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Influence of feed additive on skatole and indole levels in 
fattened boars 

 
 
Summary 
 

The bachelor thesis is focused on the issue of boar taint, the components that cause it, 
with emphasis on skatole and indole, and methods for determining and eliminating boar taint. 

Boar taint is typical unpleasant smell of uncastrated boar meat. The taint is characteristic 
especially at higher temperatures. It is formed during elevated concentrations of skatole, indole 
and androstenone. This problem is most often prevented by surgical or immunological 
castration. However, the suitability of these methods has recently been discussed due to the 
fulfilment of the welfare of farmed animals, and therefore possibilities of using meat from 
uncastrated boars are being considered. 

Androstenone is a steroid pheromone that is synthesized in the Leydig cells of the 
testicles and in the liver. Its occurrence is predetermined primarily genetically, therefore its 
common action with skatole, and the subsequent formation of boar taint is prevented by 
castration of boars. 

The occurrence of boar taint can also be reduced by genetic selection using a marker, 
where the marker genotype is associated with a preferred phenotype of the individual. 

However, unlike androstenone, skatole formation does not have such a high heredity, 
and therefore the influence of the environment also plays a large role in its production. High 
concentrations of skatole in adipose tissue are the result of a complex process that involves 
microbial formation in the colon, absorption, metabolism and subsequent accumulation in fat. 
Skatole is formed by microbial degradation of tryptophan in the digestive tract. The source of 
this amino acid is the waste created by the death of intestinal cells. Its occurrence is therefore 
mainly influenced by the activity of the intestinal microflora and chosen nutrition at the same 
time. Therefore, we can use feed additives to influence the formation and storage of skatole in 
the fat of fattened boars. 

This thesis elaborates about the physiological mechanisms of skatole formation and the 
mechanisms by which we can create effective feeding strategies leading to the prevention of 
high concentrations of skatole in the adipose tissue of pigs. The most effective are those that 
affect several steps of its creation. Reliable control of skatole excess in boars and management 
of its growth is one of the prerequisites for successful pork production in uncastrated boars. 
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3  

lastnosti.  
s  

charakterizuje s
z   y (Stupka et al. 2013). 

, a to . M
sledovat  

sledovat a   a 
m 

 faktor ,   (Stupka et al. 2013). 
  v  u t

v , eno r procesy metabolismu (Ingr 2003)
  

 
  

ch  .  

  120 k  intervalu 10  75 % (Malmfors 
& Lundst     

 

3.1  

, je 

teinhauser et al. 1995). 
ou o 

pr  (Smital 2018). 
 

situace.  
A avou kastraci, kde se 

GnRH (gonadotropin-releasing 
hormon  onadotropin)  

projevy PSE (pale
 

 (Smital 2018). 
Allison (2008) provedl 
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4  
4.1 Charakteristika skatolu 

 
Deslandes et al. 2001; ).  

 ale v 

ejich bjevit 
 bachoru  , a to 

neje problematice ho pachu, 
 (Wesloy & Weiler 2012).  

Skatol byl  6386113 ve Spojen

 06). 
 

4.1.1  

 i hanismem degradace 

 (Annor-Frempong et al. 1997; Deslandes et al. 2001).  
indol a kyselinu indol-3-pu

na kyselinu indol-3-
 (Deslandes et al. 

2001; Whitehead et al. 2008).  
Deaminace tryptofanu na i

dekarboxylaci 
z rodu Clostridium a Bacteriodes   
(Bonneau 1993; Jensen & Jensen 1998; Cook et al. 2007; Whithehead et al. 2008; Wesloy & 
Weiler 2012). 

 

4.1.2 Metabolismus skatolu 

 

 
obsah skatolu (Squires 2006). 

B i   

  
do  
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skatolu z  % (Claus et al. 1993; Agergaard et al. 1993; Claus et 
al. 1994; Agergaard et al. 1998).  

Za pomoci soen
v degradace skatolu ve 

  
metabolismu.  

Hl  
-hydroxy-3-methyl-oxindol, 2-aminoacetofenon, 5-

hydroxy-3-methylindol, 3-hydroxy-3mythyl-indolenin, indol-3-karbinol a 6-hydroxy-3-
methylindo  4). 

-di-
f -

-sulfatoxy-
-hydroxy-3-methylindolu a 3-hydroxy-3-methyloxindolu 4). 

(Agergaard et al. 1993; Baek et al. 1997; Diaz et al. 1999; Doran et al. 2002; Diaz et al. 2003; 
Robic et al. 2008; Zamaratskaia et al. 2009; Weircinska et al. 2011).  

ve   & Squires 2005; Sinclair et al. 
2005; Rasmussen et al. 2012). 

