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Abstract

Sensory perception of boar odour

Candidate:  Henriétta Laetitia de Kock

Leader: Prof. A Minnaar

Co-leaders:  Prof. G. B. Dijksterhuis and Dr P. H. Heinze
Department: Food Science

Degree: PhD

The research focussed on the sensory perception of boar odour; an odour problem that
is sometimes present in the meat of entire male pigs and associated with two
compounds namely skatole and androstenone. Researchers differ on the issue of the
relative contributions of skatole and androstenone to the sensory perception of boar
odour. The first objective of the research was to investigate the relative contribution of
different concentrations of skatole and androstenone to the temporal perception of boar
odour in boar fat.

In South Africa, the potential for boar odour was regarded to be considerable should it
be decided to discontinue the policy of castrating boars. However, the economic
advantages associated with boar production on the other hand necessitated an
investigation into consumer reactions to boar odour. The second objective was therefore
to determine the effects of gender and ethnicity on consumer reactions to boar odour in
boar fat samples with different concentrations of skatole and androstenone.



Pork fat samples from 50 boars slaughtered at a commercial abattoir were analysed for
skatole and androstenone concentrations and grouped within a 3 x 3 matrix representing
low, medium and high levels of the odour compounds. A 10-member sensory panel,
screened and trained to recognise and quantify skatole and androstenone odour
intensities, was used to verify the human perception of boar odour in these pork fat
samples immediately after heating (+ 65 °C) and following a cooling period of ten
minutes (x 25 °C). Consumers (n = 300) including equal numbers of males and females
and from three ethnic groupings, namely blacks, whites and coloureds, were used to
determine the effects of gender and ethnicity on consumer reactions towards boar odour
compounds. Each consumer evaluated how much they would like to eat pork or pork
products that smelled like the odour of each of 7 boar fat samples (65 °C) with different
combinations of known concentrations of skatole and androstenone. The consumers were
recruited on two university campuses and the results can therefore not be extrapolated to
the general South African population since the majority of the participants were young
(18 — 35 years) and representing living standards measures (LSM) groups 6 to 8, i.e. the
higher income groups.

It was shown that the trained sensory panel differentiated the odour of the pork fat
samples first and foremost on the basis of the presence or absence of androstenone
and/or skatole odours and secondly on the character of the androstenone or skatole
odour. Sensory perception of boar odour seems to have a temporal character which can
be explained by differences in volatilisation (involving both odourant release and
retention) of skatole and androstenone, possibly enhanced by differences in the
properties of the fat matrixes of different samples. The temperature and time at which
the samples were evaluated influenced both the intensity and the character of the
perceived odour profiles. For samples with skatole concentrations above 0.25 ug/g and
served warm, skatole was predominant while the influence of androstenone at levels
above 0.5 ug/g and other odour components became increasingly important after
samples had cooled down and skatole volatiles were less evident.

The results showed that females compared to males would be less willing to consume
pork and pork products with detectable levels of boar odour pertaining to both skatole
and androstenone. All groups would be less willing to consume pork and pork products
with detectable concentrations of skatole or skatole and androstenone in combination.



An apparent liking for samples with medium levels of androstenone (0.5 to 1.0 pg/g) was
found for some consumers, especially males, and can be partly attributed to the inability
of some consumers to smell this component or a genuine liking for the odour of
androstenone.

Significant differences (p < 0.05) in the sensitivity of consumers from different ethnic
groups were found with white females responding more negatively than white males and
blacks. However, significant ethnic group effects were confounded by gender effects.
The age of individuals, socio-economic factors and gender-linked personality factors
may have influenced these differences. Although it was not possible to compare
responses directly with the white and black groups because the samples were not
identical, it was found that a higher percentage of coloureds responded negatively to
boar odour compounds. Coloured males responded particularly negatively towards
samples with detectable skatole, while black males, in general, were found to be more
critical than black females.

It was concluded that boar odour whether due to skatole, androstenone or both
compounds in combination at the levels as currently found in South Africa, will contribute
to negative consumer reactions, at least for the subsection of the population represented
in the study. It was predicted that the majority of these consumers would be less willing
to consume pork meat exhibiting detectable levels of boar odour. It was recommended
that the policy of castration be continued until such time as methods have been
developed to ensure reduction in both skatole and androstenone concentration levels of
boars to levels that would not be detectable even to the most discerning of consumers.
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Chapter 1

Introduction

A consumer's decision to repeatedly purchase a meat product is strongly influenced by
the sensory quality characteristics of the product, particularly at consumption (Hovenier,
Kanis, Van Asseldonk & Westerlink, 1993). A negative experience in this context can
easily affect sales and consumption, making effective and consistent quality assurance
an essential component to successful production and marketing.

For economic reasons, pork producers would like to produce boars or entire males due
to better growth characteristics, essentially meaning a better efficiency at converting
protein and energy to muscle development and producing leaner carcasses. However,
the practice of castration continues in many countries largely because of concern about
the possible presence of an abnormal odour and flavour called boar odour or boar taint
(Squires, 1993). When present, the odour/flavour is characterised by an undesirable,
often intense, faecal, urine-like off-odour or off-flavour. The problem predominates in the
meat of boars and the two compounds regularly identified with this problem are 3-methyl
indole (skatole) and the 16-androstenone steroids, particularly Sa-androst-16-en-3-one
(androstenone) (Squires, 1993; Bonneau, 1998). The economic benefits of raising boars
for meat production are dependent on the proportion of carcasses with unacceptably
high levels of boar odour and whether or not these carcasses can be utilised efficiently.
Boar odour is most frequently associated with the fatty tissues of mature boars but the
variation from animal to animal is considerable. The problem is clearly expressed in
about 5-25% of entire male pigs and particularly noticeable when the meat or fat is

heated. Boar odour is considerably reduced following castration (Brooks & Pearson,
1986).

Two different but related issues were identified as limitations for answering the questions
that were formulated during a workshop on boar odour (Heinze & Viljoen, 1994) held in

South Africa involving pork producers, processors and researchers: Can the South



African pork industry tolerate boar odour? And will pork producers and processors be
assured of a sustained, profitable market share using boars for production or should the
practice of castration be maintained?

Several countries, including Denmark, Britain, Spain and Australia raise entire male pigs
(Squires, 1993) with limitations on slaughter weights. In several countries there are no
prohibitive regulations with respect to boar meat without boar odour, for the home
market, but regulations on boar odour exists for countries wishing to export, especially to
Europe (Moerman, 1982; Claus, 1993). In South Africa, interest was therefore also
focused on the possibilities of including entire male pigs in the general pork production
system for both fresh and processed meat. However, there were also indications that
boar odour may be negatively perceived by South African consumers (De Jong, 1994a).
A survey of three commercial pig abattoirs in South Africa (Potgieter, Anderson, Heinze
& Muller, 1998) showed that 39% of the boar carcasses supplied had high
androstenone levels i.e. exceeding 1.0 ug/g in fat and 17 % had high skatole levels
(> 0.25 ng/g). These numbers were 9 % and 6 % respectively higher than % carcasses
reported for a multinational survey in Europe (Walstra, Claudi-Magnussen, Chevillon,
Von Seth, Diestre, Matthews, Homer & Bonneau, 2000). The potential for high levels of
boar odour in boars raised under South African pork production conditions was therefore
regarded to be considerable.

Some 25 years ago, Walstra (1974) mentioned that there was much prejudice against
the occurrence of boar odour. It was then stressed that it was important to know the
reaction of the consumer population to boar meat. It was therefore regarded as a priority
to assess South African consumers' reactions to boar odour before making a decision on
the unrestricted utilisation of boar carcasses (Heinze & Viljoen, 1994).

A South African study was necessary because it was impossible to generally apply
results of studies from other countries (examples are Walstra, Engel & Mateman, 1986:
Sather, 1995; Godt, Kristensen, Poulsen, Juhl & Bech, 1996; Matthews, Homer, Punter,
Béague, Gispert, Kempster, Agerhem, Claudi-Magnussen, Fischer, Siret, Leask, Font i
Furnols, & Bonneau, 2000) to the South African situation. This was because the per
capita consumption of pork is much lower compared to most of the countries where boar
odour studies have been done (Landbouweekblad, 1993), especially for different ethnic

2



groupings of the South African population. The ethnic groups representing the South
African population have different cultural eating habits and attitudes towards pork in
general (Viljoen, 1996). Climatic conditions, pig housing systems and herd management
strategies are also different from Europe and that could influence the levels of
malodorous compounds and meat properties (De Jong, 1994a).

A second issue was related to the differences in opinions on the relative contributions of
skatole and androstenone to boar odour. Some studies have shown that skatole has a
greater effect (Bejerholm & Barton-Gade, 1993; Andresen, Frgystein, Radbotten,
Mortensen, Eik-Nes & Lea, 1993; Lundstrom, Malmfors, Malmfors, Stern, Petersson,
Mortensen & Sgrensen, 1988 and Staier & Olsen, 1998) while others found the same for
androstenone (Squires, Gullett, Fischer & Partlow, 1991; Bonneau, Le Denmat,
Vaudelet, Velosi Nunes, Mortensen & Mortensen, 1992a and Xue, Dial, Holton, Vickers,
Squires, Lou, Godbout & Morel, 1996). Most investigations have concluded that
predictions of the perception of boar odour were improved when the contributions of both
compounds were considered. This argument is important because various strategies
have shown potential for reducing concentrations of either one or both compounds.
These strategies range from ensuring control over certain environmental conditions to
castration (Bonneau, 1998). The advantages and disadvantages of the various
strategies would obviously affect their usefulness. In addition, on-slaughter line
screening techniques have been developed for skatole but not effectively for
androstenone (De Jong, 1994b). It has also has proven to be more difficult to develop
techniques for effectively monitoring both compounds simultaneously in a relatively short
time, in order to classify boar carcasses as acceptable or unacceptable.

The reasons for the differences in findings on the contributions of skatole and
androstenone are not clear cut and are attributed to animal husbandry practices (e.g.
variations in breeds, animal diets), carcass positions or cuts used and the composition of
the sample material (meat, meat and fat, fresh or processed products). Other
explanations are related to differences in the methodology used for the sensory
evaluation of meat odour and flavour, including cooking and sensory evaluation
procedures, differences in meat consumption habits and differences in individuals’
sensitivities particularly towards androstenone (Bonneau, Kempster, Claus, Claudi-
Magnussen, Diestre, Tornberg, Walstra, Chevillon, Weiler & Cook, 2000).



Harrison, Campbell & Hills (1998) stated that the perception of volatile compounds
depends on the concentration of the compounds, threshold levels of the individual and
duration of exposure. To this effect an individual's perception of a particular food
product will therefore primarily depend on the amounts and rates of volatiles released
from the food matrix when consumed. The effect of concentrations of the compounds
skatole and androstenone has been the focus of many sensory studies on boar odour
(Judge, Mills, Orcutt, Forrest, Diekman, Harmon, Lin & Nicholls, 1990; Bejerholm &
Barton-Gade, 1993; Annor-Frempong, Nute, Whittington & Wood, 1997b; Annor-
Frempong, Nute, Whittington & Wood, 1997c¢; Dijksterhuis, Walstra, Agerhem, Font |
Furnols, Oliver, Siret, Béague, Claudi-Magnussen, Fischer & Cook, 1997).

Threshold levels of individuals to skatole and androstenone and the link to perception of
boar odour have been dealt with to a limited extent in both consumer (Weiler, Font |
Furnols, Fischer, Kemmer, Oliver, Gispert, Dobrowolski & Claus, 2000) and analytical
sensory studies (Sather, 1995; Annor-Frempong, Nute, Whittington & Wood, 1997a).
The duration of exposure to boar odour and its effect on perception has not been dealt
with in sensory studies.



Chapter 2

Literature review

2.1 What is boar odour or boar taint?

Boar odour or boar taint refers to the undesirable, often intense, faecal, urine-like off-
odour or off-flavour sometimes characteristic of pork. Patterson (1968) found the
pheromone Sa-androst-16-ene-3-one (androstenone) (Figure 1) present in boar fat to be
responsible for boar odour. Two years later, Walstra & Maarse (1970) and also Vold (as
cited by Walstra, 1974) found that 3-methyl indole (skatole) (Figure 2) was present at
higher concentrations in boars compared to barrows, causing an abnormal odour and
flavour. In literature the odour or flavour is often referred to as boar taint. However, a
taint is defined as "a taste or odour foreign to the product (International Standards
Organisation (1ISO), 1992). This implies that naturally occurring compounds such as
skatole and androstenone should not strictly speaking be considered taints, therefore the
term ‘boar odour is preferred.

2.1.1 C-A'-steroids

Boar odour relates firstly to the presence of the C,o-A'®-steroids (Brooks & Pearson
1986, Claus, 1993) and more specifically androstenone. The C,s-A'®-steroids (5,16-
androstadien-3B-ol, 4,16-androstadien-3-one, 5a-androst-16-en-3-one, 5a-androst-16-
en-3p-ol and Sa-androst-16-en-3a-ol) are synthesised in the testes, released into the
blood circulation via the spermatic vein and stored in the adipose tissue (Brooks &
Pearson, 1986). Sa-androst-16-en-3-one is the most lipophilic of the Ci¢-A'®-steroids
and is the predominant form of storage notably in the range of 0.08 to 7.00 pg/g fatty
tissue (Potgieter et al, 1998). The other Co-A'®-steroids is detectable in boar fat in

lesser concentrations (Claus according to Brooks & Pearson, 1986; Garcia-Requeirio &
Diaz, 1989).
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Figure 1: The chemical structure of 5a-androst-16-ene-3-one (androstenone)
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21.2 Indoles

Linked to androstenone is the effect of skatole and possibly also indole (Walstra &
Maarse, 1970; Thomson, 1985; Garcia-Requeirio & Diaz, 1989; Bejerhoim & Barton-
Gade, 1993). Skatole and indole are metabolites formed by the microbiological break
down of tryptophan in the hindgut, where it is absorbed from the gut, metabolised in the
liver, partially excreted in the urine and partially stored in the adipose tissue (Brooks &
Pearson, 1986, Claus, Dehnhard, Herzog, Bernal-Barragan & Gimenez, 1993).
Deposition of skatole and indole in the adipose tissue of pigs apparently occurs in many
other ways as well, ranging from absorption through the skin to inhalation (Hansen,
Jensen, Hansen-Mgller & Barton-Gade, 1994). The presence of skatole and indole is not
specific to boar fat but higher skatole concentrations are found in boars compared to
barrows and gilts (Hansson et al. cited by Brooks & Pearson, 1986; Potgieter et al.,
1998).

2.2 Factors affecting the concentration of androstenone and skatole in

boars

The factors responsible for varying concentrations of androstenone, skatole and indole
in pork carcasses have been reviewed extensively (Squires, 1993; De Jong, 1994a;
Sather, Tong, Jeremiah, Squires & Jones, 1995; Babol and Squires, 1995; Babol,
Squires & Gullett, 1996, and Bonneau, 1998). Large variations in skatole concentrations
ranging from none to 1.7 pg/g fat (mean = 0.149 ng/g fat), were observed among
individual boars (n = 300) in a South African survey (Potgieter et al., 1998). The same
survey reported variations of between none and 9.5 ng/g fat (mean = 1.08 ng/g fat) for
androstenone concentrations in boars. The concentrations of androstenone in boars are
genetically controlled and are either related to difference in sexual maturity or
differences in the potential for androstenone development. Variations in fat skatole
levels are not fully understood but rearing factors including feed properties and housing
conditions and perhaps also a genetic link are involved (Bonneau, 1998).

Boar odour is associated with adipose tissue. Androstenone and skatole are
concentrated in the fatty tissue and it would therefore be reasonable to assume that the
intensity of the odours/flavours would be higher in food samples containing fatty tissue



compared to leaner products. As with protein and moisture, intramuscutar lipid content
and fatty acid composition varies characteristically between muscles and also between
pigs which will influence the concentrations of androstenone and skatole (Walstra, 1974;
Agerhem & Tornberg, 1994; Agerhem & Tornberg, 1995b). That implies that depending
on which cut/s are used for testing purposes, one may expect varying boar odour results
(Walstra, 1974). Water content and protein content are often higher and lipid content
lower in back fat of boars compared to gilts and castrates (Babol & Squires, 1995;
Potgieter et al, 1998). Note also that the lipid fractions of boars often contain
comparatively more unsaturated fatty acids than castrates with gilts being intermediate.
However, variations may occur since fatty acid composition is very dependent on diet
(Lundstrém et al., 1988).

