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Skatole originates from microbial processing of tryptophan in the large intestine of pigs and
accumulates in adipose tissue. Formation may be inhibited by the anti-apoptotic function of butyrate
formed out of raw potato starch. Two groups of pigs (each consisting of gilts and barrows) were fed
from 30 to 110 kg life weight either a conventional diet (controls; n ) 35) or an isocaloric diet containing
300 g of raw potato starch/kg of body weight (RS; n ) 34). Skatole concentrations were measured
in colon content, blood, and adipose tissue. Odor of cooked meat samples was evaluated by a test
panel. RS reduced concentrations in colon content and blood plasma (P < 0.001). Back fat
concentrations were decreased significantly from 25 to 1.40 ng/g (barrows; P < 0.001) and from
40 to 9 ng/g (gilts; P < 0.001). Odor rating (scale of 1-5 from very unpleasant to very pleasant)
was 3.07 for low skatole concentrations and 2.66 for both medium and high skatole concentrations
(P < 0.05).
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INTRODUCTION

Traditionally, meat consumption is not primarily influenced
by nutritional considerations. Rather, the organoleptic quality
and thus the enjoyment of eating is the main determinant.
Organoleptic quality in large part depends on the flavor. Meaty
flavor which is present in raw meat is essentially the same for
all species (1), so flavor volatiles which are formed by heat-
induced reactions between free amino acids and monosaccha-
rides during cooking are relevant for the eating quality (2). In
addition, fat soluble substances may modify the overall flavor
in a positive direction, but they may also be responsible for
less pleasant odors such as species-specific compounds, e.g.,
branched-chain fatty acids in goat and sheep (3). Additionally,
sex-specific compounds such as androstenone in the pig and
feed-derived substances can be stored in adipose tissue and
interfere with sensorial quality (4).

One such substance is 3-methylindole (skatole). It plays a
specific role because it is formed in the gastrointestinal tract of
both ruminants and monogastric species. Skatole is a fecal-like
smelling substance and has an extremely low odor threshold
value so that it is perceived at a level of 0.5 ng/L of air by the
human nose (5). This substance is formed by microorganisms

and is measurable in various matrices. Trace amounts formed
by yeast were assumed to contribute to the complex aroma of
wine (6).

In the pig, skatole is formed in the colon out of tryptophan.
This amino acid is first converted to indoleacetic acid by many
microbes. The further metabolization to skatole is performed
by only a few specialized bacteria. The most important one is
Lactobacillussp. strain 11201, butClostridium scatologenes
probably contributes to skatole formation (7). This substance
is absorbed in the colon. Its storage in adipose tissue is explained
by its lipophilic properties but may be modified by hepatic
enzymes which metabolize skatole to varying degrees (8).
Inhibition of its intestinal formation is a promising approach to
reducing off odor from pigs. Supplementation of rations with
free L-tryptophan did not influence skatole formation (e.g., ref
9). Therefore, tryptophan out of shedded mucosa cells from the
distal small intestine and the colon is the substrate (10,11). As
a consequence, high-energy rations which increase the rate of
mucosa cell proliferation and counteract apoptosis led to higher
levels of skatole formation in the colon and thus also to higher
concentrations in feces, peripheral blood plasma, and adipose
tissue (12). Feeding of resistant potato starch leads to butyrate
formation in the colon which is a potent inhibitor of apoptosis
in the colon in vivo (13) and leads to a dramatic drop in skatole
concentrations in barrows (10). Such an effect was later
confirmed for boars (14). In addition, in a field trial with barrows
and gilts, it was possible to inhibit skatole formation by feeding
resistant potato starch and thus to reduce odor emission to the
environment (15).
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Skatole concentrations in fat of castrated male (barrows) and
female pigs (gilts) were found to be in a similar range (70-
160 and 60-160 ng/g, respectively) (16). Because concentra-
tions as low as 26 ng/g of fat are easily detected by the human
nose, it can be assumed that skatole content decreases the
sensorial quality of pig meat in general (17).

Therefore, the aim of this field study was to inhibit skatole
formation in gilts and barrows via diet and to validate its
consequences for the sensorial quality of meat.