 

  
4:  Tvorba  skatolu  (3-­‐   
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4.1.3 Akumulace skatolu 

K absorp
do  

  (Claus et al. 1993; Claus 
et al. 1994; Knarreborg et al. 2002). 

Pokud se hladina skatolu v 
pov   

 v i (Claus et al. 1994). 
(Lo Fiego et al. 2005). 

,   
tuku u jednotlivce nebo plemene, typ tuku dle  (o  tuk, 

  
u monog  (Chiliard 1993; Lo Fiego et al. 2005).  prasata 

vede k tuku s v  ch 
 (Metz & Dekker 1981; Scott et al. 1981).  

skatolu a 
.  M   

u  
s v i (Aluw ). Ob

  
(Weiler et al. 1995; 

2006; Monziols et al. 2007).   
 tuku 

  

ktivitu a  
skatolu v 

 vede k i 
v  i 5) (Wesloy & Weiler 2012). 
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zek  5

podm eiler  2012)  

  
 

4.1.4  

j  (Jasminum), narcisu 
(Narcissus pseudonarcissus)  (Citrus sinensis), nebo v aroma kakaa 
(Theobroma), wasabi (Eutrema wasabi)  (Armoracia rusticana)
ale 

 n 
2008). 
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ochotni konzumovat  (Rusko, 

a   
 ch ch 

,  ochuc  masa , 
masn   

 
4.2  androstenonem a skatolem 

i metabolismu s j  2E1 

akumulace skatolu v hladiny skatolu se ale ne  u kastr
prasat,  jako souvislost mezi regulac   
  

  trech a jeho 
 tuku (Tambyrajah et al. 2004).  
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5  
5.1 Genotyp 

5.1.1 Plemeno 

Vzhledem k   
 masa 

 
- no imunotestem), 

50 ppm 16-
0,20  0,25 ppm skatolu v tuku (Desmoulin & Bonneau 1982; Mortensen et al. 1984; Babol et 
al. 1996). 

Boneau et al. (1979) sahuje -
. Dle Falkenber

 
Xue et al. (1996) 

 15 %, pouze androstenonem 5 % a 
skatolem 11,4   < 0,05), 

 % prasat se objevily hladiny 16-
celkem 20,9  < 0,05) 
hladiny 16-   tak v tuku. Prasata 

 < 
skatolu (Graf 1). Stanovenou hr  0,25 ppm, 

 
v tuku a R-indexy tuku 16-androstenonu a skatolu byl 0,40 (P < 0,001) (Graf 2). Xue et 
al. (1996)  
ko  

res et al. 1997). 
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Graf  1  :   -­‐androstenu  (1a),  16-­‐   (1b)  a  skatolu  v  
tu l.  1996).  
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Graf  2:   -androstenu -
- -indexy, 

-androstenu, 1,5 ppm (Upraveno dle Xue et al. 1996). 
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5.1.2 Geny 

 
k  

  

(Squires 2006). 
 

v genech, jin

 

a to na chromozomech 2, 4, 6, 7 a 9. OTL , je pouze  na 
chromozomu 6. Chromozom 14  SSC14 (SSC  sus s

 

s preferova
 

Marker by m  QTL,  
 QTL. Genetickou 

 ro 
(Squires 2006). 

v 
  single-

nucleotide polymorphism) 
 

 
 

5.1.2.1  

Diaz a Squire  
 

e CYP2A19 (Chen et al. 2008; Duijvesteijn et al. 2010). Je 
 & Squires 

2000; Lin et al. 2004a ). 
leotidu 421, vede k 
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jeho hladin. (Diaz & Squires 2000; Lin et al. 2004a; 

Chen et al. 2008).  
CYP2E1   

metabolismu skatolu. 
acetonem nebo ethanolem jak v  

CYP1, CYP2 a CYP3. Ty z Lewis et al. 
2003; Tambyrajah et al. 2004). 

 
cytochromu P450 a 7 

bolismus 
Shimada et al. 1994;  et al. 2007). 

 
d et al. (2009) popsal vliv genu CYP1A2. 

 

  
  6   

 
5.1.2.2  

II. f
(uridin-di- - . Tyto enzymy se v  

 i   
 a 4.3.2.) (Agergaard et al. 1993). 

SULT1A1 
SSC3, mezi markery SW72 a SW2527 (Lin et al. 2004b ). Jeho schopnost 
synt 6-sulfatoxyskatolu   
koncentrace 6-sulfatoxyskatolu je k  skatolu, 
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 koncentrace v tuku je  i ho pachu. Proto 
 metabolismu a clearanci skatolu v e prasat. 