Various strategies are proposed for reducing the concentrations of these compounds in
pig carcasses. Proposals related to housing conditions and environment management,
feeding requirements, genetic manipulation or non-traditional castration policies (e.g.
immunocastration) have all shown some decreasing effects on androstenone and/or
skatole concentrations (Bonneau, 1998).

2.3 Factors affecting the perception of boar odour

Food aromas are perceived when volatiles are released from food samples and carried
to the olfactory epithelium in the nose. The pathway can be orthonasally or retronasally.
Flavour involves the complex combination of the olfactory, gustatory and trigeminal
sensations perceived during tasting (Doty, Brugger, Jurs, Orndorff, Snyder & Lowry,
1977) and involve both volatile and non-volatile compounds (Harrison, 1998). it would be
reasonable to expect that the perception of androstenone and skatole odours wouid be
influenced by the concentration and properties of the volatiles reaching the olfactory
epithelium in the nose and the subsequent interpretation of the information in the brain.
Processing of the information would involve recognising the character and intensity of
the odour as well as deciding on the hedonic (like/dislike) character of the odour.

To study the recognition (description) and measure the intensity of odour and flavour
perception of boar odour would necessitate an analytical sensory approach. The
hedonic character can best be assessed using a consumer approach. It was noted in



various studies that trained panellists were sometimes used to measure pleasantness
(Lundstrém et al., 1988, Bonneau et al., 1992a, Bonneau, Le Denmat, Vaudelet, Velosi
Nunes, Mortensen & Mortensen 1992b, Zondagh, Bruwer, llisley, Van Heerden, Smith,
Muller & Naudé, 1994, Annor-Frempong et al., 1997c¢). The validity of these results in as
far as predicting consumer responses is questionable due to the analytical approach of
trained panellists to sensory assessment. In contrast, results are also reported on
analytical description of boar odour by untrained consumers (Thomson, 1985). The
reliability of these results is also questionable because of the potential lack of sensitivity
of the individual panellists to the compounds and familiarity with the descriptive terms
and task in general.

Annor-Frempong et al. (1997¢c) stated that the detection of boar odour on consumption
was related to the “concentrations of the compounds androstenone and skatole present
in pork, culinary procedures and olfactory sensitivity of the assessors”. The same
authors hypothesised on the reasons for the inconsistencies of results from studies that
attempted to relate androstenone and skatole concentrations with sensory attributes.
The inherent difficulty in panel assessment and interpretation; the wide variation in
sensitivities of different panellists and the fact that the effects of skatole and
androstenone were influenced by the presence of other compounds present in pork
meat and fat, were identified as the main factors affecting the results. However, no
study has specifically considered the potential time-intensity or temporal profile of boar
odour perception.

2.3.1 The sensory character and physico-chemical properties of androstenone
and skatole

Reports that describe the sensory quality of androstenone and skatole have shown very
different odour qualities as summarised in Table 1. Many researchers have attempted
with varying results to establish descriptive sensory profiles for boar odour and flavour
with different concentrations of skatole and androstenone (Agerhem & Tornberg, 1995a;
1995b; Annor-Frempong et al., 1997a, 1997b, Dijksterhuis, Engel, Walstra, Font |
Furnols, Agerhem, Fischer, Oliver, Claudi-Magnussen, Siret, Béague, Homer &
Bonneau, 2000). Annor-Frempong et al. (1997b) and Diksterhuis et al. (2000) found that
even trained panellists experienced some degree of confusion between the odours of



skatole and androstenone. A reason for this was that different concentrations of the

compounds, in particular of skatole, could smell differently.

Table 1: Summary of the odour qualities of compounds that are reported to be

responsible for boar odour

Description Reference
Androstenone
Urinous, animal, sweaty or ammonia Amoore (1977)
Griffiths & Patterson (1970)
Sweet, fruit and perfume-like Griffiths & Patterson, 1970
Sweaty Annor-Frempong et al. (1997a)

Sa-androst-16-en-33-ol and 5a-androst-16-en-3a-ol

Musk like character Prelog & Ruzicka according to Brooks
and Pearson (1986)
Sweaty, animal, urinous and putrid Thomson (1985)
Skatole
Faecal, mothball, musty Annor-Frempong et al. (1998)
Mothball & musty Annor-Frempong et al. (1997a)

Characteristic faecal odour at high levels, Furia & Bellanca (1981)
becoming pleasant, sweet, and warm at

very low levels; warm, over-ripe fruity

flavour below 0.1 ppm

Mothballs, faecal, musty, putrid and Harper et al. cited by Thomson (1985)
camphor
Faecal, naphthalene/mothball Diksterhuis et al. (2000)

Indole
Mothballs, musty/earthy, paint, animal, Harper et al. cited by Thomson, 1985
sweaty and camphor
Septic Khiari (1997)

Non-specific to whether related to skatole or androstenone

Sweet, fruity, ammonia-like and animal Griffiths & Patterson (1970)

like

Other odours noted in boar fat volatiles Beery, Sink, Patton & Ziegler (1971)
resemble perfume, wood, musk, 'lvory'

soap

Onion-like, perspiration-like and urine-like Self as cited by Gardze et al. (1979)
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Androstenone is a steroid ketone with a molecular weight of 272.4 (Figure 1). The odour
of pure androstenone in model systems has mostly been described as urine or
ammonia-like or sweaty (perspiration-like) (Table 1). However, Griffiths & Patterson
(1970) found that 40 % of untrained panellists described the odour of androstenone as
sweet, fruity and perfume-like at the first concentration level where they could positively
identify the odour, but used the terms sweaty, animal and urine at the higher
concentrations. The term “wild meat “ has also been used as a description for
androstenone (Sather, 1995). The stale-urine odour of certain steroid ketones and
synthetic analogs was first identified as compounds to which a substantial proportion of
people are anosmics by Beets & Theimer in 1970 (Amoore, 1977). They demonstrated
that as much as half of all people tested could not perceive the unpleasant urinous
odour. The same people are anosmic both to androstenone and to several synthetic
ketones with totally unrelated carbon skeletons, but having very similar external
molecular dimensions (O’Connell, 1991). Another important property of androstenone is
its strong lipophilicity (Lundstrém et al., 1988).

The indole, skatole, with a molecular weight of 131.2 is soluble in hot water, alcohol,
benzene and ether. Its solubility in water is much higher (0.45 g/l) (Windholz, Budavari,
Blumetti & Oftterbein, 1983) than that of androstenone (0.00023 g/l) (Amoore, 1977).
The odour of pure skatole has been described as faecal, mothball-like and musty
(Annor-Frempong et al., 1997a, Annor-Frempong, Nute, Wood, Whittington & West,
1998) and by panellists using the Flavour Profiling method as barnyard (Sather, 1995).

Using a trained sensory panel and a model oil system, Annor-Frempong et al. (1997a)
found the term ‘sweaty’ to be the only odour descriptor, out of a total of seven terms
(sweaty, ammonia, dirty, parsnip, silage, nosefeel and acrid) associated with
androstenone, to significantly discriminate between pure samples of androstenone and
skatole. Discrimination was similarly achieved based on the terms mothball and musty
that were significantly associated with skatole. Other odours noted in boar fat volatiles

have been described as perfume, wood, musk and Ilvory soap (Gardze, Bowers, Craig &
Allee, 1979).
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2.3.2 The inherent difficulty in panel assessment and interpretation of boar

odour

Trained sensory panels are often used and have been found to evaluate food flavours
with considerable accuracy. Bett & Johnsen (1996) summarised results of studies on
off-flavours and concluded that standard deviations (among panellists) associated with
mean intensities of descriptors in inherently flavoured samples were rather small,
whereas they increased with increases in off-flavours. The cause/s of this phenomenon
had not been determined, but it was concluded that trained panellists experienced
difficulty evaluating with precision intense off-flavour compounds. Panellists were
however quite capable of precisely defining some natural off-flavours such as fishy while
certain concentrations of other compounds such as methylisoborneol (a taint caused by
algae in the fish habitat) could not be rated consistently. Bett & Dionigi (1997)
contributed this to a theory that off-flavours caused by single compounds resulted in
less-reproducible sensory scores compared to natural flavours that usually involve
multiple compounds. The hypothesis was that variation of panellists’ individual
detectable threshold concentrations were more affected by single than multiple
compounds. Whether this phenomenon also applied to the natural off-flavour/s caused
by skatole and androstenone has not been proven.

Humans also show adaptation to certain flavours, which is a problem when dealing with
sensory evaluation. Adaptation is the loss, usually for a short term, of sensitivity
produced by continuous exposure to certain chemical stimuli. The regaining of the same
level of sensitivity to various odourants is dependent on the compounds being tested.
During adaptation the sensory system does not discontinue its function, but some
compounds evoke qualitative changes during continued exposure (Bugard & Kuznicki as
cited by Bett & Johnsen, 1996). An example of this phenomenon was the perception of
trimethylamine, a compound like androstenone also regarded as a primary odourant by
Amoore (1977), the smell of which changes from a fishy smell to ammonia-like during
continuous exposure (Amerine, Pangborn & Roessler, 1965). No scientific evidence of
adaptation effects or how this phenomenon may affect the perception of either skatole or
androstenone or boar odour could be found.
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Fatigue causes the sensory system to become less responsive to stimuli over
continuous stimulation or repeated evaluation (Bugard & Kuznicki as cited by Bett &
Johnsen, 1996). It occurs when panellists become tired of concentrating. When this
occurs, intensity scores normally decrease (Bett & Dionigi, 1997). Carry—over effects
from one sample to subsequent samples is sometimes a problem with some flavours
(Amerine et al. 1965). These effects are mostly overcome with the use of adequate
waiting periods between samples and effective mouth cleansers or in the case of
odourants, exposure to fresh air. Another method is the use of a warm-up sample (the
data of which is not used) to prevent the evaluation of the first real sample to be different
from those that follow (Bett & Johnsen, 1996). Agerhem & Dijksterhuis (1996) proposed
an inter-stimulus waiting period of 3 minutes for boar odour samples. However, little
information on the time needed for sufficient recovery of the sensory system if exposed
to boar odour compounds could be found. No clear indications for the most appropriate
number of samples or waiting periods between samples when evaluating boar odour
compounds to prevent fatigue were available. The use of a warm up sample for boar
odour studies was not specifically reported in any of the studies that were reviewed.
However, this may have been a standard practice for some laboratories.

Another difficulty experienced in the field of sensory evaluation is odour or flavour
enhancement or suppression. Bett & Johnsen (1996) found that similar samples of
catfish spiked with methylisoborneol, presented in sequence, evoked completely
different odour intensities; in fact the odour of the compound was consistently rated as
less intense (Bett & Dionigi, 1997). This however, did not affect the ability of the panel to
identify samples without methylisoborneol. When unspiked samples of catfish were
served in combination with the spiked samples, trained panellists could adequately
evaluate the controls as not being tainted. The correct identification depended on a
sufficient time gap for recovery of the olfactory system. It was concluded that for
methylisoborneol when the receptor sites on the olfactory epithelium were saturated, a
person needed sufficient time for the system to completely recover to be able to
effectively judge the intensities of such lipophilic compounds.

Odour enhancement or suppression is also caused by the effect/s on odour intensity due
to the presence of two or more substances in combination (Meilgaard, Civille & Carr,
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1991). This phenomenon was reported by various researchers as important for boar

odour evaluation and will therefore be dealt with in more detail.

2.3.3 Enhancement and interaction of skatole and androstenone odours/flavours

Some studies reported that the presence of androstenone enhanced the effect of
skatole, therefore providing a synergistic relationship (Walstra et al., 1986; Berg,
Agerhem, Von Seth, Tornberg & Andresen, 1993; Agerhem & Tornberg, 1994; Sather,
1995; Xue et al., 1996; Annor-Frempong et al., 1997b), while others, in model systems
(Thomson, 1985) and using meat/fat samples (Xue et al., 1996; Staier & Olsen, 1998;
Dijksterhuis et al., 2000) did not find this. Annor-Frempong et al. (1997¢) found that the
synergistic relation was a partial one and affected only odour intensity and not odour
quality.

Lundstrém et al. as cited by Judge et al. (1990) and Hanson et al. according to Sather
(1995) reported that skatole enhanced the sensory impression of boar odour as
produced by androstenone. Sather (1995) found that a trained taste panel was not
responsive to high levels of skatole, unless androstenone was present. Xue et al. (1996)
reported that a trained panel's assessment of skatole levels was higher than the
predictions from measured skatole concentrations while the opposite was true for
androstenone assessment. These authors suggested that the skatole effect be due to
synergism in the presence of androstenone. There was no clear explanation for the
androstenone effect except for possible odour masking by other compounds. Note that
in this case sensory assessment was based on microwave heating of samples (40
seconds at high power) and then “judges evaluated the freshly cooked fat samples by
opening the Petri dish and sniffing as soon as possible after the samples had been taken
out of the microwave oven”. A further complication to the results may have been the
number of samples (n = 40) evaluated per panellist per day, i.e. twenty (20) samples per
session.

Annor-Frempong et al. (1997b) observed that some individuals sometimes became
completely odour blind to either skatole or androstenone when presented with a mixture
of the two compounds in a neutral lipid base. Skatole intensity ratings were shown to
depend not only on skatole concentrations but also on androstenone concentrations. It
was inferred that the presence of androstenone had an influence by increasing the rate
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of change in the responses of individuals when they were exposed to different
concentrations of skatole. Babol et al. (1996) and Steier & Olsen (1998) were of the
opinion that the lack of interaction effect found between the aroma compounds
suggested that skatole and 16-androstene steroids affected human perception
independently from each other. Babol & Squires (1995) stated that the level of boar taint
depends on the compound whose level is more easily detected. Dijksterhuis et al.
(2000) later concluded that it was more difficult to perceive the odour/flavour of
androstenone than that of skatole but did not elaborate on the reasons for this
phenomenon.

It was also found that different combinations of androstenone and skatole in pork fat
were sometimes similarly assessed (Sather, 1995, Annor-Frempong et al., 1997¢c) or
caused some degree of confusion (Xue et al., 1996, Dijksterhuis et al., 2000) when
assessed by trained sensory panels. This phenomenon led to an investigation of
response classes (e.g. normal, abnormal and doubtful) rather than concentrations of
skatole and androstenone (Annor-Frempong, Nute, Wood & Whittington, 1997d, Annor-
Frempong et al., 1998). Response criteria were assessed using a trained sensory panel
and the Neotronics Olfactory Sensory Equipment (e-nose). The e-nose was able to
discriminate between different levels of boar odour in that it classified all samples, shown
to be 'abnormal’ by the sensory panel, correctly. However, the instrument also classified
16 % (of a total of 60 samples) of 'normal' samples as 'abnormal'. It was speculated that
this might have been due to undesirable abnormal odours that were not necessarily boar
odour, e.g. rancidity. It was suggested that improvements on the calibration and
optimisation of sensors could improve the relationships between the e-nose and sensory
panel measurements. The overall significance of the research was the exciting
possibility of classifying boar odour on the slaughter line into sensory classes using
sensory technology.

2.3.4 The relative contribution of skatole and androstenone to boar odour

While there is general agreement that both skatole and androstenone contribute to the
undesirable odour and flavour, disagreement on which one of these compounds is the
most important contributor to boar taint or more specifically affecting acceptability of boar
meat and products, were found to be a major reason for sensory studies on the issue
(Squires et al., 1991; Bonneau et al., 1992a; Bejerholm & Barton-Gade, 1993; Babol et
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al., 1996; Stegier & Olsen, 1998; Matthews et al., 2000). The lack of consistency
between the results obtained in the various studies may result from differences in the
androstenone and skatole characteristics of the animal populations from which the
samples were drawn and also from different methodologies used for the sensory
assessments e.g. selection and training of panel members and/or preparation and

serving of sample material (Bonneau, 1998).