MATERIALS AND METHODS

Animals. The experiment was conducted at the experimental station
for pig breeding of the state of Baden-Württemberg at Forchheim,
Germany (Landesanstalt für Schweinezucht Forchheim).

A total of 80 crossbred pigs [Pietrain× (Large White× German
Landrace)] with an average weight of 29.2( 0.13 kg (range of 26-31
kg) were included in the experiment. The pigs were allocated to two
feeding groups. Each group was composed of 20 barrows and 20 gilts.
The controls were fed with conventional diets, and the other group
received isocaloric diets which had been supplemented with resistant
potato starch to increase the rate of butyrate formation in the colon
(RS group). Barrows and gilts were slaughtered at a weight of 105
and 115 kg, respectively. All pigs were housed in the same stable under
equal conditions in groups of ten. The pens (2.90 m× 2.90 m) had
semislatted floors.

Due to health problems which were not related to the diets, three
individuals had to be removed from the controls until the end of the
fattening period and five from the RS group.

Feeding.The composition of the diet for the RS group was based
on an earlier pilot study which demonstrated that 300 g of raw potato
starch/kg of feed led to a sufficient effect on skatole formation (18).
The controls were fed a conventional diet based on grain and soy. The
diets were formulated for three fattening stages. Stage 1 covered the
weight between 30 and 60 kg, stage 2 from 60 to 85 kg, and stage 3
from 85 kg to slaughter. The detailed composition of the different diets
is documented inTable 1 as well as the calculated energy and protein

contents. Potato starch was obtained from Emsland-Stärke GmbH
(Emlichheim, Germany).

Feed was supplied twice daily under a semi ad libitum regimen, so
the mean uptake per pig increased from 1.6 kg in the beginning to 3.1
kg at the end of the fattening period. Water was available ad libitum.
No antibiotics were applied during the fattening period.

Sample Collection. The animals were not fed for 19 h before
slaughter. On the day of slaughter, the pigs were transported to the
local slaughterhouse (500 m away). Blood samples were collected into
heparinized vials at exsanguination, and the plasma was stored at-20
°C until it was assayed. An aliquot from gut content was obtained from
the distal part of the colon because it is known that skatole production
is maximal in this compartment (19,20).

Cutlets including bones, fat, and skin were taken from the 13th to
the 14th rib from each animal. They were removed immediately after
slaughter, cooled overnight at 4°C, and then vacuum-packed and frozen
at -20 °C. The storage time did not exceed 3 months. Three different
anatomical positions of fat were sampled (subcutaneous fat from the
cutlet, flare fat, and ventral fat) and also stored at-20 °C.

Determination of Skatole Levels.Skatole levels in blood plasma
were determined as described previously (19). In brief, a diethyl ether
extract of plasma was evaporated after addition of the HPLC eluent
and chromatographed by reversed-phase HPLC with fluorescence
detection (excitation at 275 nm and emission at 352 nm). The
chromatographic conditions were as follows: column, 125 mm× 4
mm Lichrospher (particle size of 5µm; Bischoff, Leonberg, Germany);
eluent, 0.02 M acetic acid, acetonitrile, and 2-propanol (50:30:15, v:v:
v); flow rate, 1.2 mL/min. For quantification, multilevel calibration
using the internal standard 2-methylindole was performed. The lower
limit of detection was 0.06 ng/mL of plasma.

Skatole levels in adipose tissue were determined as described
previously (21). Melted fat was dissolved inn-hexane and extracted
with acetonitrile and water (3:1, v:v). The extract was chromatographed
using the same conditions that were described for the determination of
skatole levels in plasma. The lower limit of detection was 0.8 ng/g of
fat (determined by spiking a blank with increasing amounts of skatole
until the signal-to-noise ratio is above 3).

Skatole levels in gut content were also determined by reversed-phase
HPLC (22). Samples were extracted with methanol and purified on
adsorber resin Amberlite XAD-7 (Merck, Darmstadt, Germany). Skatole
concentrations were referenced to the dry matter (DM) of the extracted
matrix. The chromatographic conditions were the same as those
described above. The wavelength for UV detection was 280 nm. The
lower limit of detection was 0.4µg/g of DM (for calculation, see
determination of skatole levels in adipose tissue).