Tento gen studovali Lin et al. (2004b)
z jater prasat, polymorfismy a studovat, jak 

 
    substituci . Lysin se 

je . 
Z  .  

V  
(Varona et al. 2005) p  

 
 

5.1.2.3  

ah. 
Babol et al. (1999) 

z  (Nikotinamidadenindinukleotid a 
 - ch reakc  

Ledvina et al. 2009).  M 
I a II. 
6-hydroxyskatolu (pro  0,05). D
rychlost metabolismu skatolu s 

 tuku. Dle 
ndrostenonu v Babol et al. 

(1999) 

 metabolismem androstenonu a skatolu v 
  

Doran et al. (2004) P450 2E1 (CYP2E1), enzymu 
 

ktivita (CYP2E1) a to vede k 
v tuku prasat. 

 
5.2  

 syntetizov   
b  
v  

st
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5.3  

zv  Se 
 

 110 kg se vyskytuje v 
ad

 (Aluwe et al. 
2011). 

, 
akumulaci skatolu v tuk

 
  10 

hladina klesne a k 
 

 
Distribuce hladin  ,  plemenem. 

Babol et al. (2004) , a to u 

180- h 
240  -  

-
 skatolu pohybovalo nad prahovou hodnotou  Yorkshire 25,5 %, 

Landrace 31,6 %, Hampshire 20,3  %. 
Babol et al. (2004)  prasat jsou 

spojeny s pubertou a jeho  v tomt  
  

Aluwe et al. (2011) uved
Pietrain (Pn), Large White (LW) a Bel  (BL)

i  
 kg, byla 

 hmotnosti 50 kg. 
  

plemen nebo v  
Aluw  et al. (2011)  
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5.4  

5.4.1  

 
tryptofanu v 

 
 & Weiler 

2012). 

odpad. N  

oklesu SULT  
 

Huang et al. 2012; Wesloy & Weiler 2012).  
Claus , 

hodnot skatolu v  
 

 

faktoru IGF-   & Raab 1999). 
 

5.4.2  

traktu (Wesloy & Weiler 2012). 

i technika  
 

et al. 
 

 

o a 
polysacharidy.   

pH v 
p pH, 

hodnoty p kterie prod
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pH 5 - 6,5. 

pH 8 (Jensen et al. 1995). 

vsa (Wesloy & 
Weiler 2012). 

Na produkci skatolu v vliv, pokud byla antibiotika 

i 
 roce 2006 v E

  
S 

 krmivu (viz kapitola 4.4.1.). Jejich zdrojem jsou 
pivo
IGF-
(Raab et al. 1998; Claus & Raab 1999). 

o krmiva lz

  jeho 
ouze v plaz  

 
na verland et al. 2008).  

 , 
  rostlin  

(Sanguinaria canadensis) 
jso
pro jejich metabolismus (Tavendale et al. 2005; Michiels et al. 2009).  

tedy k 
(Huang et al. 2012). 

 
stem in 

 

Xu & Hu 2002; Ehrlinger 2007). 
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7   

 
 

 , ja
 

krmen  
 

k absorpci skatolu.  
V 

 
Jensen (2006

 Podl
fruktooligosacharidy a lupina (Graf 3). 
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Graf  3
     -­‐

 en 2006)  

  
  

 m 
tryptofan pro produkci skatol

 
roj energie pro 

mikroorganismy v  

z toho  , 
(Claus et al. 2003; Zamaratskaia et al. 2005; ; 

Zamaratskaia et al. 2006; Pauly et al. 2008; verland et al. 2011; Pauly et al. 2012). 
 

, a
 

 -
 alfa-

 
vede k 
kyselin s  

, 
 dispozici pro tvorbu skatolu. Touto problematikou 
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 vys
(17 %).  ; Chen et al. 2009).  

mi dietami, a to na 

p
  Krmiva 

se 
. 2011). 

umulace 
v tuku (Kouba et al. 2003).  

 

Pokud je pr e 
skatolu. Ferme

u 

do  
 

K  et al. (1995) a Van Oeckel et al. 
 

nezjistili. 
 pH 

Bifidobacterium, ale i mikroorganismy jako E. Coli a Clostridium Roberfroid et al. 
1998; Xu et al. 2002).  

 ti 
to z 
k 
k produkci indolu. To by mohl p

et 
al. 

ik

  
z  

ekance  (Cichorium intybus L.) 8)  
ky, kter  le 
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fruktoroligosacharidy  
et al. 1994; Jensen & Jensen 1998; Bais & Ravishankar 2001). 

