend on whether odour or flavour are assessed
m Many possible mistakes

Measurement of consumer dissatisfaction

Methods for the assessment of boar taint—related
consumer dissatisfaction need to be harmonized

Migat Schemsoe 02 [ 2002) 319-129

Contents ists available at Sciverse ScienceDinect

Meat Science

journal hamepage: www.elsevier.com/locate/meatsci

Review
Consumer studies on sensory acceptability of boar taint: A review

Mara Font-i-Furnols

e ——— S —
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Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

The gold reference for boar taint

m Measurement of consumer dissatisfaction
® The importance of =ample preparation

The need for boar taint indicators ]

® Test panel evaluation
® Measurement of boar taint compounds

Thresholds for boar taint?
® Boar Taint = fiskatole androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production

—
|

The need for boar taint indicators

Boar taint = Differential Consumer Dissatisfaction
with odour/ flavour

® The measurement of differential consumer
dissatisfaction
m Is difficult, tedious and costly
m Can be performed only on a limited number of samples



The need for boar taint indicators

m The measurement of differential consumer
dissatisfaction cannot be used

m For most of the research
m Measuring the incidence of boar taint in a population
m Genetic evaluation of and selection on boar taint
m The effect of nutntional and environmental factors on boar taint
m Measurement of the accuracy of a boar taint detection method
m The effect of processing on boar taint

m Forindustry needs

m Intermediate indicators of boar taint are needed

e —— -

Two families of indicators for boar taint

m Testpanel evaluation

m Measurement of boar taint compounds

e ——— S —
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Test panel evaluations

m What can be assessedwith a test panel?

m Ll Asnie Airmencioan (nloaacant hnmloacantt
RS R LSS RS RS ey LSS R R R s S S S RS

m Presence/absence and intensity of an odour/flavour
m Panel members

m Selection (sensitivity to androstenone/ skatole)

m Training
m Monadic or paired comparison?

m Because boar taint is entire male specific, paired
comparison with a confrol should be preferred but good
panels can work monadically

m Sample preparation and serving conditions
m As critical as for consumer surveys

Test panel evaluations

m What can be assessedwith a test panel?

= Hedopiedirmensien{pleasantunpleasanrb ., tﬁ"‘“t
m Presence/absence and intensity of an ::lr"';ﬂr; wo
m Panel members e e
: . 5555 uﬁe
m Selection (sensitivity to anr‘ 35 mﬂﬁt “nafole)
m Training 45 u\‘i 1 e
m Monadic orr ﬁmﬂ ngﬁ",‘?arlson'?

[ Ese::atlfﬂaﬂﬂﬂ 135"-9: a entire male specific, paired
r‘faﬂﬂﬂﬁ 93,11 a control should be preferred but good
2 i work monadically

m Sz.nple preparation and serving conditions
m As critical as for consumer surveys



Measurement of boar taint compounds

Mot Soeme %

Coments lists avallable a1 SclenceDirect

Meat Science

journal homepage: www.elsevier.com/locate/meatsci

Review

Review of analytical methods to measure boar taint compounds in porcine adipose
tissue: The need for harmonised methods

J.-E. Haugen **, C, Brunius ®, G, Zamaratskaia *

* Nofena AS Devation Food Oslowein 1. NO- 1430 A, Novway
¥ Deporoment of Food Sokemce. BeoCeorer, Sandish University of Agricuinel Sciences. 750 07, Uppsofia, Sveden

ARTICLE INFO ABSTRACT

Actick MAarry

Kederved 23 Apail 2011

Reoetved in revised fomm 6 Joly 2011
Accepoed £ July 2000

This compeehensive review desonbdes the analytical methods developed for guantficanon of the boar taim
compounds skatole and androstenone i porcine adipose tissee. The following parts are considered: sianpling.
sample preparation, calibeation and instrumentation. Additionally, methad performance characteristics and
bevel of validation of the existuag methodology are discussed. & 5 concluded that there 5 2 noed for further

[r — : viidation of exsting methods and need for standardsason of methodology to guantify boar tam
ywor i

ABdostenooe compounds, Facing 3 possible near fiture ban of castration of male piglets would enforce further method
Crereda Barmontsation in this field

and skatole was a real mess
m Results differed widely between methods
m Results were not expressed in the same way

Review m /g fresh tissue
Review /g lipids

tissue: Haugen,J. E. (2009). The ALCASDE interlaboratory comparison study. In J.
J.-E. Hau E. Haugen(Ed.), Report of the EAAPIALCASDE boartaint detection
—— workshop, Bologna, 289 October 2009 (pp. 38—40).

" s il

—  m Harmonisation of methods was badly needed

ARTIC

== @ Recentcritical progress has been made

Erirtord 25 8
Eeveteed i e

weaesse @ CONSENSUS on expression of results / g lipids !

Kejin i

e @ REference method now available i

Tk wirds

17



Reference method for the measurement of

In house validation of a reference interlaboratory validation of a
method for the determination of reference method for the
boar taint compounds by LC-M5MS determination of boar taint

compounds by
GLC-MS and LC-MEMS

B 5, Mok, P Pt § e

OO 10.27E7/38500
DOl 10.2787/96937

hitp://publications.jrc.ec.europa.
eu/reposiory/handle/JRCE3157 hitp:fpublications.jrc.ec.europa.

eufrepositoryhandle/JRCI107S

Methods used to measure androstenone andfor skatole levels
should be compared to the reference method and the results
of the comparison included in M&M section of the publications

ME o : —

Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint
m The gold reference for boar taint

m Measurement of consumer dissatisfaction
® The importance of =ample preparation
m The need for boar taint indicators
® Test panel evaluation
® Measurement of boar taint compounds
[ m Thresholds for boar taint? ]

® Boar Taint = fizkatole androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production

18



Thresholds for boar taint?

Can we relate differential consumer dissatisfactionto
androstenone and skatole levels?

® Why is it important to do so?

1. Test panel evaluations do not tell which compound is to
blame for the presence of boar taint;

2. Because the factors of variation of androstenone (mostly
genetics) and skatole (nutrition, environment, genetics)
are not the same, the actions to be taken to manage boar
taint differ according to which compound is involved;

3. Selection (particularly genomic selection), nutrition and
environment control are much more efficient to address
boar taint if directed on a given compound rather than on
an olfactory assessment;

Thresholds for boar taint?

Can we relate differential consumer dissatisfactionto
androstenone and skatole levels 7

m Why is it important to do so7 (continued)
1.
2.
3.
4. Instrumental methods for the detection of boar taint on

the slaughter line are coming

a. They are based on the measurement of androstenone and skatole
levels

b. Androstenone and skatole levels are useless for detection
purpose unless we can relate them to differential consumer
dissatisfaction



Thresholds for boar taint?

il i ]
E Tainted? Tainted?
C Tainted?
@
!
W Tainted?
o Tainted?
T Tainted?
E almue:
< Tainted?
Tainted? Tainted?
Skatole

e —— -

Thresholds for boar taint?

The classical approach with thresholds (cut-off) levels

il i ]
E Tainted? Tainted:
C Tainted?
]
el
(3] Tainted?
o Tainted?
g= Tainted?
E almue:
< Tainted?
Tainted? Tainted?
Skatole

e ——— S —
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Thresholds for boar taint?

The classical approach with thresholds (cut-off) levels

m .
E Tainted Tainted
C Tainted
D
el
[ p] Tainted
S | Untainted
-
E Tainted
< Untainted
Skatole

e —— -

Thresholds for boar taint?

m The threshold (cut-off) approach does not work
because consumers differ from each other

1. Biological detection levels differ

2. Hedonic perception changes according
to distance to detection level

Detection|level
Faecal

loral
Mo odour |

Intensity of perception

Skatole concentration

3. Hedonic perception is affected by
culfure and previous experience

21



Thresholds for boar taint?

m The threshold (cut-off) approach does not work
because consumers differ from each other (continued)

1.
2.
3.
4. Some people are anosmic to androstenone

Some perceive it as pleasant

Cdour perceived

Mo perceived as pleasant

adaour

g Uﬁﬁl'eaﬁ'am

Od

Thresholds for boar taint?

m The classical approach with threshold (cut-off)
levels results in 2 populations of pork meat
® The untainted ones
® The tainted ones

m The reality is totally different
m Some extreme consumers can detect very low levels

m Other consumers cannot smell anything, whatever the
levels are

m Most consumers are somewhere in between

The probability of consumer dissatisfaction with odour / flavour
increases with increasing levels of boar taint compounds

e ——— S —
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Boar Taint = f(Skatole,Androstenone)

The new approach proposedby CAMPIG

m .
S % Diss? % Diss?
- % Diss? @)
2 drﬂﬁtﬁﬂ
g % Diss? e n
I'ﬁ % Diss? 'i Lﬁkatﬂ Osour percaived
C Ll = Mo perceived as pleasant
cho odour
<< {15{3,., Uiss?
d;.553 rostenone
reﬂﬂallss‘? odour
Dlﬁel | parcaned as unpleasa!
Ot

Skatole

el - SO 5. [ —

The approach proposed by CAMPIG

Differential dissatisfaction

Somizla

CDHSL”"”EFS “‘|SE|‘|S|‘t|'.','E t|:| anerStEnDnE |:|r ﬂ:ll EL14 DI8 B@ DI I3 D34 CI8 033 CAD SO EUd CaE CLad
perceiving it as pleasant

Consumers sensitive to androstenone
and perceiving it as unpleasant

Bt e b G
HEEBEHERRD
HbEbbhbhnibes

R

Smell strip method

MeierDinkel etal, 2013 P DoNsumers perosiving
Meat Science, 54, 15-26 the cdour of androstencne

a5 unpleasant
ELI0 1T DL

car R

o

All consumers

Bl s s
HHBHHBEHERD
hlbkobhae

1E5HON

e ——— S —
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The new approach proposed by CAMPIG

A remaining difficulty

m Boar taint perception depends on the product

e —— - SO

Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

The gold reference for boar taint

®m Measurement of consumer dissatisfaction
® The importance of =ample preparation

m The need for boar taint indicators
® Test panel evaluation
® Measurement of boar taint compounds

m Thresholds for boar taint?
® Boar Taint = fizskatole androstenone)

[m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?
m Chain approaches

m To manage boar taint
m To manage entire male production

24



Genetic control of Androstenone

Sexual maturity
Hypothalamus Storage

GnRH

Pituitary

LH&FSH

- —_—

Degradation

e

Synthesis
Androgens Andros
Oestrogens \ tenone

.

Performance

e —— -

Genetic control of Androstenone

Activity of
catabolic enzymes

Ratio Androstenone/Other steroids

m Selection against androstenone results in negative
side effects on reproductive performance

Slaughter / measurement

ate maturing

Early maturing High capacity

High capacity

Early maturing

__.,/j Low capacity

Age/Weight

Androstenone

Sexual maturation must be taken into account
when selecting against androstenone

e ——— S —
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Genetic control of Skatole

m |f the animals placed in

Storage
test stations do not
produce skatole, they Activity of Fat
cannot express their catabolic
capacity to degrade enzymes .
skatole * Liver

Degradation
=

Andros

tenone ﬁ ‘

Hind Gut

T ———

Genetic control of Skatole

Selection against skatole Storage
cannaot be efficient unless
the animals are placed in Activity of Fat

nutnitional / envirommental

i catabolic
conditions where enzymes |
they produce * Liver
substantial amounts .
of skatole Degradation

Andros

tenone i ; i

Hind Gut

e ———
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Genetic control of Skatole

Salaction agalnst skails St
canngl ba amciant uniess Dra e
tha animals are .DIEG-ECI' In g
nuiritianal / envimnament)

S, Fat
crtilaem Activity of
S— catabolic
i : enzymes
The information on y [ jver
androstenone levels *

should be taken Degradation

into account =)
to evaluate the Andros
capacity of the tenone
animalsto

deqgrade skatole

Hind Gut

WE o : —

Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

The gold reference for boar taint

®m Measurement of consumer dissatisfaction
® The importance of =ample preparation

m The need for boar taint indicators
® Test panel evaluation
® Measurement of boar taint compounds

m Thresholds for boar taint?
® Boar Taint = fizskatole androstenone)

m Genetic control of boar taint compounds
[w Boar taint detection’ How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production
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Boar taint detection:
How to measure accuracy?
® Human nose methods !

m Currently in use in
several countries

® Instrumental methods

m After several decades of
unsuccessful attempts, they are finally coming

m Are those methods accurate?

m None of the detection method has so far
documentedits accuracy in a satisfactory manner

T ———

Boar taint detection:
How to measure accuracy?

m Accuracy is measured against a gold reference

m There is only one true gold reference
m Differential consumer dissatisfaction with odour/flavour
m Problem:

m Accuracy must be measured on a high number of samples

m Consumer dissatisfaction can be measured, at a high cost,
only on a very limited number of samples

m A way out of this dilemma?
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Boar taint detection:
How to measure accuracy?
m Yes, there is a way out of this dilemma

m Use the detection method on a sufficient number of
samples (typically 1 000)

m Measure Androstenone and Skatole on the same samples,
with a method that is sufficiently reliable compared to the
reference method for measuring boar taint compounds

m Calculate boar taint level in each sample, using the model:
Differential dissatisfaction = f(Skatole Androstenone)

m Calculate accuracy in the classical way if thresholds are

Boar taint = fiskatole androstenone)
[ Fealumoimes | Reatwimes |
Results ofthe True negative False negative

m Calculate accuracy with correlations in the other cases

m A way out of this dilemma?
® Use the detection meth~ pe mo _ fsk

ode! a’ﬂﬂw‘

samples (typicalt aﬂﬂn\ﬂe
m Measiir- ) ..disﬁ u.e on the same samples,

with a . i_ﬁﬁrgﬂﬂa .ently reliable compared to the
referenc I measuring boar taint compounds

m Calculate voar taint level in each sample, using the model:
Differential dissatisfaction = f(Skatole Androstenone)

m Calculate accuracy in the classical way if thresholds are
Boar taint = fiskatole, androstenone)
[ Reolumoined | Realminted |
Results ofthe True negative False negative
detection method False positive True positive

m Calculate accuracy with correlations in the other cases
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Problems and pitfalls in boar taint research

m What is boar taint?
m Compounds responsible for boar taint

The gold reference for boar taint

m Measurement of consumer dissatisfaction
® The importance of sample preparation

m The need for boar taint indicators
® Test panel evaluation
® Measurement of bear taint compounds

Thresholds for boar taint?
® BoarTaint = fiskatole, androstenone)

m Genetic control of boar taint compounds
m Boartaint detection: How to measure accuracy?

m Chain approaches
m To manage boar taint
m To manage entire male production

A chain approach to manage boar taint

Selection == A dﬂ{:-nttr{:-l —_ m
\. ndrostenone \ .

- Reduce the
Feeding _t\__‘ Control ____,——l'--i incidenc:.a of
Management Skatole boar taint

Rapid detection methods

measuring boar taintindicators Detect
_—=» tainted
Consumer dissatisfaction — carcasses

= f{boar taint indicators) q’“\

Effects of processing — T Optimise the use ‘
of tainted pork
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A chain approach to manage
entire male production

Boar taint is not the only challenge
facing entire male production

®m Optimise performance
m Optimise the quantity and quality of fat

m Address the welfare concerns that are specific for entire
males

m Measure all important quality parameters on/at the
slaughter/processing lines

m Adapt processing to the different characteristics of entire
male pork

A chain approach to manage

entire male production

To optimise - Adapt
f/ performance genetics
Adapt / l
nutrition and =~  For good welfare f Measure critical
management  * of animals l quality parameters
and caretakers /| on line
\"1\ . / f_/A\_ -
".\\ ~— To optimise ya — 1
T fat quantity e / ¥ Consumer
\ and quality Adjust  dissatisfaction
\ /<a__ payment =fBT indicators)
S— To reduce -

of |

/ hnartalnt carcases I|
Adapt \ %, .-"I

tr 2/'1—1 . . lllll,

conditions of tainted pork
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Thank you for
your attention

The IPEMA consortium acknowledges
the financial support ofthe EU,
COST action CA15215.
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Chapter 2

Boar taint compounds- analytical methods and sampling

Spela VELIKONJA BOLTA® and Nina BATOREK LUKAC*

Boar taintcompounds-
analytical methods and sampling

S. Velikonja-Bolta
N. Batorek Lukac

TRAIHING SCHOOL Harmosiszton of methods in entire malk A, PAOJECT: Sesuainability in pork prideciien

¢ immesecaste rssnch, Ugda: 110 Noember 1017 vk i () > cosk ER
2l “':’:.

Boar taint @ ﬁ

1% walh /-

* unpleasantand offensive off-flavor thatimpairs the quality of pork

* current state of knowledge: 2 main compounds responsible for boartaint
— male pheromone - ANDROSTENOME (Sa-androst-16-en-3-on) AR
CH, . --'-.'_-:--' H
L

— indeole related compound = SKATOLE [3-methylindole) ::_:“

H

* accumulation infattissue due to lipophilic character

* additive effect of A and S PRe— "“““““""‘“\@.m
m[ﬂl{.l;ﬂls
o 5 TESFIS o "-/ iR
A
HIPORITSTS é_m_, S Sterslde o Seatoly =T

= Sharohe metsolim

inbilsited bry sl

TRAINING SCHOOL Harmesizton of methods in entire mak A, PUOJECT: Sw:iiﬁrr in perk vmm
nd immemoczae resard, pbime 1-11 Noemier 2007 B H._..tﬂ'lml ) Scoske ﬂ

! Agricultural Institute of Slovenia (KIS), Hacquetova ulica 17, 1000 Ljubljana, Slovenia
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Boar taint — sensory threshold levels waistraer at,1999)

* ANDROSTENONE - 0.5—1.0pg/g liquidfat

* SKATOLE: 0.2 —0.25 pgfe liguidfat

3%

w
*
E

(5]
L
s
L]
&

-
L]

1;3:1,.‘ Yt
|

Androstenane, pgig liquid fat

o
I
o o

" |im #

&
=]

3 L] af 2 18 18
Skatole, pg/g liguid fat
A and 5 conoentration in backfat tissws of EM fouwnd in Slowenian studies | Batorsk of ol 2015
TRAINING SCHODL Harmosizzton of methods i entire make PROJECT: Sestainability in pork prodecion

and immenecasie rezend, pblna H-11 Hoember 10T it WIM (bl a costE E

Boar taint — analytical methods

Androstenone Skatole
Steroid compound Indolic compound
CHs
A\
N
H
Non polar More polar
M =272,214 {monoisotopic) M.=131,18
not soluble in water
TRMNING SCHOOL Harmesizton of methods in entire mak FROIECT: Sestainabiity in perk prosdection
24 immesezste rsarch, [edm: 20-11 Noemier 2017 v o () cost ﬂ
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Boar taint — analytical methods (Haugen etal, 2012, Mearscience)

= sample preparation
*  Extraction
¥ steamdistillation
¥ liguid-liguid [methanol, hexane/2-propanal, dichloromethane, ethyl acetate, petroleum
ether, Tris-acetone)
# szupercritical fluid extraction

The use of internal standards to comect procedure errors!
* Clean-up

SPE

Bond-Elut 20H Diol

Bond-Elut C18
»  Saponification

=  Derivatisation

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
zad immenecasoae research, Lebljae 20-11 Noember 1007 u wieh immesacauracicn (fal) wcoskE B

S5USAM

Boar taint — analytical methods

Derivatisation

* Instrument dependent

Androstenone

» GC —ECD silylation or halogenation

»  HPLC-FL derivatisation with dansylhydrazine

Skatole

» Derivatisation with 4-dimethyl-aminchenzaldehyde (spectrophotometry)

Separation and detection

«  GC-FID, NPD, ECD, M5 LOD,=20—-20 ng/s; LOD,=2-25 ng/s

»  HPLC-UV, FL, M5 (RP isocratic elution, new columns with praticles <2 um
LOD,=125-200 ng/g; LOD,=4 - 50 ng/s

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
and immesoczstre rsearcs, ledlme 20-17 Hoember 10T u A —cuteaihs fa) wcosk m

S5USAM



Boar taint — analytical methods

Mass spectrometry

»  GC-M5 518, androstenone

»  LC-MS/MS both, APCI ionsource!
*» Headspace GC-M5

*  PyrolysisMS

Spectrophotometry

Immunological methods — ELISA - androstencne

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: _T’_-ﬂrr in pork presection
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 m'm (el E cosktE B