The results from some analytical sensory studies found that androstenone and not
skatole was a better predictor of boar taint. Judge et al. (1990) were unable to identify
the contributions of skatole and/or androstenone to boar odour intensity reportedly
because of very low levels of both compounds detected in the sample material that was
used. It was suggested that because of the poor correlation found between skatole and
odour intensity, skatole was not a dependable indicator of boar odour. Stamer,
Nurnberg, Kanitz & Kalm (1993) concluded similarly but ascribed the low correlations to
either lack of suitability of the testing instrument (the sensory panel) or the wide variation
in the sensitivities of the panel members. Judge et al. (1990) also predicted that when
skatole concentrations were low, the correlation of androstenone concentration with
odour intensity scores would also be low or non-existent. Both Squires et al. (1991) and
Xue et al. (1996) found good correlations (r = 0.82) between androst-16-ene levels in
boar fat and off-aroma and off-flavour sensory scores. The importance of androstenone
was found to be particularly noticeable at heavier carcass weights or near sexual
maturity of the animal as well as for certain breeds.

Bonneau et al. (1992a) also found that the odour of entire male fat and meat cutlets
were more closely related to fat androstenone than fat skatole levels, while cooked ham
odour scores and overall opinion for cooked ham were more closely related to skatole
than to androstenone (Bonneau et al., 1992b). Bonneau, Le Denmat, Mortensen &
Mortensen (1993) concluded that androstenone and skatole both contributed
significantly to off-odour and off-flavours in cooked hams prepared from boar meat.
Apparently part of the androstenone “disappeared” during processing and it was found
that the acceptability thresholds for both skatole and androstenone under these

conditions were elevated to 0.75 and 1.50 ug/g fat, respectively.
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On the contrary, a number of studies found skatole to be principally contributing to the
perceived boar odour. Bejerholm & Barton-Gade (1993) found skatole to be the primary
factor responsible for boar odour and flavour explaining 58 % of variance in Danish
entire male pigs with androstenone explaining an additional 8 % of the variance in the
data. Lundstrém et al. (1988), under Swedish conditions, similarly found skatole
(r = 0.65) slightly more predictive than androstenone (r = 0.53) but emphasised, as was
done previously (Lundstrém & Malmfors, 1985), that both compounds seemed to be
important. A Norwegian study (Andresen et al., 1993) also indicated skatole as the
compound affecting the occurrence of boar taint and also other sensory characteristics
to a larger extent compared to androstenone. Androstenone because of its lipophilic
nature was regarded as a reasonably good predictor of boar taint presence in fat while
skatole, being fat as well as slightly water soluble was regarded as a predictor of boar
taint in fat but also for the flavour of lean meat (Lundstrém et al., 1988; Andresen et al.,
1993). Steier & Olsen (1998) confirmed the Danish results that skatole gave better
indications of boar odour. Berg et al. (1993) also under Swedish production conditions
concluded that knowledge of skatole concentrations alone may be enough to
discriminate among pigs with the undesirable odour at lower carcass weights (below
75 kg), while both factors are necessary to make valid predictions at higher carcass
weights.

Babol et al. (1996) correlated 16-androstene steroids and skatole concentrations as well
as the size of accessory sexual glands and animal live weight on the development of
boar taint in entire male pigs. It was concluded that factors other than 16-androstene
steroids and skatole also contributed to boar odour as assessed by a trained sensory
panel. These factors related to sexual maturity. A similar conclusion was reached by
Bonneau et al. (1992a) when investigating the contributions of fat androstenone and
skatole to boar taint. To guarantee untainted meat it was then shown to be not sufficient
to sort carcasses only according to fat androstenone and/or skatole levels.

Most of the studies concluded that the prediction of boar odour/flavour intensity was
more improved when the contributions of both skatole and androstenone were taken into
account. The influence of skatole, androstenone and indole on odour perception when
presented individually, and in combination, in a model lipid based was investigated by
Annor-Frempong et al. (1997b). Boar odour intensity in the model lipid base was found
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to be linearly related to skatole and androstenone concentrations, but in pork tissue it
was not a simple linear relationship but rather quadratic (Annor-Frempong et al., 1997c).
In addition, a significant androstenone-panellist effect was observed. In the model
system correlation coefficients for odour intensity of 0.64 and 0.63 for androstenone and
skatole concentrations were found, respectively. For the pork fat samples, skatole and
androstenone concentrations, individually, contributed about 48 % each, while the two
compounds in combination contributed 56 % to the explanation of the variation in rated
abnormal odour of pork fat. The addition of indole concentration to the regression model

increased this explanation to 76 %.

The disagreement on the relative contribution of androstenone and skatole to boar odour
led to the recent planning and execution of a European multinational research project
involving 11 research centres and 7 European countries. One of the objectives of the
project was to "to reach an international agreement on the relative contributions of
androstenone and skatole to boar taint" (Bonneau et al., 2000). This was amongst others
done through a comparison between countries of trained sensory panel responses
(Dijksterhuis et al., 2000) and consumer reactions (Matthews et al., 2000) to entire male
pig meat with known differences in androstenone and skatole concentrations.

In this comparative study, Dijksterhuis et al. (1997; 2000) assessed the odour and
flavour of pig meat with known concentrations of skatole and androstenone using trained
analytical sensory panels based in seven European countries. Substantial differences
between the panels in the different countries were found. Clear reasons for the
differences were difficult to determine. Semantic language differences, panel handling
and training, panel make-up and levels of training probably contributed to these
differences even though efforts were made to use similar methodology. It was shown
that the perception and recognition of androstenone smell seems to be "more difficult"
compared to skatole (Dijksterhuis et al., 2000). No reason for this observation was
furnished. Because of significant quadratic effects found for different descriptive terms,
it was proposed that under the conditions of boar odour assessment, trained panellists
used the descriptive terms to indicate serious negative feelings towards test samples.
An interesting observation was that the British and Spanish trained panels used for this

study did not regard boar odour as abnormal. This was explained as being due to years
of exposure to the odour.
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2.3.5 Variations in sensitivities to perceive skatole and androstenone

Sensory panels are often employed and trained to analyse and rate certain
characteristics of a food during the eating process. Harrison et al. (1998) commented on
the difficulty to analyse the data produced frdi’n these assessments due to large
variations among panellists. Annor-Frempong et al. (1997b, 1997c) reported that the
effects of individual panellists as well as the interactions involving panellists were
important in explaining the variations in pork odour and abnormal odour ratings. The
panellist-androstenone interaction effect was shown to be the most important. Stamer et
al. (1993) confirmed the differences in sensitivities when reporting results showing
important differences between screened sensory panellists when classifying fat samples,
using an olfactometer, into three classes of boar odour.

Pollack, Wysocki, Beauchamp, Braun, Callaway & Dupont (1982) and Wysocki &
Beauchamp (1984) reported that the ability to detect androstenone by humans is at least
partly genetically determined and predominated in females. These authors showed that
a proportion of humans has a specific anosmia to the odour of androstenone. Specific
anosmia is "the condition in which a person of otherwise normal olfactory acuity cannot
perceive a particular compound, at a concentration such that its odour is obvious to most
other people" (Amoore, 1977). In their studies, Griffiths and Patterson (1970) found that
only 56 % males but 92 % of females were able to detect this substance. However, wide
within-sex variations have also been noted. Amoore (1977) and Thomson (1985) did not
report differences in anosmia percentages between sexes. Among adults,
approximately 50 % reported no odour, even at a high concentration while approximately
15 % detected a subtle odour. However, between 25 % (Thomson, 1985) and 35 %
(Wysocki & Beauchamp, 1984) of consumers were exquisitely sensitive to
androstenone, detecting less than 0.002 ppm in air. Amoore (1977) mentioned that
androstenone was identified in human male underarm sweat and it was presumed that it
may stimulate the urinous odour sensation and may have a role as a human pheromone
as it has for the boar. The concentration level of androstenone in the sweat of human
males was not available.

Beauchamp (1990) reviewed the phenomenon of androstenone sensitivity revealing
large changes in the ability to sense this odour as individuals grow up. Regular
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exposure to the odour by initial androstenone anosmics has also shown a change in the
ability to smell the odour. Stevens & O’Connell (1995) found that exposure of individuals
over an 8-week period to a compound chemically distinct to androstenone but also
having a urine-sweaty type odour (O’Connell, 1991), namely pemonone, significantly
reduced threshold levels for androstenone. Sather (1995) suggested that through
exposure, trained panellists became more sensitive to detecting androstenone. Whether
the potential increases in sensitivity levels were due to physiological reasons indicating a
change in absolute sensitivity of individuals or merely because of changes in cognitive
and performance factors is not clear (Beauchamp, 1990).

Much less is known about the factors which cause variation in fat skatole levels or the
human perception of skatole odour (Bonneau et al., 1992a). Most people were able to
smell skatole to varying degrees (Griffiths & Patterson, 1970). Only one report of two
individuals insensitive to the odour of skatole in model oil systems could be found
-(Sather, 1995). No reason for this occurrence was given.

2.3.5.1 Thresholds for androstenone and skatole

Amoore (1977) reported the detection threshold for androstenone to be 1.8 x 107 g/l
(0.0018 ng/g) in water and 2.1 x 10 g/l in air while Thomson (1985) found the threshold
for androstenone in aqueous ethanol to be 0.0013 ug/g. This threshold value for
androstenone is several orders of magnitude less than the concentration at which it is
reportedly typically found in boar fat (0.63 ug/g). Thomson (1985) similarly reported the
threshold for skatole to be 0.14 pg/g and for indole 0.33 ug/g in aqueous ethanol,
therefore much greater than the threshold of androstenone and in excess of
concentrations typically found in boar fat (0.07 ug/g skatole and 0.04 ug/g indole).
Thomson (1985) argued that since skatole and indole were often found below these
threshold levels in pork, that their role in boar odour may well be through synergism with
androstenone. However, the values cited by Thomson (1985) as typical for boar fat is
very low and not representative of the South African situation (0.149 ng/g for skatole and

1.08 pg/g for androstenone) (Potgieter et al., 1998).

Druaux & Voilley (1997) stated that, in general, the presence of lipids, proteins and
polysaccharides reduced the volatility of an aroma compound with respect to its volatility
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in pure water. It can therefore be expected that thresholds for these compounds in pork
tissue would be different and probably be higher than in water or aqueous ethanol. In
fact, Walstra reported in 1984 that panel members had more difficulty in identifying
androstenone in fat samples than in the pure condition (according to Lundstrém &
Malmfors, 1985). However, in the presence of salts, the volatility of aroma compounds
is increased (Druaux & Voilley, 1997). No results could be found to verify this effect
when applied to skatole and androstenone.

The hypothesis that the boar odour problem, whether due to skatole or androstenone,
can be eliminated if it was clear at what concentrations humans can detect and more
importantly reject sample material, has led to various attempts to determine threshold
concentrations. Moerman (1982) reported that researchers at a European Association
for Animal Production Working Group on Production and Utilisation of Meat from Entire
males have agreed on threshold levels of 0.5 ng/g for androstenone in fat for fresh meat
and 1.0 pg/g in processed meat. These levels were regarded as an acceptable risk for
preventing consumer rejection of boar meat. Many papers, some as early as 1982
(Lundstrom, Malmfors, Fjelkner-Modig & Szatek, 1982), referred to the proposed
acceptability cut off level for skatole to be in the range of 0.20 to 0.25 pg/g fat, but the
original scientific evidence on which this level was based could not be found. Moss,
Hawe & Walker (1993) determined the threshold level for skatole as a cooking odour
perceived on heating a model meat puree (80 % pork lean, 20 % fat) with exogenous
skatole added, to be between 0.08 ug/kg meat puree mix and for aqueous solution
0.05 pg/ml. Based on this model meat puree, Moss et al. (1993) calculated that skatole
would be detected if present, as contributed by the fat part of the model, beyond a
concentration of 0.4 pug/g fat. This level was much higher than the recommended cut off

point for skatole in adipose tissue, namely 0.20 ug/g or 0.25 ug/g.

Annor-Frempong et al. (1997c) found that a sensory panel could better discriminate
between different concentrations of skatole than androstenone. The reason for this was
explained as being due to the much lower detection threshold found for skatole
compared to androstenone. A finding that was in contrast to Thomson (1985) who
reported lower thresholds for androstenone compared to skatole in both water and

aqueous alcohol. Annor-Frempong et al. (1997c¢) also argued that the effects of skatole
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and androstenone on boar odour perception in pork meat are confounded by the
presence of other volatile compounds of varying concentrations. For this reason the
detection thresholds and odour profiles of the pure compounds in a bland lipid base (a
mixture of sunflower oil and vegetable fat) were measured (Annor-Frempong et al,
1997a). Group thresholds for the trained panel were found to be 0.426 ug/g and 0.026
ug/g for androstenone and skatole, respectively. These values were much lower than
the 3.10 and 1.90 ng/g for androstenone and between 0.13 and 0.22 pg/g for skatole
reported by Sather (1995). The latter values were obtained from sensory tests using a
similar test method (3 Alternative Forced Choice test method) but with sunflower oil as
base and involving less intensive training of the panel on the nature of the odour
compounds. The reduction for the group threshold for androstenone in the study by
Sather (1995) was found after a second replicate assessment, while the reduction for the
skatole threshold was due to the elimination of skatole insensitive panellists from the
calculation. Annor-Frempong et al. (1997a) explained that the sensory thresholds for
androstenone and skatole varied to a large extent even within a well-trained panel. It
seemed as if exposure to the odour compounds and training could also piay an
important role in threshold levels. Assessing of thresholds for the odour compounds in
model lipid systems showed much larger differences bétween the detection thresholds
for skatole and the proposed acceptability threshold at the time (0.2 to 0.25 ng/g),
compared to that of androstenone.

2.3.6 The effect of heat processing on perception of boar odour

Cooking can reduce boar odour intensity due to losses of volatiles (Malmfors &
Lundstrém, 1983). Processing reduced the concentration of boar odour related
compounds and thereby also reduced the impact of perception (Pearson, Ngoddy, Price
& Larzalere, 1971; Walstra, 1974; Desmoulin et al. as cited by Lundstrém & Malmfors,
1985). Products that were cooked (Paris ham) and dried (sausage) resulted in 45 % and
26 % reduction in the androstenone content, respectively. Walstra (1974), found that
skatole levels were reduced significantly more than androstenone levels after processing
of smoked sausages (pasteurised). Agerhem & Tornberg (1995b) and Nute et al.
according to Annor-Frempong et al. (1997a) observed the same when cooking fresh
meat. Androstenone levels remained fairly consistent under these processing conditions
while skatole was reduced to one fifth of the original level. Although not stated, this was
probably due to the lower melting and boiling points of skatole compared to
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androstenone. Annor-Frempong et al. (1997a) hypothesised that the residual levels of
androstenone and skatole after cooking of pork meat should give better predictions of
acceptability of boar odour of specific samples.

The method of applying heat influences flavour and aroma development produced by
both the lean and lipid portions of meat (Paul, 1975). Amoore & Buttery (1978)
commented that some odourants, such as steroids that have extremely low aqueous
solubilities, have a strong tendency to absorb on metal or glass. The container, type of
energy supplied, heat transfer medium, heating time and temperature (Zondagh et al.,
1994 citing Fischer & Weiler), internal end-point temperature (Agerhem & Tornberg,
1995a, 1995b) and total cooking time requirement (Paul, 1975) could influence the
intensity and perception of meat aroma and flavour compounds and therefore potentially
androstenone and skatole odour.