Inulin je  Campalunaceae) a 
Astraceae) 

 organismu, 
 

 
energie niku 
nebo metanu 
jako jsou Bifidobacteria a Lactobacillus , 
glykogenu  funguje  (Takahashi et al. 1996; 
Tungland 1998; Tomasik & Tomasik 2003; Jensen & Hansen 2006).  

 (Helianthus tuberosus)
ekanky. Topinambur souvi  poklesem Clostridium 

perfrigens  
pH (Vhile et al. 2012). 

S  
 strukturu. Mohou z 

   
Rees a Harborne (1985

hladinu skatolu a androstenu, tedy na kvalitu masa. 
Kjos et al. (2010

 obsahem ekanky se hladina sk  
 

Enterococcus spp. v  
 verland et al. (2011).  obsahem 

ekanky 9 
(P < 0,001), z . Koncentrace  

Hansen et al. (2006) , ekanky 
 

 
  

50 75 % (Claus et al. 1993; Hansen et al. 2006). 
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8 e  Concerts  2010)  

  

5.4.3  trech 

 o  aktivitu 

 . Jejich 

 
Ve z 

 
 toho 

a 
 

 
pci (Urquhart et al. 2007)

doposud byly s m o hydrocarbon receptor (AhR), 
(Rasmussen et al. 2016). 

CYP1(rodina) a CYP1A (podrodina). Achour et al. (2011) 
60 % jeho 
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CYP2C a CYP3A
v a metabolismu ska 6 a 2E1. 

  
5.5  

Hansen et al. (1994
 

   
 kotci s 

v  

d  
 eliminaci 

 
p

 p

. 
Vzhledem k 

 m 
 

et al. 2013). 
 

  ho 
-16 

 % (Stupka et al. 2013). 

ve  
 

 ob (Hansen et al. 
1994). 

V souvislosti s
  

se udr  Hansen et al. 1994 et al. 2005; 
Stupka et al. 2013). 

  k 
zkrac  s  
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Souvislost s 
s 

o pachu (Van Wagenberg et al. 2013). 
 

  
9   

  
5.6 Management chovu 

 management 
-35 

k -   110 
 

et al. 2013). 
 

 
Andersson et al. (2005). Podle 

samic z 
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6  

. hot wire test. Snahou je 
metody (  et al. 2019). 

Jednou z 

 
( ).     

tzv. gas chromatography, neboli rychl  plynov  chromatografie (GC), 
spektroskopie/kolorimetrie a biosenzory
kdy jsou et al. 2019) 
  
6.1   

 k  
  

o 

i Wasp Hound detektory. 
                  

 identifikaci, kvantifikaci,  

(Persaud et al. 1982). 
 & Talou (1993); Haugen & Kvaal (1998); Blixt & Borch (1999); Santos et al. 

(2004) a Vestergaard et al. (2006) 
 

ouze v 
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Ob 10   

 
6.2 spektrometrie  

  
, 

ou   cipem je ionizace 

 
 

  . 
k z 

 
metodami, nap   Sparkman 2001; 
Ampuero & Bee 2006). 
 

  
11   
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6.3 Spektrofotometrie 

Spektrofotometrie je m  
na vztahu   

ektra   

 , , 
s vln   

 
,  ( ). 

Tato met  
(Mortensen & Sorensen 1984). 

 
spektrof mu  

 
  

  
12   

 
  
6.4 omatografie  

 kapitole 5.1, plynov  chromatografie je 
na 
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  jejich 
,  

a  . 

zolovat po dobu 10 

, , 
. Proto 

(Haugen et al. 2008). 
  

  
13   

  
6.5 trie 

 
 gas 

phase spectrometry (Fourier transform infrared spectroscopy  FTIR) etody je 
- , , 

s y 
(Kauppinen et al. 2004; Haugen et al. 2008). 
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6.6 Biosenzory 

Biosen  

 -

s  
14) (Turner et al. 1987; Cavalcanti et al. 2008; Banica 2012). 

Jako 
 

-line i on-line (Olson et al. 
2003; Haugen et al. 2008). 
 

  
14   
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7  

na  

chirurgick  kastrace selat, kter  je .               

, 
nadbytku skatolu v  kv
masa.  

zamezit krmn  aditiv 
ve 
obsah skatolu a androstenonu. D   gene
k o aditiva 

  extrakty, 
 zy y inulin nebo 

.  

z yto metody  
praxe.  

 V  

v  .  
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