Boar taint — JRC-IRMM ring test, 2014

Timing of the study

Initisl stakeholder consultstion 12312 2032
Second stakeholder consultation 15,02 2013

Recruitment of participants DE.05.2013
Date of preparatory workshop 19112013
Dispatch of samples 11022014
Initial reporting dedlines 17.03.2014
Reporting desdiine sxtended onrequest of participants 15.04.2014

2 fissue samples
3 fard samples
Calibration check solution in tolussns

15 participants from 9 countries

) o (DE, 5, BE, IT, DK, AT, SR, 5P, FR)
Calibration check solution in methanol

SEC column
Deuterated internal standards

TRAINIHG SCHOOL Hermesismton of methods i extire mak FROJECT: :ii_-ﬂirr i ::;t“ w
- - m‘u' _.r-‘.l
el imimmeecas e reveardh, il -1 Hoemser W17 SUSAN - I:I:IEt B
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Boar taint — analytical procedure JRC-IRMM- reference method
(2014)

mill frozen =ample

4
liguefy in waterbath at 90 *C with the addition of Naz50, 350W
4
centrifuge liguefied lipidsfor 5 min at 3220«=g and 40°C
4+
transfer 1+ 0.01 g water-free liguid fat in glassvial
N A
add 130 ulL methanol of isotopically labelled intemal standards and
SEC eluent
{milx on worbex)
+
filter through 0,5 um PET syringe filter in a HPLC vial
N A
inject 750 ul, collect fraction between 25 and 37 min
4
GC-M5 LE-MEMSE
TRUINING SCHOOL Harmosizton of methods in entine make PRDJECT. ﬁ*’_‘“w - .'::. w .
and immenecastrae revearch, Ljubljma 20-11 November 1017 '“""'““"'b. S .. cost H

Boar taint — analytical procedure JRC-IRMM- continued (2013)

GC-M5 LC-MSMiS
4 4 GC gradient
add 100 ul of neonane add 100 wl of 1-cctanol .
vacuum dry at 40 *C under nitrogen ¥ o
dissohve in 300 ul tohes=nic 5 dissohe in 300 ul of methanohc 15 g =o
4 1 £ =
L conditions HPLC conditicns E o0
HF 5 M5, 30 m =025 mm, 025 pm film lung 150x 4 6mm, Sum 1004 5 ==
Liner temperatuns 250 %0 Flowes 6 mil,fmiin, V=5l =]
Mobile phase: hefium , 1 mLfmin Mohile phase: A: 0.1 % HODOH
E 0.1% methanchic HODOH
smtich 127,93 1A OEET 11Z0ED
sizlzar 123 il _—
akaticlc PE Tt 132,31-117.0  132,1-3%,1 3 wo
Seatclc-0s 132 R = — !
T oo 132,0-117 o __.__‘ 7 J 1
-] e = =
Andmaiceoec 72,237 s Tima, =im
At e o 2772299
TRAINING SCHOOL Harmonimiion of methods in entire male PROJECT: ﬁi{tﬂw in pork "3‘.’;‘,“"
- _ (L8 — =l
el imimmeecas e reveardh, il -1 Hoemser W17 SUSAN - I-:F!_1_ B
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Boar taint — JRC-IRMM ring test - results

Figure 25: z-Scores for indole

Hlue mangles: 1<(2]: yellow trangles: [2]<2<|3]; red tangles: 2213 score values preseated nest to the

tnargle
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Boar taint — JRC-IRMM ring test - results

Figure 26: 2-Scores for skatole

B triamgle a2 yellow trianghes: | 2]«x<|3]; red triangles: 22 3], soore valees presented mest bo the

range
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Boar taint — JRC-IRMM ring test - results

Figure 27: z-Scores for androstenone

Hlue triangles: 2512]: yollow triangles: | 21<e<i3) redd trianghes: 22 3], soore values presented mext to the
triangie
Scoces for androstenone
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Boar taint — IRMM ring test, conclusions

Conclusions

RSD.= 3-10%
RSDy= 10-30 %
robust method, free from matrix interferences

sensitive enough to determine the off-favour compounds atthe sensory
treshold values with acceptable analytical precision

method performance characteristicsare compliant with requirements for
official control methods inthe area of food contaminants

but

expensive instrumentation

time consuming

TREIHING SCHOOL Harmostzten of methods in extire mzk
el imimmeecas e reveardh, il -1 Hoemser W17

PROJELT; Sewainabiiry in pork presduction
with immenocairanea (bl
SUSHAM

ceost PR
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Boar taint — analytical procedure in KIS lab - methodaccordingto
Hansen-Maller (1984) and Pauly et al. (2008)

cuttrimmed samples into 0.5 cm cubes

4
liquefy ina microwave oven for 2x1 minat 350W
4
centrifuge liquefied lipidsfor 20minat 11,200«g and 20°C
4
transfer 0.5 £0.01 gwater-free liquidfatin 2.5 mLtube
4
add 1 mL methanol containing internal standards
(0.49& mg/L androstanone and 0.050 mg/L 2-methylindole)
4
stirring for 30 5, incubate for 5 min at 30°C inan ultrasonic
water bath
4
on ice for 20 min
4
centrifuge for 20 minat 11, 200=g at 4*C—= transfer methanol phase imoHPLC vials
TRUNING SCHOOL Harmonizaton of metbods in entire make PROJECT: Sestainablity in pork produciien
204 immeecstaE rsearch, Gebna 1021 Noemer 107 N i () >cosk m

Boar taint — analytical procedure in KIS lab - methodaccordingto
Hansen-Mgller (1924) and Pauly et al. (2008)

AMDROSTENOME SKATOLE and INDOLE
+le +le
submit 50 pL of the supernatant to inject 20 pL of the supernatant intothe
derivatization with dansylhydrazine for column
exactly 2 min {methanol - phospate buffer, isocratic)
e €
thereafter an aliquot of 10 pL of the detect fluorescence using HPLE system
derived mixture inject on HPLC column [excitation 3t 285 nm and emizsion at 340 nm)
(THF — phospate buifer, isocratic) 1
4 detection limit 0.03 peg/e liquid fat

detect fluorescence
[excitationat 34&nm and emission 2t 521 nm)
A
detection limit 0.24 pg/z liquid fat

TRAINIHG SCHOOL Hermesismton of methods i extire mak FROJECT: ﬁi{tﬂw i .l::* w
- - [ H e iy -~ ==
el imimmeecas e reveardh, il -1 Hoemser W17 SUSAN - I-:I:I_1_ m
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Boar taint — analytical procedurein KIS lab

U £ s R T vt B D L AT T
L i
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Boar taint — analytical procedurein KIS lab

Conclusions

»  robust method, free from matrix interferences

»  sensitive enough to determine the off-favour compounds atthe sensory
treshold values with acceptable analytical precision

= fast

» vyery suitable for large number of samples

TREIHING SCHOOL Harmostzten of methods in extire mzk
el imimmeecas e reveardh, il -1 Hoemser W17

41

PAINECT: Sestainabiity in pork prodcrion

with immenocairanea (bl

SUISAN

ceost PR



Boar taint — sampling procedure

Sampling:

on cooled carcasses (approx. 24 h post
maortem)

Location:

withers — position where
subcutaneous backfattissue is the
thickest (important in EM)

Procedure:

excise a 10 x 10 cm piece of

subcutaneous tissue using a sharp
knife

{last e — first Thy

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: ::ﬂ_-ﬂtr in pork presection
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 mm (el EEEIEE B

Boar taint — sampling procedure

Initial sample

Sample preparation:

trim the excised tissue of the
skin and muscle tissue

Sample storage:

store vacuum packed samples
in freezer (- 20 ° C) until
further analysis

TRAINING SCHOOL Harmoaisaton of methods in eatire male B PROJECT: Sestainablity in pork prodection

and immesocasie research, sbana 20-22 Noember 2017 u Mmuﬂ) CL‘;DS'{:B



Boar taint — harmonisation in joint research

— szampling location
— analytical method/zame laboratory ¢
— expression of resultson the same basis—e.g. in liquid fat

Threshold levels: Examples — expresion of resuls:
ANDROSTENONE —» 0.5 — 1.0 pg/g liquid fat - pgfe liquid fat
SKATOLE = 0.2 - 0.25 pg/g Fuid fat - pg/gfat
- pg/gsample
Example: _ I-lcE.'.l'rE

- szample of BF tissue [B0 % fat)

Androstenone 2.5 peie iguid fat = 2 peife sample/matria
Shztole 05 pefe fgud fat = 04 pei samn e fmatrix - pg/kg-fat
: : - pefl-inserum
- sample of LD muscle tissue 1% IMF - - ]
Androstenone 2.5 pai= iguid fat = Q025 peifs sample/matri= ppm -sample:
Sheatole 0.5 ez guid fat = QU005 pefe sampeimatic - mgfkg-sample

Fat content in certaintissue isimportant when interpreting results.

TRAINING SCHODL Harmestzion of methods in entire male /) PAOJECT ﬂ#ﬁw in pork produciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 memmociraon (Hudl) EEEIG: B

SUSAM

Thank you for your attention.

Need of harmonisation in:
— sampling location
— analytical method/same laboratory ?

— expression of results on the same basis —e.g. in liguid fat

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
el imimmeecas e reveardh, il -1 Hoemser W17 u A —cuteaihs fa) EEEIS: m
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Chapter 3

Welfare, behaviour (ethogram) and skin lesions recording

Volker STEFANSKI*

Susl
Sustainability in pork production with immunocastrates ‘

IPEMA* » P ¢ N . |
ﬂ * 2> Kmetijski intitut Slovenije B Univerza o Ljubljant
* Agricultural Institute of Slove 1 arch e
= ) t . rska fakulteta

TRAINING SCHOOL
Harmonisation of methods in entire male and immunocastrate research

Welfare & Behavior Recording (Ethogram)

Volker Stefanski, University of Hohenheim, Germany

Behavioral Physiology of Livestock, Hohenheim

Part 1: Welfare

! University of Hohenheim, Garbenstr. 17, 70599 Stuttgart, Germany
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Behavioral Physiology of Livestock, Hohenheim

Overview - Animal welfare

* Animal welfare legislation
* What is animal welfare?
* Animal welfare assessment

— Ethological and physiological indicators

— Motivation
* Excursus: Welfare Quality Report

* [Skin lesion recording]

Behavioral Physiology of Livestock, Hohenheim

Animal welfare is a state objective in Germany

Germany has one of the strictest animal welfare laws worldwide.

Animal welfare has been included as a state objective in the Basic
Law since 2002 (Article 20a):

"Mindful also of its responsibility toward future generations, the state
shall protect the natural foundations of life and animals by legislation
and, in accordance with law and justice, by executive and judicial
action, all within the framework of the constitutional order.”

No other country in the EU so far has integrated animal welfare into
its constitution.
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Behavioral Physiology of Livestock, Hohenheim

Animal Welfare Act (Germany)

Tierschutzgesetz (TierSchG)

Principle (§1)

The aim of this Act is to protect the lives and well-being of
animals, based on the responsibility of human beings for their
fellow creatures. No one may cause an animal pain, suffering
or harm without good reason.

Behavioral Physiology of Livestock, Hohenheim

Definitions: Pain, suffering, damage

Pain

Unpleasant sensory and emotional experience associated
with acute or potential tissue damage or described as
such damage.

Suffering

Significant impairment of well-being (except pain),
especially anxiety, fear, stress.

Damage
Impairment of integrity (physically, mentally).
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Behavioral Physiology of Livestock, Hohenheim

European Convention for the Protection of
Animals kept for Farming

reflects the “Five Freedoms” (result of a 1965 UK government
commission report led by Roger Brambell)

Freedom from hunger and thirst
Freedom from discomfort

Freedom from pain, injury and disease
Freedom to express normal behavior

Freedom from fear and distress

https://ec.europa.eu/food/sites/foodffiles/animals/docs/aw_european_convention_protection_animals_en.pdf

Behavioral Physiology of Livestock, Hohenheim

Definition: What is Animal welfare?

Animal welfare in a scientific context .. ..qom bawins 2006

There is no single definition as for humans, but it is certainly more than
the absence of harm, physical suffering and illness.

In humans, poor welfare is not only associated with bad health, injury
or iliness (physical symptoms), but also with conditions such as
stress, frustration, boredom, loneliness or grief (mental symptoms).
That should be similar in animals.

Mental symptoms may or may not be correlated with physical
symptoms: in humans, therefore, a distinction is made between
physical and mental well-being. This distinction is basically also useful
in animals.

| Useful reading: Dawkins, M.S., 2006. A user's guide to animal welfare science. Trends in Ecology & Evolution 21, 77-82.
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Behavioral Physiology of Livestock, Hohenheim

Welfare concepts

“If the animal’s expectation copy (total set of expected values relate to
good welfare) matches the perceptions of the environment, good

welfare is achieved.” (N . SaChser, 2000) Coping with Challenge - Welfare in animals
including humans, Dahlem University Press.

“The welfare of an individual is its state as regards its attempt to cope
with its environment.” (D M. Broom 1998)Applied Animal Behaviour Science, 20

Behavioral Physiology of Livestock, Hohenheim

Is "natural behavior" a requirement for welfare?

One of the “Five Freedoms" is: "... the ability to perform most
natural patterns of behavior"

To what extent can "natural behavior" be equated with “welfare"?

Lessons from wildlife ...

Useful reading: Bradley, AJ.,, McDonald, I.R., Lee, A.K., 1980. Stress and mortality in a small marsupial
(Antechinus stuartii, Macleay). Gen Comp Endocrinol 40, 188-200.
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How can good welfare be determined?

Two approaches
1) “Sum" of welfare indicators: behavior, physiology, health

2) Answer to the questions: “Are animals healthy and have they
what they want?”

Behavioral Physiology of Livestock, Hohenheim

Clinical indicators of severely impaired welfare

Some clinical indicators of severely impaired welfare, which are usually
very easy to recognize

Strong reduction of body mass
* lliness
* Injury (lameness, wounds, etc.)

* Reduced life expectancy
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Behavioral indicators for severely impaired
welfare

* Impairment of food intake (feeding / drinking)

* Collapse of the species-specific diurnal activity pattern

* Frequent occurrence of conflict behaviors (e.g. stereotypes)
* Loss or severe reduction of comfort behavior
* Loss or severe reduction of exploratory and play behavior

* Apathy

Behavioral Physiology of Livestock, Hohenheim

Physiological indicators of impaired welfare
Indicators of poor welfare, often before clinical symptoms appear

» Increased stress hormone concentrations (but check for pitfalls: multifunctionality,
diurnality, variability)
— Cortisol
~ ACTH
— Endorphins
— Catecholamines

* Cardiovascular changes (heart rate, heart rate variability)
* Loss of normal day / night rhythm

* Reduced / modulated immune function

* Reduced reproductive capacity

* Gender changes (more female offspring)

* Reduced feed intake
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Two crucial questions to decide if animal
welfare is given

(after M.S. Dawkins, 2008)

Are the animals physically healthy?

Do the animals have what they want?

Behavioral Physiology of Livestock, Hohenheim

Which resources are important for the
welfare of fur-farmed minks?

‘ Mason, G.J., Cooper, )., Clarebrough, C., 2001. Frustrations of fur-farmed mink. Nature 410, 35-36. ‘
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Minks "work" for access to resources
O)

Total expenditure  5oven additional rooms:

134 kg + Water pool (1.5 x 0.5m)
115 kg

84 kg
82 kg - Alternative nesting site
34kg - Toy
26 kg + Tunnel

9kg ¢ Empty room

Elevated platform

Novel objects

L]

Foto: von Anna Wdjtowicz - plWiki, uploaded by Arturek28, CC BY-SA 3.0,
https:// ikimedia.org/w/index.php?curid=1610479 Mason et al. (2001) Frustrations of fur-farmed mink. Nature 410: 35-36
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Loss of access to water pool causes frustation

in minks

Access

blocked

for24 h Increase in cortisol

(Urinary, to baseline)

Deprived of
* Food 50% increase
* Water pool 34 % increase
* Raised platform no increase
* Empty room no increase

Von Anna Wdjtowicz - pl i, uploaded by Arturek28, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=1610479

Mason et al. (2001)
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Housing requirements of farm animals

Farm animals cannot adapt to all housing systems.
Certain elements must be present to achieve welfare.

- Basic requirements that derive from social organization (e.g. interaction
with social partners).

- Essential elements of the habitat to which the wild ancestor was selected
(e.g. structuring and nature of the habitat).

- Basic patterns of behavior must be able to be performed.

Behavioral Physiology of Livestock, Hohenheim

Assessment of animal welfare on the basis of
Welfare Quality®-Protocols

= Development of a European standard for the assessment of animal
welfare of housing systems

= 44 institutions and universities in 13 EU countries and Latin America
involved

" Pigs, cattle, poultry

= Currently no official use
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Welfare Quality: Health-associated measures (pigs)

* Bursitis

* Body condition

* Manure on the body

* Wounds and scratches
* Tail biting

* Lameness

* Respiratory disorders
* Rectal prolapse

* Twisted snouts

* Hernias

Behavioral Physiology of Livestock, Hohenheim

Welfare Quality: Manure on the body

All surfaces contaminated with feces are put together imaginably
(on side of the body)

<20% -0
> 20-50% - 1
>50% -2

Foto: N. BreRler
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Welfare Quality: Bursitis

- Small (size of a grape)
1,5-2,0cm

Large
3,0-5,0cm

How many? What size?

Extremely large

5,0-7,0em  (tangerine)

One or several small bursae on the same leg or one large bursa -1
Several large bursae at the same leg, or extremely large, or eroded -2

Photos: N. BreRler
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Welfare Quality: Qualitative Behaviour Assessment (QBA)

Indifferent

Irritable

N. BreRler, Master thesis, UHOH, 2013
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Welfare quality

The ,basic principles” good feeding, good housing and good
health are overall rather objective indicators

,Basic principle* appropriate behavior (as currently used) is
highly questionable:

* no clear definition of descriptors and parameters
+ visual analogue scale (VAS)

* subjective and anthropomorphic

* not scientifically substantiated

- not a suitable measure

Behavioral Physiology of Livestock, Hohenheim

Skin lesion recordings

Exact recording

“Lesion scores”

* Welfare Quality Assessment Protocols

« KTBL

Photo: Griin
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Part 2: Behavior recording

Useful reading:
» Martin, P., Bateson, P., 2006. Measuring behaviour. Cambridge University Press, Cambridge, UK.

« (in German) Naguib, M., 2008. Methoden der Verhaltensbiologie. Springer-\erlag, Berlin Heidelberg, Germany

Behavioral Physiology of Livestock, Hohenheim

Overview = Behavior recording

* Observer and experimenter bias

* Recording medium

* Individual recognition of subjects

+ Catalogue of behavior descriptions (ethogram)
* Broader categories of behavior (functional units)
* Quantitative assessment of behavior

+ Selection of appropriate methods

* Inter- and intra-observer reliability

* How much behavior should be recorded?
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Avoid observer and experimenter bias !