Agerhem & Tornberg (1995b) investigated the importance of different end-point cooking
temperatures in relationship with skatole and androstenone concentrations on the
development of off-flavours in pork loins (M. longissimus dorsi) and ham (M.
semimembranosus). The two cuts showed differences in sensory off-flavour
development at 68 °C and 80 °C. Skatole was found to be the main contributor to off-
flavour development at 68 °C for both cuts. At 80 °C, androstenone contributed mostly
to off-flavour of pork loins while skatole remained the more significant contributor for
boar odour in M. semimembranosus. When androstenone was present at high
concentration (1.0 to 2.7 pg/g) and skatole concentration was low (0.1 to 0.19 ug/g) in
pork loins, off-flavour due to androstenone increased significantly at 80 °C compared to
68 °C. High skatole concentrations (0.2 to 0.3 nug/g) did not show a similar temperature
dependency. The fact that differences were observed in the different muscles and at
different end-point cooking temperatures, were regarded to be important aspects to be
considered for development of on slaughter-line techniques for screening of boar odour.

Walstra (1974) prepared products using a dilution series of boar meat with and without
boar odour in different proportion inclusions (0, 6, 12, 25, 50 and 100 %) of meat and fat
with boar odour. It was concluded that the potency of boar odour was not easily "diluted"
during product formulation, nor was it minimised by storage and processing. When
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smoked sausaées prepared from boar meat and fat, with and without boar odour, were
prepared, a trained panel could discriminate between the products. The products were
evaluated both cold and warm and assessed by a trained panel using a 10-point scale
(presumably a hedonic rating, although this was not stated). It was then concluded that
inclusion of meat and fat from boar carcasses with boar odour up to 25 % when products
are to be consumed cold, and up to 6 % when products are to be consumed warm,

should not present odour or flavour problems.

Pearson et al. (1971) went so far as to conclude that boar meat can be utilised in a
variety of products so long as it is not heated in the room where it is eaten. The
suggestion was based on the observation that the major objections occurred during
heating of the products and not during consumption. The authors made the suggestion
that boar meat products could therefore be served in public eating places where the
kitchen is isolated from the dining area, a sentiment shared by Nold, Romans, Costello,
Henson & Libal (1997).

Chen, Forrest, Peng, Pratt & Judge (1993) conducted a study to determine whether
cooking of pre-rigor boar meat would eliminate or reduce boar odour and lipid oxidation
problems. It was hypothesised that cooking induced lipid oxidation products (unless
meat pH > 6.0) and other odourants of the fat not normally regarded as taints can either
mask or contribute to the perception of boar odour. However, the levels of boar odour of
the samples in that study made it impossible to determine whether the method would
have beneficial effects.

2.3.7 The potential time-intensity profile of boar odour perception

An aspect of boar odour that has not received much attention is the temporal perception,
i.e. how does the intensity and character of the odour change over time? A blend or
mixture of aroma compounds, whether assessed orthonasally or retronasally, usually
has a non-linear character and imparts a base note, body or middle note and top note, a
phenomenon sometimes referred to by the flavour industry as the flavour triangle
(McPherson & Moran, 1994). The first perceived character is the top note. Once the
most volatile components have evaporated the body note is apparent. An even longer
lasting base note may also follow the body note. As a consequence of this, there is a
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change in odour or flavour character and intensity with time, resuiting in the perception

of two or more odour or flavour characters in succession.

In the case of a food product, odour or flavour release is dependent on the physico-
chemical properties of the aroma compounds involved and the properties of the food
matrix that affect the diffusion of the compounds within the food (Wilson & Brown, 1997).
All these factors affect the availability of the odourants to the vapour phase and therefore
their affinity for the product (Druaux & Voilley, 1997). Volatility describes the equilibrium
headspace concentrations for a specific odour compound or the ability of a compound to
reach the gaseous phase (De Roos, 1997). Since the boar odour compounds, skatole
and androstenone, have different physico-chemical properties it would be logical to
expect boar odour to have a changing temporal character.

Druaux & Voilley (1997) stated that the behaviour of aromas in the food matrix is one of
the most important parameters involved in their retention in a product from its
preparation to its consumption. The ratios of odourant distributions of fat-soluble
compounds between product and water phase, and product and air phase, are
described by the respective product-to-water and product-to-air partitioning coefficients.
In a product like pork fat containing aqueous and lipid phases, a flavour compound
distributes over all three phases, namely fat, water and air. De Roos (1997) commented
that, in general, flavour release from the lipid phase of a food product proceeds at a
lower rate than that from the aqueous phase (Figure 3). This was attributed to the fact
that there is a higher resistance to mass transfer in lipids compared to the water phase.
It was found that the release of fat-soluble compounds is delayed and that the maximum
flavour intensity of these compounds is perceived at a later moment than that of their
water-soluble counterparts. This may lead to differences in opinions regarding the
intensity of the perceived odour or the acceptability of the odour depending on exactly
when the sample material is assessed.

In addition lipids influence both the physical and chemical stability of flavours (De Roos,
1997). As an example a reduction in fat content would result in higher flavour loss
during processing and storage, due to an increase in flavour volatility. It can be
evaluated by measuring the vapour pressure of a pure compound (Goubet, Le Quere &

Voilley, 1998). This could mean that during processing of pork products it would be
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anticipated that androstenone volatility would be affected to a greater extent by the final
product composition especially regarding the fat content of the product and fat

distribution.
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Figure 3: Time-intensity profile of flavour release from fat-containing foods

(De Roos, 1997)

Similar strongly lipophilic odour compounds e.g. methylisoborneol (an off-flavour of
catfish) theoretically persists in the mouth for a length of time because it adheres to the
fat of cell membranes. For such lipophilic compounds, water rinses may be ineffective
for clearing it out of the mouth, a fact which may hinder subsequent evaluations (Bett &
Johnsen, 1996). Although this effect has not been specifically studied for androstenone,
anecdotal evidence is available that suggest that androstenone has a definite lingering
ability that could affect subsequent evaluation of samples (Beery et al., 1971).

2.4 Hedonic character of the odour and flavour of androstenone and
skatole

Linked to the recognition of the character and intensity of androstenone and skatole, is a
decision on the hedonic response. As can be expected, consumers were generally
found to be less critical of differences in boar odour intensities than trained panellists
(Matthews et al., 2000). Malmfors & Lundstrém (1983) reviewed consumer studies on
boar odour and reported that in general, criticisms of the flavour of boar meat were less
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common than criticisms of the odour. Matthews et al. (1997; 2000) reported that skatole
contributed more than androstenone to the proportion of consumers which are dissatisfied
with boar odour while both compounds contributed similarly to flavour.

Amoore (1977) and Thomson (1985) reported that some of the consumers who could
smell androstenone were not offended by it and may even have found it pleasant. This
observation was also described by Labows and Wysocki according to Babol & Squires
(1995). Wysocki & Beauchamp (1984) reported that consumers that were highly
sensitive to androstenone ascribed a foul odour to the steroid, usually stale urine or
strong sweat. Most people are offended by the smeli of skatole that has an acrid (bitter)
taste, faeces-like odour, and they find it unpleasant (Griffiths & Patterson, 1970; Babol &
Squires, 1995; Weiler et al., 1997).

2.4.1 Ethnic differences in the hedonic reaction to boar odour

Beauchamp (1990) is of the opinion that inter-individual variation in hedonic reactions to
foods is based on two interacting factors. The first is genetic differences between
individuals or populations and the second is differences in experience strongly related to
the individual's ethnic cuisine. Due, presumably to the reported genetic link to
androstenone sensitivity, tolerance levels to boar odour have been reported to vary
demographically and it can be concluded that the sensitivity to taint thus may vary
dramatically between different countries and cultural groups (Squires, 1993). These
differences as related to boar odour will become evident in the review of consumer
studies to determine boar odour acceptability that have been conducted in different parts
of the worid.

It is often hypothesised that early experiences affect later preferences and aversions for
particular food flavours. According to Beauchamp (1990) the complexity caused by the
interaction of genetic factors and an individual's flavour exposure experiences is well
demonstrated in the ability to perceive the odour of androstenone. Exposure to the
odour of androstenone by some originally anosmic individuals (genetic factor) can
increase the individual's ability to sense the odour, which could then affect his/her
hedonic reaction to the odour. In addition, most and perhaps all very young children can
smell androstenone but as they age, and particularly in the case of males, some
individuals lose the ability to smell the substance. The reason for this is not clear.
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Constant or long term exposure or conditioning to boar odour has often been cited as a
reason why certain population groups do not object to eating boar meat (Dijksterhuis et
al., 2000). These opinions are in line with powerful anecdotal evidence that constant
exposure to odours appears to result in a lowered rather than a heightened sensitivity to
some substances (Beauchamp, 1990).

2.4.2 Gender differences in the hedonic reaction to boar odour

Lundstrém et al. (1982) cited Elsey who reported in 1968 (at the time boar odour was
linked only to androstenone) that women were more sensitive to boar taint than men.
Similarly Griffiths & Patterson (1970) reported that women found androstenone to be
more unpleasant than men did. Maimfors & Lundstrém (1983) reported that women
were more sensitive to boar odour than men, although wide within-sex variations have
also been noted. Matthews et al. (2000) confirmed the more negative responses from
females compared to males. However, Godt et al. (1996) using sample material
representative of the Danish boar production (0.00 to 0.39 nug/g skatole and 0.00 to
1.99 ng/g androstenone) reported no differences in the proportions of men and women
offended by boar odour. The evaluations were performed to test the effects of both
skatole and androstenone. Rhodes (1971) also did not find a significant gender effect
when consumers in England evaluated bacon samples.

There are no intrinsic differences between men and women as regards olfactory
sensitivity (Amoore, 1977; McPherson & Moran, 1994). However, Doty (1991) in a
review of olfactory studies reported that, in general, women outperform men on tests of
odour identification, detection and discrimination. A potential contributing factor for gender
differences in hedonic response to boar odour might be the fact that androstenone is
present in human secretions and excretions and is more abundant in males than in
females. It is also reported that androstenone could alter human behaviour, act as a
sexual attractant and might have special effects on emotions and sexual responses.
However, Wysocki, Pierce & Gilbert (1991) regarded these assumptions as controversial
and tentative. The same authors reported that a relationship existed between sensitivity to
androstenone and its perceived pleasantness; those who have low thresholds generally
disliked androstenone, while those with high thresholds generally were either indifferent or
even inclined to like the odour. Another observation was that those who disliked the odour

of androstenone tended to give higher intensity ratings to a given concentration of this
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odour. Very little information is available on gender differences, if any, with regard to the
hedonic reaction towards the specific odour of skatole.

2.4.3 Other factors affecting the hedonic reaction to boar dour

Matthews et al. (2000) observed differences in liking of boar odour for European
consumers of different age groups. The oldest group of consumers had the lowest
percentage of dislike scores for both flavour and odour. It is well known that sensitivity
to odours decreases with age (Beauchamp, 1990). In addition, those consumers who
never were involved with the cooking process, were also less critical of boar odour than
those who always did the cooking. On the other hand, consumers who ate pork less
often compared to regular consumers, were more critical of boar samples for both odour
and flavour perception. No study has looked at whether smokers and non-smokers
differ in their hedonic rating of boar odour, but Amoore (1977) reported no intrinsic
differences in the general olfactory sensitivity between smokers and non-smokers.
Beauchamp (1990) summarised some general factors that could influence hedonic
judgements to foods and identified momentary differences in fullness, what was recently
consumed, time of day and expectations, as important.

2.5 Consumer studies on boar taint

Many consumer studies have been conducted internationally to determine consumer
reactions to both processed products and fresh meat from boars. The objective of most
of the studies was to determine the attitudes of ordinary consumers when preparing and
eating boar meat in the normal domestic environment. These studies vary greatly in
terms of the number of consumers surveyed, type of products tested and planning and
design of the surveys. |t is therefore difficult to compare differences in consumers'
reactions as they can be attributed to many factors e.g. type of respondents, size of
consumer panel, type and number of products sampled, sample materials differences,
levels of boar taint in samples, preparation methods etc. Different food habits, food
preparation and presentation methods may also influence the recognition of tainted pork
during or prior to consumption.
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2.5.1 United Kingdom (UK) & Ireland

Consumer trials in the United Kingdom (Rhodes, 1971; Rhodes, 1972; Rhodes & Krylow,
1974; Lesser, Baron & Robb 1977, Kempster, Dilworth, Evans & Fischer, 1986 and
Warkup, Dilworth, Kempster & Wood, 1990) and Ireland (Cowan & Joseph, 1981) have
generally concluded that boar taint is not detected or rejected by consumers. In 1981, it
was reported that in Ireland and the United Kingdom 40 % and 10 %, respectively, of
young male animals are not castrated, and that this has not caused any major problems
(Moerman, 1982). However, it should be noted that in the UK, pigs are usually
slaughtered at 90 kg live weight while pigs in other European Community countries are
slaughtered at 110 kg live weight.

Later, Warriss, Brown & Nute (1993) cited the UK Meat & Livestock Commission that
reported (in 1989) that gilts were found to have better pork odour and less abnormal
odour but no differences in flavour, juiciness and tenderness. These researchers also
confirmed the findings using a trained panel. Matthews et al. (2000) found that 16 % of
the UK consumers disliked a representative group of boar samples. This group showed,
similar to the scores for Dutch consumers, the lowest dislike percentage of all seven of
the European countries included in that study. It was concluded that the findings were
supported by the reported lower sensitivity to androstenone due to anosmia of British
consumers compared to other European consumers (Wysocki et al., 1991).

2.5.2 Netherlands

Four consumer trials have been conducted to determine boar odour sensitivity of Dutch
consumers. Walstra & Maarse (1970) found a slight negative consumer reaction to boar
meat compared to gilts and the reaction was greater for fatty compared to more lean
meat. However, a large variation in consumer reaction among different carcasses was
observed. Walstra (1974) stated that sufficient evidence was available based on a
research project involving 720 Dutch families and using pork cutlets and belly cuts, to
allow the fattening of boars for local and international consumption. However, it was
also concluded that boar meat with a strong odour would not be acceptable to those
consumers who can detect it.
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Walstra et al. (1986) found that consumer reaction to boar taint was dependent on the
concentration of androstenone and/or skatole. The study included 395 families
consisting of a total of 1055 individuals. During eating, the percentage of negative
responses for odour (all family members) was about one third lower than during cooking
(cooks’ responses).

Matthews et al. (2000) found that only a small percentage (16 %) of Dutch consumers
showed a dislike for boar samples. Interestingly, this group was the only one in the
European study showing significant effects for androstenone when assessing the odour
of boar samples. Although consumer studies showed that boar odour should not be a
problem to Dutch consumers, The Netherlands still follows a castration policy and
excludes boar production for meat purposes. One reason for this is the fact that exports
to Germany form a significant part of Dutch pig production and Germany does not
tolerate high androstenone levels (Personal communication Dr P Walstra, Researcher
ID-DLO, 1998).

2.5.3 France

Desmoulin, Bonneau, Frouin & Bidard (1982) compared the results from laboratory and
consumer panels with androstenone content and found that levels of <0.5 ug/g fat
resulted in a low incidence of boar taint and unpleasant odours. An androstenone
content of 1.0 ug/g in fat or higher gave a higher risk of boar taint and unpleasant
odours. In contrast to Denmark, studies from France have shown that levels of
5 a —androstenone were more highly correlated to boar taint than was skatole. Resulting
from this study three groups of boar meat (untainted, slightly tainted and highly tainted)
were distinguished. This classification was used for meat that was suitable as pork or
for processing with or without dilution.

Matthews et al. (2000) found that 31 % and 36 % French consumers disliked the flavour
and odour of boar samples, respectively. To put these values in context it could be
compared to the 19 % and 28 % of European consumers disliking the flavour and odour
of gilt samples, respectively. Of all the countries included in the study, the French group
of consumers was found to be the most offended by the flavour of boar samples.

31



2.5.4 Sweden

The Swedish home-use consumer trial (Lundstrom et al., 1982) also tested consumer
reaction when informed that some test products could be boar meat compared with
reactions from uninformed consumers. It was also concluded that odour pleasantness
was of major importance regarding the impression of flavour - there were fewer negative
reactions to flavour than to odour. Test products consisted of controls (giit meat), tainted
and untainted boar meat. Classification was based on trained sensory panel results.
Strength of odour was found to be of no importance to consumers. This study showed
that, on average, there were hardly any differences in consumer reactions between gilt
meat and boar meat classified as non-tainted, but it was concluded that there might be
some reaction to boar meat even when it has been pre-classified as non-tainted.
Consumers informed that boar taint might occur in the product were on the whole more
critical, not only to boar meat but also to gilt meat. It was recommended that if boar
meat was to be introduced into the market, attention should be paid to the kind of
information published, as this might result in a critical attitude to all pig meat.