Sensory Evaluation.All potential panelists were tested at the same
time. Sensorial evaluations were performed in a room which contained
six single booths and additional tables, so each person had his/her own
table.

Selection of Panelists. First, we tested with an aptitude test whether
the panelists had a sufficient olfactory sensitivity to distinguish skatole
levels within a narrow range of concentrations. Test solutions were
prepared from distilled water and sunflower oil (5:1, v:v; total volume
of 25 mL) and mixed thoroughly on a Vortex mixer. Then skatole from
a standard solution was added to produce concentrations of 0.1 (high)
and 0.05µg/mL (low). No skatole was added to the blank. These
concentrations were chosen according to detection thresholds reported
to vary between 0.026 and 0.1µg/g in fat (17, 23). Sets of three encoded
samples were presented in a triangular test. Two of the samples were
identical, and one was different. Each set contained either the high or
low concentration of the spiked samples. The two identical samples
could be blanks or spiked samples.

Immediately before the test, the glass vials containing the test
solutions were heated to 50°C in a water bath and then mixed on a
Vortex mixer. Each panelist had to evaluate one triangle with a high
concentration of skatole and one with a low concentration. On their
test record they had to mark the differing sample.

Persons who were not able to detect skatole within the range of
detection thresholds as mentioned above (17, 23) were excluded from
the subsequent evaluation of the meat samples. Ten of 12 possible
panelists met the requirement to distinguish 0.1µg/mL from a blank

Table 1. Composition of the Experimental Diets and the Resulting
Energy, Crude Protein, and Crude Fiber Contents on an As-Fed
Basisa

30−60 kg 60−85 kg 85 kg to slaughter

component controls RS controls RS controls RS

barley 391.7 57.5 409 74.6 500 128
maize − 197.3 − 204 − 100
potato starch − 300 − 300 − 300
wheat 385 − 405 39 377 129.8
wheat bran − 120 − 110 − 100
soy bean

(extracted)b
− 160 − 130 − 110

soy bean
(extracted)c

160 − 123 − 80 −

rape seed oil − 25 − 20 − 20
potato protein − 17.5 − 10 − −
wheat gluten − 50 − 40 − 40
wheat flour 30 38 30 38 10 38
DL-methionine 3 1.7 − 1.4 − 1.2
L-lysine-HCl 3 3 3 3 3 3
minerals and

vitamins
30 30 30 30 30 30

metabolizable
energy (MJ/kg)

12.95 12.74 12.91 12.68 12.78 12.62

crude protein
(g/kg)

172.2 176.8 158.1 158.2 139.7 146.5

crude fiber
(g/kg)

34.0 33.6 34.1 32.3 35.7 32.2

a The composition changed with an increase in live weight in three stages (RS,
resistant starch group). b At 440 g/kg of crude protein. c At 490 g/kg of crude protein.
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and participated in the meat evaluation. Eight persons even could
differentiate the samples from the low-concentration triangle (0.05µg/
mL). Therefore, the results described below are not representive for
the consumer reaction, because we excluded some possible consumers.

Preparation of Meat Samples. Cutlets from 24 animals (12 control
and 12 RS) were chosen randomly for sensory evaluation without
knowing their concentrations of skatole. In four sessions (two sessions
per week), a balanced number of samples from both treatments were
presented in a random arrangement. Frozen cutlets were thawed
overnight at 4°C; bones and fat were removed, and the remaining tissue
was cut into 18 mm slices. The meat slices were then wrapped in two
layers of aluminum foil and heated at 200°C in an oven for 15 min so
that the internal temperature of the meat was 70°C. The juice from
each meat slice was poured into a separate jar which was sealed. The
meat slices were then cut into equal cuboids (2 cm× 2 cm) and put
into sealed plastic jars.