A) Direct influence of the observer on the subjects (observer bias)

B) Experimenter bias

Bias related to subtle cues given to the animals (Clever-Hans case)
Horse is responding to unconsciously given signals by the trainer

Bias related to recording or analyzing data
Unintentional influence of the experimenter on data. Strong expectations

(hypothesis) about the outcome.
- Effect of castration on sexual behavior
- Determination of morphological parameters or body mass (e.g. male/ female differences,
re-measurement of extreme values, interpretation as "miscalculation®)

Gold standard is a “blind“ experimental design, but sometimes this is not
easy to achieve in behavioral studies

Behavioral Physiology of Livestock, Hohenheim

Recording medium

- Direct observation

- Video and audiotape

- Automatic recording devices

58



Behavioral Physiology of Livestock, Hohenheim

Direct observation

Photo: Sacha Dauphin, University of Hohenheim

3 Behavioral Physiology of Livestock, Hohenheim
L

Video and audiotape

Behavior analysis by professional software

Commerical software

e.g.
* The Observer XT (Noldus)
* Interact (Mangold)

Coding system
Video analysis

Inter-observer reliability
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Playback of recorded behavior

il
Motion-/
Event
histogram

Histogramm 1 1 N Histogranm zoomen
: Bel
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Videotaping versus direct observation

Advantages of video recordings

* if direct observation is not possible (disturbance of subjects, night)
* no observer effect

» archiving (later evaluation, relief during observation)

+ playback in time-lapse or -lupe (time saving)

* "naive" observer (blind study design)

Disadvantages

+ often time consuming

* incomplete recording of the whole group (sub-sections, possibly
several cameras necessary)

* individual recognition may be difficult (small animals, diffused light
conditions, shadow)
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Automatic registration methods

Advantages

* Time savings (observer time)

* No subjective assessment

+ Standardization (periods, experimenter)

Application

* Activity-related behavior

+ Spatial distribution of individuals

* Additional recording of heart rate, temperature
* Hardly suitable for social interactions

Behavioral Physiology of Livestock, Hohenheim

Individual recognition of subjects

Individual recognition of the animals
Natural features (fur pattern etc.)
Markings (e.g. color marks, fur cuts, transponders, rings,

ear tags)
Designation of animals

Names (advantage: better to remember)

Number codes (advantage: no subjective properties, more scientific)
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Catalogue of behavior descriptions
(ethogram)

Accurate and detailed description of all behaviors (quality and quantity)

occurring in the species concerned.

Avoid anthropomorphisms!

For convenience, a sub-ethogram is often made (e.g. sexual behavior).

Behavioral Physiology of Livestock, Hohenheim

Ethogram
interpretative decriptive
- The pig threatens another - The pig stands parallel or inverse

parallel and pushes hard with the
shoulders against another pig

- The pig is small - The piglet weighs 10 kg
not verifiable verifiable

Descriptive registration of behavior!
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Pressing

The pigs stand parallel or inverse parallel and push hard with the
shoulders against each other, throwing the head against the neck,
head or flanks of the other pig.

Foto: V. Griin
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Ethogram pigs

Ethogram Pigs (Hohenheim)
Part 1 — Behaviors & behavioral elements

Behavior (functional unit)

Behavioural elements
(see part 2 for definitions)

Aggressive behaviour

L e—]

Pressing —

Pressing-cum-bite
Head knock

Head knock-cum-bite
Biting (attempt)
Penis biting

Levering

Chasing

Defensive behaviour

Retreat
Fleeing

Aggressive behaviour (Jensen 1980)

The pigs stand parallel or inverse
parallel and push hard with the
shoulders against each other, throwing
the head against the neck, head or
flanks of the other pig.

Pressing

As above but with bites directed
towards, head, ears and flanks of the
other.

Pressing-cum-bite

Head knock A rapid thrust upwards or sideways with
the head or snout against any part of the
body of the other pig. Performer’s mouth

is shut.

Affiliative behaviour

Nosing, without anal-genital region

Sexual behaviour

Mounting (attempt)
+/- pelvic thrusts
+/- extruded penis

Anal-genital nosing

63
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Ethogram Pigs (Hohenheim)

Part 1 - Behaviors & behavioral elements

Behavior (functional unit) Behavioral elements
(see part 2 for definitions)
Aggressive behavior Pressing
Pressing-cum-bite
Head knock

Head knock-cum-bite
Biting (attempt)
Penis biting

Levering

Chasing

Defensive behavior Retreat
Fleeing

Affiliative behavior Nosing, without anal-genital region

Sexual behavior Mounting (attempt)
+/- pelvic thrusts
+/- extruded penis

Anal-genital nosing

Play behavior Scamper
QOther play

Abnormal behavior Body-nosing
Chewing ear
Chewing tail
Chewing pen mate, without tail and ear

Active behaviar Standing
Locomotion
Exploration
Sitting

Feeding/drinking Feeding/drinking

Inactive behavior Lying sternally
Lying recumbently

Page 10of 4
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Part 2 - Definitions

nen-italic = own wording or modification
italic = wording of initial auther

New behavior after 3 seconds of pause.

Aggressive behavior (Jensen 1980)

Pressing The pigs stand parallel or inverse
parallel and push hard with the
shoulders against each other, throwing
the head against the neck, head or
flanks of the other pig.

Pressing-cum-bite As above but with bites directed
towards, head, ears and flanks of the
other.

Head knock A rapid thrust upwards or sideways with

the head or snout against any part of the
body of the other pig. Performer’s mouth
is shut.

Head knock-cum-bite As above, but with bites. Performer’s
mouth is open.

Biting (attempt) (Donaldson et al. Mouth opened and snapped shut

2002) against opponent.

Penis biting Biting (attempt) towards the extruded
penis of another pig.

Levering The pig puts its snout under the body of
another pig (in all observed cases from
behind), and lifts it up in the air.
Chasing Following a fleeing animal at high
speed.

Defensive behavior imodified after Jensen 1980)

Retreat The pig moves away frem another pig in
usual walking speed directly after a
social 1.

Fleeing The pig moves away from another pig

rapidiy with head high directly after a
social interaction. Offen accompanied
by a shrill scream.

Affiliative behavior (modified after Jensen 1980)

Nosing The nose of the pig appmach_as any part Page 20f4
of the body except genital region of
another pig up fo at least 5 cm distance.

64



Behavioral Physiology of Livestock, Hohenheim

)

Sexual behavior (medified after Booth & Baldwin 1980)

Mounting attempt

Mounting...

... withiwithout pelvic thrusts (+)

... and with/without emerging of
penis (++)

The pig lifts the front part of its torso to
put it on top of the torso of ancther pig
(usually from behind), but not

successful. |
The pig lifts the front part of its torso and
puts it on top of the torso of another pig
(usually from behind).

While holding the mounting position the
pig moves its pelvis for- and backwards.

While holding the mounting position the
penis extrudes.

Mounting escape (attempt)

Anal-genital-nosing (modified after
Jensen 1980)

Occurs in response to mounting. The
pig tries to or moves away from the
mounting pig rapidly. The activity is
often accompanied by a shrill scream.
The nose of the pig approaches the
genital region of another pig up to at
least 5 cm.

Play behavior (Donaldson et al. 2002)

Scamper

Other play

A sequence of at least two forward hops
in rapid stccession, usually
accompanied by ear flapping.
Pivot (a jump on the spot in which the
body [s rotated rapidly at least 90° in the
horizontal plane), head toss

ated lateral displ:
the head and neck in the hoiizontal
plane, involving at least one full
movement to each side), flop (a rapid
drop from an upright position to sternal
or lateral recumbency in which the pig
appeats to fall down by itself and not as
a result of contact with another pig)

of

Abnormal behavior (modified after Jensen et al. 2010)

Chewing pen mate

Chewing movements towards a (maostly
lying) pen mate, except ears and tail.

Chewing tail

Chewing ear

Making chewing movements while the
tail of another pig in the mouth.
Making chewing movements while the
ear of another pig in the mouth.

Page3of 4
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Body-Nosing (modified after Fraser
1978)

Body nosing is the rhythmic up-and-
down movement of one pig rubbing the
body, especially belly, of another with its
snout.

Locomotor / activity behavior (modified after Ekkel et al. 2003)

Standing

Locomotion

Body supported by three or more legs
and head held high.

Walking or running, body supported by
three or more legs, position change
possible and head held high.

Feeding / drinking

Head at drinker or head at trough.

Exploration

Lying sternally

Sniffing at the floor and feed trough,
interaction with material (litter)

The body not supported by any of the
legs. The pig is lying on its sternum with
head high or lowered down.

Lying recumbently

The pig is lving half on the side and half
on its belly or fully on the side with all
four legs stretched out.

Sitting Body supported by one or two front legs,
the rear part of the torso touches the
floor.

Sources:

Booth, W.D., Baldwin, B.A. (1980). Lack of efiect on sexual behaviour or development of festicular
function after removal of offactory bulbs in prepubsrtal boars. Journal of Reproduction and Fertility 58:
173-182.

Donaldsen, T.M.; Mewbarry, R.C; Spinka, M.; Cloutier, S, (2002). Effacts of early play experience on
play behaviour of piglets after weaning. Applied Animal Behavicur Science 79, 221-231

Ekiel E. D, Spoolder, H A M Hulseage, | ; Hopster, H. (2003). Lying characteristics as
determinants for space requirements in pigs. Applied Animal Behaviour Science 80, 19-30.

Fraser, D (1978). O on the P of suckling and early-weaned piglets
during the first six weeks after birth. Anim. Behav. 26, 22-30.

Jensen, P. (1980), An sthogram of social inieraction patterns in group-housed sows. Applied Animal
Ethalagy 6, 341-350.

Jeansen, M B ; Studnitz, M., Pedersen, L J (2010). The effect of type of rooting material and space

allowance on exploration and abnormal behaviour in growing pigs. Applied Animat Behaviour Science
123: 67-92
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Assignment of behavior to functional units

*  Agonistic behavior

*  Sexual behavior & reproduction
*  Mother-infant behavior

*  Feeding behavior

*  Elimination behavior

* Resting and active behavior

*  Comfort behavior

* Play and exploratory behavior

* Learning behavior

Behavioral Physiclogy of Livestock, Hohenheim

Sequence analysis

Sequential flow of behavior
« Classification in functional units
« Mechanisms and control of behavior

* Rules of decision-making
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Quantitative assessment of behavior

Types of measure
Time parameters of behavior
Duration, occurrences & frequency
States versus events

Sampling rules
Recording methods

Continuous recording
Time sampling (instantaneous & one-zero)

Behavioral Physiology of Livestock, Hohenheim

Types of Measures
Time parameters of behavior

| Behavior X | Behavior X

Latency  |---—---- |

Duration I I [E———— I

Interval [ |

Pause O |

Observation time
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Types of Measures
Duration and occurrences of behavior

10 Times [] [] [] []

3 Times

Identical Time Duration

Different Occurrences

Behavioral Physiology of Livestock, Hohenheim

Frequency

(number of occurrences per unit time)

Total time (night & day)

v

O ™ >
X X X
X X

X X X

Total time: frequency of “A” twice as high as “B” or “C”
Total time: frequency “B” equals “C”

Day: frequency “A” equals “B”
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States versus events

States

Events | [] I | [] [

States: e.g. resting behaviour
Events: e.g. social interaction, defecating behavior,...

Behavioral Physiology of Livestock, Hohenheim

Sampling and recording rules

Which animal and when? How to record?

Scan Contint_lous
Sampling Recording

Focal

Samplmg
Rules for
Recording Instant-
Behaviour aneous
Sampling

Q Sampling b Ti
ime

Ad Libitum Recording
Sampling

b One-Zero-
Sampling
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Sampling rules

Which subjects to watch and what behavior when to
record?

Behavioral Physiology of Livestock, Hohenheim

Sampling rules

Ad libitum sampling (whole group, all occurrences of behaviors)

Behavior sampling (whole group, all occutrences of a particular type of
behavior (e.g. rare events, such as in an agonistic or sexual behavioral
context)

Focal animal sampling (one individual, all occurrences of its behavior)

Scan sampling (whole group is scanned rapidly, behavior is recorded by
instantaneous sampling = locomotor behavior, orientation, etc.)
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Recording rules

How to record behavior?

Behavioral Physiology of Livestock, Hohenheim

Continuous recording

e
g | g g

Recording: Duration & occurrences of behaviors

71



Behavioral Physiology of Livestock, Hohenheim

Assessment of continuous recording

Continuous recording

- measures true frequencies and durations accurately

- analysis sequences of behavior

- demanding for observer - time consuming

- less behavior can be recorded in a given period of time

Behavioral Physiclogy of Livestock, Hohenheim

Time sample recording

Sample

intervals < > < > < >

Occurrences X X X X X

Sample I I X
points I

One-zero

sampling 1 1 1

Instan.taneous 0 0 1

sampling
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Assessment of time sampling methods

One-zero sampling

- does not provide true or unbiased estimates of duration or frequencies

- only practical method for intermittent behavior (e.g. play behavior)

- valid measurement for the “amount” of behavior (correlates with frequency
and duration)

- may be more objective than continuous recording

Instantaneous sampling

- recording of behaviors that occur/do not occur at any instant in time
(e.g. locomotor activity)

- not suitable for recording discrete events of short duration or rare events
(many behaviors in social context)

- the accuracy depends on the length of the sample interval (the shorter the
interval, the more accurately it reflects continuous recording)

- less time-consuming than continuous recording

adapted from Martin & Bateson (2007)

Behavioral Physiology of Livestock

Intra- and inter-observer reliability

Variation exists between observations!

Intra-observer reliability
+ Single observer obtains similar results in repeated counting of same sequences
(e.g. videotape analysis)

Inter-observer reliability
« Two or more observers obtain similar results

Measuring reliability (Martin & Bateson 2007)

+ Correlation coefficient (Pearson or Spearman rank)

« Index of concordance (total number of agreements/disagreements)
« Kappa coefficient (accounts for agreements that arise by chance)
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How much behavior should be collected ?

Enough to get sufficient results!

Internal consistency (according to Martin & Bateson 2007)
* Divided data in subsets, analyzed separately and compared
+ Split-half analysis (divided data for each behavioral category, plus

correlation analysis, r> 0,7)

Necessary sample size

* Biometric analysis

Behavioral Physiology of Livestock, Hohenheim

How much behavior should be collected ?

Is information required on individual level?
* Individualized data collection

* More demanding (time)

* Allows intra-individual analysis

+ Allows intra subject analysis behavior — physiology

Information on group level sufficient?

* Less demanding

* Information on individual lost, okay when group comparison is
sufficient

+ Allows screening of large group sizes (scan sampling)
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Chapter 4

Carcass and meat quality traits — pertinent methods in boar taint
research and possible harmonisation in joint projects

Martin SKRLEP! and Marjeta CANDEK-POTOKAR?"?

Carcass and meat quality traits —
pertinent methods in entire male research
and possible harmonisation in joint projects

M. Skrlep

o

V. Candek-Potokar

TRAINING SCHOOL Hermosiston of methads in entire mak PAOJECT: *;i'"“'ﬂ i peek P'm'“
and immempcas e reseands, Lpbfaa 1-11 Hoember 1007 u MR macumnen (C E ﬂ

QOutline

* Background — carcass and meat quality of 5C, IC, EM — state-
of-the-art

* Methodology of carcass evaluation with emphasis on
harmonisation

* Methodology of meat quality evaluation with emphasis on
harmonisation

* Discussion— case study Susl

TRAINING SCHOOL Harmesiszton of methods in eatire mak PADJECT: 5";1'"“"! in perk P'm"ﬁ“
and immempcas e researds, Lpbfaa 1-17 Hoember 1007 u MR Iemacuanen (HC S ﬂ

! Agricultural Institute of Slovenia (KIS), Hacquetova ulica 17, 1000 Ljubljana, Slovenia
2 University of Maribor, Faculty of Agriculture and Life Sciences, Pivola 10, 2311 Hoce, Slovenia
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IMMUNOCASTRATION

vaccination against GnRH=> disruption of
hypothalamic—pitutary—gonadal axis

2 vaccinations needed; at lesst 4 wksapart
regression of reproductive organs
boartaint prevention

nowithdraw period=>to eliminate boar taint,
4-f weeksdelay recommended

affects performance and meat quality

late IC- using boar-likegrowth potertial Fu;m ation of antibod ues agamst
GnRH, which bindsto

endogenousGnRF and blocks

accinath rotoook: .
B il the release of LH and FSH
|_ | | | hormones. Thizanalogueof
L Vi V2 segrrter | GnRH has no hormeonal activity.
TRAINING SCHOOL Harmontmion of metheds in entire malk FROJECT: wrr in pork presdecrien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 m'm hthy E cosk B

Why carcass traits/body composition?

* EM, 5C and IC are mewbolially different EN — entire males ar boars

80 — sargueally castrared male pigs

* 5C —early castration, loss of androgen potential K — immunocsstrated male pigs

* |C— latecastration (in case of standard vaccination
protocol) , short term androgen deprivation 3

= 5C have higher feed intakethan EM == effect on body

Feed intake, kg/day

o o I H

* Afterthe effectivevaccination, IC increasefeed intake=>
effect on body composition

* Bodycomposition == economic consequences

[Batorek et 2l M3}
'L IE 1o EM
tralt n i, 161) Frabu P D Povue
DFl
LAl -1 13 — 208 | —287, —1.8% 0000 1 037 (—1.00, 0T o0%e
Vite s 5 041 {— 006, GET 0085 25 208 (150, 267y [+1s 1]
Ve I 097 { =143, ~0.400 0000 1 1.9 (063, 1,34 000
TRAINIHG SCHOOL Hermesismton of methods i extire mak FROJECT: :ii_-ﬂrr i perk Pr[m-;m
- - inSe i 1 oy
el imimmeecas e reveardh, il -1 Hoemser W17 SUSAN - I:I:IEt B
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Differences in carcass traits/body composition?

* Lean meatcontent SC<IC<EM
= Backfatthickness SC>I1C=EM
* Muscular dvlp (loin) SC=IC=EM
*  Muscular dvlp (ham, shoulder) SC<IC=EM
Table 1 Summry of meta-analysss (effect sise) v IC compared with the 5C v EM [Baorek et ol HIT)
I to 5 K to B
Tt n i 100 Posalue " ihiCD Pzl
Carcins trasts
Dressing 0 -086(-1.14, -059) 0.000 % -004[-016 0.4 0353
Lean meat M 0.4 (0.31, 061) 0.000 M -086(-093, -039) 0.000
Muscie LD thickmess 1 ~0.0% (~0.21, 0.0%) 0248 £ 0.30 (-0.06, 0.66) 0.105
Backfat thickness ® -05(-074 -036 0.000 B 0.77 (D47, 1.06) 0.000
Lo wight 5 =022(-048, 045) (123 5 0.3 (-0.47, 0.75) 0669
Ham weight 1 0:54 (0.22, 0.86) 0.001 & 0.4 (=017, 024) 03
Belly wenght 4 -072(-148 008 0.065 5 0.49 (027, 0.72) 0.000
Shousder weaght 4 084 (~0.02, 1.70) 0.057 $ =001 (-0.43, 043) 0583
TRAINING SCHOOL Harmesimbon of methods in eatire mak PROJECT: Wﬁ " !::‘t“ w
- - INTRAGLAIY -
and immesocas i research, Geblima 1-12 Howmier 2017 elieand Ccost m

Differences in fat depots

Generally: SC> IC> EM; lu:u;d.mz

response depends on delayV2-S

Intramuscular
LD IM fat, %

Table 1 Summay of meta-anshsis feflec i) fo K compared with the SC or EM Batorek et al. 2012. ANIMAL |
K8 KoM '
T [] 0, Pvabe [] a4c0 Pk
Backiat thickress n -056(-0.7¢ ~038 0.000 B 077047108 0.000
-027(~0.79,028 0304 5 0.33 0.17, 0609 0.001

Visceral Subcutaneous Intermuscular

Leaf fat, kg Backfat, mm Belly leanness (1-7)

Loin eye fat area, om2 Neck IMF, %
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What about meat quality*?

*other than boar taint problem typicalfor EM

.-

Trefan ¢t al W3
Pauly et al W12
Batorek et al Nika
Mawe et al NI3
Batorek et ol NI
Skrep eral NI2

Skrlep 12l NI0

Van den Broeke
et 2l Hlé

EH<K
M < 9= EN < i
1 [ 1+
EN < 5K S=EN = K
N =% 1, e
1 113
[ ] 1
=K s

Paulyetal 2012; increased FUFA TNEM

W=k > EN
K > 5 N =K = N K>5%>IH
K> W=k > EN W=k > EN
K=EH = % / 5

B 2 =5 P2 >N B> K > R

o = =K 8= = EH 3
5 S > EH I
[ EN=K [
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What about meat quality*?

