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N
ofim

a –
F

ood, F
isheries and A

quaculture R
esearch, 

N
orw

ay

•
E

stablished 1 January, 2008
•

M
erger of form

er A
kvaforsk, 

F
iskeriforskning, M

atforsk
and 

N
orconserv

•
T

arget groups: F
ood industry,  

aquaculture and fisheries
•

N
um

ber of em
ployees: 450

•
T

urnover 2007: N
O

K
 430 m

ill.
•

M
ain office in T

rom
sø

•
O

w
ner:

–
T

he N
orw

egian G
overnm

ent by the 
D

epartm
ent of F

isheries and C
oastal 

A
ffairs 56,8%

–
A

gricultural F
ood R

esearch 
F

oundation 33,2%
–

A
kvainvest M

ø
re og R

om
sdal 

county: 10 %
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M
anagem

ent     B
usiness areas

N
ofim

a M
arine

B
reeding and genetics, fish health, sustainable and efficient 

production and catch, slaughtering, prim
ary processing

D
irector C

am
illa R

ø
sjø

N
ofim

a F
oods

R
aw

 m
aterials quality and processing, safe and lasting food, 

consum
er understanding and sensory research, food and health, 

industrial gastronom
y, innovation

D
irector Ø

yvind F
ylling-Jensen

N
ofim

a Ingredients
A

nalytical services, research and pilot production of raw
 

m
aterials and ingredients for the feed, food and pharm

aceutical 
industries
A

cting D
irector B

jø
rn B

rekken

N
ofim

a M
arket

E
conom

ic analyses, perspective and foresight analyses, 
m

arket and consum
er analyses, strategic consultancy

D
irector B

jø
rn E

irik O
lsen

G
roup C

E
O

 Ø
rjan O

lsvik

V
ice C

E
O

:
Ø

yvind F
ylling-Jensen

H
ead of com

m
unications:

S
tein-G

unnar B
ondevik
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T
he boar taint case

•
T

he issue boar taint
•

S
ituation in N

orw
ay

•
S

takeholder consequences
•

C
onventional analysis of boar substances

•
N

orw
egian m

ale pig research program
m

e
•

R
apid detection m

ethodology
•

S
um

m
ary



W
orkshop 9. M

arch 2009, K
assel

5

B
oar taint -

a food quality issue

•S
ensory perceived off-odour/flavour in m

eat from
 entire/uncastrated 

m
ale pigs

•R
elates to sexual m

aturation of entire m
ale pigs

•C
aused by m

alodorous com
pounds, androstenone and skatole

•A
ndrostenone is a pherom

onal steroid horm
one synthesised in the 

testes in parallel w
ith anabolic horm

ones 

•S
katole is produced in the large intestine by bacterial degradation 

of tryptophan

•T
he substances accum

ulate in fat tissue

W
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B
oar odour/flavour com

pounds

S
katole (3-m

ethyl-indole)

M
W

: 
131,2 

M
.pt:

96 ºC
, 

B
.pt: 265 ºC

O
dour character: feacal, naphtalene, sw

eet, w
arm

, fruity
O

dour treshold (ortho-nasal):   exogen: 0.15 ppm
 

fat phase:   0.5 ppm

A
ndrostenone (5

ααα α
-androst-16-en-3-one)

M
W

: 
272,4 

M
.pt:   140 ºC

, 
B

pt:  275 ºC
odour character: urine, sw

eat
odour treshold (ortho-onasal):   exogen: 0.2-1.0 ppm

 
fat phase:  0.5-2.0     ppm

S
trategie: Inhaltstoffe m

essen

C
H

3

H
C

H
3

O

H
H

H

N C
H

3

H
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2007:  30 slaughterhouses receiving pigs

D
istribution of pig slaughterhouses

N
um

ber of pigs received
for slaughter

N
um

ber of
slaughterhouses

<
100

11
100-1000

5
1000-10 000

8
10 000-50 000

8
50 000-100 000

3
100 000-200 000

3
>

200 000
2

S
ituation at N

orw
egian slaughterhouses are very different. S

m
allslaughterhouses w

ould have to 
send their m

ale pig sam
ples to one of the laboratories established at the big slaughterhouses for 

S
 and A

 control.

P
ig slaughter situation N

orw
ay

W
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D
ata from

 one herd w
ith N

oroc, D
uroc and N

orw
egian landsw

ine served dry feed, S
l. w

t: 60-90 kg

Skatol (slakt 26.08.03)
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mikrogr./g fett

D
ata from

N
orw

egian M
eat R

esearch 
C

enter

B
oar carcass sorting

0.21 ppm
 

0.5 ppm
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E
conom

ical consequences

•
E

xpected percentage of tainted m
eat 20-80%

 ???