The kitchen and the sensory evaluation room were separated so that
the evaluation was unaffected by the smell from the kitchen. Cooking
was performed in 5 min intervals, and the samples were presented
consecutively to the panelists. Under normal eating conditions, meat
and juice odor contribute to the overall impression. Because the volume
of the meat juice was too small to give an aliquot to each panelist, the
jar with the juice was passed from panelist to panelist within 5 min,
whereas each panelist received his own meat sample. The panelists
evaluated samples for odor of meat juice and meat according to a 5-point
scale covering the range from “very unpleasant” to “very pleasant”.
The scores for the individual samples were then combined. White bread
and still mineral water were served to the panelists for neutralization
between the samples.

Statistical Analysis.Daily weight gain, slaughter weight, back fat
thickness, lean meat percentage, and pH value (45 min post mortem)
in musculus longissimus dorsi were determined according to German
progeny testing standards and analyzed by two-way ANOVA followed
by Duncan’s post-hoc test which is routinely used to evaluate data in
the progeny test station. All other statistical evaluations were performed
using the Statistical Package for the Social Sciences (SPSS version
12.0, SPSS Inc., Chicago, IL). Residuals were tested for normal
distribution and for homogeneity of variances. Details of the statistical
evaluation of the different parameters are outlined below.

Skatole. Since feeding of RS led to very low values or even to values
below the detection limit, data for skatole concentrations did not meet
the assumptions of normal distribution and homogeneity of variances
required for linear models, even after mathematical transformation.
Therefore, nonparametric statistics were applied. Data are given as
medians and ranges. As the animals within one feeding group and
gender were kept in two pens with 10 places each, the Mann-Whitney
test (Exact test) was used to determine differences between the two
pens for each parameter (colon content, plasma, flare fat, ventral fat,
and back fat). Because only one of 28 cases showed a significant
difference between two pens, it was decided that the effect of pens
was negligible. Medians between groups and genders were tested for
differences with the Kruskal-Wallis test for independent samples
followed by the Mann-Whitney U-test (Exact test). Differences
between the three adipose tissues within one group were evaluated with
the Friedman test followed by the Wilcoxon test (Exact test).

Sensorial Quality.The ratings for meat juice and meat were
summarized and termed overall odor.

The 24 meat samples were divided into three classes (n ) 8 for
each) of skatole concentrations (low, 0-2.87 ng/g; medium, 3.52-
28.7 ng/g; high, 29.9-78.5 ng/g). In the “low” class, there were eight
animals from the RS group. The “medium” class consisted of five
control animals and three RS animals, and the “high” group contained
seven control animals and one RS animal. Skatole concentrations
between classes were tested for differences with the Kruskal-Wallis
test for independent samples followed by the Mann-Whitney U-test
(Exact test). The ratings for overall odor were tested for differences
using the following Mixed Model:

whereyijkl is the mean rating of overall odor,µ is the general effect,Ri

is the main effect of theith class,âj is the main effect of thejth panelist,
γk is the main effect ofkth day of sensorial evaluation, (âγ)jk is the
interaction of thejth panelist on thekth day,fl is the effect of thelth
animal,gij is the interaction of theith class andjth panelist,hik is the
interaction of theith class andkth day,nijk is the interaction among the
ith class,jth panelist, andkth day, andeijkl is the residual error.

RESULTS

The data for the production traits and carcass characteristics
are given inTable 2 separately for barrows and gilts because
they are known to differ in their growth traits. Within the group
of barrows, the type of feeding had no significant effect on any
of the parameters, thus additionally confirming that the diets
were equivalent in their energy and protein supply. In gilts, only
a minor difference occurred in the slaughter weight and
consequently also in the corresponding back fat thickness.