*otherthan boar taint problem typicaifor EM

=~
ceost R

Table 1 Summury of mets-analyun feflect 1on) Sor X coopuned with the 5C or IM

K KM
Trast L] # 0 e ad " o0 P
Batorek et L WIL. | W oo
- 2 Uterate gH 2 ~015(-044. 01 0341 0 ~0.96 (~0.3% 000 oom
Aaimal §(8)1330-38 0 6 047 (~0.5. 1.4 076 . 028 (~0.0%, 260} 00%
” s -019(-957, 038 0608 8 003 (-032, 630 08%
» s ~0.06 (~0.44, 03 0724 s 067 (~0.24 030 0628
rp s ? 0.90(~0.05, 624 019 ? 0.30 10.05. 0.95) o0ty
Whear force 2 ~0.60 (=106, 0.26) 0 s ~0.5 (~1.08, ~0.108 ao1?
s e 2 ~027 (~0.2%, 026 0308 s 038 19.17, 0.40 0.000
Tralt Deqw D Dee
Lean meat (%) ~300{10) -199(8) o7owy Tk mad NI | hem i Treatmens®
ur-romm 055(13) 040(1) -020(Y) .
Pasly et al W12 osTy 109) omgy e EM__ ML SC e’ Poabee
i g oms ) “00113) 0Rm  0MON  Drphas2eh % 31 24% 200 0011
Meat 56 SLBSE-BR | oo icany  -0170m) -0 0250 < A “ o 7
SEA(N) 205y 241 -0 DupledSh % 55 47 40 16 0036
MUFA (%) 084 QY@ -0%@
PUFA () “IW@ 3@ @D rvey 2 - - -
Sercrydedemess 000(0) 063 003H) o d N2 G EM i< SO RMSE  Pvalue
Sermory proress 0o 0¥ 015
- " “ Dewp loss 24h (%) 5 29 38 19 0.001
a Deap loss 45h (%) 85° 55 64 21 <0001
Trefzs er 2L 2013, = ICvsEM: AIMF, ACIEL
] Asim %i §1:1480-1452 | ®= |Cys SC: most similar
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What about meat quality*?

*otherthan boar taint problem typicalfor EM

= IMF EM < IC< SC

* pHu ? study dependent
* Minolta L ? study dependent
» drip loss 2AIn EM, IC .

2 Tepderpecs toughness A EM

= PUFA AEM

Literature is indicative of inferior meat quality of EM, while IC = 5C
= [Vore studies needed

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 u e —— (hdly QED:: B
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Questions of interest in EM/IC research where
assessment of carcass and meat quality is pertinent

* Evaluating performances of EM/IC/SCin different production systems
¥" Evaluating nutritional strategies forEM or IC

¥" Evaluating vaccination protocols (early, late, adapted to special
production systems)

¥" Evaluating rearing, slaughter practices for EM, IC, SC
* (Characterisation of meat quality (drawbacks)of EM, IC

* Evaluating aptitude of meat from EM/IC/SC for different further
processing methods

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
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Carcass — fat depots

* Subcutaneous

* Intermuscular
any fat between muscle(s) groups

* Intramuscular

* thevisiblefat (marbling) asfat
tissuewithinamuscle

* located inside skeletal muscie
fibersstoredin lipid droplets

* Intraperitoneal (leaffat...)

TRAINING SCHOOL Harmosizabon of methods im eatire male ) PROJECT: Sestainablity in pork prodection
2nd immesocastze research, Lbiaa 20-12 Noember W17 u

Subcutaneous fat

*« measured at different anatomical
locations

= asthickness or mass/weight
« with different tools

» manualruler, (digital) callper

» semi-automatic devices (HGP, CGM,
FOM, Opti-grade)
» weighing/s@le

* Harmonisation
» select common anatomical site(s)
» definecommontool

TRAINING SCHOOL Harmonizzbon of methods in entire male A, POECT Wu-mw
and immesocasie research, sbana 20-22 Noember 2017 u S — . C:DSCB
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Harmonisation in multi-partner project
example SuSl

Common anatomical positions (measure fat+ skin)

» above gluteus medius muscle (thinnest part)

E ¥ At lastrib (above lastthoracic/first lumbar vertebra)
=
i | » At withers (last cervical/firstthoracic vertebra)
#* Lateral —Fatthickness
#* Llastrib—lateral —Fat area :
Probe or image of LD cross-section
= 3rd/4th lastrib i 7
TRUNING SCHOOL Harmonizaton of metbods in entire make PROJECT: Sestainablity in pork produciien
zad immenecasoae research, Lebljae 20-11 Noember 1007 "ﬂm'm () wcoskE B

Intermuscular fat

+ Different anatomical locations

# Carcasscross-sections

¥ Digital images— surface measurement (cm?; % of the
Cross-section)

* Subjective evaluation/score

* Chemical determination of fat or NIRS (defined
anatomical slice)

* pb.different cutting practice, carcassdepreciaion

* Harmonisation
# =elect common anatomical position of crosssection
» selectway of measuring (subjective, objective)

TRUNING SCHOOL Harmeeimbon of methods in entire mak PROFECT: “ﬂwu_fu:ﬂ ’:;"'M“","'"
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Cross-cut neck and last rib

230 Precee A tvewt) S22 Powves B inadaie vens

TRAINING SCHOOL Harmosizbon of methods in eatire male /) PROJECK: ":"_'*“'7 el el por
2nd immesocastzE research, Ljsbiana 28-22 November 007 = oo 04
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cocost

Intermuscular fat — measurement method

Visual evaluationscore (1-7); Area determination on digitalimages (fat:meat)
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Harmonisation in multi-partner project
example SuSl

Harmonisation

®* Cross-section 3™-4™ cervical
vertebrae

* Image (!l aspect/calibration scale)

#*  Cross-section lastrib

* Image (!l aspect/calibration scale)

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: ﬁ{-ﬁw in perk production
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Leaf (flare) fat

* Fatunder the peritoneum (abdominal cavity)
* Recordingweight at slaughterline
— both halvesif possible

— removed thoroughly

TRAINING SCHOOL Harmonizzbon of methods in entire male A, POECT ::Mw-m’v&xw
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Intramuscular fat

» Deposited within fascia or muscle fiber bundles (visible=>marhling)

» located inside skeletal muscle fibers stored in lipid droplets

* Chemical determination (Folch, Soxhlet extraction) or with NIRS

» Visual determination (marbling score) <- clean cut, light conditions

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: wrr in pork presection
zad immenecasoae research, Lebljae 20-11 Noember 1007 m'm (el E Ccosc H

Harmonisation in multi-partner project
example Susl

# Same muscle and site of sampling
# cross-section of LD at last rib, slice of lumbar LD (one vertebrae)

#* Chemical determination or NIRS = ensure cleaning of adjacent

connective and fat tissue

#* Marhlingon 1-7 scale using a reference common scale

TRAINIHG SCHOOL Hermesismton of methods i extire mak FROJECT: wrr i ::;i“ w
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Carcass — muscular development

* Body composition-LMP é
« Different dissection ‘
methods (anatomical sites
of cross-cutting) % .‘ ._Q}Q
<

« neck, loin, ham/hindleg, .
belly/ribs, shoulder/foreleg HARMONISATION
= commeon anatomicalsites of cross-cuts

* recordingweight,
separatingtissues (meat,
bones, fat)

SEURQP - Walstra, Merkus dissection

TRANING SCHOOL Harmoniszbon of methods n entire male /A0, PROJECT: Sstanabiity in pock prodecion
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Muscular development— prime cuts
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Carcass — lean meat assessment

» Manualdissection (weght)
» CT  dissection” (volume)

» On-lineindirect methods (e.g.
SEUROP) with different
national methodsto predict
leanmeat content (probes
AUTOFOM ..}

» Mostcommonis
measurements of fat and
musclethicknesswith probes

» EM, ICmainlynotincluded in
equations

TRAINING SCHOOL Harmeniszbon of methods in entire male A, PROJECT: Sestainablity in perk productisn

and immesocastae research, Ljsd§ana 28-22 Noember 2007 u - ks n ) Scpsk

Carcass — lean meat assessment

Harmonisation

* Same cutti oskions for primecuts
e P Laborious, expensive, time

* Same disection method consuming, devalorisation of

Carfasses

Indirect method for LMP

*  harmonisation of SELUROP equations is limited;

* Equations aredeveloped for populationand
device;

*  MNon-negligible effect of country, dissection/CT
and operator

TRAINING SCHOOL Harmonimbon of metheds in entire mak My, PRAOJECT: Sestainablity in pork prodecion
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Harmonisation in multi-partner project
example SuSl

Partner 3 == Dutch normalized procedurefor cutting

Partner 2 => AUTOFOM prirtout

Partner 1=>Ham weight [cut off between last and last but one lumbar
vertebrae and taso-metatarsal joint) + trimmed hamweight

Partner 4 =>Ham weight [cut off between last and last but one lumbar
vertebrae and taso-metatarsal joint) + trrimmed hamweight

Commom measurements  » Lgin eyearea * LD thicknes ¥ M distance

(image- last rib) [probe orimage) (ZF method)

iy

e

¥ SEUROPLMP
* Common ZP equation

accordingto Forti
Furnolsetal. 2016

LMP = 54430670 - ZP fat + 0.214 - ZP_muscle

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
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Meat pH value

* Inthe moment of slaughter
(invivo) muscle pH is neutral

e i
(pH =7.2). —_—
»  Post-mortem glycolysis leads P =f;_ o
to lactate production & T TTT== -
==>lowering of pH value . :
TherateofpHdecinepm Extent of pH dedine.
* |5 proportionaltotherateofthe + proportionalto thequantity of
hydrolysisof ATP i.e. mATPase activity produced lactate/available glycogen

estimated withmeasurement of pH30/pH . ezsured with pH24 or pHu
45min/pH1h

Fastratecoupledwith high body T causes
protein denaturation— loss of binding
ability - PSE meat

+*  limited amplitude [(>6.0) DFD
*  low pH—acid meat

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
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Meat pH value

»  [ynamics of pH decline affects meat
technological quality (WHC, colour,
proteclysis )

Measurement

» Directly in meat (puncture electrode)
* Inhomogenate [distilled water; iodoacetate)

* Earlyp.m. pH (30 min, 45 min, 1k} —to
control the rate of p.m. pH declinge;

* Ultimate pH (24 h) — to control the extent of
pH decline;

» Aaccurracy if pH measured in homogenate
lesp. 45 min p.m.)

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: ﬁ{-ﬁw in perk production
zad immenecasoae research, Lebljae 20-11 Noember 1007 SUSAN ason Jall) E cosc B

Meat pH value - harmonisation

* Cautionto measurement lecation [n=2-3)
* LD cross section, defined locations, repetition:
*  Directly in carcass [electrode puncture depth
and orientation to be sureof correct muscle
* Measurementtime p.m.
defined
* Measurement method
Defined i.e. directly or in homogenate
* |mportance of correct electrode calibration
higintenance of electrods
Fresh/clean buffers
Atleast 2-point calibration [buffer solutions 7.0

and 4.0}
The most accurrate pH is obtained when T of
calbration = T of meat {despie. T comection) e e
Recording of m\ (for control) esp. at calibration i
TRAINING SCHOOL Harmoaizton of methods i entirs male PROJECT: xii_tﬂrr " "::. w .
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Meat quality— Water holding capacity (WHC)

* abilityto retain itsown (or added water) when .
subject to external forces [gravity, CUtting, y
heating, pressure etc.)

* water can befound in different states (chemically
bound, immobilsed, tra pped within myofibrillar
structure or asfreewater)

* WHCis the lowest inisoelectric poirt [pH=5.1)

TRAINING SCHOOL Harmeaizzton of methods i entire make A, PAOJECT: Sesuainabity im pork prodecion
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Meat quality — WHC measurement

=  Amount of mobilised water depends on . £
the method used '

Methods
basedon different principles, £correlated, |lowrepeatat
* Mo externalforce applied (gravity)

* Drip loss- Bag method{Honikel, 1897)

* Drip loss-EZ drip loss [Raamunsen & Andersen, 1996)

* Drip loss-Tray method [Allison et al., 2002)
* Methodswith mechanicalpressure

* Filter paper press methods (A weight, surface)

+  Centrifugalforce method
* Methodswiththermal force (cooking loss)
* Other methods (vacuum loss thawing loss, fiker paper-soaking time)

TRAINING SCHOOL Harmonimbon of metheds in entire mak I, PROJECT: Sl:ﬂ'ﬂ“rr in pork producrisn
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Meat quality - WHC

Harmonisation
* Uniform anatomical location, sample size and geometry, temperature
* EZdrip loss method (Christensen, 2003)

- 2cm transversalslice of LD atthe level of lastrib

- 2cylindrical samplesof 1 inch (from the center of the muscle)
- Storingin plastic containersat 4°Cfor 24h ormore

- Gentlydrain on papertowe! hefore weighing

- Useascalewithatleast0.01 g precision

TRAINING SCHOOL Harmosiszion of methods in eatire male /) PROJECT: crrypmensdel sl o=l
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Meat quality - WHC

Harmonisation

* Uniform anatomicallocation, samplesize and geometry, tempersture
* Thawingloss method
- Preparing sample of defined geometry/weight e.g. cutting 8x5x4 cm [LxWxH) piece
from the centerof LD
- Weighing, vacuum packing, freezing (! Equal conditions), thawing (24h at 4°C)
- gentlydrain on paper towel before reweighing

TRAINING SCHOOL Harmosiszbon of methods in eatire make /) PROJECK: ’:;".’“" . pork "m""
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Meat quality - WHC

Harmonisation

* Uniform anatomicallocation, samplesize and geometry, temperature
* Cocking loss methed

- Preparing sample of defined geometry/weight e.g. cutting 8x5x4 cm [LxWxH) piece
from the centerof LD

- Placingin plastic bag, cooking in water bath (20°C) until meat temperaturereaches
71°C

- Draining, cooling to 4°C (overnight, protect from desiccation)

- Reweighing

TRAINING SCHOOL Harmosizabon of methods im eatire male ) PROJECT: Sestainablity in pork prodection
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Meat quality — tenderness

» resistanceto chewing or - '
mechanical force applied

Depends on:

* structure (musclefibresize,
contractile protein, quantity and
quality of connective tissue)

* composition (fat, moisture,
collagen)

* rate/extent of p.m. conversion
of muscleto meat

Methods
* sensorytenderness

* mechanicairesstance (to shearing, compression, penetration; TPA, Volodkievichbite
tenderometer, Kramer shear cell, Ottawa texture measuring system, SSF, WBSF, ....)

= wellinversely correlated to sensory tenderness

TRAINING SCHOOL Harmosizton of methods im eatire male ) PROJECT: Sustainablity in pork production
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Meat quality—tenderness
(mechanical}- harmonisation

Warner-Bratzler shear force
* Blade (60" V-shaped)

* Samplepreparation(1” thick, cookedto 71°C,
chilled overnight)

* Equalcoresamples(sharpcircular knife, %"
diameter, minimum of 6 cores—covering
entirecross-section, paraliel to fibre direction,
atroomT)

* Shearing (blade speed Imm/sec, throughthe
center of thecore, perpendicular to fibre
direction

* Recording peakforce-N

TRAINING SCHOOL Harmosiszton of methods in eatire male /) PROJECT: 5::-_-»"1 n pork w&:w
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Meat quality — colour

Important for consumer purchase decision .
kel Sl |F1-"I£'—=

*  Typicalfor muscletype and spedies [t oants |

'l" 5
* indicator of freshnes/spoikge — ﬁ"-,--—.- -?jf”'

Raat ]
\ 4
aprangotn [Fe )
Cependingon .
*  muscle physiological function
*  concentrationof pigment-nmpoglobin
+  chemicl state of myoglobin
{oxyeenation/ midation, denaturation)

*  muscle microstructure reflectance)
TRAINING SCHOOL Harmonimbon of metheds in entire mak FROJECT: Sestainabdity in pork productisn
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Meat quality — colour

L) 4 $ -

Methodology
» Subjective visual) evaluation, scale1-6
* Japanese colourscale (Nakaietal., 1975)

B rASAAw o -

* US National Pork Producers Council (NPPC, 2000)

COLOR STANDARDS

TRAINING SCHOOL Harmosiszton of methods in eatire male /) PROJECT: WU'MW
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Meat quality — colour "

Methodology 4 { +3

#* Objective (instrumental) evaluation
*  Any colour specified asacombination of red, green and blue

* 3-dimmensional “colour space” (HunterLab; CIE Lab):

L*a*b* colour space *

- L*lightness [Z=dark, 100=white)

- a*|-e0greento+50 red) E

- b*[-80 blue to+&80 vellow) C

L*¥C*h® colour space . .
- ¥ [chroma, ssturation) , O=unsaturated, greyto
&0=mazx, high colour purity
- h®taint [hueangle), 0%=red(+a*), 30" =veallow{+b*),
-1
130"=green(-a*), 270°=blue(-b*} .

TRAINIHG SCHOOL Hermesismton of methods i extire mak FROJECT: wrr i ::;i“ w
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Meat quality — colour

Harmonisation
<. ICIEL?a% b {C*% h?)

* Defining the device (Minoita Chromameter)

* Defined parameters (D65 illuminant, 11 mm diameter
aperture, calibration aganst whitetile)

* Time andlocation (>24h post mortem, cooled musde,
specified location—i.e. LD cross-section, >15 mm
thick)

* Blooming(air exposure) defined (affects mainly b*)
* recommendead 1-2h forbeef

* notbiginflugnce on pork —stabilisation in <30 min
(Skrlep and Candek-Potokar, 2007)

* Measurement in triplicate (intramuscular variabilty in
colour, marbling)

TRAINING SCHOOL Harmoniszbon of methods in entire male AR, PECT Sc;umry " pork pt:;nn
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Harmonisation of meat quality assessment in multi-
partner project: example SuSl

Commaom Sampling — measurements 24h p.m

measurements e P

} pH 45 min * pH24h ¥ colour ¥ EZ drip loss
45 min p.m. -direct .

onlDsample * (lastrib)24hpm  |5otrib LD afterd48 h
* LD fresh cut, 3=, storageat 4°C

Minolta Lab
~< el

#» WBSF - LD sample 1 B:g # IMF - LD sample 2
*Prepare 8=5=4cm LD =ample = *Slice of LD sample (2 cm)

measurement [with
electrode puncture) in
carcass

*Weigh thezample, recordweight *Clean off subcutaneousfat
] *Wacuum pack & send frozen for *Wacuum pack & send frozen
e.g. using hole made by centraliszed measurement of WESF for centralized
probes FOM or HGP [+ thawing, cooking loss) measurement with NIRS

[imf water, protein)

TRAINING SCHOOL Harmeaiabon of methods in entire maks ) PAOJECT: Sl:ﬂ_tﬂrr n pork prodection
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Discussion — harmonisation case study SuSl

* Subcutaneous fat

* Intermuscular fat

Intramuscular fat
Muscularity
Meat quality

TRANING SCHOOL Harmesimbon of methods in entirs maks ) PAOJECT: ﬂ#ﬁw " .-::. nr[mm-
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SUBCUTANEOUS FAT

Harmonisation in multi-partner project example SuSl

Common anatemical positions (measure fat + skin)
» above gluteus medius muscle (thinnest part)

* At lastrib{above lastthoracic/first lumbar vertebra)

Splitling

» At withers (lastcervical /first thoracic vertebra)

# Lateral —Fatthickness

* Llastrib—lateral —Fat area
FProbe or image of LD cross-section

= 3rd/ath lastrib : '
« &comlaterally “Hl
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INTERMUSCULAR FAT

Harmonisation in multi-partner project example SuSl

Harmonisation

®* Cross-section 3™-4™ cervical
vertebrae

* Image (!l aspect/calibration scale)

#*  Cross-section lastrib

* Image (!l aspect/calibration scale)

TRUNING SCHOOL Harmenimbon of methods in entire make FROJECT: wrr in "::. w .
and immenecastrae revearch, Ljubljma 20-11 November 1017 '“""'““"'b, . ». cost H
INTRAMUSCULAR FAT

Harmonisation in multi-partner project example SuSI

7> Same muscle and site of sampling
» cross-section of LD at lastrib, slice of lumbar LD (one vertebrae)

» Chemical determination or NIRS = ensure cleaning of adjacent
connective and fat tissue

» Marblingon 1-7 scaleusing a reference common scale

TRAINING SCHOOL Harmonizzbon of methods in entire male A, POECT ::Mw-m’v&xw
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MUSCULARITY

Harmonisation in multi-partner project example SuSl

Partner 3 == Dutch normalized procedurefor cutting

Partner 2 => AUTOFOM prirtout

Partner 1=>Ham weight [cut off between last and last but one lumbar
vertebrae and taso-metatarsal joint) + trimmed hamweight

Partner4=>Ham weight [cut off between last and las but onelumbar ¢
vertebrae and taso-metatarsal joint) + trrimmed hamweight

Commom measurements Loin eyearea » LD thicknes * M distance
(image- last rib) [probe orimage) (ZF method)

iy

e

¥ SEUROPLMP
* Common ZP equation

accordingto Forti
Furnolsetal. 2016

LMP = 54430670 - ZP fat + 0.214 - ZP_muscle

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 u wieh immesacauracicn (fal) EEEIG: B

SUSAM

MEAT QUALITY

Harmonisation in multi-partner project example SuSl

Commom Sampling — measurements 24h p.m
measurements e P

* pH 4_5 iR _ * pH24h ¥ colour ¥ EZ drip loss

* 45 min p.m. -direct * pnlDsample * ([lastribj24hpm lastrib LD after48h

measurement [with *  LDOfreshcut, 3=,

storageat 4°C

electrode puncture) in Minolta Lab
carcass ¥
e el
== Koo
#» WBSF - LD sample 1 Eg # IMF - LD sample 2
*Prepare 8=5=4cm LD =ample S sSliceofLD sample(2 cm)
*Weigh thezample, recordweight *Clean off subcutaneous fat
] *Wacuum pack & send frozen for *Wacuum pack & send frozen
e.g. using hole made by centraliszed measurement of WESF for centralized
probes FOM or HGP [+ thawing, cooking loss) measurement with NIRS

[imf water, protein, FA?)