Agerhem & Tornberg (1995a) did find significant differences in the percentage of
consumers that did not approve of the flavour of boar and gilt meat. Acceptability of the
samples was described by skatole (68 %) and androstenone (59 %), respectively.
Matthews et al. (2000) reported that the majority of the Swedes were critical of both
odour and flavour of boar samples. This was also the only group where skatole was
more strongly correlated with flavour than odour. This group also showed significant
flavour effects for androstenone.

255 Denmark

Mortensen, Bejerhoim & Pedersen (1986) found that when boars were selected so that
only those with a low content of skatole were used for producing meat for consumers,
there were only a few adverse comments on meat quality compared with barrows. In
Denmark entire male pigs are slaughtered when they reached the normal slaughter
weight of 74 kg (Larson, Mejborn, Maribo & Bejerholm, 1995). Studies from Denmark
have consistently found that skatole is the more important component of taint (Vahlun as
cited by Squires, 1993, Godt et al., 1996). For that reason an initial cut off level of
0.20 pg/g skatole in fat was used for screening purposes, but it was later raised to
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0.25 ug/g to reduce the number of rejected carcasses when few consumer complaints
were found. Although skatole is regarded as the major contributor to boar odour under
Danish conditions, Matthews et al. (2000) reported that the Danish consumers were one
of only two groups showing a significant flavour effect for androstenone. Interestingly,
Walstra et al. (2000) reported that the pig population of Denmark had a very low

percentage of pigs with skatole levels exceeding 0.25 pg/g.

An interesting finding by Godt et al. (1996) was an interaction effect for consumer liking
of boar odour between low concentrations of androstenone and high concentrations of
skatole. Also in that study, including 539 families in four geographical locations of
Denmark, no gender effect was found for evaluation of the eating quality of boar
samples. The evaluation of odour while eating was found to be consistent with the
odour while preparing the meat.

2.5.6 Spain

A consumer study (Diestre, Oliver, Gispert, Arpa & Arnau 1990) in Spain was prompted
when the practise of castration was eliminated from commercial pig production units to
increase their profitability. The meat industry and especially retailers complained about
boar carcasses mainly because of the problem of boar taint. They claimed that this led
to consumer rejection of pig meat and pig products. The consumer tests were planned
to assess the reactions of Spanish consumers to fresh and processed meat from boars
and barrows and to determine the influence of androstenone levels in fat on the

consumer responses.

The home-use consumer trial (Diestre et al., 1990) involving 3 boar taint level subgroups
according to fat 5 a-androst-16-ene-3-one concentration (ug androstenone per g fat),
[Low < 0.5 ug/g; Medium 0.5 - 1.0 pg/g; High > 1.0 ug/g] indicated that boar meat can
produce an unfavourable response from Spanish consumers for fresh meat (chops) or
products needing heating prior to consumption (brine-cured bellies). However, in
cooked products with hot processing and cold consumption (cooked ham) no negative
effects from using boar meat were observed.

They concluded that there is some justification of the criticisms and claims of retailers
against boar taint, since these are supported by the consumer response obtained.
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However, there were differences in the judgements depending on the type of product
that was evaluated, the type of consumer (cook or family member) and whether boar
responses were analysed overall or as a particular taint-level subgroup according to
androstenone concentration in the fat. Acceptability of low and medium taint levels in
boars were found to be not different from barrows and that the higher proportion of

unpleasant judgements was found for the high taint level.

Matthews et al. (2000) found the reactions of the Spanish group to be comparable to the
boar odour sensitive consumers in other countries included in that study. Weiler et al.
(2000) also showed that Spanish consumers were at least equal to Germans in as far as
sensitivity to androstenone is concerned.

2.5.7 Germany

The Germans are convinced that no boars should be slaughtered for pork and they
maintain that with their production system, it is also not economical to market boars
(Landbouweekblad, 1993). Underestimation of androstenone sensitivity because of the
unknown factor of distribution of androstenone anosmics in consumer panels, prompted
Weiler et al. (2000) to extend the EU boar odour consumer investigation (Matthews et
al., 2000). The androstenone sensitivity of Spanish and German consumers was
measured to be able to quantify the effect of insensitivity on the consumer responses on
boar odour. It was argued that for consumers that are sensitive or highly sensitive to
androstenone, assumed acceptance of boar odour obtained from consumer studies
where this aspect is not considered, is inapplicable. Matthews et al. (2000) showed that
41 % of German consumers disliked the odour and 19 % disliked the flavour of boar
samples. Weiler et al. (2000) found 18 % and 15 % respectively of the German group to
be highly sensitive or mildly sensitive to androstenone. This may explain the lower
percentage of negative reactions to flavour compared to odour.

2.5.8 Australia & New Zealand

Intact males (80 - 100 kg live weight) are raised for pork production and boar odour is a
problem to some extent. Pork consumption figures for Australia for the year ending June
1995 was 18,6 kg per capita (Personnel communication Ms V Boghossian, Researcher:
Australian Food Research Centre 1996). Apparently boar odour seems to be a problem

for the high Asian population in Australia and she attributed this to the fact that boars are
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castrated in Asia and therefore Asians might not be conditioned to boar taint. Other
Australians who are sensitive to boar taint have stopped buying pork. She was of the
opinion that current pork consumers are ‘conditioned’ to boar taint and it does not bother
them or they are just not sensitive to it. Boar taint was believed to be less of a problem
in New Zealand because the boars are not reared to the same high weights as they
were in Australia.

2.5.9 Canada

The risk of boar taint is regarded as even greater in Canada than in many other
countries, since the desirable live market weight of pigs is in excess of 100 kg and close
to 30 % of the national production of pork is exported (Sather, 1995). A consumer
home-use study was conducted whereby individual families were provided with 2 loin
chops each from boar, castrate or gilt carcasses. A three times higher percentage of
consumers ascribed an unpleasant odour (7.4 %) and flavour (5.9 %) to cooked boar
meat compared to gilts and castrates. Interestingly, a higher percentage of consumers
rated the meat from boars as being pleasant provided that the unpleasant odour was not
present.

2.5.10 United States of America

Judge et al. (1990) and Nold et al. (1997) mentioned that the production and
merchandising of boar meat was not widely used and adopted in the USA. Pearson et
al. (1971) concluded that products containing boar meat were not readily distinguishable
from similar control (no boar odour) products. However, the conclusion was surprising in
that the results presented showed that out of a total of 22 products evaluated using a
triangle test, 12 of the products showed significant differences. The inappropriate
practice of using an extended triangle test to determine whether two samples are
significantly different and then following that with a question to determine preference for
either the pair or the single sample, make the validity of the hedonic results from this
study questionable. Nold et al. (1997) also found that most consumers were not
negatively affected by the odour or flavour of boar meat and ranked it as desirable
overall. Interestingly, it was concluded that meat from light to medium-weight boars may
be used for institutionalised food preparation situations in which consumers are not
present during the cooking of the product.
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2.5.11 South Africa

No information is currently available on the attitude of South African consumers towards
pork from boars. A review of the composition of the population, pork consumption and
pork production is included as background information.

In July 1994, the population of South Africa was estimated to be about 44 million. It has
a heterogeneous composition in which various black ethnic groups (75 %), whites
(14 %), coloureds (9 %) and Indians (2.6 %) make up the majority of the population. The
black, white and coloured groups represent the South African pork eating population.
Due, mainly to religious reasons, by far the majority of the Indians do not consume pork.
The pork consuming groups have different meat eating habits (Viljoen, 1996) and
attitudes towards pork in general (Snyman & Van Rensburg, 1990; Viljoen, 1996) which
could mean their reactions to boar odour may also differ.

The black consumers in South Africa consist of four main ethnic language groups
namely Nguni, Sotho, Venda and Tsonga (Hammond-Tooke according to Viljoen, 1996).
Coloureds represent 9 % of the population and are a mixed-race people of a wide range
of genetic backgrounds. About 85 % live in the Western Cape province of South Africa.
They commonly have lighter brown or yellow skin and some Negroid features although
skin colour and features vary considerably, because of the broad gene pool represented
(Jenkins, 1996). Many of the white section of the population and small numbers of
blacks, coloureds and Indians enjoy incomes, comforts, health and educational
standards that are similar to those in Western Europe. The living standard of the rest of
the population, however, is similar to developing countries (Brown, Robinson & Fischer,
1996).

South African per capita consumption of pork is much lower than most European
countries (Table 2) and consumption of pork by different South African population
groups (Table 3) varies with whites representing the highest per capita consumption and
blacks and Indians the lowest as was measured in 1985 and 1993 (Personal
communication, Mr A Azar, Economist, Meat Board, 1994). The dietary pattern of the
whites and coloureds are generally regarded as a Western diet (Langenhoven et al.
according to Viljoen, 1996).
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Table 2: Comparison of per capita consumption of pork in different countries
(Landbouweekblad, 1993)

Country Per capita consumption
(kg)

South Africa 3,47

England " 24,1

France 37,4

Denmark 64,5

The Netherlands 45,8

Germany 58,8

Australia — June 1995* 18,6

* (Personal communication, Mrs V. Boghossian, Researcher: Australian Food Research Centre 1996)

Table 3: Comparison of per capita consumption (kg) of pork by various ethnic
groups in South Africa (Personal communication, Mr A Azar, Economist
Meat Board 1994)

Population group

Whites Coloureds Blacks Asians
1985 12.68 1.43 0.55 0.08
1993 16.15 3.44 0.63 0.86

In addition to the low consumption of pork by blacks, a large section of the black
community, estimated to be more than 50 %, reported that they do not serve or consume
pork (Table 4). For the black groups, the pig as an animal has never had the same
cultural significance and value attached to it as for example cattle and goats (Quinn,
1959). Traditionally, meat was regarded as a luxury item by blacks and pork in particular
did not play a major role in the daily diet. The relatively low consumption could be
attributed to various reasons as obtained from a consumer survey (Meat Board, 1987).
The reasons given by white and black population groups for not serving pork are
summarised in Error! Reference source not found. 4. Most of the reasons cited by
black respondents for not serving pork refer to cultural, religious and regional food
factors or intrinsic product factors, while white respondents cited intrinsic product factors
as well as cultural, religious, regional, educational and personal factors.

Table 4: Reasons for not serving pork (Meat Board, 1987)
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Table 4: Reasons for not serving pork (Meat Board, 1987)

Reasons *Population groups
% Whites % Blacks
26.3 % do not serve 56.3 % do not serve

pork pork
Religious 47 19.1
Do not like pork 11.2 8.2
Health reasons 24 -
Too fatty/rich 2.5 -
Too expensive 1.9 -
Allergic reaction 1.6 -
Feel sick/sore throat/nauseous - 12.3
Other 4.0 2.8

* This survey did not include Coloured and Indian population groups in South Africa

Approximately 2 million pigs are marketed annually in South Africa. Of these
approximately 45 % are castrates due to the castration policy that is followed. This
represents a total of about 55.8 million kg pork meat. Snyman in 1994 estimated that a
change to boar production could mean a substantial saving of money, then predicted to
be around ZAR 41.65 million. This saving was regarded as good enough reason to
invest in the implementation of equipment, if available, at abattoirs to monitor boar odour
levels of individual carcasses (according to Landbouweekblad, 1994). However, the
question remained, how similar was boar odour as found in South Africa to that
experienced in other countries and particularly Europe. Was it a skatole, androstenone
or a combination problem and how would consumers react to boar odour?

During a Workshop on Boar Taint (Heinze & Viljoen, 1994,) involving producers,
processors and researchers, it was agreed that boar odour in South Africa needed to be
investigated. A survey was planned to measure the concentrations of skatole,
androstenone and indole in a population of boar carcasses produced under typical South
African conditions. An analytical sensory study was planned to determine the relative
contribution of the odour compounds to boar odour and consumer reactions to boar taint
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had to be tested. It was foreseen that answers to these issues would be needed before
making a decision on whether or not to promote the production of boars.

26 Summary

Boar taint has been studied by international scientists for at least the last 30 years.
However, very few detailed and extensive studies have been conducted where the
perception of boar odour, as perceived by the human subject, are addressed in a fully
structured way. Part of the difficulty for the human subject is that the main compounds
responsible skatole, androstenone and possibly indole do not occur independently. The
human, unlike analytical instruments, determines the evaluation of the odour/flavour as
an immediate response and then attempts to rationalise the stimulus in terms of
descriptions and hedonic feelings about the odour or flavour.

Aspects that may affect the human perception of boar odour include; concentrations and
interaction effects of the compounds androstenone and skatole present in pork, the
physico-chemical properties of boar odour compounds, interference due to the presence
of other compounds in pork fat and meat, differences in the properties of especially pork
fat and meat composition (fat, water, protein ratios) that affect odour volatilisation and
retention. In addition, various inherent difficulties (e.g. enhancement and interaction of
odour compounds, differences in olfactory sensitivity to the compounds, the temperature
at which the samples are assessed and the time period between heating and assessing
pork samples) exist when applying standard sensory practices, using both trained and
consumer panellists, which makes data interpretation very difficult and complex. Human
perception of boar odour seems also to be affected by genetic differences between
individuals and populations and experience related to traditional eating patterns.
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Chapter 3

Objectives

The first objective of the research was to investigate the relative contribution of different
concentrations of skatole and androstenone to the perception of boar odour in boar fat,
immediately after heating the fat and following a cooling period.

The following hypotheses were formulated:

Skatole and androstenone will contribute to the perception of boar odour in different
ways that will be affected by the concentrations of the odour compounds in boar fat and
the time-temperature condition of the boar fat after heating. The differences in the
physico-chemical properties of skatole and androstenone will lead to differences in the
rates of volatilisation as well as retention of the odours in the fat that would affect the
temporal perception of boar odour. Skatole will be volatilised faster and androstenone
will be retained for a longer period in the fat structure. This is due to the assumption that
skatole, being more hydrophilic compared to androstenone, would be more volatile and
less affected by the retention properties of the lipid base (pork fat). In a lipid
environment such as pork fat, it is expected that the concentration of the more lipophilic
compound, androstenone, in the aqueous and vapour phases would be lower compared
to that of skatole that is more water soluble, and its odour impact may therefore also be
lower.

De Roos (1997) found that the higher the proportion of a flavour compound in the lipid
phase, the higher is the increase in its stability. A hypothesis for boar odour perception
would thus be that skatole and androstenone odours would be more stable at higher
compared to lower concentrations.
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A second objective was to determine the effects of gender (males, females) and
ethnicity' on consumer reactions to boar odour in boar fat samples with different
concentrations of skatole and androstenone.

The following hypotheses were formulated:

Females would like boar odour originating from samples with detectable concentrations
of androstenone less than males. Most reports have shown that women find
androstenone more unpleasant than men do. In addition more males compared to

females have been reported to be anosmic to the smell of androstenone.

It is expected that the odour of samples with detectable skatole concentrations will be
less liked by consumers from both genders compared to control samples with below
threshold concentrations of both skatole and androstenone. This is because most
individuals can smell skatole and find it unpleasant.

The different ethnic groups would have different hedonic reactions to boar odour
because of different pork consumption habits and per capita consumption levels of pork.
Possible differences in sensitivity to androstenone may also be found based on genetic
differences among the ethnic groups residing in the same demographic area.