•
Y

early loss for pig producers: 10 m
ill N

O
K

 (1.2 m
ill euro) for each 

percentage that have to be sorted out

•
N

eed for detection assays

•
Increase costs at the slaughterhouses

•
Lost m

arket shares because of consum
er com

plains

B
an on castration in N

orw
ay 2009

W
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B
an on castration -

stakeholder consequences

S
trong international drive tow

ards anim
al friendly production 

i.e. no castration of m
ale piglets

•
S

w
ine producers

•
A

bbatoirs
•

R
etailers

•
N

G
O

’s -
anim

al w
elfare organisations

•
Legislation/regulation
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N
G

O
’s are becom

ing m
ore aggressive

"Let piglets keep th
eir b

alls!”
(w

w
w

.varkensinnood.nl.)

F
rom

 2009, D
utch branches of superm

arket giants A
ldi and Lidl are 

only going to sell m
eat from

 pigs w
hich have not been castrated

”C
ut off your ow

n b
alls!”

(N
orw

egian pig castration debate)

W
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R
egulation and legislation

•
E

U
 R

egulation (854/2004)
contains the general provision that “m

eat is to be 
declared unfit [for hum

an consum
ption] if it indicates…

org
anoleptic anom

alies, 
in particular a pronounced sexual odour”.

S
om

e G
erm

an abattoirs are 
distinguishing betw

een carcasses w
ith sexual odour (androstenone) and faecal odour 

(skatole); the carcasses w
ith sexual odour are condem

ned w
hereas

the carcasses 
w

ith faecal odour are not. M
em

ber S
tates m

ay establish their acceptability criteria and 
recognise a test m

ethod to ensure that carcasses w
ith pronounced

sexual odour w
ill 

be detected. 
•

A
t present, in the E

U
, there is no harm

onised m
ethod for de

tecting boar taint
, 

but som
e M

em
ber S

tates have established an appropriate test system
; for exam

ple, in 
the U

K
 occasionally a hot w

ire test m
ay be used. A

n alternative is a soldering iron 
applied to the exposed backfat of the carcass.  T

his also causes
volatilisation of 

androstenone and skatole w
hich can be detected by an operator. In G

erm
any a 

cooking test and m
elting test are used to detect sexual odour in

carcasses.T
his has 

proved successful in som
e situations involving sm

all num
bers of anim

als, but effective 
detection differs betw

een operators and fatigue of the sensory response develops 
quickly.

E
F

S
A

 report 2004 ”
W

elfare aspects of the castration of piglets”
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N
orw

egian research program
m

e 2004 -
2008

T
otal budget: 10 m

ill. E
uro

F
undings are given to the follow

ing projects
–

G
enetics

–
T

estis physiology
–

F
eeding/m

anaging
–

S
em

en separation
–

A
nalgesia effects oon piglets

–
R

apid detection m
ethods

–
C

onsum
er perception/P

roduct developm
ent

P
roject financing

•
T

he N
orw

egian R
esearch C

ouncil 
•

T
he R

esearch funds of the M
inistry of A

griculture and F
ood 

•
T

he P
roducers P

urchase T
ax F

und

W
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B
a
n
 o
n
 c
a
s
tra
tio
n
 in
 N
o
rw
a
y
 fro
m
 2
0
0
9
?

(P
ig P

orgress 24, N
o. 8, 2008)
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C
onventional analysis of boar substances

”R
eference”

analysis m
ethods

C
hrom

atographic m
ethods (>

30 m
ethods published )

LC
 (U

V
, F

luor., M
S

), 
G

C
 (F

ID
, T

S
D

, M
S

, E
C

D
)

Im
m

unological m
ethods (about 10 m

ethods published) 
E

IA
, R

IA
, T

R
-F

IA

D
ifferent sam

pling and cleanup protocols 
C

arcass location, fat tissue, pure fate phase, solvents etc.