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
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Chapter 5

Anatomy of reproductive tract — measurements and sampling

Gregor FAZARINC!

Anatomy of reproductive tract —
measurements and sampling

Prof. dr. Gregor Fazarinc
‘eterinary faculy, Universityof Ljubljana

Institute of Preclinical Sciences

TRMNING SCHOOL Harmosimbon of methods in etire mak B PROECT: Su:iﬂrr in perk produciion
and immesoczsoae ressarch, Lpbljn: 117 Hoember 2007 u " mﬂ:m () ﬂ I;_EII$|:1 m

RATIONALE

Non-responders, not properly vaccinated pigs, pigs which escape vaccination exhibit boar
taint similar to entire male

Determination of boar substances [androztenone and skatole) is expensive and time
consuming.

Size of reproductive organs could serve as refizble indicator of successfu
immunocastration.

= INTENTION - to find 2 simple and applicable indicator of immunocastration effidency on
the basis of reproductive organs weights for the use in the slaughterhouse

TRANING SCHOOL Harmesizabon of methods in eatire make /0, PROJECE *;W'v  pork 9'3;""
and immesoczsine research, Ldfana 28-22 Noemzer 007 u byl ' Ccost B

! University of Ljubljana, Veterinary Faculty, Gerbieva 60, 1000 Ljubljana, Slovenia
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Anatomy of reproductive organs in boar

* Large testisand
epididymis
= Scrotum
= Vaginal tunic
* Perineal position
* Long spermatic cord

* Large accessory glands
= Vesiculargland
= Prostate
= Bulbourethralgland

* Fibroelastic penis with
the sigmoid flexure

TRAINING SCHOOL Harmosiszton of methods im eatire make A PROJECK: ’:‘:‘“w el porca
and immesocasie research, sbana 20-22 Noember 2017 u \ulmi'-:,.rl.'u we 0 Ccost B

Size of reproductive organs - indicator of successful IC

E 8§ E

-]

Weight of reproductive organs (mean+ 3D inthecaseof entiremales(EM),
immunocasrates||IC), and two non-responders (nr-1, nr-2). Pigswereslaughtered 5
weeks after second immunization. (Skriep et al, Czecht Amim. 5ci. 2012)

TRUNING SCHOOL Harmeeimbon of methods in entire mak PROFECT: m‘““":_fﬂ:ﬂ ’:;"'M“","'"
. " - E
el imimmeecas e reveardh, il -1 Hoemser W17 SIS AN b I_:F!E_ B
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Vesicular gland and reproductive organs regression - the most
reliable indicator of successful IC

» Semer x Buliight + DBolbleng o Testn
—_— CalSem — — CalluW = Calll, —— Calles
i -
#0 \\
# i s T
i 80 l'ull‘l T,
.!? "Ill s T et
E 50
i}
ff‘”
£% .
3 ox
10
a
[ 5 15 20
Weeka alter the Bnd anli-GaltH immanbatsen

Plot of genital tract development inimmunocastrates (expressed as percentage of the
corresponding development in entire male) against time afterthesecond immunization.

[Bonneagu, Animal 20000
TREIHING SCHOOL Harmeatzben of methods in eatire mak

a0 immemecas e reveardh, pblpne 1-17 Hoemier 217

PAOJELT: Semaisabdiny in perk prodeciisn
mith inmesocsitraoes (il
SUSAM b EDEt H

Discriminant analysis of testes and accessory glands

= Testes TR
EM E = —rEI""\'“"
= ! i -
» - i | ] -
b vew
IC E;. T Dl WM
f % gl
il =
O B O I B T
i Bulbaour. gl. 12K
EM !d Shiley INBQ
» EL
. R | I o
.I = =1 L b 1)
IC j= A filer TNE
:z 1 ==
1 Fi @3 el ms 1es Wl urs
Vesiculargl s
EM Bl e o
k -
¢ e
-E i iy
IC .E.“ - Sl MIH
4
[, ...
! L] 0 i vl pi

TREIHING SCHOOL Harmostzten of methods in extire mzk
el imimmeecas e reveardh, il -1 Hoemser W17

Recognition rates of IC

" Testes: 94.7 %,

Bulbourethral gland: 96.16 %

Vesicular gland: 98.7 %

All 3 criteria; 98.7 %

Candek-Potokar of ol, Procesdings of the
International Symposivm on dnimal Soence, 2014
Belzrads

: PROJELT; Sewainabiiry in pork presduction
with immenocairanea (bl

_.|-|.|
SUSAM b E F!E_t B



Procedure

urogenital tract

Inciseattheapex of the bladder and
squeezetheurineout

Cleanthepelvic part of urogenital tract
excessivetissues

to the caudal pole of the bulbourethral
glands.

Weight the pelvic part of the urogenital

tract together with the accessory glands

and emptied bladder

Dissect and remove the vesicular and
bulbourethral glands and weight them
separately (use plastic tray of known
weight)

TRAINING SCHOOL Harmosiszbon of methods in entire make A

2nd immesocastze research, Lbiaa 20-12 Noember W17

= Removebothtestis, epididymis
and spermatic cordsfrom the
scrotum andvaginal tunic.

Cut of the spermatic cord from
the testisat the level of caput of
the epididymis.

Weight both testestogether
with epididymis

Separaterectum and anusfromthe pehic

Cut of the penisand penismusclesnext

of

PROJECT; Sestaimabdity in pork prodection
with inmesocairanca (Sull)
SUSAN

ceo= B

1 t3il of epididymis

2 body of epididymis
3 head of epididymis
4 testis

S spermatic cord

6 free border of testis
7 mesorchium

8 proper fizament of
testis

S figament of tail of
epididymis

10 section of spermatic
cord to remove testis

TRAINING SCHOOL Harmoaiszbon of methods i eatire male
and immesocastzE research, Lubiama 20-12 Noember W17

Am;ta:mq-mm
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Obtained weights

»  Pelvic urogenital tract (including accessory

glands, pelvic urethra and bladder)

" Seminal glands
»  Bulbourethral glands

" Testes and epididymis

CALCULATE

» obtained weights/carcass weight (%)

TRAINING SCHODL Harmestzion of methods in entire male /) PAOJECT ﬂ#ﬁw in pork produciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 memmociraon (Hudl) EEEIG: B

SUSAM

Measurement nptinn
Option 1

» Relative weights of the pelvic urogenital tractincluding
accessory glands. This method is the fastest and easiest to
perform.

Option 2

» Relative weights of pelvic urogenital tract plus testis and
epididymis. This procedure demands some extra time
because of testes and epididymis removal from the vaginal
tunic sack.

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
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Chapter 6

Muscle tissue analysis - histochemistry

Milka VRECL FAZARINC!

Muscle tissue analysis -
histochemistry

Milka Vrecl Fazarinc
Veterinary faculty, University of Ljubljana

Institute of Preclinical Sciences

TRAINING SCHOOL Harmesizbon of methods in entire mak A PROJECT: h;i'**‘fr in ek mew
@ immesease reerd, Lpblme 20-11 Noemier 10T " :""T“WIM il o l;_l:lgl:_ m

Meat quality — muscle fiber characteristics

# myofiber contractile and metabolic profiles

* negative impact of the abundance of fast fibers and of

high glycolytic metabolism on meat tenderness (Hamillet
al., Meat Science 2012)

7 myofiber size and number

* lightness and drip loss are related to the proportion of
large-sized IIB fiber (Kim et al, Meat Science 2013)

# intramuscular fat content

* meat tenderness, water holding capacity, flavor and
juiciness (Listratet al, The Scientific World Journal 2016)

# connective tissue content
» toughness (Listratetal, The Scientific World Journal 2016)

TRAINING SCHOOL Harmesizton of methods in entire mak A, PROJECT: 5';1"“'! n pork Fﬁfﬂ
and immemoczsize research, Lpbljma 1-11 Hoember HIT - wmml ) QEEI:: m

SUSHEMN

! University of Ljubljana, Veterinary Faculty, Gerbi¢eva 60, 1000 Ljubljana, Slovenia
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Muscle fiber characteristics — effect of
immunocastration (IC)

# immunocastrates have lower proportion of
MyHC-IIb positive myofibers in the
longissimus muscle than SC (Liet al., Meat
Science 2015)

# immunocastrates have higher intramuscular
fat content than EM (Batorek et al, Animal 2012)

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 u wieh immesacauracicn (fal) EEEIG: B
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Histological methods

# Enzyme—/immuno—histochemistry
= classification of myofiber types
#» Histochemical staining
» intramuscular fat (IMF)
" connective tissue
#» Morphometrical analysis
= myofiber type percentage and cross sectional area
= |MF and connective tissue guantification

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
el imimmeecas e reveardh, il -1 Hoemser W17 u A —cuteaihs fa) EEEIS: m

SUSHAM

104



Characterization of pig myofiber types -
immuno- and enzyme-histochemistry

1 1fla lla lx b

NLC-MHCs ++ +H/+ - - _

Antibody ElwEFLY-Nrr - ++/'+ ++ + -
BF-F3 - - - +/— +

SDH ++ ++ ++ + -

+ moderate posiive reaction; ++ strong positive reaction; — negative reaction.

Fazarine, Vracl, Skoranc of ol Animal 2017; 11{1]:164-174.

TRAINING SCHODL Harmosisaton of metheds in eatire mak FROJELT: _T’rﬂtr in pork presection
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 mﬂlﬂ“m EI_:I:IEE_ m

Classification of myofiber types by immuno—
/enzyme-histochemistry

Large White

longissimus dorsi, 7 months

] Ix

AN : r = ne ! b X '..'_ e ¥ Myotber f/pe

"1‘-{*

YD g
25N e AR :
A .
r‘“(' ) Q‘EJM ST N |
S S T G P
) n Myotber type

Myofiber 1{1), dla Alx (4), o

AP IEREN g Acdopted from Fazaring of ol Anima! 2017; 11{1}:154-174.

ix (-3

TRAINING SCHOOL Harmonizzbon of methods in entire male A, PROfECT :&“w i pork prodection
and immesocastE research, sbljana 20-22 November 2017 u mw’ ccost B
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Quantitative polymerase chain reaction (qPCR)

MyHC isoform Lipid metabolism-related genes
= pMyHC = pPEC-1a
" MyHClg =  PPARy
= MyHCIb = P
" RO = CPT1EB
10 1 e
. OP
Ll E [
En z
1L
o 5 x ]
II Illa IIII II;:I
My CH
TRAINING SCHODL Harmosizzton of methods i entire make PROJECT: Sestainability in pork prodecion

andl immesecrire reearch, jsbliae M-11 Hoember 117 u A Remacuteafin e ﬁ ﬂ

Intramyofiber lipids - Oil Red O staining

Wild pig, longissimus dorsi, 2 years

\ b N . | \ \
N '
AN J oV \ g
LS > A |
A AN \ \
1 \\ Py ] X i
P ol : ) 7
L ! \ 7
RS & t / y
2 . - £ J L e fe
73 TN ) A .
’ = - et Sl s
» { . J 4
4 ‘\‘ = y \
\ % 3 .
\ - / ¢ g
¢ ¥ o . 5
v Ly A 1
\ ‘ A\ » £ —_—m
\ ‘2 30

Qil red O staining protocol developed by Koopman et al., Histochem Cell Biol 2001; 116: 63-8,

TRAINING SCHOOL Harmeaiszton of methods i eatire make PROJECT: 5‘:"‘”‘"’ ™ pork 9‘;’:““‘”“
, ~ . )
2nd immesocasizE research, Ljsbiana 28-22 Noember N0 ‘ ‘ sy ooy C m
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Connective tissue - Masson-Goldner trichrome
staining

TRAINING SCHOOL Harmosixzoon of methods in entire male /) PROJECT: Sestainablity im pork prodection

and immesocastE research, Ledana 20-22 Noember 2007 u "‘mm’ C;DSCB

Muscle tissue samplling

M. longissimus dorsi

= approx. 1 cm?® muscle sample from the central
part of the muscle, at the level of the last rib

M. semispinalis capitis (m. biventer cervicis and m.
complexus major)

= approx. 1 cm?® muscle sample from the central
part of the m. biventer cervicis, at the level of the
4™ cervical vertebra

TRAINIHG SCHOOL Hermesismton of methods i extire mak PROJECT: Sestaisabdiry in pork production

el imimmeecas e reveardh, il -1 Hoemser W17 - SUSAN arion (Jall) ﬂ coskt B

107



M. longissimus dorsi

TRAINING SCHOOL Harmosiszton of methods in eatire male /) PROJECT: Sc:u_wiw n pork rmw
and immenoczstrE research, Lediana 20-22 Noember 2017 ks eeme e Ml e

SUSAN

M. semispinalis capitis (m. biventer cervicis)

TRAINING SCHOOL Harmosizabon of methods i eatire male ) PROJECK: ‘::‘.’*‘" N ok mdion
2nd immasocastze research, Lubna 28-22 Noember N7 o 04

SUSAN
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Sample handling/labeling

» froze sampleinliquid nitrogen
» wrap samples individually in aluminum foil
together with sample identifier

— Partner 5— UL-VF - number series of 5XXXX
(partner, trial, set, animal number)

— Please add LD (fongissimus dorsi) and SC
semispinalis capitis

» storesamples at-80°C until shippedondry ice.

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
zad immenecasoae research, Lebljae 20-11 Noember 1007 u wieh immesacauracicn (fal) wcoskE B
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Chapter 7

Muscle and fat tissue analysis — fatty acids

Urska TOMAZIN*

Muscle and fat tissue analysis —
fatty acids

TRAINING SCHOM Harmestzben of metheds is extire mak W, FROJECT: h:mhrr " pork vmm
af immenotaie resard, [etlme 1-17 Hoembar HIT - mw:w[ J ECDE'!: m

Fatty acids

Carboxylic acids with >4 carbon atoms: ¢
Short chain:< & C & Long chain:13-21C L 4,
M0 g |
CHy
Medium chain:6-12 C Wery long chain: 222 C
o
o g™ W SR St e .-"""-\_-"“'E_l
Unsaturation: o

*»  SFA—saturated (palmitic—C16, stearic C18
*  MUFA — monounsaturated (oleic—C18:1)
*  PUFA - polyunsaturated (linoleic —C18:2n-8) ™
= |lower melting point
= proneto oxidation L
PUFA classification: position of the 1st double bond I:frum methyrlend]

* n-3 Cl3:2n-6lessential), C20:4n-8 n6n3 = 4-5:1
* n-68 C13:3n-3 tessential],czﬂ:ﬁn-s C22:6n-3

TRAUNING SCHOOL Harmesimbon of metheds in eatirs mak 0, FROJECT: Tﬂ“w in pork Fﬁm
and immespczsorze research, Ljpbljaa 1-11 Hoemier W07 " :’Ttﬂlml ) ""EEI-:: m

! Agricultural Institute of Slovenia (KIS), Hacquetova ulica 17, 1000 Ljubljana, Slovenia
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Fatty acids in pig meat/fat

—

| Phospholipid fraction (polar) |

* an essential component of
cell membranes

* | constant amount
+ higher proportiongf PUFA

Talsbe & Backiast srsd miusch pad combenl of pigs bed crumbeed linseed foe 20, &0, o 100 A

F

-EII__‘-_H‘H

| Meutral fraction |

+ fatdeposits (subcutansous,
intermuscular, intramuscular)

* | increaseswith body fatness

* higher proportion of SFA

N o ol il

L e Bk

[ ppued et o4 [ | i ol [ | N
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0D TP GO TP 5O
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Kouba etal., 2003
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TREINING SCHOOL Harmeatzbon of methods in eatire mak
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217

SUSAM

I, PROJECT: Sestainablity in pork prodciisn
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Effects on FA composition

ceost R

NUTRITION: FA of feed >>> FA of pork

7> Linseed = increased n-3 PUFA

» Pasture > increased PUFA, decreased SFA
» Traditional systems (acorn, chestnut feeding) = increased MUFA

BREED ——
SEX

ADIPOSITY

TRAINING SCHOOL Harmoaizzbon of methods i eatire male
2nd immesocastze research, Ljsbiana 28-22 November 07

A PROJECT: Sestaimabdity in pork prodection
’ with inmesocairanca (Sull)

SUSAN
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Effects on FA composition

BREED
Fatty acid composition according to genetic type (% of the total fatty acids)
Author Breed SFA MUFA  PUFA
Comparison among pure breeds
Labrowe et al (2000), on fresh  Basque 4312 |452a |17
subcutancous fat Gascon 466b |435b0 99b
Limousine 463b [4390 | 99b
Blanc de MNouveste 413b |468a |120a
Large White 41.7¢ |424c |160¢
Franci et al. (2005), on fresh  Cinta Senese 3623 [503a2" [104a
subcutancous fat Large White 376b |4850" | 110D
Madonia et al. (2007), Nero Sialiano 333% [5329 1333
on salami Large White 37.71b [47.42b | 1487b

Local breeds: O MUFA
(differencesin de novo synthess)

Puglies=&Sirtori, 2012

TRAINING SCHOOL Harmosiszbon of methods in eatire make /) PROJECT: Sustaimablity im pork production

and immesocastE research, Ledana 20-22 Noember 2007 u e <UL;"E::MM o o cost m

Effects on FA composition

SEX: EM have lower content of all body fat tissues (subcutaneous
fat, IMFE, leaf fat)

Entire Ic Castrates  Females Reference

males
Backfat thickness, mm 132k 151k 18.3% fi Skriep etal, 2010
Backfat thickness, mm 1369 14 2= 17 7k / Ahrwe et &l 2013
Backfat thickness, mm 17.8° 1g sk 2405 ! Pauly =t al. 2009
Backfat thickness, mm 17 64 18 5F 2300 193k Grela ot 2, 2013
Backfat thickness, mm  15.9¢ 21.0° 24 6% 1B.6b  Gipertetal, 2010
IMF [SM muscle), % 1.84° 2 o7% 2.47° 1.72F  Gispettetal 2010
IMF [LD muscle], 3 1564 158 1 ggk fi Skriep etal, 2010
Leaffat, kg 1.23¢ 1.68% 2.12° 1.61F  Gisperteral 2010
Leaffat, kg 0.9 11k 13= fi Skriep etal, 2010
ﬂ!lﬂﬁ SCHODL Harmeniszben of methots i entire malk PROJECT: m::; H[m-;m - ~

immenecastrE research, Uebama 2-12 Hoemier 2007 . Ccos B
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Effect on FA composition

Lower adiposity of EM—= lower SFA and higher PUFA concentrations

Table 4 Fatty acid composition of the acdipose tsue from hamows
{01, immumocasiraned (M) and entire: male pigs (FMG] radsed in group
poni (expeviment 1)

FA content of subcutaneous adipose tissue of
castrates, immunocasratesand entiremales

Experimental grovp c Ic EM

c s EMG e SFA 2806 25090 ( 21449b
Total fatty acds. ~ 8618" &10 MIUFA 3615* 31249* 30030
Total SFA 3.0 0553
Total MUFRA 4155 o407 n-3 PLIFA 5.53 724 7.07
Total PURA 1361° k]

n-g PUFS  915° 102.7% 115.8°
CEED
Paulyetal., 2009 Mackayetal, 2013
TRUNING SCHOOL Harmosimton of methods = entire mak FACHECT: Sesainabliy in pork production

a0 immemecas e reveardh, pblpne 1-17 Hoemier 217
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Effect of sex on FA composition

Toin @ THARS® vl sl Dty mowd commpumos 6 ) oo B by sy S e 18
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e 12 (LT I 1Tk
Grelaetal, 2013
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TPUFA >>> Poxidation of lipids

I bl 1

Bl gy ol 4 cmmgminacn. = - il ipniae peimam miger Lo i bmmgncbms el

o, gl N sl grang

[e— re——
[ R L Al i %

W A puam o s A M s Bl
PIA ¥

Pigs fed linseed oil vs. olive oil suppl. diet

APUFA -
Jooxidative stability
Jooverall flavour

Meuernberg at al., 2005

Knowledeegap: lipid oxidation of EM -
comparedto other sexes

1 - L - - L] ™ B

BN ol e aal e e mPmnsaea o bliing lermigpees proesas

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
zad immenecasoae research, Lebljae 20-11 Noember 1007 u wieh immesacauracicn (fal) wcoskE B
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FA of entire male pigs — boar taint

L HH L, Fowvalue pWahes - h I I f d
Hel cieais weight, ki B66 247 200 0AT DA High level of androstenone,
Age.d 173 1822 541 B35 0SGd i ifE i
Buck [t thickness,mm 127 185 WiF B SsE skatole, indole (no diff.in
Lean meat yield". % fiza F 06z 1789 0000 hackfatthickness or IMF)
Irtrameccular i, & - - R E] ] [EE 18
Androstenone, nghp®  ~ 99.7 WAST B <0000
Skatole, ngig* Looars ) WA BLT1 w0000
Indade, agig® T GRET  ad1 CEES
LEFA "2, 6] 708 10158 Higher proportion of 5FA
X MUFA { a4z a7 132 02661 .
L PUFA \ I o568 M oM Lower proportion of PLUFA
\, /
e

PP Increased levels of A and 5 affect lipid synthesis and lipid metabolism related
enzyme activity (androstenone inhibited by CYP activity in pigs’ hepatocytes) 7997

##?? Decreased PUFA levels in animals with high levels of A and 5 could (partly) be
due to oxidative processes because of free radical formation as induced by high 5
content ##P?