' Ethnic: designating or of any of the basic divisions or groups of mankind, as distinguished by customs,
characteristics, language, etc. or a member of an ethnic group, especially a member of a minority or
nationality group that is part of a larger community (Dept of Art & Design, 1999).
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Chapter 4

Materials and methods

4.1 Experimental design

The study was designed to include both analytical and consumer sensory assessments
of various back fat samples obtained from boar carcasses. Other studies often included
either samples from gilts or castrates as controls. However, it was decided to
concentrate on the boar odour problem in boar carcasses and to regard samples with
below threshold concentrations of both skatole and androstenone in pork meat (as
indicated by most literature at the time of planning the experiment to be 0.20 pg/g for
skatole and 0.5 pg/g for androstenone) as contro! or untainted samples. The reported
differences in meat quality and especially fat quality properties (Babol et al., 1996,
Potgieter et al., 1998) of boars, castrates and gilts were factors that motivated this
decision. In addition all sensory evaluations were limited to smelling of fat samples and
not consumption of meat. The reason for this was that most of the boar odour studies
correlated sensory perceptions of pork meat and sometimes pork fat with concentrations
of skatole and androstenone as measured in fatty tissue. Since the correlations that
were found under these conditions were usually quite low, it was anticipated that
correlations would improve if direct measurement of skatole and androstenone
concentrations could be linked to odour perception of the same tissue material.

Figure 4 shows the conceptual framework for the research. The analytical sensory
experiment was designed to determine if the human nose could effectively evaluate
intensities of different concentrations of skatole and androstenone in pork fat over a
period of time after the product had been heated. In addition the ability of the nose to
determine the difference between skatole and androstenone in pork fat was tested. A
trained sensory panel was used in order to describe the character and intensity of the
odour profiles under the two time/temperature conditions.
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Figure 4: Conceptual framework for the research
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Pork eating consumers, including equal numbers of males and females, from three
South African ethnic groups, were used to evaluate the degree of liking of the odours of
boar fat samples. The consumer study was not representative of the consumer reaction
to boar odour of the South African population in general since the consumers used for
the study were mainly of a younger age group (18 — 35 years) and of an above average
living standard level. However, it was foreseen that the information gained from the
analytical sensory analysis would be useful to possibly explain and interpret the

consumer responses.

4.2 Pork fat sample collection

Pork fat samples (£ 50 g) were taken, immediately after slaughter, from the back fat
(anterior area of the loin) of boars with an average slaughter weight of 72 kg (range 57.6
to 93.8kg) at a commercial South African pig abattoir. The individual samples were
placed in 200 X 150 mm coded plastic bags and transported to ARC-ANPI in cooler bags
(+4°C) and analysed for skatole and androstenone concentrations within 24 hours.
Analyses were performed by High Performance Liquid Chromatography (HPLC), using a
C18-column (3.9 mm x 150 mm), isopropanol as extraction medium and a
water/acetonitrile/tetrahydrofuran solvent gradient (a modification of the method of
Hansen-Mgller, 1994). The use of chromatographic methods can be advantageous in
that a number of related compounds could be measured at the same time. The methods
are also quite specific and are not affected by interfering compounds. Disadvantages of
the chromatographic methods are related to them being time consuming, technically
difficult and expensive (Squires, 1993)

From the HPLC results, specific carcasses (a total of 102 carcasses) were selected to
incorporate low, medium and high skatole and androstenone concentrations in a 3 x 3
matrix. Unfortunately, in the time period available and taking into account the financial
and technical resources available, it was not possible to collect equal numbers of boar
carcasses to fill all the cells optimally as was initially intended. At the time of sample
collection, and due to the official castration policy, information on the distribution of
skatole and androstenone concentrations in South African pigs was limited. The majority
of boar carcasses screened during that time had either low or very high concentrations

of both compounds. It was particularly difficult to find boar carcasses with high skatole
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but low androstenone concentrations. The back fat from both the right and left loins of
each of the selected carcasses was removed approximately 24 hours after slaughter,
and was cut into 5 approximately equal portions. This yielded a total of 10 individual
samples from each carcass, 2 samples for the analytical sensory analysis and 8 to be
used for consumer evaluation. Each individual fat 'portion was coded, individually
vacuum-packed in an impermeable nylon/polyethelene bag, frozen and stored (-20 °C)
until required for the sensory tests. The fat samples were stored for a maximum of 10
months. Extra samples were collected for methodology development and sensory panel
training purposes. The actual distribution, within the concentration ranges, of the fifty
samples that were used during the final study is shown in Table 5 and Figure 5.

4.3 Analytical sensory analysis
4.3.1 Trained sensory panel

4.3.1.1 Screening of the panel

Sixteen people were screened for participation on the sensory panel according to the
test protocol defined by ASTM Practice E 679-79 (American Society for Testing and
Materials, 1991). This protocol uses the 3 Alternative Forced Choice (3-AFC) test
method. A set of three samples (two blank oil samples and one oil sample spiked with
skatole or androstenone) is presented and the panellist is requested to identify the
spiked sample. Samples for screening were prepared by dissolving pure skatole and
androstenone (Sigma-Aldrich Co Ltd, Poole) in refined poly-unsaturated pure vegetable
oil (Golden Drop®, P O Box 768, East London, South Africa).

A total of seven sets of three samples each were presented to each panellist during a
session. The sets (Table 6) were arranged in order of increasing concentrations of the
spiked samples. Separate tests were conducted, in duplicate, to determine the
sensitivity (detection thresholds) for skatole (range 0.059 to 0.675 ug/ml), androstenone
(range 0.298 to 3.400 ng/ml) and skatole and androstenone in combination
(Skatole/Androstenone range 0.059/ 0.298 to 0.675/ 3.400 pg/ml).
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Table 5: Ranges and means (+ standard deviation) of low, medium and high skatole and androstenone concentrations in
back fat samples (n = 50 samples) that were used for sensory analysis
Fat Androstenone (An) level (ug/qg)
Low (L) Medium (M) High (H)
<0.5 0.5-1.25 >1.25
Low (L) LSkL AN L SkMAn L SkH An
<0.15 n=5 n=11 n=6
Sk = 0.08 (+0.04) Sk = 0.08 (+0.04) Sk =0.08 (+0.04)
An =0.21 (£0.13) An =0.82 (£0.18) An = 1.47 (£0.16)
Medium (M) M Sk L An M Sk M An M Sk H An
0.15-0.25 n=4 n =6 n=3
Fat
Skatole (Sk) level Sk = 0.18 (+0.02) Sk =0.19 (+0.02) Sk = 0.19 (+0.02)
(19/9) An = 0.27 (x0.15) An = 0.79 (0.17) An = 3.02 (+1.05)
High (H) H SkL An H Sk M An H Sk H An
>0.25 n=2 n=9 n=4

Sk = 0.83 (£0.32)
An =0.37 (£0.07)

Sk = 0.52 (+0.28)
An = 0.84 (+0.20)

Sk = 0.76 (£0.51)
An = 3.33 (£1.46)
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Table 6: Description of concentration series of spiked oil samples used for
panel screening

Androstenone Skatole Combined
concentration concentration skatole/androstenone
series series concentration series
pg/ml oil ug/ml oil Skatole Androstenone
pg/ml oil pg/ml oil
1 0.298 0.059 0.059 0.298
2 0.448 0.089 0.089 0.448
3 0.672 0.133 0.133 0.672
4 1.007 0.200 0.200 1.007
5 1.511 0.300 0.300 1.511
6 2.267 0.450 0.450 2.267
7 3.400 0.675 0.675 - 3.400

Oil samples (3 ml) were presented to panellists in 50 ml glass polytop containers
covered with Paraflm M (American National Can™, Greenwich, CT 06836).
Immediately prior to heating the samples the panellists individually replaced each of the
microfilm coverings with a 50 mm x 50 mm aluminium foil square. Samples for each
panellist were heated in sand baths (preheated for 45 minutes in an oven at 180 °C) that
were placed on individual hot plates (Estia, setting 2). A set of three samples (two blank
oil samples and one spiked oil sample) was heated together for 60 seconds. Panellists
then removed the samples from the sand baths, removed the foil coverings and had to
identify, by smelling, the spiked sample in each set.

The results of the screening tests were used to identify the 10 most sensitive panellists
from the initial group for further training. Table 7 shows the detection thresholds for
skatole and androstenone for the selected 10 panellists.
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Table 7: Screening sensory thresholds for androstenone and skatole (ung/ml sunflower oil) for trained panellists

Panellist Androstenone (ug/ml oil) Skatole (ng/ml oil) Overall
Replicate  Replicate Average Threshold | Replicate  Replicate Average Threshold | threshold
1 2 threshold'  ranking® 1 2 threshold ranking | ranking®
A ¢ 0.077 0.077 0.077 1 0.048 0.048 0.048 1 1
B ¢ 0.077 0.077 0.077 1 0.048 0.048 0.048 1 1
C e 0.549 4.164 2.357 7 0.048 0.048 0.048 1 3
D¢ 1.234 1.234 1.234 5 0.048 0.244 0.146 4 4
E ¢ 0.077 0.077 0.077 1 0.367 0.826 0.597 9 5
F ¢ 1.234 0.077 0.656 4 0.163 0.048 0.187 6 5
G g 2.776 1.234 2.005 6 0.367 0.048 0.208 7 7
H e 4164 2.776 3.470 9 0.244 0.048 0.146 4 7
| 0.823 4.164 2.494 8 0.367 0.048 0.208 7 9
J ¢ 2.776 4.164 3.470 9 0.367 0.826 0.597 9 10
Group 1.379 1.804 1.619 0.207 0.235 0.223
Q = Females, & =Males
! The average threshold is the average of replicates 1 and 2.
2 The threshold ranking is a ranking of the ten panellists according to lowest to highest average threshold for the indicated compound.
3 The overall threshold ranking is a ranking of the ten panellists in terms of thresholds for both skatole and androstenone from lowest to

highest ranking



Note that these thresholds may have decreased with the further training and exposure to
test samples and the analytical nature of the sensory analysis task (Powers &
Schinholser, 1988). However, it is interesting to note that panellists A and B were able
to consistently identify the spiked sample at the lowest concentration levels. Panellist E
was able to identify androstenone at the lowest concentration level but was one of the
least sensitive panellists with regard to skatole. The three panellists with the lowest
overall thresholds were all females but so was the panellist that ranked 10" in terms of
overall threshold. Selection also meant that these panellists had indicated that they
would be available for the entire period of evaluation.

4.3.1.2 Training of the panel

After screehing, the final panel consisting of 10 members (6 females and 4 males) was
further trained over a period of two weeks (a total of 10 hours). Training of the panel
was done according to a generic descriptive analysis procedure as described by Einstein
(1991). This implied familiarising the panellists with general sensory analysis principles,
identification of terms to describe androstenone and skatole odours using pork fat
samples of known skatole and androstenone concentrations and development of a
suitable evaluation form. Panellists were paid R20 per day for taking part in the sensory
analysis tests.

4.3.2 Evaluation of the pork fat samples

Fat samples from 50 carcasses were evaluated in duplicate by the trained sensory panel
using five descriptive terms (Table 8) and 10-point intensity rating scales (Figure 6)
marked at the extreme ends (none, extreme). The first replicate included samples from
the left side of each carcass while samples from the right sides were used for the second
replicate. A total of ten evaluation sessions were held in a controlled sensory laboratory
with individual sensory booths following standard sensory practices (Stone & Sidel,
1993). Two sessions with a 20 minutes break between sessions were held per day
between 10:00 and 12:00. Five blind-coded samples, selected at random from the 50
carcasses (Table 5), were presented per session i.e. a total of ten samples per day. The
presentation order of samples selected on a specific day was randomised over the 10
panellists.
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Table 8: Descriptive terms and definitions used by the trained panel to evaluate

boar odour
Descriptive term Definition
Skatole intensity Aromatics associated with skatole — barnyard, manure, faeces-like
Androstenone intensity Aromatics associated with androstenone — urinous, sweaty
Pork fat, cooked Aromatics associated with normal cooked pork fat
Pork fat, grease Aromatics associated with normal cooked pork at room temperature
Other Any other aromatics not specifically defined in this list

SAMPLE CODE

NONE EXTREME
SKATOLE, MANURE/FAECES-LIKE 0 1 2 3 4 5 6 7 8 9
ANDROSTENONE, SWEATY, URINOUS 0 1 2 3 4 5 6 7 8 9
PORK FAT, COOKED 0 1 2 3 4 5 6 7 8 9
PORK FAT, GREASE 0 1 2 3 4 5 6 7 8 9
OTHER: SPECIFY 0 1 2 3 4 5 6 7 8 9

Figure 6: Descriptive analysis rating scales used by the trained sensory panel

The frozen pork fat portions were partially thawed for 30 minutes at room temperature
(£18 °C). The rind of each fat portion was removed using a sharp knife and ten cubes
(10mm x 10 mm x 10 mm) were cut. Each cube was placed in an aluminium foil
container (Hullett's 55 mm diameter, 20 mm height) and covered tightly with a 90 mm x
90 mm aluminium foil square. The samples were heated for 5 minutes in an AEG oven
(Model B88.1 LFV), which had been preheated to 180 °C, and served to the panel. After
removing the samples from the oven they were kept warm on heated sand baths that
were placed on Estia solid hot plates (Setting 1). A one-minute waiting period was
observed between smelling of successive samples allowing for recovery of the olfactory
system. Samples were evaluated immediately after heating (£ 65 °C) and again after
allowing the then opened samples to cool (+ 25 °C) for 10 minutes. The panellists left
the evaluation room and went outside after evaluating the warm samples and returned
after 10 minutes to evaluate the cooled samples. The evaluation forms consisted of two
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separate sheets, one sheet yellow for evaluating the warm samples and one blue sheet
for recording the ratings of the cooled samples.

4.4 Consumer sensory evaluation

4.4.1 Consumer panels

A total of 300 pork eating consumers, including equal numbers of males and females
from three different ethnic groups, namely black, white and coloured consumers were
used to evaluate pork fat samples with different levels of skatole and androstenone. The
concentrations ranged from presumably sub-threshold concentrations for both
compounds (< 0.15 pg/g for skatole and < 0.5 ug/g for androstenone, i.e. L Sk L An) to
presumably, if not anosmic, clearly detectable levels (>0.25 ug/g for skatole and
> 1.25 ng/g-for androstenone, i.e. H Sk L An, L Sk H An or H Sk H An groups). Figure 7
indicates the overall representation of consumers from different ethnic language groups
participating in the evaluation of the boar fat samples. The black group consisted mainly
of Sotho or Nguni language speakers, while the majority of the white and coloured
consumers were Afrikaans-speaking (Figure 7). The majority of the consumers were
Afrikaans speaking with a 31 % representation of traditional black languages. The
reason for the high numbers of Afrikaans speaking consumers can be attributed to the
fact that the two locations namely, University of Pretoria and University of Stellenbosch,
that were used for the tests and where recruiting took place were, historically Afrikaans
language institutions. The respondents were recruited by advertising in the local
university newspaper distributed on the university campus and by using field workers.
Respondents consisted mainly of students and staff members which consumed pork or

pork products regularly (at least once a week). Each respondent attended only one
evaluation session.

4.4.2 Evaluation of the pork fat samples

The consumer tests with the black and white groups were conducted (12 to 15 May
1997) at the University of Pretoria (UP), Pretoria and the test with the coloured group
was conducted (10 to 12 February 1998) at the University of Stellenbosch (US),
Stellenbosch.  Evaluation was done in a sensory laboratory fitted with 16 individual
sensory booths at the UP and in a food preparation laboratory with 16 individual working
stations at the US.
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in the sensory evaluation of boar fat samples



Respondents were asked to judge seven pork fat samples in a specific order (Table
9) by responding to the question “How much would you like to eat pork/pork
products that smell like this sample?” Samples for each respondent were coded with
randomly selected 3-digit code numbers. Judgements were recorded by marking a 9-
point scale with word anchors (dislike extremely and like extremely) at the extreme
ends (Figure 8). The respondents were also requested to write down words to
describe what they smelled. At no point were any of the respondents asked to reveal
his/her identity (name or surname). It was regarded as extremely necessary for the
consumers to feel totally free to respond negatively without fear of being identified
taking into account the potentially undesirable nature of the samples.