D
ifferent quantification protocols

P
reparation of calibration/quantification standard

U
se of ”external”

quantification versus I.S
td. m

ethod
M

atrix based quantification 
R

esults reported w
ith and w

ithout recovery/loss correction

W
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assel

16

R
ef: H

arlizius et al., 2008

µµµµg/g fat GC/MS

C
om

parison of m
ethods
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S
am

pling –
an issue

(m
ostly fat  sam

ples)

S
katole in neck fat from

 6 entire m
ale pigs

0.0

0.1

0.2

0.3

0.4

0.5

491 B1

491 B2

491 B3

491 A1

491 A2

491 A3

518 B1

518 B2

518 B3

518 A1

518 A2

518 A3

538 B1

538 B2

538 B3

538 A1

538 A2

538 A3

768 B1

768 B2

768 B3

768 A1

768 A2

768 A3

mikrogram/gram

  A
 og B

 S
a

m
ple

 loca
tion  (T

6)

  1: oute
r 2: ce

ntra
l 3: inne

r 

  M
e

a
sure

m
e

nt e
rror: <

 8 %

Increasing concentrations from
 outer (skin side) to inner 

(m
uscle side) part of the back fat tissue(H

augen et al., 2005)
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N
eed for standardisation/harm

onisation

•
M

any different m
ethod protocols i.e., variability in analysis protocols

•
M

ostly in-house validated m
ethods, no com

pletely externally validated

•
Lack of info on perform

ance characteristics and verification

•
2-3 inter-laboratory studies (not published)

•
N

o collaborative validation studies according to internationally accepted
guidelines 

•S
ignificant biases/deviations in results betw

een labs

G
reat need for standardised and harm

onised reference m
et

hod(s)
C

ritical for definition of:
-

sound sensory treshold levels
-

sorting criteria for boar tainted carcasses
-

calibration of non-specific rapid m
ethods
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R
apid detection m

ethodology

Industrial requirem
ents

•
S

im
ple (1 m

ethod both/all boar odour substances)
•

A
utom

ated –
sam

pling and detection
•

H
igh throughput (500-5000 /hr)

•
Low

 cost (3-5 E
uro pr analysis)

•
N

o false negatives

•
R

apid boar detection system
s for sorting out the boar tainted 

carcasses at the slaughter line in com
bination w

ith other actions 
like breeding and feeding w

ill be essential to secure a future 
sustainable pig industry in E

uropean countries facing a possible
ban on castration. 
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R
apid detection m

ethods

R
ecent research: 2 m

ethodological strategies:

F
ingerprinting techniques 

(gas and solid phase)
P

rinciple: indirect m
easurem

ent of boar odour w
ith non-specific m

ethods
•

C
hem

ical sensor arrays (e-noses)
•

H
S

-M
ass S

pectrom
etry (M

S
)

•
S

pectroscopic 

S
ubstance specific techniques 

(gas and solid phase)
P

rinciple: single boar odour substances are m
easured specifically

•
S

pectrophotom
etry

•
F

ast G
as C

hrom
atography (G

C
)

•
G

as phase spectrom
etry

•
B

iosensing
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N
orw

egian boar detection project (2004-2008)

3 m
ethods under developm

ent

•F
at extraction com

bined w
ith fast 

gas-chrom
atography

•F
T

IR
 P

hotoacustic (P
A

) gas-sensing (”electronic nose”)

•B
iosensing using insects

R
equirem

ents (N
orw

egian sl.house conditions):
•1 m

ethod -
both skatole and androstenone

•T
otal analysis tim

e <
1hr

•S
im

ple to operate
•C

heap i.e 2 -
4 E

uro pr. sam
ple

W
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F
ast g

as ch
ro

m
ato

g
rap

h
y

F
at extraction -

S
P

E
S

katole, Indole and A
ndrostenone can be isolated by one S

P
E

step
w

ithout sign. loss (85-100 %
 recovery)

S
P

E
 procedure

can be perform
ed autom

atically by using a
com

m
ercial S

P
E

 robot

S
ensitivity

~
0.1-0.5 ppm

 

A s
I

S
P

E
 robot

F
ast G

C
 10 sec to analyse S

,I and A
 (stds.)
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F
T

IR
-P

A
 g

as-sen
sin

g

S
katole,Indole and A

ndrostenone show
distinguishable IR

 spectra in the gas-phase
F

T
IR

-
gas-phase spectra S

, I, A
F

T
IR

-P
A

S
 spectrum

 is highly linear, 
and therefore, w

ater can be subtracted 
from

 the sam
ple gas spectrum

 allow
ing 

detection of the A
ndrostenone 

concentration

M
easurem

ent principle:
S

,I og A
 in gas-phase absorbs IR

 light that causes an I
ncrease in pressure in the photo acustic cell and a pressure 
interferogram

 is recorded. P
ressure increase corresponds to 

concentration of boar substances in the vapour phase .
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B
io

sen
sin

g
 –

u
sin

g
 train

ed
 in

sects
M

aterial
B

ees: A
pis M

elliferra
W

asps: M
icroplitis croceipes

T
est odours: S

katole, Indole and A
ndrostenone

T
raining

C
lassical conditioning (associative learning). S

olution of either androstenone, 
indole of skatole dissolved or m

ixed (1:1:1) in hexane at 0.001 –
20 m

g/m
l. 