Marlein&Tholen, 2015

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
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FA analysis - methods

| Fatty Acids Analysis Methods

[
. | - | _ 1
’ Gas i Liguid “ | Mearinfrared | Muciear Magnetic

—fﬁmnm Wavalangth and Diode Aty Dotectors

| —'_Empm!ﬁm Light-seattering Dﬂuﬁm

MIMMM"MWW . )
. Detector ' | Delector L Mass Spectrometry Detecton

TRAINING SCHOOL Harmeaimbon of mathods in entire male ), PROJECT: Sestainablicy in pork prodeciien
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 u nﬁm:m (hdly EEEIG: B
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FA analysis

*  Storage: at low temperature {-20°C or lower) to avoid oxidation of FA

(PUFALL
»  Extraction:
¥ Folch (19571 chloroform/methanol fwater
(8/4/3; vfv/v)
(Blight&Dwer, 1959, Hara and Radin, 1978) m
* no extraction
Badore ariractlen
EHT!r!-I:-'III:hl:I_

» Esterification [fatty acids are not volatile):
¥ acid-mtalyzed (MetOH/HCI(5%), MetOH/H50., (10%), MetOH/BF )
* basecatakzed
* diazomethane

TRAINING SCHOOL Harmeaiabon of methods in entire make ) PROJECT: Sestainablity in pork prodeciien
el imimmeecas e reveardh, il -1 Hoemser W17 u A —cuteaihs fa) EEEIS: m

SUSHAM
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FA analysis — in situ (park& coins, 1994)

p Sample “\\
+CH.Cl,
+0.5 NaOH inMetOH " P
+internal standard (C-19) a directtransesterinication:
Heating at 90°C +++ reducing the amount of
- Esterification toxicsolvents needed forthe
extraction
+ BF;
Heating at 50°C reducing the analysistime
.
+ Wwater
+ hexane | FA are expressed inwt3 (g/100 g fat) |
Shaking, centrifuging
4 .
hexane phaseis

\ s | Detection by GC {non-polar column
\._ transferedto thevial I% “’| ¥ GC (non-pol :'|

TRANING SCHOOL Harmostbon of methods in eatire make PROJECT: 5';""“‘" n pork P'm"’"
andl immesecrire reearch, jsbliae M-11 Hoember 117 u o e e [ ﬁ 1= ﬂ

FA analysis - NIRS

»  Allows the characterization of food and quality control throughout
processing

» Based on physical principles of energy absorption of organic molecules at
specific wavelength

»  Applications in meat sector: fast, simple checks of quality of the raw
material »=> amount of fat and fatty acid composition

»  Control during processing, especially for products with long maturation

time
T T
- Destructive + Mondestructive
- Time consuming + Rapid
+ Highaccuracy - Calibration
TRUINING SCHOOL Hermonisbon of methods in entire mak PROJECT: Sestainability in pork producrion

amdl immesecaivae revearch, Ljpbliae M-17 Hoemder W17 u A —cuteaihs fa) ﬁ 1= ﬂ
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FA analysis - NIRS

Subcutaneous fat of Iberan pigs; Gonzalez-Martin et al., 2003

Pabde X

Masaaremssl with lbee opte. Inlact camples. Calibeation stabitial descripioss. [or the MR determnaten of the Iay souds

Componenis Mlathematical ereatment SEC (%) SECV (% Mo, of principal components  Probability explaimsed (%)
40 SRV-DT Nt derivatne 0FaT 0, 1028 [ 1,57
i SRV-DT e derivatne 0.576% 07352 iz 8,28
[ EE ] DT 2nd derivaking O&FT I, TR [ 4 320
I ST O dermvaivee 0978 11388 12 w0
LW | B DT 2ndd derivarive 04312 AT 13 .21
L | ] L2 denvarve 0. 100 [N Jead | I b e |
Lkl LT 1 derivative o.rpnz 02402 12 o8.28
Epaslywerria bura 1ed DT 2nd derivanive 04786 27 12 w341
Emonounsafurass] SRV sl Sernalive 05770 [ [ F4 L
Caafuratod SRV-DT sk derivalng 05581 1, 002% 2 9157
Slpamiam Mlanerars Lol . . N
Predictions aregood for predominant FA-

Clda 't i ¥ wiF = F}Eln’litil:,

0 st b ] F1] -

ClEn 18 14 T *  SIEaric,

ikl il A [T T =

CiEd 3l s 15 - DIE'H:_,

IR i .14 oy - - -

2l a4 1Y wl * linoleic acig,

Tashs wvnatlaia 21 (5 A k

Ietrmmnel 3N b =) om + FAgroups (SR, MUFA, PUFA)

Lt g bed 3 i &F0j (TR 0] e i

,A PAOJECT. Sewainabdiny in pork produciion
mith inmesocuraoes [Juil)
SIS AN

TREINING SCHOOL Harmeatzbon of methods in eatire mak
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217

ceost R

FA analysis - NIRS

Calibration Validation
FA group R2- == R2.. S8y RPD
{2/ 100 g fat) Fat tissue
SR 0.95 0.439 0.33 0.791 2.4
MLFA 0.98 0350 091 0.696 3.2
PUFRA 0.97 0.315 0.239 0.568 3.1
n-3 PURA 0.96 0.035 0.83 0.076 2.6
n-6 PUFRA 097 0286 089 0507 31
n6/m3PUFA 080 0480 030 0894 13 |FATsamples o
Muscle tissue results for the prediction of
FA groups arevery good
SR 0.93 0.255 0.58 1.332 15
MALUFA 0.18 2.387 0.11 2.535 1.0 MUSCLE samples
PUFA 078 1508 053 2208 14 e accuracyismuch worse
n-3PUFRA 062 0118 055 0130 15  (jgwfarcortent)
n-6 PUFRA 077 14283 052 2.075 1.4
n-6/n-3 PUFA 0.12 1.445 0.02 1524 1.2

Prevolnik Povie et al., 2017

TREIHING SCHOOL Harmostzten of methods in extire mzk
el imimmeecas e reveardh, il -1 Hoemser W17

A, PROjECT:
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SuSl: harmonisation of method

* Sampling: backfat tissue at withers (the same sample as for
androstenone/skatole analysis)

* Storage: vacuum packed (-20°C or lower)
* Homogenisation into fine dust with liquid nitrogen

* In situ preparation (no extraction) - detection of FA methyl
esters by GC

* Results are expressed in g FA/100 g fat
* NIRS = samples scanned intact: content of SFA, MUFA, PUFA

Thank you for your attention.

TRAINING SCHOOL Harmeaizzton of methods i entire make A, PAOJECT: Sesuainabity im pork prodecion
a0 immemecas e reveardh, pblpne 1-17 Hoemier 217 u — —— (hal QED:: B

SIS A M
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Chapter 8

Gastric ulcer scoring

Hanne MARIBO!

HOW TO EVALUATE ULCERS IN DENMARK

Svend Haugegaard &Hanne Maribo g .
Danish Pig Research Centre Ljubljana 21/11-2017

Q0 SEGES

QO SEGES

! SEGES, Axeltorv 3, 1609 Kgbenhavn V, Denmark
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DO | HAVE A PROBLEM WITH ULCERS IN THE HERD

At least 20 pigs for USK

Finishers:

the middle if more than 1 delivery

QO SEGES

Cesophagus
- phag

White part of the stomach

Small intestine

QO SEGES
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DIGESTIVE SYSTEM OF THE PIG

ing by Mads Salicat
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Solid stomach content lowers
the risk of stomach ulcers

Photos: Christian Fink Hansan m§§9j$

QO sEGES
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Erosions

Stricture

Scars| fibrosis

QO SEGES

Keratinization
("Callus" on the white part of the stomach)

Score | Tndex

0 The white part is white, smooth and flexible 0

1 The white part is vellow and slightly rough, like 1
medium coarse sand paper 1 mm.

2 The white part is yellow and rough, as invery 2
coarse sand paper 2 mim.
3 The white part is yellow, rough and frayed. 3
- ms_EpES
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QO SEGES
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Erosions:

= The top layers of the mucous membrane are eroded.

The tissue is below level, but it does not bleed; it can look red as blood
vessels may shine through from profound structures. Erosions i1s a

precursor to ulcers.

1 Erosions in < 10% of the white part 4
2 Erosions in 10-50% of the white part
3 Erosions in > 50% of the white

OO SEGES
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Ulcers:
» Bleed or evidence of bleeding, - brown-coloured tissue:
— It can also be seen as loss of tissue in a depth of several mm.
» Ulcers may look highly different.
» They are scored by size in diameter and depth
— 1.e. deep wound is scored higher than a superficial wound.

Score | index |

1 Minor ulcers (up to about 0.5 cm in diameter) b
2 Medium sized ulcers approx. 0.5t0 2 cm in diameter 7
3 Large ulcers more than 2 cm in diameter g
Q0 SEGES
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QO SEGES

Scars / fibrosis:

« Scars are formed by healing of ulcers.

+ Sometimes you see superficial scars in the mucosa
= - are not evaluated, but rather the degree of fibrosis.

* You have to feel it: insert two thumbs in the oesophageal opening and
pull to the sides and feel the string formation

1 String formation in one or both sides of the b
white part

2 String 1s forming a ring, but soft or incomplete 7

3 String formation forms a solid ring

OO SEGES
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SEGES

SEGES
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stictue | - ERREER
Stricture of the inlet of the oesophagus

131



»

QO SEGES
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CURRENT INDEX

TOTALINDEX

Index ol 1|23 als|e6| 728|910

Keratinization

Frosions

Ulcers

~cars /! fiorosis

Stricture

Q0 SEGES

Current index
Gastric index below 6 is considered insignificant

Current index does not include string formation.
lllustrates the actual level of gastric health (feed).
Index ranges from 0 to 8.

Q) SEGES
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Total index

= Total index includes string formation.
= |llustrates the long term level of gastric health.
*» Index ranges from 6 to 10

QO SEGES

CURRENT INDEX 7
TOTALINDEX 7

ndex

F.eratinization

Erosions

lllzers

IScars/ fibrosis

IStricture

SEGES
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CURRENT INDEX 2
TOTALINDEX 10

Index

Keratinization

Erosions

llcers

Scars/ fibrosis

Stricture

Pl mec Foeratinlration

Conclusion:

Ercesion

Whoer, winilie part Soar, wihiliz part openiing, e

Dimrrimtar
[

+ 18 in 24 stomachs with significant or highly significant changes.

—_

1 stomach with no or completelyinsignificant changes (index0-1).

1= z
13 1
14 2
15 2
18 1
17 1
] 1
12 1
20 2
| 2
a3 i
24 1

Averafe gastric index

— B3 R

- B
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QO SEGES

Tl rafex Sy Ingdex

stomachs with significant or highly significant current changes i.e. ulcers.

—b B3 BN D g iR & b i fD e i

L
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Dismeter

Pig = ]
mo.  Keratinlzation  Encslom Uosr, whibe part  Scar, whibe par?  gpening, rmen Todal index Curment indhex

Conclusion:
= 5in 20 stomachs with significant or highly significant changes.

0 stomachs with significant or highly significant current changesi.e. ulcers
¥ stomachs with no or completelyinsignificant changes (index 0-1).

—+
[

- & & & i i B3 B3 OED R

B3 OED B2

- & & & i i B3 B3 OED R

T

4dyerage gastric index 28 21
4verage gastric index, stomachs with significant changes 6.0

r

Q0 SEGES

Fig |HKerstinizatio oesophagesl
Ercsion Ulcer, white part Scar, white part  opening Total index | Current index

Conclusion:
2 in 11 stomachs with significant or highly significant changes.

T stomachs with significant or highly significant current changes i.e. ulcers.
3 stomachs with no or completely insignificant changes (index 0-1).

i i i
1827 0 0
1805 i) i)
Awerage gastnic indax 5.4 4.7
Avwerage gastric index, stomachs with significant changes 7.4 G4
QO SEGES
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Chapter 9
Significance and limitations of endocrine parameters to assess
testicular function in EM and IC — matrix, sampling and analysis

Ulrike WEILER?

WISN OrcoskE G
= s
* o i
: EURDPEAN COOPERATION E:::J]-E;ll :|3_-

s IN SCIENCE AND TECHNOLOGY = el bl

CA IPEMA Training School: ,Harmonisation of methods in
entire male and immunocastrate research”
Ljubljana, November 20-22, 2017

Significance and limitations of endocrine
parametersto assesstesticular function
in EM and IC

Ulrike Weiler

Universitit Hohenheim

Endocrine regulation of testicular function

GnRH: Gonadtropin releasing hormone
LH: luteinizing hormaone

“

steroids

! University of Hohenheim, Garbenstr. 17, 70599 Stuttgart, Germany
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Chatarins Biosynthesis of

Ll T . -
e testicular steroids
-~
| =
8 1 LA 35 e P R a1 Sl mrlic
L]+ fp— L] — L4-pt —- [
L = 8 o ~ e A
=] $E=] =] =]
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f [-2-] 4
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Kz matm-o-

Simdicd-17E
1

L] .
=)y &, ol
Am-Rmd ot JE-Redimatemd

1 1
L] [

| g ~J{
Ltfet

Frme= Wirswiy 1270

Correlations between testicular steroids in blood
plasma of an individual Al boar

sSamples(n=145) | Testosterone 5@ DHT Androst, Unc. E
Conjugated Estrogens 0,78 0,78 0,66 0,66
Unconjugated Estrogens 0,68 0,67 0,78
Androstenone 0,79 0,70
5@ DHT 0,72

Clanes et mil, 19E3; § Steroid Biochem., 19, TI5-TZ9
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Gsams Biosynthesis of

| - -
i testicular steroids
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Endocrine regulation of testicular function

GnRH: Gonadtropin releasing hormone
LH: luteinizing hormone

LH

estrogens
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Where to measure?

* Blood (substrate of choice, comparable date, established; easy at
slaughter, but modified by stress; continuous profiles require
catheter)

= Saliva (freetestosterone, sampling?)

* Urine (86% of T excretion; sampling +/-, modified by water
supply, species? What do the measurements represent? Pre-
treatment of samples?)

* Feces (14% of T excretion; sampling easy, modified by feed,
delay? What do the measurements represent; Pre-treatment of
samples?)

* Drip/Muscle (afterslaughter easy to sample, only one sample,
reference values?)

* Fat (after slaughter easy to sample, only one sample, reference
values?)

Principle of RIA and EIA determination of
testosterone

Competitive antigen-antibody reaction

* Antibody
* Tracer

* Bound-free separation

141



Principle of RIA and EIA determination of
testosterone

Competitive antigen-antibody reaction

* Antibody
* Tracer

* Bound-free separation

How to get an antiserum....

* Size of the molecule: MW 288

142



....just buy it!

....just buy it!

But what happens in the Black Box?

143



Hapten plus spacer...

HOOC-CH,-0-NH, +
Ch0: O-(Carboxymethyl)-hydroxylamine

HOOC-CH,-O-N

HO
1
-N-C-CH3-0-N

Molar ratio BSA/ALG:

HO g.g. 1/200
BSA '
-N-C-CHz-O-N - dialysis
- Iyophilization

o
_N-C-CH-O-N
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* Animals:

Immunization

rabbit (polyclonal) or mice (monoclonal)

* First immunization (antigen amount:

rabbit: 1-2 mg, mice: 0.05-0.03 mg, e.g. complete

Freunds adjuvans)

* Boosterinjectionsin about 2 week intervals
(mice for monoclonal AB: 2,

rabbits, polyclonals: 4 and more according titre

control)

Development of the antiserum

= imjection of antigen (1 maq)

18000

16000

14000

12000

10000

000

6000

4000

|
i
[}
_.-'-
-
-

2000

= -
days
20.1 4:l 150 180 100
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Characterization of the antiserum:
Crossreactivity

Definition:
The ability of an antibody to bind an antigen,
that did not stimulate its production.

Choice of test steroids ?

OH - 17-HS -Testosteron

’G

3-CMO -Testosteron

17a-Testosteron 5a-DHT
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Characterization of the antiserum:
cross reactivity

Choice of test steroids:

- similarities in structure

- naturally occurring in pigs

- depending on the biological matrix

Principle of determination

Competitive antigen-antibody reaction

* Antibody
* Tracer

* Bound-free separation
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Tracer: 3H-Testosterone

1,2,6,7-°H-Testosteron (70 Ci/mmol; Perkin Elmer, NET 370);

radio immuno assay

Tracer: Enzyme - linked -Testosteone

n
- N-C-CH-0-N
Enzyme i

Enzyme immuno assay

Detection: colorimetric, Substrate: TMB (Tetramethylbenzidinimine)
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Testosterone determination

General RIA (radioimmunoassay) for Testosterone:

Antiserum raised in rabbits against testosterone-3CMO-BSA.

Cross reactivity: 67% with 5aDHT, and below 2% for other tested
steroids.

Working solution: 1: 100000

Tracer: 1,2,6,7-7H-Testosteron (70 Ci/mmol; Perkin Elmer, NET 370);
Working solution: 12 000 cpm, /100l [corresponding to 150 pgftube)
Standard curve in Phosphate buffer or plasma: 0,005 ng/100ul up to1
ng/100pul

Mixture of sample diluted/suspended in Phosphate buffer (100pul), 100 pul
Tracer, 500 pl Antiserum dilution; mixing, incubation at 37°C for 30 min,
1 h at ice.