Table 9:  Order for presenting the samples to consumers

Presentation order Samples
1% sample L Sk L An
2" 3 & 4™ sampies Samples taken randomly excluding
L SkLAn, HSkL AN, LSkHAnandH SkH An.
5" sample HSkLAn OR L SkHAnN
6" sample LSkHAn OR HSkLAnN
7" sample H Sk H An

After the respondents had evaluated the samples they were asked to complete a
questionnaire. The purpose of the questionnaire was to gain information on gender,
age, home language and smoking habits of the respondents. A separate section was
included to obtain information on the living standards of each respondent. The living
standards measures questions were developed by the South African Advertising
Research Foundation (1995) based on the All Media and Products Survey (AMPS).
This is a survey that is regularly conducted to gain information on household use of
various types of products by South Africans. By means of a set of specific questions
that was identified- by AMPS, it is possible to group all persons forming part of the
South African population into one of eight possible living standards groups.

These groups ranged from LSM 1 representing the poorest individuals to LSM 8
representing the most affluent sector of the population. The study was not designed
to be representative of all or even some of the LSM groupings but it was necessary
to obtain a clear picture of the consumers who took part in the study.
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How much would you like to eaf pork or
pork products that smell like each one of
the following samples?

Please make a mark [X] in the appropriate block on the scale for each sample
and write down words to describe what you are smelling.

Dislike extremely Like extremely
L.+ |l 2| 3] 4|5 |6 |7 | 8] 9|

Please write down words to describe what you are smelling?

Figure 8: Example of the score sheet used for the consumer evaluation of
boar fat samples

See Appendix B for a summary of the comments from consumers

If significant differences between the gender or among the ethnic groups were to be
found, it was anticipated that differences in living standard measures might possibly
be one of the explanatory reasons. The last section of the questionnaire asked
consumers to indicate how much they liked to eat pork and to indicate how frequently
they consumed pork in either the fresh or processed form. It was anticipated that
pork consumption habits might potentially influence consumer perception of boar
odour (Appendix A). Each consumer received a gift voucher to purchase goods at a
local supermarket after completing the test and questionnaire.

Pork fat from the selected carcasses used for the consumer tests with the black and
white panels could not be used for the coloured panel because of an unfortunate
breakdown in the university's freezer facility causing the designated sample material
to spoil. Pork fat samples from extra carcasses that were not evaluated by the
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trained panel but kept frozen at another facility were used for the evaluation by the
coloured panel.

4.4.3 Sample preparation

When preparing the samples for the consumer panels, frozen pork fat portions were
partially thawed for 30 minutes at 4 °C. The rind of each fat portion was removed
using a sharp knife and the fat cut into the required number of 10 mm x 10 mm
cubes. Each cube was placed into an aluminium foil container (Hullett's 55 mm
diameter, 20 mm height) and covered tightly with a coded 90 mm x 90 mm aluminium
foil square. Each consumer evaluated a total of seven samples presented in a
specific order. Samples for the consumer panels were heated by the consumers
themselves on Estia solid hot plates (Setting 3) for 2 minutes and then evaluated by
smeiling once they had removed or punctured the foil covering using the tip of a
sharp pencil.

The same sampling plan (Table 9) including the same sample identity and serving
order was set up beforehand and applied similarly to both the male and female
participants from all three of the ethnic groups. Some deviations for the coloured
consumers will be explained in detail. All consumers (n = 300) evaluated samples,
served warm, from the four extreme groups of skatole and androstenone
concentrations, i.e. LSkL An, L Sk HAn, HSkL An and H Sk H An (Table 5). Fat
samples from two representative carcasses per group were used. The skatole and
androstenone concentrations of these specific samples are indicated in Table 10. All
consumers received the control (L Sk L An) sample first. The idea was that the
L SkLAn sample would serve as an untainted reference point against which the
samples with detectable skatole and/or androstenone could be compared. Pork fat
samples from any of the remaining 42 carcasses were randomly assigned to the
second, third and four serving position for each of the 50 consumers within each group.
A sample each from the L Sk H An and H Sk L An groups were served in the fifth and
sixth sample positions. The order allocation for these positions was balanced over
each group of 50 consumers. The seventh sample was always from the H Sk H An
group.

The coloured consumers also evaluated samples from the four extreme groups but
these samples were not from the same carcasses as those used for the evaluation with
the black and white consumer panels. Another difference for this group was that the
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fat sample (only one was used in this case) representing the H Sk H An group had a
androstenone concentration of 1.03 ug/g, therefore not > 1.25 ug/g. For these reasons
the results for the coloured group will be reported separately and cannot be directly
compared with that of the black and white panels.

Table 10: Skatole and androstenone concentrations (ug/g fat) of the
respective boar fat samples' that were used to represent the
extreme groups for the black and white consumer panels

Skatole concentration Androstenone concentration

ug/g fat uglg fat
L SkL An
Sample 1 0.02 0.07
Sample 2 0.04 0.20
L SkHAn
Sample 1 0.07 1.41
Sample 2 0.03 1.77
HSkL An
Sampie 1 1.14 0.43
Sample 2 0.51 0.29
H Sk H An
Sample 1 0.86 4.01
Sample 2 1.55 5.24

! Sample 1 was evaluated by consumers 1 to 25 and sample 2 by consumers

26 to 50 in each gender/ethnic group.

4.5 Statistical analysis

All the data was collected in spread sheets using Microsoft Excel 97 and all the
statistical analyses were done using Statistica 5.0 (Statsoft . Inc., 1995).

4.5.1 Analytical sensory analysis

Analysis of variance (ANOVA), Principal Component Analysis (PCA) and Correlation
analysis were used to analyse the mean sensory ratings provided by the trained
sensory panel for evaluation of the pork fat attributes. For ANOVA 1 (Table 11), the
main effects and two-way interaction effects of androstenone and skatole
concentrations, replicate (first versus second) and temperature of serving (warm
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Table 11: Guide to statistical analyses by ANOVA of analytical sensory panel

results

ANOVA 1

Dependant variables for 5 separate ANOVAs:
Skatole intensity, Androstenone intensity, Pork fat, cooked, Pork fat, grease, Other

Source Degrees of Significant Results presented
freedom differences by in Table 13

1. _Androstenone concentration 2 ANOVA were

2. Skatole concentration 2 further analysed

3. Replicate 1 using Least

4. Temperature of serving 1 Significant

1x2 4 Difference (LSD)

1x3 2 test

1x4 2

2x3 2

2x4 2

3x4 1

Error 180

Total 199

ANOVA 2

Dependant variables for 4 separate ANOVAs:
Skatole intensity (warm serving), Skatole intensity (cold serving), Androstenone intensity

(warm serving), Androstenone intensity (cold serving)

Source Degrees of Significant Resuits presented
freedom differences by in Table 14

1. Panellists 9 ANOVA were

2. Skatole concentration 2 further analysed

3. Androstenone concentration 2 using Least

1x2 18 Significant

1x3 18 Difference (LSD)

2x3 4 test

1x2x3 36

Error 909

Total 1000

The effect of individual panellists’ ratings (df =9) on the odour profiles of boar fat
samples served warm and cold, respectively, with regard to the attributes skatole and
androstenone intensity were also analysed (ANOVA 2 -Table 11). For these analyses,
the main effects of skatole and androstenone concentrations and the relevant
interaction effects were also included. Pearson product moment correlations were
used to

investigate linear relationships between androstenone and skatole

concentrations and sensory ratings.
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4.5.2 Consumer sensory evaluation

Classification of consumers and rated liking of odour scores for all boar samples
were initially compared by Kruskal Wallis ANOVA by median tests. Mean liking of
odour scores for all samples were analysed by ANOVA (ANOVA 1 - Table 12) to test
for the effects of smoking habits (smokers versus non-smokers), liking of pork in
general (five categories ranging from “strongly dislike” to “like a lot"), frequency of
consuming fresh pork (five categories ranging from ‘“very often” to “never’) and
frequency of consuming processed pork (five categories ranging from “very often” to
“never”). No interaction effects were included in the model. Where the p-values

were < 0.05, the LSD-test was used to investigate the specific differences.

Liking of the smell of boar odour samples were analysed by ANOVA (ANOVA 2 -
Table 12) for the effects of skatole concentration, androstenone concentration, gender
and ethnié grouping as well as the relevant two-way interaction effects, by including all
responses from black and white consumers pertaining to samples as subdivided into
three concentration levels (low, medium & high) each of skatole (<0.08 pg/g, 0.08 to
0.25ug/g and >0.25pug/g) and androstenone (<0.5ug/g, 0.5 to 1.25ug/g and
>1.25 ug/g). These concentrations were chosen a priori to represent approximately
equal numbers of responses for each concentration combination of skatole and
androstenone. The same ANOVA model (ANOVA 3 - Table 12) but excluding the
effect of ethnic grouping was tested separately for the coloured panel.

Correlation analysis was performed using Pearson product moment correlation
coefficients to determine the relation between consumer liking of the odour of
samples and skatole and androstenone concentrations, as well as odour profiles by
the trained sensory panel of skatole and androstenone intensities. This analysis was
‘only done using the data from the black and white consumers.
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Table 12: Guide to statistical analyses by ANOVA of consumer panel results

ANOVA 1

Dependant variable: Hedonic score

Source Degrees of | Significant Results presented

freedom differences by | in Table 16

1. _Smoking 1 ANOVA were

2. _Liking of pork 4 further

3. Frequency of consuming fresh pork 4 analysed

4. Frequency of consuming processed 4 using Least

pork Significant

Error 2086 Difference

Total 2099 (LSD) test

ANOVA 2

Dependant variable: Hedonic score (black and white consumers)

Source Degrees of Significant Results presented
freedom differences by in Table 17

1. Skatole conc. 2 ANOVA were

2. Androstenone conc. 2 further analysed

3. Gender 1 using Least

4. Ethnic group 1 Significant

1%2 4 Difference (LSD)

2x3 2 test

2x4 2

3x4 1

Customized error term 1354

(pooled all remaining 2-way,

3-way and 4-way interaction

effects)

Total 1369

ANOVA 3

Dependant variable: Hedonic score (coloured consumers)

Source Degrees of Significant Results presented
freedom differences by in Table 18

1. Skatole conc. 2 ANOVA were

2. Androstenone conc. 2 further analysed

3. Gender 1 using Least

1x2 4 Significant

1x3 2 Difference (LSD)

2x3 2 test

Error 678

Total 691
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Chapter 5

Results

5.1 Analytical sensory analysis

5.11 The effects of skatole and androstenone concentrations,
time/temperature of serving and replicate sessions on the odour profiles

for boar fat samples

The main effects of skatole concentration, androstenone concentration,
time/temperature of serving and replicate sessions on descriptive sensory odour
profiles of boar fat samples, are presented in Table 13. No significant interactions

(p > 0.05) of the main effects were found.

The samples with skatole concentrations above 0.25 ng/g, i.e. high skatole (H Sk)
samples, were perceived to have significantly higher skatole and significantly lower
pork fat cooked intensities compared to samples with skatole concentrations below
0.25 pg/g (L Sk and M Sk samples). The panel could not significantly distinguish
between samples in the L Sk (<0.15 ug/g) and the M Sk (0.15-0.25 pg/g) groups
using these descriptors. However, samples with skatole concentrations below
0.15 pg/g had significantly higher pork fat grease intensities than those samples with

skatole concentrations above 0.15 pg/g.

The samples with androstenone concentrations above 0.5 ug/g (M An and H An) were
perceived to have significantly higher androstenone intensities compared to samples
with androstenone concentrations below 0.5ug/g (LAn). The panel could not
significantly discriminate between MAn (0.5-1.25ug/g) and HAn (> 1.25 ug/g)
samples in terms of androstenone intensity. All the other sensory characteristics did
not differ significantly for the three concentration levels of androstenone.
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Table 13: Significance, mean sensory ratings and identified differences for the effects of skatole and androstenone concentrations,

time/temperature of evaluation and replicate evaluations on descriptive odour characteristics' of boar fat samples as
obtained by analysis of variance

Main effects for ANOVA

(No significant interaction effects were found and these results are therefore excluded from the table)

Sensory attributes’ Skatole concentration Androstenone concentration Time/Temperature of
(ng/g) (ng/g) evaluation Replicate
Low Medium High Low Medium High Warm Coid First Second
<0.15 0.15-0.25 >0.25 <0.5 05-1.25 >1.25 65 °C 25°C
Skatole intensity P<0.001 NS P<0.001 P<0.01
2.3 26 3.1° 25 2.7 2.8 3.4° 2.0° 2.9° 2.5°
Androstenone intensity NS P<0.01 P<0.001 NS
3.1 3.1 3.1 2.8° 3.3° 34° 3.4 2.8° 3.2 3.1
Pork fat cooked P<0.01 NS P<0.001 NS
1.2° 1.2° 0.8° 1.2 1.0 1.0 1.2° 0.9° 1.1 1.1
Pork fat grease P<0.001 NS P<0.001 P<0.05
0.6° 0.4 0.4 0.4 0.5 0.5 0.3 0.7° 0.5° 0.4°
Other NS NS P<0.05 P<0.05
0.3 0.3 0.3 0.3 0.3 0.2 0.4° 0.2° 0.4° 0.2°
! For individual main effects, mean scores in a row with different superscripts (*®) differed significantly at the indicated significance level
NS = Not significantly different (p>0.05)

Rating scale ( 0 = None, 9 = Extremely intense)



A very important observation was that significant differences were found for the intensity of all
the sensory descriptors when comparing warm to cold serving. After cooling down, the pork
fat samples had significantly lower perceived skatole, androstenone, pork fat cooked and
other intensities. As expected, the intensity of pork fat grease increased significantly after the
samples had cooled down. The descriptor, pork fat grease referred to the aroma of untainted
pork fat at room temperature.

Although no significant interaction effects for time/temperature of serving and skatole or
androstenone concentrations were observed, an indication was observed when the mean
scores were plotted (Figure 9). Odour profiling showed that the trained panel, overall, could
mostly distinguish between low and high levels of skatole and androstenone when samples
were warm and were smelled immediately after heating. However, after the samples had
cooled down, the classification was not so clear anymore. When served cold, the intensity of
skatole was found to be consistently lower than the perception of androstenone intensity,
even at H Sk concentrations. Note specifically for the cold evaluation that for samples with
H Sk concentrations the panel was unable to classify the L An, M An and H An status of these
samples using the term androstenone intensity. After cooling, the panel did not detect the
H Sk concentration of samples when combined with L An concentrations, although this was
indicated when the samples were warm. When served warm and the samples were smelled
for the first time, skatole contributed as expected to the odour profile. When samples cooled
down, it seemed that the relative contribution of androstenone to the odour profile of all the
concentration levels increased.

The panel gave significantly lower scores during the second replicate compared to the first
replicate for skatole, pork fat grease and other intensities, while no significant differences
were observed for the evaluation of androstenone intensity and pork fat cooked.

5.1.2 Effect of panellist

The main and interaction effects of panellists, skatole concentration and androstenone
concentration were separately analysed by ANOVA to determine whether ratings by individual
panellists influenced the perception of skatole and androstenone intensities (Table 14). Two
separate ANOVAs were performed for the two time/temperature conditions, i.e. warm and
cold.
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Figure 9: The plot of different average, trained panel, sensory ratings for boar fat samples with various skatole and androstenone

concentrations when served warm and cold



Table 14: P-values' for ANOVA to indicate the effect of panellists on the rating of skatole and androstenone intensities when

samples were served warm and cold

Skatole intensity Androstenone intensity
Warm Cold Warm Cold
65 °C 25°C 65 °C 25°C
Panellists < 0.001 < 0.001 < 0.001 < 0.001
Skatole concentration < 0.001 0.05 NS NS
Androstenone concentration NS NS 0.05 NS
Panellists x Skatole concentration < 0.001 0.01 < 0.001 0.05
Panellists x Androstenone concentration 0.01 NS NS NS
Skatole x Androstenone concentration NS NS NS NS
Panellists x Skatole concentration x Androstenone concentration NS 0.05 NS NS

1 NS = Not significantly different (p > 0.05)



The results showed that, when served warm and assessed immediately after the
samples were heated, panellist had a significant effect on rating of both skatole and
androstenone intensities. For the rating of skatole intensity, significant interaction
effects were evident for both panellist x skatole concentration and
panellist x androstenone concentration. In fact, for cold serving, a significant (p < 0.05)
three-way interaction effect for panellist x skatole concentration x androstenone
concentration was found for the rating of skatole intensity. This meant that the
panellists were not able to use the term skatole intensity in the same manner under the
influence of varying concentrations of both skatole and androstenone. Only the
panellist x skatole concentration interaction effect had a significant influence on the

perception of androstenone intensity.