R
ew

ard/unconditioned stim
ulus: sucrose solution

R
esponse 

B
ees: P

roboscis (tongue) E
xtension R

eflex (P
E

R
)

W
asps: ”H

ead-banging”
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B
iosensing –

results individual w
asps

c) T
rained to androstenone

c) T
rained to androstenone
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W
asp biosensing results

C
om

pound
C

l. R
ate 

%
 (n)

F
P%

F
N%

C
l. R

ate* 
%

 (n)
F

P
*

%
F

N
*

%
Indole

96 (25)
4(O

c)
4(I)

95 (20)
5

-

S
katole

95 (21)
-

5(S
)

100 (20)
20

-

A
ndrostenone

50 (20)
-

50(A
)

40 (20)
30

60(A
)

C
lassification rates of trained individual w

asps (*m
ixtures)

R
esults from

 w
asp cohorts (6-8 ind) -

higher class. rat
es > 80 %
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E
U

 project A
LC

A
S

D
E

-S
A

N
C

O
/2008/D

5/018
”S

tudy on the im
proved m

ethods for anim
al-friendly production, in particular on the 

altern
atives to

 th
e castratio

n
of pigs and on alternatives to the dehorning of cattle”

W
P

1.2: M
ethods to detect boar taint at the slaughter line

•
T

o develop sensors for sim
ultaneous (or parallel) on-line skatole and 

androstenone detection in solid phase (fat) (J.H
art, O

.D
oran, U

W
E

)

•
T

o develop m
ethodology for on-line detection of boa

r taint com
pounds 

in gas phase (J.E
.H

augen, N
ofim

a)

•
T

o harm
onise existing reference m

ethodology for androstenone, skatole and 
indole analyses (S

. A
m

puero, A
G

R
O

S
C

O
P

E
)

•
Interlaboratory com

parison A
/S

 reference m
ethods

•
T

o organise an international industry-orientated w
orkshop (J.E

.H
augen, 

S
.A

m
puero)
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S
tate of the art –

rapid detection m
ethods

F
ingerprinting techniques 

•
N

on-specific/indirect m
ethod

•
T

oo high percentage of false negatives (5–20 %
)

•
R

equire calibration w
ith sensory assessm

ent or S
, A

 ref. m
ethods

•
N

o standardised sam
pling system

 (solid/gas phase)
•

N
o dedicated system

 for boar taint application

S
ubstance specific techniques

•
S

pecific –
skatole and androstenone detection

•
S

katole-equivalent m
ethod (colorim

etric) lab m
ethod (rapid?)

•
N

o androstenone m
ethod

•
N

o dedicated system
 for boar taint application
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G
aps and w

eaknesess in technology/know
ledge

•
M

ost of the potential rapid m
ethods represent advanced and 

sophisticated technology that w
ould require highly qualified staff to 

operate 

•
F

ew
 m

ethods under developm
ent have short enough analysis tim

es -
sam

pling is the tim
e consum

ing part of the analysis

•
M

ethods are too costly -
cost efficiency is the driver for industrial 

im
plem

entation of new
 m

easurem
ent technology 

•
F

ingerprinting based m
ethods have too high percentage of false 

negatives (5–20 %
)

•
S

till no dedicated m
easurem

ent technology available for on/at-line 
detection of boar tainted carcasses that m

easures both androstenone 
and the indoles or boar taint

•
Lab m

ethods are available for both S
 and A

 (costs)
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N
eed

s an
d

 fu
tu

re research

•
N

eed for standardised and harm
onised S

 and A
 m

ethodology

•
D

efinition of sound sensory boar taint sorting criteria

•
N

eed for rapid on/at-line m
ethods for sorting boar carcasses

•
C

ost effective autom
ated sim

ple technological solutions in order
to 

adapt a proper m
ethodology to slaughter house conditions

•
S

am
pling solutions that m

eet the industrial requirem
ents for on-

line/at-line use

•
O

ne
detection m

ethod that m
easures both androstenone and indole 

or boar taint

•
M

ethod w
ith sufficiently high analysis capacity (500-5000 carc./hr)
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T
h
e
 se

x
-
pistol-

p
istol

(C
once

pt b
y
 A

lph
a
 M

O
S
, T

oulouse
)
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T
hank you for your attention!

http://grow
abrain.typepad.com

/photos/