The consequences of the two rations for skatole concentra-
tions in colon content and blood plasma are shown inTable 3
again separately for barrows and gilts. The concentrations in
colon content of barrows decreased from a median of nearly
40 µg/g to a level which was below the detection limit of the
method (P< 0.001). Mean skatole concentrations in the colon
of control gilts were higher than those of control barrows, but
the difference was not significant. They decreased to 0.8µg/g
due to RS feeding. The median in the RS gilts was significantly

Table 2. Fattening Performance in Barrows and Gilts (mean ± standard error of the mean)a Fed Isocalorically with either a Conventional Diet
(controls) or a Diet with Resistant Starch (RS)

barrows gilts

controls RS controls RS

daily weight gain (g/day) 832 ± 80.4 813 ± 71.7 743 ± 65.7 776 ± 63.9
slaughter weight (kg) 85.9 ± 3.7 84.0 ± 4.2 93.0 ± 4.6a 90.3 ± 4.9b
back fat thickness (cm) 1.5 ± 0.3 1.5 ± 0.3 1.3 ± 0.3a 1.1 ± 0.3c
lean meat percentage (%) 56.7 ± 2.2 58.0 ± 1.2 59.9 ± 2.1 60.6 ± 2.2
pH value (45 min post mortem) 5.9 ± 0.2 6.0 ± 0.3 6.1 ± 0.2 6.2 ± 0.2

a Lowercase letters indicate differences within a row (a vs b, P e 0.05; a vs c, P e 0.01).

Table 3. Skatole Concentrations in Colon Content and Blood Plasma
(median and range)a in Barrows and Gilts Fed Isocalorically with either
a Conventional Diet (controls) or a Diet with Resistant Starch (RS)

barrows gilts

colon
content
(µg/g)

blood
plasma
(ng/mL)

colon
content
(µg/g)

blood
plasma
(ng/mL)

controls median 39.8a 0.77a 58.9a 1.15a
range 8.0−103.8 0.46−1.35 17.2−113.4 0.3−2.51

RS median ndbb 0.42b 0.8b 0.36b
range nd to 6.74 0.22−1.28 nd to 32.4 0.23−1.05

a Lowercase letters indicate differences within a column (P < 0.001). b Not
detected (e0.4 µg/g).

yijkl ) µ + Ri + âj + γk + (âγ)jk + fl + gij + hik + mijk + eijkl
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higher than in RS barrows (P< 0.05), as well as the range of
concentrations. Concentrations of skatole in blood plasma were
also reduced by RS (P < 0.001) in both barrows and gilts. Gilts
from the control group had skatole concentrations in plasma
higher than those of barrows of the same feeding regimen (P
< 0.01). As suggested already by the RS-dependent decrease
in skatole concentration in colon content and blood plasma, the
concentrations in adipose tissue were also decreased by RS
(Table 4).

The three fat compartments differed significantly from each
other in the controls of both barrows and gilts (P < 0.05). Flare
fat always had the highest values. The differences between
ventral and back fat were less pronounced; however, in the
barrows, ventral fat concentrations were higher than those in
back fat, whereas in gilts, the order of concentrations was
reversed. Compared to the controls, the RS-dependent decrease
in skatole concentrations in all three fat compartments is obvious
and statistically highly significant (P < 0.001). It is also obvious
that the absolute decrease is much more pronounced in barrows
than in gilts. As a consequence, values remaining after RS
feeding in gilts were∼8-fold higher (ventral and back fat) or
3-fold higher (flare fat) than in barrows, although the sex-
dependent differences were much lower in the controls.

The effects of feeding are further analyzed inFigure 1 which
gives the frequency of occurrence of skatole in back fat without
differentiation between the sexes. Most of the RS animals (79%)
were in the lowest category, and only 6% exceeded 19 ng/g.
Controls, in contrast, covered a broad range of concentrations,
and 66% exceeded 19 ng/g. Data of sensorial evaluation are
shown inFigure 2. The retrospective grouping of the skatole
concentrations into three equal groups (each represented by eight
samples) led to median values for the low (nondetectable

values), medium (17.2 ng/g), and high group (50.4 ng/g). All
eight samples in the lowest group originated from the RS group;
the medium group contained only three RS samples, and the
high group included one RS sample. The concentrations of the
three groups all differed significantly (P < 0.001). The odor
rating shows that panelists clearly distinguished between the
group with low skatole concentrations and the other groups with
much higher skatole concentrations in back fat (P < 0.05). An
odor rating of 3 on our scale of 1-5 represents a neutral rating,
and the value of 3.07 for the group with the lowest concentra-
tions thus fulfills expectations of normal pig meat odor; the other
two groups with increased concentrations clearly fell into an
unpleasant rating (odor rating of 2.66 for both groups).