Bound free separation: Addition of Dextran coated charcoal (300 pul),
centrifugation, transfer of supernatant into Szintillation fluid

Counting: Beta counter (Liguid szintillation counter)

Where to measure? ., o

. o
O O
a2t

* Blood (substrate of choice, comparable BI;P 1,_"5 ,at
slaughter, but modified by stress; cor’ '\."’a & e e
catheter) 0 Q\E-

* Saliva (freetestosterone, sa- \\ﬁ"% 53({\

* Urine (86% of excretior ,3{\3 cﬂh 4 by water supply,
species? Whatdo thr 2\ e .ent? Pre-treatment of
samples?) Gq}t ‘3{.;5-

* Feces(14% r~ {\r.'} f {\ﬁ _asy, modified by feed, delay?
What do*' {Q\} \}1\ _esent; Pre-treatment of
sampl- .\{(\ )

« D 2 nO _\g{\" £hter easy to sample, only one sample,

< 7 ﬁ'g’ ot
(‘D Le'{\ . é\'ﬁ- .cer easy to sample, only one sample, reference
o™ ooV
o ¢ E{ﬁ
Q
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Determination of testosteronein
plasma

Testosterone concentrations in plasma are measured in duplicate
without extraction with an in-house radicimmunoassay.

20 pl plasma are diluted with 100 pl of phosphate buffer and incubated
with 3H- testosterone and antiserum. The antiserum was used at a final
dilution of 1:144 000,

A calibration curve in charcoal treated plasma (to remove endogenous
testosterone) was used to compensate for substrate effects.

Bound free separation was carried out by the addition of 0.5 ml ice cold
solution of dextran coated charcoal (0.5%) in H20 and subsequent
centrifugation.

The supernatant was transferred into counting vials with scintillation
fluid and counted in a beta-counter.

Intra-assay and inter-assay variahility was determined with pig plasma
samples and were below 8% each. Precision was determined with
samples of spiked pig plasma. The mean recovery rate of added
concentrations was 110%.

Extraction of steroids

Pipetting of samples  Add lipophilic Freeze, Evaporate the
solvent{doesnot  pour off the solvent, add
dissolvein water). supematant into buffer

mix for 30 min testtube

Repeat, if a higher
recovery rateis needed
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Testosterone determination in Urine: Exraction

= Persample 10 pl urine are pipetted in duplicate and diluted with 100 pul
agua bidest.

* 3 ml of buthyl methyl ether are added and mixed for 30 min. Thereafter
the sample is put into the freezer until the aegous fraction is frozen an
the supernatant is collectedinto a test tube and dried down.

*  The residue is reconstituted with 100 pl phosphate buffer and the
sample is ready for RIA.

* To compensate for procedural losses the recovery rate is determined
with 3H-testosterone in each assay [(about 90 to 95%)

*  Precision is determined with spiked pig urine samples (low endogenous
concentration = KO; plus 2.5 ng/ml, Sng/ml and 10 ng/ml) and revealed a
mean recovery rate of 82.9%. Intra-assay variation and inter-assay
variation were determined with hiological pig urine samples and was
below 10% and below 15%, respectively. duplicate with

Testosterone determination in Fecal sampes:
Extraction

Testosterone is extracted from feces in a two-step solvent distribution.

Fecal samples of about 0.5 g each are dissolved in 500 pl of water and 4 ml
methanol is added, followed by mixing the sample for 30 min.

Addition of 3 ml petroleum ether was added for solvent distribution. After
mixing and centrifugation, the petroleum ether is discharged (to remove lipids)
An aliguot of 100 pl of the remaining methanolfwater mixture is further diluted

with 600 pl water and extracted with 5 ml of 7:3 (v/v) petroleum ether/ethyl
acetate.

After incubation for 30 min and freezing the aequs fraction, the supernatant is
collected and dried down.

The residue is reconstituted with 100 pl phosphate buffer and the sample is
ready for RIA.

Q#&: To compensate for procedural losses, the recovery rate is determined with
3H-testosterone and is in an order 50%. Intra-assay variability and inter-assay

variability are determined to characterize the repeatability. Precision is further
determined with spiked fecal samples [recovery rate of 75 -B0 %).
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Why do we do that??????
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Pre-slaughter conditions influence skatole and androstenone in adipose O_._
tissue of boars

Raffacl Wesoly. Ina Jungbhuth, Voller Stefanski, Ulrike Wetler *
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Table 2

LS-means + SEM for the physiological parameters and estimated increase per hour of
transport and pre-unioading times (ANOVA model 1).

Compound  Substrate n  LSmean + SEM Increase/h Increase/h
transport  pre-unloading

Androstenone  Fat (pg/g) 169 09=x01 +0.09
Skatole Fat (ng/g) 169 738 £5.0 +36 +21.5
Indole Fat (ng/g) 169 341+15 +68 +106
Testosterone  Masma (ng/ml) 165 9.7 £ 08 +22

Urine (ng/mg 153 10.1 £ 0.6 +16

creatinine)

Feces(ng/g) 124 226 £ 0.7 +14
Cortisol Urine (ng/mg 153 71.7 + 2.2

creatinine)

Feces(ng/g) 124 49.7 £+ 1.65 +43

Table 5
Pearson correlations between the analyred paameters ((*): p = O.1; *: p = 0.05; **:
p = 001; " p = 0.001).

Indole Testosterone Testostenone Cortisol
in fat in urine infeces in urine

Androstenone in fat 049 02z o7

n 142 124 142

Skatole in fat 0.76"* 026"

n 169 124

Iindole in fat 023"

n 124

Testosterone in plazma - 022" 033

n 165 138

Testosterone in urine 041

n 124

Testosterone in feces

n

Cortisol in urine 0.16° 023

n 124 124

Cortisol in feces 017 028"

n 124 124
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Farm A

above S-threshold : 27,6 vs 14,3 %

& plantl

. above A-threshold:
10,3 vs 19,0 %

44 L]
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Duration of
Transport
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Testicular
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Waeller, Junghiuih, Edefansil B Wesoly, 2013
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Results: Duration of transport and
pre-unloading time

Slaughter Duration (min)
Farm
plant Transport Pre - unloading
I 60 480
A
I 240 202

Results Coefficients of Regression

Increasing transport time:
Androstenone (fat): 0.1 po/h (LS-Kean: 0.89 pgig)

Testosteron {urine): 1.58 nao/h (LS-Kean: 8.7 no/mg)
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Results: Duration of transport and
pre-unloading time

Slaughter Duration (min)
Farm
plant Transport Pre - unloading
I 60 480
A
I 240 202

Results Coefficients of Regression

Increasing transport time:

Androstenone (fat):

Testosteron (urine):

0.1 pa'h (L3-Mean: 0.89 po/g)

1.58 no/h (LS-Mean: 9.7 ng/mg)

Increasing pre - unloading time:

Skatole (fat):

Lesion score:

21.5 na/h (L5-Kean: 74.2 ngdg)

0.25 ptsih (L5-Kean: 0.65 pi=.)
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Classification According Number of Lesions

Low Medium High
(1-8 Lesions) (8-25 Lesions) (> 25 Lesions)

Classification of carcass lesions

* Less reliable in living animals (e.g. at arrival
at the slaughter plant)

* Most reliable if evaluated at teh carcass

* Number and size (e.g. > 2 cm; classes?)
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(Lezion scores: 0 =withouwtany; 1= low,; 2 = mediumand high; L 5-means)

ng/fg Fat

Relationship between carcass lesion scoreand

skatole levels in fat

Skatole Indaole
150 - ek
I — % :|
100 - J_
I —
&
T %)
) | l
1] - . .
0 1 2 0 1 2

Lesion score

Wesoly et el 2015 [Mest Scence]

Carcasses with high skatole concentrations

according to lesion score

n 23 ngig 150-230 ngig
amE o B %
156 %
ro% N
j— -]
12
4] 71
1] 1 2 3

Lesion score

158



Harmonization of methods:

One lab measures samples of all groups: BEST
Exchange of methods: recommended!
Exchange of reference samples: crucial!

In case of lesions: take pictures!

How to assess the success of
vaccination against GnRH
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Success of Improvac (field study)

Time between 2nd vaccination and

| =1

slaughter Total
3-5weeks | *5-7Tweeks | >7-10 weeks
number of animals 50 71 54 175 I:
wSUCCESSTUL™ [«1,5 ng Timi) 92,0% 87.3% 77.8% 85, 7%
Lfailed” [+15 ngT fmi) B.0% 12.7% 22,2% 14,3%

Who did the bad job?

Gn-RH- Antibody quantification

AS-Sequence:

pGlu-His-Trp-Ser

125'

GnRH
Rezepior
AkTivierung

GrRtH
Rezeptor
Affinitat

-Tyr-Gly-Leu-Arg-Pro-Gly

Do, . & Scmassger. 4 Sy=disclogacta

Biclogische
Aktivithe

10

FES PR o WL LS R R A
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GnRH- binding Assay

GnRH-ledination (solid phase lodogen-method, 1pgfoup; resulting specific
activity 200 pCi/pe)

« 15000 cpm 115|-GHRH{:urrespundingtul?j pe GnRH)
= 5 pl plasma {in duplicate) in 200pl PBSA (ssa 0.1%)
* Incubation at 4°for24 h

* Bound-free separatinn {1000 pl ice cold Dextran coated charcoal solution,
centrifugation)

* Counting of supernatantin a Gamma counter

* The Specific Binding of pool sample A (vacdinated animals) was
54,0; VK 10%,
the Non Specific Binding determined with pool sample B
[unvaccinated animals) was 4,5 %, VK 28% (range 5,81% to 2,36%).

Changes after the 2nd vaccination (assoiute binding)...

—— % GnRH-binding -=- ng testosteronefml plasma
70 8
el * e W & 7
*
2red wEccination &
50
5
0| Ry
30 Ly
{ .-"!'. 3
20 ‘l—,’b‘ré |
~ ot " | - 2
'*':""-.*-:-"P |
10
i “— . 1
TR E—a
0 +—— T T T o
-1 01 2 3 45 6 7 8 5% 1011 12 13
days after 2nd vaccination Weiler et al., 2016
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Individual differences jeuse singingiass

% GnRH binding ng T/ m
100 B
a0
- 70
B0 - e
1'.| +,+ " | 6o
0 1 &
VAL
&0 ‘.I | L 5.0
|
50 * - a0
" |
1 T
- A
f | 2.0
20 f |
|
o o b0
n IIIIIIIIIIII_IﬂI M

% GnRH binding ng T/ m
100 F e 8
90 i .
1)
B i
| - B
70 -
|
&0 I| F 5
|
50 II'II{ 1 4
|
a0 -I E:‘r L3
30 - adf
k h -2
20
10 L.‘ -1
n T T T T T 1T1T 1T 1T 1T 1771 Iql n
30 2 4 & B 10
days after 2nd vaoonetion

-3 0 2 4 & B 1D

days after 2nd vaoonation

Woeiler et al., unpubl.

Success of Improvac — assessment by
determining testosterone and GnRH binding at
slaughter

Time between 2nd vaccination and slaughter
3-5 weeks *5-T weeks >7-10 weeks
In cwcoessul® 06,4 95,7 B4.8
% GnRH binding [reistres)
In feiles 91,4 70,9 610
In suozessfur 0,90 0,50 0,20
ng testosterone fmi
In el 2,42 9,30 6,50
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Harmonization of methods:

* AGAIN: One lab measures samples of all
groups

* Exchange of methods: recommended!

* Critical point: specific activity of iodination!
Half life of 12°lodine: 59.5 days

(,old tracer”: decrease of specific binding,
increase of NSB)

* Exchange of reference samples: crucial!

Why do we need continuous monitoring?
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Frequency of penile injuriesinEM and IC

Mumber of . % Animals
Mumber of scars % Animals :
Group n per animal wc;unr:{':lrsﬂrirer with lesions writ:i:ﬁ;;sere
IC 192 145235 0.14 £ 0.53 48.44 2.60
E 215 2.94 = 3.05 040+ 1.11 75.81 9.30
5. Reiter et al., 2017
doi:10.3390/ani7090071
2 o
Sampling of specimen

The penis covered with the preputial sheet and some tissue is
collected at the slaughter line during evisceration, where the
genital tract is excised.
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The specimen can be obtained by pushing the penis in a caudal
direction within the preputial sheet and subsequently dissecting
the preputial sheet without affecting the Pars libra penis or Glans
penis, to get the Pars libra penis prepared for further evaluation.

Consecutively the Pars libra penis is evaluated for different types
of lesions:

wounds, scars, hematomas (together: Total number of injuries)
Additionally changes of the ridge (slightly hypertrophic, slightly
hypertrophic with abrasions).

Also the size of the respective wounds and scars is recorded for
each specimen according to a size-score 0.1-0.3cm, >0.3-0.6cm,
>0.6-1cm, >1cm. Samples with injuries >1em, with suppuration or
losses of a part of penis are classified as “severe injuries” .
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Comparison boar and barrow (same slaughter weight>)

Classifications S. Reiteret al., 2017
doi:10.339OIani709m71

(a) wounds (b) multiple scars; (c) hematoma; (d) no injuries

(e) slightly hyper-  (f) slightly hypertrophic (g) ridge with  (h) abrasion of
trophic ridge ridge with abrasions;  hyperkeratosis the glans penis.

166



Exclude artefacts due to scalding!

Look really bad, but the animal did not feel anything....

. EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

Thank you for your attention!

IPEMA* *,

*

*
% X
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Chapter 10

From human nose to instrumental methods for on-line detection of
boar taint — Five decades of small steps forward

Michel BONNEAU*

SR |PEMA** 1 Ip

= EE = INRA

SCIEMCE & IMPACT

From human nose to instrumental methods
for on-line detection of boar taint —
Five decades of small steps forward

Michel Bonneau
Until 2011: scientist with INRA
From 2012: consultant for IFIP

Boar taint detection: what is the purpose?

m Check all entire male pig carcasses on the
slaughter line

m Sortout tainted carcasses
m Untainted carcasses used as castrates and gilts
m Tainted carcasses used for specific markets / products

m |deally boar taint detection methods should deliver
a more sophisticated information
m Boar taint intensity = f(boar taint indicator[s])

m Predicted % of dissatisfied consumers
= f(boar taint indicator]s])

-C EDEE I 2041 17207

! The French Pork and Pig Institute (IFIP), La Motte au Vicomte, 35650 Le Rheu, France
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Boar taint detection: required specifications

BoarCheck https://ec. europa_eufood!
& study on rapid methods for boar taint

used or being developed at slaughter plants in the Site Sff:j:j[jfﬂ |ES.I'I'arli mEl.lS.l'ldCIC
European Union s/aw prac farm pigs cast-
alt research boarcheck 2

0140901 pdf

D5.2 Final Report

Project fam date: 2001272002
Duraticen: 18 maonths John-Erik Haugen (Mofima), Coen van
Wagenberg, Gé Backus (DLO), Bent Erling
Authors: | Nielsen, Claus Borgaard (DMRI), Michel
Bonneau (IFIP), Muria Panella-Riera (IRTA),
Marijke Aluwé (ILVD).

Cantract fumbsd TANCOH 2002/ 6381

Boar taint detection: required specifications

m Accurate
m Repeatable
m Rapid response
m Afew minutes to 1 hour

m High throughput
m Up to 600 pigs per hour

m Usable in industrial conditions
® Heat, humidity, off-odours

m Non specialised staff

®m Low cost
m Max 1-2 £
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Boar taint detection: the available methods

m Human nose methods

m Rapid, low cost, high throughput

®m Subjective

m Operator dependent

m Cannot be easily related to consumer dissatisfaction
m Instrumental methods

m Objective

m No operator effect

m Can be eventually related to consumer dissatisfaction
provided that they measure skatole and androstenone

m Likely more expensive

Human nose methods

The first publication on a human nose method
for rapid detection of boar taint

DETECTION OF TAINT (SEX ODOR) IN PORK
LeanJarmoluk, A. H. Martin, H. T. Fredeen

Canadian Journal of Animal Science, 1970, 50(3). 760-752
https:iidoi.orgM10.4141/cjas70-105

The
instrument used was a 115-volt pistol-grip electric soldering gun with continuous
heat build-up (i.e., no trigger switch). Application of the heated tip to a fat
sample, specifically to the subcutaneous fat of the carcass or pork cut, was found
to release the aromas observed in the cooking procedure,  Further, the continuous
heat burned all residue completely and rapidly, thus eliminating the need for
cleaning or washing of the instrument between samples.

ME == : 2014/2017
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Human nose methods

FPublications using, or referring to, soldering iron / hot iron

B

: 18 B ILVO

. 55 W Other

a

3

2

mily oo

AT WEERER TH A i

==

Human nose methods

.I:n

m Were mostly used for research purpose

m Only recently (> 2012) did a handful of papers
focus on rapid detection at industry level

m Alot of work was performed by the industry

(Netherlands, Germany, France) that we know little
about

m Vion is an exception

Mirgd lalrvwr W CEE EIAT]

Cormsnin B wesdebie or Sov e e aleeot

Meat Science

o= Bemapepe: sww. elieviar. camiletafinimesiacd

A human nose scoring system for boar taint and its relationship with and rostenone
and skatale

P Mathur &%, | ten Napel B, 5 Bloembof %, L Heees ©, EF. Knal *, HA Mulder ©
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Instrumental methods

BoarCheck

A study on rapid methods for boar taint

Ighn-Erik Haugen [Nofima), Coen van
Wagenberg, Gé Backus [DLO), Bent Erling
used ar being developed at slaughter plants in the | Authors: | Mielsen, Claus Borgaard (DMRIT), Michel

European Union Banneau (IFIP), Muria Panells-Riera [IRTA),
Marijke Aluwd (ILVO)

D5.2 Final Report

it Sosevace G [ 240 2] O- b

Conterits ligte sresilable ot Sciencalinect

Meat Science

journel homepagse: wWaww. slsavier comilocata/mantsci

Keveew

Review of analytical methods to measure boar taint compounds in porcine adipose
tissue: The need for harmonised methods

|.-E. Haugen ~*, C. Brunius ®, G. Zamaratskaia ®

Instrumental methods

m The Danish colorimetric method (1982)
m Skatole equivalents, androstenone not measured
m Almost abandoned, no development outside of Denmark

m Numerous attemptsin the last 20 years to have
methods measuring both compounds

m No industrial method available so far

ME == : 2014/2017
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Instrumental methods

m Two promising methods have been recently

announced in UK and Denmark
® They both measure androstenone and skatole
®m They are not commercially available yet
m Performance
® UK method unknown
® Danish method: limited information

m Cost of the Danish method claimed to be < 1€

m Another methodis in developmentin Belgium

® Does not measure androstenone/Skatole
m Still in [ab/prototype phase

ccrrr— - [ e a—g)

Instrumental methods: the UK method

Sensor and method for detecting
androstenone or skatole in boar taint

SR https://google com/patents
ABSTRACT [EP2966441A17cl=en

The prasent application s concemead with 2 sensar system for and 3 method of

datecting, and preferably quantfyng, androstenone (CAS Reg Mo, 18339-16-T)
andier skatole (CAS Reg. No, 83-3-1), the chemicals associated with boar taind
In a prafermed embodiment. the sensor system compnses an amay compnsing (1
an enzyme electrode based on I-hydeoxysteroid dehydrogenase (3-HSD0) which
metabolises androstenane in the presence of calactor NADNPH, together with a
mediator, &g, Meldola's Blue (CAS Reg No. TO5T-57-0); and (i) a sensor for the
voltammetric detection of skatole, especially via direct axidation at an electrode
The sensor system can be used to detect and quantiy boar taint in pg carcassas
of lve pigs and so can be used to prevent the entrance of tainted carcasses into
the food chan and 1o allow the grading of carcasses as “premium quality”

el - - [ —r
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Instrumental methods: the Danish method

e IC-MST

DANESH MEAY
RISEASOM INSTITUTL

At-line rapid instrumental method for

measuring the boar taint components
androstenone and skatole in pork fat

Claus Borgeaard, Rune Birlider, Lene Meinert and Susanne Staler

AlM

AN BXRNS 0 D0 AUmDY OF LS0RNEted Mg St N NG 0O 0BMands 43X 3 rige, el 0
ORPEIGNG IGLTUMPALMN M OF MOl ing IAQTHZINONS 30d SALON. THa 3 was 2 Giveyp
0 X OWN0 MetNG0 1O MRt ing DO LIRS (OMPONENTS N DACRTAC rom U JSUraes Mae DT,
MNNIAG MOSLIN Qe 10 40000 OF DOEr N 300 AN

CONTACT
' CLAUS BORGGAARD, SENIOR SPECIALIST

*45 7220 2560, CBOPTEKNOLOGISK.DK
CONCLUSION

A rapid INSTrumental AT-Hne MITNOO For SIMUITANGOUS MEISUremant of androsIenone ang Skatolo
In DICK 13T SAMPIES From entire Male Pigs Nas Dean developad. WiTh an automated Sampie pre-
treatment, It will DO POSSI With 3 SIngie LOTD-MS-MS systom to Keep up with 3 Bnd $peed of
360 MM DIp CHCISSOS PO NOur INA 1O run 16 NOLrS POr workaly. (o5t Of OPSratIons IS expRXTed 1o
be below 0.7€/Carcass. Reprocucibiiity on fully homogenized fat samples 1S Detter than 3% relative
CV for ancrostenonse and 5% relative (V for skatole

ccosktE

i oy o T I

4 SCHVCL AND TECHMOLOCY IPEMA* *
ll 5
Thank you for
your attention

ifi

rrbitul du =3

P

The IPEMA consortium acknowledges

the financial support ofthe EU,
COST action CA15215.
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Chapter 11

Human nose method — training, reliability and limitations

Marijke ALUWE®

Sensory evaluation
training, reliability and limitations

Marijke Aluwé
Evert Heyrman
22/11/2017

o Ve ILVO

Sensory evaluation

Quick Quick
No contact Butcontact
Gas odour

Trautmann, 2016
Bekaert, 2013

! Institute for Agricultural and Fisheries Research (ILVO), Scheldeweg 68, 9090 Melle, Belgium
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Sensory evaluation

Soldering iron

Sensory evaluation
of boar taint

Androstenone Skatole
MP: 140°C MP: 96 °C

P of

[low]: woody floml flowery
[high]: sweat, urine manure, napthalens

* 50% sensitivity * 09% sensitivityl

176
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MP: 53°C
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Sensory evaluation

Step 1: Selection jawo sesitivity]

Step 2: Training with strips s and imtersity]
Step 3 Use of HNS jsocering iron, 57 and intensity]
Stepd:Training triangles

Step 5:Training series

o

Sensory evaluation

Step 1: Selection [amp ssastiity)

Step 2: Training with Strips jsr ana ivverity)
Step 3 Use of HNS soiering iron, 57 and intansity]
Stepd:Training triangles

Step 5:Training series

=
=
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Step 1: Selection of the experts

Androstenone sensitivity!