DISCUSSION

This study shows that it is possible to reduce the level of
skatole formation in the large intestine and correspondingly
tissue concentrations in barrows and gilts by feeding the animals
resistant potato starch. It could also be shown that the reduction
in tissue levels led to an improvement in sensorial quality.

In the controls, the mean value and the range of tissue
concentrations were in an order which was determined earlier
for pig genotypes in Germany (24). In other studies, higher
concentrations were also reported (25, 26), but whether the
genotype or production system was the reason was not
investigated.

In this study, gilts revealed generally higher concentrations
than barrows. Skatole formation depends on both environmental
factors, including feeding, and the influence of endogenous
anabolic hormones. Insulin-like growth factor 1 (IGF-1) seems

Table 4. Skatole Concentrations (nanograms per gram) in Different Adipose Tissues (flare fat, ventral fat, and back fat) in Barrows and Gilts Fed
Isocalorically with either a Conventional Diet (controls) or a Diet with Resistant Starch (RS)a

barrows gilts

flare ventral back flare ventral back

controls median 45.2a 29.6b 25.0c 53.8x 32.9y 39.9z
range 9.3−94.4 7.23−64.0 6.23−51.8 19.1−139.1 11.3−125.8 9.4−84.0

RS median 4.16a 1.10ab 1.43b 11.8xy 10.4y 9.06x
range ndb to 17.0 nd to 15.5 nd to 7.66 nd to 52.8 1.83−48.2 nd to 39.5

a Median values from barrows (a, b, and c) or gilts (x, y, and z) within a row lacking a common letter differ significantly (P < 0.05). b Not detected (e0.8 ng/g).

Figure 1. Frequency of skatole concentrations (nanograms per gram) in
back fat from 35 controls and 34 RS pigs.

Figure 2. Odor rating of musculus longissimus dorsi (mean ± standard
error of the mean) and skatole concentrations (nanograms per gram,
medians) in corresponding back fat. Grouping into low, medium, and high
skatole concentrations in the fat (n ) 8 each) was performed after sensory
evaluation. Groups of skatole concentrations differ significantly (P < 0.001).
The median in the low skatole group was zero.
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to be linked to skatole formation because it was shown to be
influenced by the supply of digestible starch (11) and leads to
higher skatole concentrations in the tissue (12). In addition,
IGF-1 is stimulated by estradiol, so the rate of skatole forma-
tion is increased in the follicular phase of cyclic sows (27).
Because gilts start ovarian function and estradiol formation
around 180 days and could be used for first insemination at a
weight of∼120 kg (28), the higher skatole concentrations are
most likely attributable to pubertal development within the
fattening period.

Differences in tissue concentrations between barrows and gilts
also had an influence on the effectiveness in decreasing skatole
concentrations with resistant starch, so remaining concentrations
were higher in gilts. It is likely that an increased supply of
resistant starch would have led to a steeper decrease in the level
of skatole in gilts, but 30% of resistant starch in the diet was
chosen because it is an acceptable compromise between costs
and effectiveness as shown previously (18). The addition of
resistant starch in the study presented here was performed over
the whole fattening period to successfully reduce odor emission
to the environment (15). For improving carcass quality alone,
it might be possible to shorten the application time to only a
few days before slaughter because the rate of intestinal formation
was rapidly reduced after the change of diet (10).

In addition, the half-life is similarly short in blood plasma
(29) and tissue (30). Minor differences in half-life in adipose
tissue depending on the anatomical location may reflect the
allometric development (31) and presumably explain the dif-
ferences in skatole concentrations (18).

Differences in the odor rating were significant between the
group of low concentrations, which was only represented by
RS pigs and the other groups. The rating of the medium and
high concentration group was not significantly different. As
discussed above, higher skatole concentrations were found in
other studies so that a further differentiation depending on the
concentrations can be expected.
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