* Purecrystals

* Solutions=>bottles/ strips
v" Crystalsinwater
v Vaselineoil
v" Propyleneglycol

* Concentration: widerange:
v’ SKA:0.5-50 pg/g
v" AND:0.2-50 pg/g

v" Methodology

Step 1: Selection of the experts

* Androstenone sensitivity!
-
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Step 1: Selection of the experts

Triangle tests: identify the odd sample + liking/disliking

Test1 AND low Blank blank
Test2 AND low Blank blank
Test3 AND low Blank blank
Test4 AND high Blank blank
TestS AND high Blank blank
Test6 AND high Blank blank
Testl SKA low Blank blank
Test2 SKA low Blank blank
Test3 SKA low Blank blank
Test4 SKA high Blank blank
Test5 ‘SKAhigh Blank blank
Test6 SKA high Blank blank

Step 1: Selection of the experts

Preparation of the strips (based on Mérlein, 2013)

+  Control strip: 20 pl propyleneghycol

Cdour tresholds
*  Androstenone high: 20 pl of 5.0 pg/g AND solution trained experts
+  Androstenone low: 20 pl of 0.5 pg/g AND solution
+  Skatolehigh: 20 pl of 5.0 pg/g SKA =olution AND:0.24 pefe
+  Skatolelow: 20 pl of 0.5 pg/g SKA solution SKA:0.18 pgfg

Material

+* Tubes:Carl Roth, Order no K838.1

* Lids:CarlRoth, white: E028.1; blue: ED32.1, red: E030.1
*  Sniffing strips: 240 g/m?
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Odour thresholds

Androstenaone

i -
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Cdour tres hald pa/mi
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Al

Skatole

i
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e

Basedon starcase protocol (Heyrman)

Indale

Androstenone sensitivity
Effect of concentration and repeated exposure
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Sensory evaluation

Step 1: Selection jawo sesitivity]

Step 2: Training with Strips (=7 =nd int=nsity)
Step 3 Use of HNS jsocering iron, 57 and intensity]
Stepd:Training triangles

Step 5:Training series

2
Importance of training
w0
o ® (31 Trained .
ﬁ- * G2 Familiar )
® G3 Unfamiliar
w
: |
o ‘ '}
l.l.'.! | L
o
*
=
a T L Ll T 1 T
N N N T TT
g Mo boar taint Tainted [Heyrman, 2014)
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Importance of training

* Inter rater reliabilty: degree of agreement among raters
* Intra rater reliability: degree of agreement among repeaied evaluations by a single rater

* Sensitivity: true positiverate
*  Specificity: true negative rate

Gl G2 G3
Trained Familiar unfamiliar

Inter rater refiability 0.45 029 016

Intra rater reliability 0.53 042 0.18

Sensitivity (HNS > 2) 0.34 0.44 0.52

Specificity (HNS > 2) 0.94 0.90 0.566

Heyrman, 2014

Step 2: Training with odour strips

* Training with AND and SKA strips:

— Recognise the boar taint compounds
— Rank intensity of the boar taint compounds
— Differentiate between AND and SKA and rank in intensity

* Low: 0.5 ugfe
* High: 5.0 pugfe
» Very high: 50 pg/e
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Step 2: Training with odour strips

* Rank AND concentration: 3 out of 4 should be correct

Tests In random order

Testl AND low AMD high ANDvery high blank
Test2 AMND low AND high ANDvery high blank
Test3 AMD low AMD high ANMDwvery high blank
Test4 AMD low AND high ANMDvery high blank

* Rank SKA concentration: 3 out of 4 should be correct

Tests In random order

Testl SKA low KA high SKAvery high blank
Test2 SKA low SKA high SKAvery high blank
Test3 SEA low KA high SKAvery high  blank
Test4d SKA low SKA high SKAvery high blank

Step 2: Training with odour strips

« Differentiate between AND and SKA; and rank both

Tests In random order

Testl AND AND AND blank SKA SKA SKa
low high Very low high very
high high

Test2 AND AND AND blank SKA SKA SK
low high Very low high very
high high

Test3 AND AND AND blank SKA& SK& SK8
low high Very low high very
high high

Test4 AND AND AND blank SKA SKA SKA
low high ey low high very
high high
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Sensory evaluation

Step 1: Selection jawo sesitivity]
Step 2: Training with strips s and imtersity]
Step 3: Use of HMS [sosering iron, BT and intensity)
Stepd:Training triangles
Step 5:Training series

Step 3: training the use of HNS

- scoringwith thesoldering iron
- boartaint compounds
- boar taint intensity

Ao ‘-r-£f' '
; ‘

2PN

S
-
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Step 3: training the use of HNS

General guidelines

* Soldering iron: 350 °C (ERSA RDS80)

Step 3: training the use of HNS

General guidelines

+* Cleanthesoldering ironwith ethanol in between each sample | lab settings)

Table 8
The mesn value of sensory scone ghven For the wamples with amd without boss taint and cverall, Kendall's cormebation oo ficient (e
with the comoentration of Ehe main boar taint mmpounds.

Cleasing the ioldening ira

Cleasing Mol -chearsing
Mean value of soore Sampdes with boar taint 519§ 35.1° B1243°
Sampdes withoul boar taint 134 86" 40 4 104"
Al samples 924212 130.£253°
Conmelation coedTichen el ol 048" on®
Shatole 045" o
A ieribeT 030 orr

(Bekaert, 2013)
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Step 3: training the use of HNS

General guidelings

* MNeversingeon thesamespot

Table 8

The mean value of seniory score given for the somples with and withou® boar taint and overall Kend ilfs coreelation ooe i

with the conoentration of the main boar taint ompounids,

Simgeing on the tame spot

1 singeing 2= singeing
Mean value of soore Samples with: bosr taint Ml L1104 TER 4105
Samgples witharit bosr taing ITLES 1BLTA"
Al tamglet 132 £ 3507 1.1 £35.5%
Comelation coedTicien [N 049" 030"
Skearode 043" 0"
Andrenzencne 025" 026"
(Bekaert, 2013)

Step 3: training the use of

General guidelines

HNS

+  Ifyou scored a sample astainted, always score a blank sam ple before continuing

w
a]
S
&
wy
=
l after o blank
= 1
- |
& after o tadnted
||.ﬁ‘ | J sample
=
I after o blank
q i *  after b thinted
= .
i Boar tEint eminTed
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Step 3: training the use of HNS

General guidelines

* Spldering iron: 350°C (ERSA RDSED)

* (leanthesoldering ironwith ethanol in between each sample [lab settings)

* Meversingeon thesamespot

*  |fyou scored a sample astainted, a ways score a blank sam ple before continuing

* Well agreedscoring system

Step 3: training the use of HNS

General guidelines

= Scoring system

Mo aberrantodour

Light boartaint
Moderate boartaint
Strong boar taint
Wery strong boar taint

& = Off-odour, but not boartaint
Mumber = indicates the intensity
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Step 3: training the use of HNS

+ Triangletest=with sampleswith known moderate and high boar taint levels and
boartaint scores

* |dentifytainted sample

* Score boartaint (0tod)

* Discussthecorrectness and theintensiy of the cdour during scoring with trainer
* (anberepeaed incaseofdoubt

Tests In random order

Testl AND Blank Blank
Test2 AND Blank Blank
Test3 AND Blank Blank
Test4 SKA Blank Blank
Test5 SKA Blank Blank
Testk SKA Blank Blank
Test? SKA+ AND Blank Blank
TestB SKA+ AND Blank Blank
Testd SEA+ AND Blank Blank
.
Senso ry evaluation

Step 1: Selection jawn ssitiity]

Step 2: Training with Strips jsr ana ivverity)
Step 3 Use of HNS soiering iron, 57 and intansity]
Step 4: Training triangles

Step 5: Training series
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Step 4: training triangles

Triangle tests Triangle tests Triangle tests Triangle tests
(random order) (random order) (random order) (random order)

Testl Testl Testl Testl
Test2 Test2 Test2 Test2
Test3 Test3 Test3 Test3
Test 4 Test4d Test4d Test4d
Tests Test5 Tests Tests
Test b Test& Testb Testb
Test? Test7 Test? Test7
TestB TestB TestB TestB
Testg Testd Testd Testd

Step 5: training series

Series of 15 samples

{random order)

12 blank 3 tainted
Check correctness
Series of 15 samples

(random order) Tainted samplesOK?

Blank samplesOK?

12 blank 3 tainted

Series of 15 samples

(random order)

12 blank 3 tainted
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Sensory evaluation

(@

i %ﬁw

'-il

T ..r.—r'.—.—'r'r'r— LARERR:
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Samplos

Fig. A Coapbonal d i s of 1 asdakadl i Lo b e dembaa gt bty | o g = e oy e T g i o ol bey
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For defpixrrezsfon W s Hore 2.2

Trautmann, 2016
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Evaluation of the experts

r‘i[@

Androstenon

N
Trained

Inter rater reliability i0.45
Intra rater reliakility i0.53
Sensitivity [HNS = 2) 0.34
Specificity [HNS = Z) 0.94
Skatol Indol
H i I
|
WA g B
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Sensory evaluation

- Maximum100- 120 samplesper evaluation

- Labscale
- Minimum:3 experts
- Preferably: at least 3 experts ontwo consecutive days or 6 experts per sample

- Dependsontheaimoftheexperiment andthe number of samplesinvolved
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Chapter 12

Nutritional and environmental aspects - indicators and recording

Alice van den BROEKE?

Nutritional and environmental aspects -
indicators and recording

Alice Van den Broeke
22f11/2017

excessive amounts of
nitrogen and phosphorus

excessive amounts of
Pig manure Copper and Zinc

R el nda

ENVIRONMENTAL ASPECTS OF PORK PRODUCTION

green house gas emission

Pig feed

! Institute for Agricultural and Fisheries Research (ILVO), Scheldeweg 68, 9090 Melle, Belgium
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ENVIRONMENTAL ASPECTS OF PORK PRODUCTION

| NUTRIENT EXCRETION: N AND P | CARBON FOOTPRINT FEED |

SCPxop

M- and P- excretion
Acidification

H n ‘a Eutrophication

Run-off

Agriculture, industry and traffic o
Leaching intogroundwater
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Environmental sustainable pork production:
aim at lowest possible N- and P-excretion

?ﬂﬂ'\p“ SEX
et Lmterareras

*+M and P-excretions?s,
T L T

EFL A L DR e

g
%,
G

Agriculture, industry and traffic

Comparison nutrient excretion

Sex: IC versus barrows and entire males

SUSs1

Feed intake: sex-dependent
Genotype: trials in different countries

Feed composition: for example high proteinversus low protein diet
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Calculations nutrient balance growing-finishing pigs

Mutrient excretion = Mutrient intake — Mutrient retention

2 methods:

» Determine total nutrient excretion: digestibility cages

» Determine nutrient intake and retention and calculate excretion

\ -

"0\'

Determine total nutrient excretion

Collection of allurineand manure on individuallevel
4-5 dayscollection per phase
Analyssof urineandmanurein lab

Determinaticn of total N- and P- excretion
during growing-finishing period
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Calculations nutrient balance growing-finishing pigs

Mutrient excretion = Mutrient intake — Mutrient retention

2 methods:

» Determine total nutrient excretion: digestibility cages

» Determine nutrient intake and retention and calculate excretion

v

5

Calculations nutrient balance growing-finishing pigs

Nutrient intake=

[mean feed intake pig per feeding phase x Nutrient
content per feeding phase]

Nutrient retention=
[Nutrient content pig x weight of the pig)-(Nutrient
content piglet x weight piglet)] h

5

198



Calculation template

Growing-fini shing pigs 20-1 10kg

Crude Proteinin fesd phase 1 20 a0 157 g FCR phase 1 400

TudsFrotein in faed phaze 2 a0 0 188 gieg FCH phace 2 267

Crude Proteinin fa=d phas= 3 70 110 182 gk FCR phas= 3 353

Crude protein mnatent piglet r=f ILVD | 1558 gikg daysin trail + zani@ary vacuum 137 days

T oy I v ] [EG v

_kg Dressing percantags T %
TR IS
ESE s/ | GEdewmmgmen MR s

TEE ] crsemier [ R ET
-kg"kgmld acass growth

IR -5 oo+ production

=L s

Important remarks

Totalfeed intake

b hi ng pigs 20-110kg phasze3/f
f - Live weight
Live weight .
L= (fastened) {fastened) —weight
Crude Proteinin feed phase 1 20 i, FCRphase= 1 StEITDHESEE
crude Protein in feed plas 2 40 70 i FCR phase 2 Lo
Crude Proteinin fasd phass 3 70 142 gfux FCRphas= 3 @
Crude proteincontent piglet ref ILVD 1558 =k= daysin trail + = nitary vacuum 1B7  days
Grurde protein conentpig ref ILV0 [T arics e R - o =
[ Nk ] = Dre sming percentage 'ﬁ
[ Neetention ] - Meat percentage B (%
© Newdonlg [ ER
__ Wexsefon/pgasce/ymr [ = frigetzce/year Cold carcassweight/
W sionlig ol coreem growh [N = s ¢ v ve weight
oo/ g produion B (rasen=d)
_ NeFdey =
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Important remarks

Gr owing-finishi ng pigs 20-1 10kg

Crude Proteinin feed phass 1 20 40 157 =l FCRphas= 1 400

crude Protein in feed phass 2 40 70 ME =l FCRphas= 2 267

Crude Proteinin feed phase 3 70 110 142 2k FCR phase 3 355

Crude proteincontent piglet daysin trail + = nitary vacuum 1B7  days

Crse pratsincane iz e S <.
D " S S — n o
e Meat perntage & =
Crude protein

© Newsinky content basedon | Gldorasgowh | 08
e s trials I B I R
oo ises e S
oo s por pradodion [0 = v oo
_ Wefidey I

Results ILVO trials
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Nutrient content pig and piglets

2 trials:
Intotal 178 pigs and 28 piglets euthanized
Carcassgrinded
Representative subsample
of 10 kg collected
Subsample autoclaved, mixed,
lyophilzed and analysed
Bodycompostion:
Water, crude protein, crudefat, crude
ash, total phosphorus concentration
Trial 1 Trial 2
Body composition [34) Body compaosition (%)
aTotal 0.48 0.28 0.48 046 oo 050 0.50 0.50 040
phosphorus 109
percentage  gn =t
[3)
Crudeash ) 20
percentage
[3) 70 70
mCrude ED =3
protein
percentage 30 50
3]
mCudefat 40 40
percentage
(5¢) 30 30
0 20
10 10
o o
Barrowe Entiremale Gilt Ic Barrw  Entire male Gilt Ic
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45

4.0

3.5

3.0

25

2.0

150

145

140

135

130

120

115

110

N excretion/pig

Triall
25-117 kg
M excretion/ pig (in kg)

2487
2.5
2.52
2.i5

Barmow Entiremale Gilt Ic

Trial 2
23-123 kg

M excretion/ pig [in kg)
45

40

Barrow Entire male Gilt

P,0; excretion

Triall
25-117 ke
P205 excretion/pig (in kg)
1.33
1.18

1.p2

1.17
Barrow Entiremale Gilt IC

Trial2
23-123 kg
P205 excretion) pig (in kg)
15
145
14 139
135
132
12
125
12 118
115
11
Barrow  Entiremale Gilt
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PRY ol ada

ECOLOGICAL ASPECTS OF PORK PRODUCTION

| NUTRIENT EXCRETION N AND P | CARBON FOOTPRINT FEED |

SOz

GREENHOUSE GAS EMMISION

Some of the sun’s

energy reflects back This heat energy
SUN out into space. rises, and some
1 escapes earth's
atmosphere.

Some of this

coZ heat energy
encounters gas
PO molecules that
1 l scatter itand

—

reflect it back
towards earth.

absorbed by eanth’s fioge

.»doonwned to

MORE GREENHOUSE GAS EMMISION= HIGHER INCREASE OF GLOBAL WARMING
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A0 ey,

Explainsto what extend a production process contributes to the increzsse of temperature on
earth by greenhouse gas emissions duringthe production process

L

carbon dioxide (CO4) Methane [(CHy) Mitrous oxide (N:0) | Fluorinated gases

CARBON FOOTPRINT PIG
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CARBON FOOTPRINT OF FEED PRODUCTION

FeedPrint databank: carbon footprint per ingredient

4000
W Excl, LUC {Land Use Change]

3500 | mind LUC

Carban footprint [g 0 eq/kgl

Barbey Wheat Maize Soybean

Calculation template

Tocalculae 0. eqf ke
feed, comprehensive
description of
ingredients needed

L= roxphaac 1 s

Carbon foolprind phux 2 Ao o == L= TEE s7
Carbon footprnt plac 3 70 110 PL==r 0 romplaac 3 338
Eayaes el b mecaey amcoem my saya
[(ooe et fer el ks | IR s o2 =i e Oemegeeeuy =«
Mcal porclge | 4

_ tOtmsfmsapeet i | smmamgd [ om0 o
TP PR T [ ehemsimioe [ s
COm fhapeh medusen [T coun sovi smomtios
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o

Feedprint database

Feedprint database

1 Sopbemn medl CF (HECPO4E0 | 20 sy EUcods [Z208 -

: e CF s h o4 | 0 ot Cator conterd comporent [g Gl [22
ICERN | € [ e e dies

- Sogbesn meal CF 45-70 CF > 450 20 M

1 Sopbesn mesl CF2 70 0 S
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Results ILVO trials

CO; EQ PER KG CARCASS GROWTH

o 3200
[u]
g
= g Barrows
g 3000
) p Gilts
{2800 "
8= ¢
g 2800 Entire males
E
&
E 2400
(=4
(=]
N}
m 2200
s}
85 100 105 110 115 120 125 130 135 140 145
Slaughter weight

BARROWS: HIGHEST CARBOMN FOOTPRINT
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