When samples had cooled down and were evaluated for a second time, the main effect
of panellist continued to influence ratings for both skatole and androstenone intensities.
The interaction effects concerning panellist x skatole concentration were still
influencing the perceived skatole and androstenone intensities. Under the conditions
of cooled down samples no panellist x androstenone concentration interaction effects
were significant.

Table 14 shows that overall skatole concentration seemed to have the greatest effect
on the panellists’ abilities to consistently rate perceptions of both skafole and
androstenone intensities. Figure 10 to Figure 13 are included as examples to show
how the individual paneliists differed in their ability to rate differences in skatole
concentrations in boar fat. It is clear that different panellists used different sections of
the rating scale to indicate their perceptions. Most, but not all, of the panellists were
able to distinguish the skatole concentrations when the samples were hot. Figure 10
shows that panellists G and | rated the samples with the highest skatole concentrations
the lowest in terms of skatole intensity. When comparing Figure 10 and Figure 11 it is
clear that the separation of boar fat, based on skatole concentrations were more
difficult when samples were cold compared to when the samples were served warm.
Figure 12 and Figure 13 show that most panellists found it difficult to rate
androstenone intensity in the presence of varying skatole concentrations. Some
panellists, notably H and | seem to have used the term androstenone intensity to
indicate increasing concentrations of skatole.
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5.1.2 The sensory odour profiles of boar fat samples as analysed by Principal
Component Analysis (PCA)

The odour or aroma of a food product as perceived by humans is usually a function of
several sensory qualities. Multivariate statistical techniques such as PCA are therefore
useful to interpret the overall sensory impression, incorporating all the descriptive
terms at the same time. PCA allowed for visual interpretations of both warm (Figure
14 and Figure 15) and cold (Figure 16 and Figure 17) sample presentations. These
visual plots indicated the way in which the trained sensory panel used the five sensory
descriptors, in combination, to describe the odour of the total set of 50 pork fat samples
(evaluated in duplicate). For both serving temperatures, the pork fat samples were
separated on the first dimension into tainted (high skatole and/or androstenone
intensities) versus untainted (high pork fat cooked and pork fat grease intensities)
samples. .The second dimension separated samples with high androstenone intensity
from samples with high skatole-like properties.

On warm serving, the first dimension explained 37 % of the variance in the data and
the second dimension explained a further 22 % of the variance in the data (Figure 14
and Figure 15). For cold serving, the first dimension explained 40 % of the variance in
the data and the second dimension explained an additional 23 %. In the case of the
samples that were cold (Figure 16 and Figure 17), a third dimension (not shown)
explained a further 20 % of the variation in the data and indicated the presence of other
components designated by the use of the term other that had an effect. The plots for
warm and cold serving were fairly similar but note that the factor loading for
androstenone intensity became higher on the first dimension during cold serving
(Figure 16 and Figure 17), showing a greater contribution from this compound. In
addition, when served cold, the factor loadings for skatole intensity decreased and that
of pork fat grease increased on the first dimension. The distribution of the 50
carcasses in low (L), medium (M) and high (H) concentration levels of skatole (Figure
14 and Figure 16) and androstenone (Figure 15 and Figure 17) is indicated on the
perceived sensory profiling spaces. The positions of the letters (L, M and H) indicate
the perceived character and intensities of the descriptive terms as perceived in the
back fat of the selected carcasses when served warm and after cooling. The circles on
the plots roughly indicate the distributions of L and M skatole compared to H
concentration levels (Figure 14 and Figure 16) and L compared to M and H
androstenone concentration levels (Figure 15 and Figure 17), respectively.
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Figure 14: Principal component analysis' of the sensory odour profile of 50 pork fat samples with varying skatole and androstenone
concentrations when evaluated warm. The plot loadings of low (L < 0.15 ng/g), medium (M = 0.15 to 0.25 ug/g) and high

(H > 0.25 ngl/g) skatole concentrations are indicated

The circles indicate the rough separation of low and medium skatole (grouped together) from high skatole concentration samples.
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Figure 15: Principal component analysis' of the sensory odour profile of 50 pork fat samples with varying skatole and androstenone
concentrations when evaluated warm. The plot loadings of low (L < 0.5 ng/g), medium (M =0.5 to 1.25 ng/g) and high

(H > 1.25 ng/g) androstenone concentrations are indicated

The circles indicate the rough separation of low androstenone from medium and high (grouped together) androstenone concentration samples.
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Figure 16: Principal component analysis' of the sensory odour profile of 50 pork fat samples with varying skatole and androstenone
concentrations when evaluated cold. The plot loadings of low (L < 0.15 ng/g), medium (M = 0.15 to 0.25 .g/g) and high

(H > 0.25 pgl/g) skatole concentrations are indicated

! The circles indicate the rough separation of low and medium skatole (grouped together) from high skatole concentration samples.
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Figure 17: Principal component analysis' of the sensory odour profile of 50 pork fat samples with varying skatole and androstenone
concentrations when evaluated cold. The plot loadings of low (L <0.15 pg/g), medium (M = 0.15 to 0.25 ug/g) and high

(H > 0.25 ug/g) skatole concentrations are indicated

! The circles indicate the rough separation of low and medium skatole (grouped together) from high skatole concentration samples.



When served warm, a general presence of L and M skatole samples on the left and H
skatole samples on the right side of the plot (Figure 14) is evident with some definite
overlapping in the centre. The separation of different skatole concentrations was even
less when samples were evaluated cold (Figure 16). No clear separation pattern was
found for samples with L compared to M and H androstenone concentrations (Figure
15). However, slightly better separation can be observed for different androstenone
concentrations, when evaluating the cold samples (Figure 17).

5.1.3 Correlation analysis of skatole and androstenone concentrations and
odour descriptors for boar fat samples

Table 15 presents the comelation coefficients for skatole and androstenone
concentrations as determined by HPLC and the descriptive sensory data.

The skatole and androstenone concentrations of the sample material (n = 50 samples)
that were used were significantly positively correlated by an r of 0.42. The perceived
skatole intensity, evaluated in the warm and the cold samples, increased significantly
with increasing concentrations of both skatole and androstenone. No significant
correlation between fat androstenone concentration and androstenone intensity when
serving samples warm was found. However, when pork fat samples were evaluated
cold, low but significant positive correlations between androstenone intensity and both

increasing skatole (r = 0.29) and androstenone (r = 0.29) concentrations were evident.

The term pork fat cooked relating to the smell of normal untainted pork fat decreased
as the perceived intensity of either skatole or androstenone increased, irrespective of
the time/temperature of evaluation. In both cases the terms used for describing the
desirable pork fat odours, pork fat cooked and pork fat grease, showed a significant
negative correlation with skatole concentration and skatole intensity. For these terms,

the correlations with androstenone concentration were in all instances not significant.

The pork fat cooked and pork fat grease terms were significantly positively correlated
for both serving temperatures. The correlation was higher for cold serving compared
to warm serving. The term other, relating to the perception of aromatics that were
not specifically defined, was not significantly correlated to skatole and androstenone
concentrations or any of the other sensory descriptive terms.
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Table 15: Correlation coefficients (r) and significance of correlation of skatole and androstenone concentrations (HPLC) and
descriptive sensory profiling (trained sensory panel) of pork fat samples when served warm and cold (50 carcasses)

Skatole Androstenone Skatole intensity Androstenone Pork fat cooked Pork fat grease Other

concentration concentration intensity intensity intensity intensity

Skatole concentration

Androstenone conc. 0.42**

Skatole intensity 0.64*** 0.37*

Androstenone intensity -0.07 NS 0.19NS -0.08 NS

Pork fat, cooked intensity |[-0.42** -0.24 NS -0.51*** -0.30*

Pork fat, grease intensity |[-0.43** -0.26 NS -0.30* -0.01 NS 0.31*

Other intensity 0.11 NS 0.02 NS -0.16 NS -0.02 NS 0.10 NS 0.11 NS

Warm serving temperature

NS = Not significantly different at p < 0.05
* = Significant correlation at p < 0.05; ** = Significant correlation p < 0.01; *** Significant correlation p < 0.001



5.2 Consumer sensory evaluation

5.2.1 The effect of consumer profiles on the hedonic ratings of the odour of

boar fat samples

The average age of the consumers participating in the evaluation of pork fat samples
was 23 years (Table 16). The majority of the consumers (84 %) were enjoying high
living standards indicated by LSM groups 7 and 8, with the remaining consumers
from LSM groups 4 to 6. The majority of consumers (87 %) did not smoke. A small
percentage (9 %) of the consumers indicated that they did not really like pork while
66 % indicated that they either liked or liked pork a lot. Overall 15 % of consumers
said that they did not often consume pork in the form of fresh meat and 8 % did not
consume pork often in the form of processed meat. The consumer profile (Table 16)
showed that male and female groups did not differ significantly in terms of age
distribution, living standards (LSM) grouping, liking of pork in general and
consumption frequency of both fresh and processed pork products. More of the male
respondents compared to females smoked. No difference between ethnic groups
(Table 17) was found for the number of respondents that smoked.

The consumers representing the different ethnic groups differed in terms of age
distribution with white consumers being slightly older than blacks and the coloured
consumers was the youngest group. The LSM grouping revealed that the living
standards of the black group were generally lower than that of the white and coloured
groups. Pork was the least liked by the coloured group with the black group liking
pork the most. No significant difference in frequency of consuming fresh pork was
noted for the groups but the black group reported that processed pork was more
frequently consumed compared to the white and coloured groups.

Consumers’ liking of pork meat in general had a significant effect on the hedonic
rating of the boar fat samples (Table 18). Those who indicated that they liked to eat
pork a lot (5 on a 5-point scale) also gave significantly higher hedonic ratings for the
boar fat samples compared to all the consumers that marked the other categories on
the scale. Consumption frequency of eating pork in either the fresh or processed
form, as well as smoking habits did not have significant effects on the hedonic rating
of the samples. The distribution of consumers in the LSM groups and age groups
was not sufficient to test the effects of these on liking of the boar fat samples.
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Table 16: Comparison' of the consumer profiles of males (n=150) and females

(n=150) participating in the study

Age distribution (%) % =1.0NS
Average age Minimum Maximum
Males 226 17 53
Females 23.1 17 63
All consumers 229 17 63
Living standards measure (LSM) grouping (%) x* =0.03 NS
LSM 4 LSM 5 LSM6 LSM7 LSM 8
Males 1 6 1 47 34
Females 1 3 1 51 33
All consumers 1 4 11 49 34
Distribution of smokers and non-smokers (%) $2=7.5*
YES NO
Males 18 82
Females . 7 92
All consumers 13 87
Distribution by liking of pork (%) % =13NS
Strongly dislike  Dislike Sometimes Like Like a lot
Males 4 4 26 34 32
Females 3 6 25 39 26
All consumers 4 5 26 37 29
Frequency of consuming pork in the form of fresh meat (chops, pork roast etc.) (%) xz =0.02 NS
Never Almost never Now & then Often Very often
Males 5 10 48 29 8
Females 4 10 46 32 8
All consumers 5 10 48 31 8
Frequency of consuming pork in the form of processed meat
(bacon, viennas, polony, pork spare ribs etc.) x*=0.75 NS
Never Almost never Now & then Often Very often
Males 5 5 27 33 30
Females 3 3 26 35 33
All consumers 4 4 27 34 32

! Significance level NS = Not significant (p > 0.05), ** = (p < 0.01)
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Table 17: Comparison' of the consumer profiles of black, white and coloured

consumers participating in the study

Age distribution (%) ¥£ =677 **

Average age Minimum Maximum
Blacks 229 17 54
Whites 26.1 17 63
Coloureds 19.7 17 40
All consumers 229 17 63
Living standards measure (LSM) grouping (%) x° =43.1 ***

LSM 4 LSM5 LSM 6 LSM7 LSM 8
Blacks 3 13 32 42 9
Whites 0 0 2 46 51
Coloureds 0 0 0 58 40
All consumers 1 4 11 49 34
Distribution of smokers and non-smokers (%) x*=25 NS

YES NO
Blacks 11 89
Whites 10 90
Coloureds 17 83
All consumers 13 87
Distribution by liking of pork (%) ¥ =16.0**

Strongly dislike Dislike Sometimes Like Like a lot
Blacks 1 6 20 31 42
Whites 3 3 21 44 29
Coloureds 7 6 36 35 16
All consumers 4 5 26 37 29
Frequency of consuming pork in the form of fresh meat {chops, pork roast etc.) (%) v2 = 2.6 NS

Never Almost never Now & then Often Very often

Blacks 4 7 44 33 11
Whites 3 10 48 35 3
Coloureds 6 13 48 24 8
All consumers 5 10 48 31 8

Frequency of consuming pork in the form of processed meat (bacon, viennas, polony, pork spare ribs

etc.) (%) *=63"*

Never Almost never Now & then Often Very often
Blacks 2 1 21 28 47
Whites 3 6 31 39 21
Coloureds 6 4 28 35 27
All consumers 4 4 27 34 32

' Significance level
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Table 18: Effect of consumer profiling measurement on hedonic rating of boar
fat samples as obtained by ANOVA

Consumer profile measurements Significance’
Smoking NS
Liking of pork : x
Frequency of consuming fresh pork NS
Frequency of consuming processed pork NS

' NS = No significant effect (p > 0.05); *** = Significant effect (p<0.001),

5.2.2 Analysis of the hedonic ratings of boar fat samples from combinations

of low, medium and high levels of skatole and androstenone

It was necessary to know consumer reactions to the extreme concentrations of
skatole and androstenone where it was hypothesised that the levels of boar odour
would be clearly detectable. However, it was also important to know how consumers
would react to intermediate concentrations of skatole and androstenone, which might
not be detectable or undesirable. Comparison of hedonic scores for 3 levels each of
skatole (low < 0.08, medium = 0.08 - 0.25 and high < 0.25 ug/g fat) and androstenone
(low < 0.5, medium = 0.5 - 1.25 and high < 1.25 ng/g fat) are presented for the black
and white consumers (Table 19) and the coloured consumers (Table 20).

Significant differences in consumer liking of boar fat samples were found between
the 3 levels of skatole and androstenone concentrations, respectively. As expected,
the samples were significantly less liked as the concentration of skatole increased.
The black and white groups gave the highest mean hedonic rating for the samples
with the lowest skatole concentration (< 0.08 ug/g fat) and liked the samples with the
highest skatole concentration (> 0.25 ug/g fat) the least (Table 19). The coloured
group liked the low and medium skatole samples significantly more than the high
samples (Table 20). However, liking of samples with varying concentrations of
androstenone followed a different trend for black and white as compared to the
coloured groups.
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Black and white groups liked the low (< 0.5 ug/g) and high (> 1.25 ug/g) levels of
androstenone significantly less compared to the medium (0.5 - 1.25 ug/g) level. A
similar result was found for the coloured group, but in this case the high level was
significantly less liked compared to the low level. No significant interaction effect was
found for skatole and androstenone concentrations, but the interaction effect for
gender and androstenone concentration was significant for the black and white

groups but not for the coloured group.

Table 19: Comparison by ANOVA of hedonic ratings' for the odour of boar fat
samples (n=50) with three different skatole and androstenone
concentrations by the black and white panels (n=200 consumers)

Skatole concentration ***

Low Medium High
(< 0.08 ng/g) (0.08 ~ 0.25 ng/q) (> 0.25 pg/g)
51 (+2.2)° 48 (+2.3)° 43(+2.3)°
Androstenone concentration **
Low Medium High
(< 0.5 ug/g) (0.5 - 1.25 ug/q) (> 1.25 pg/g)
47 (+2.2)° 5.1 (£2.3)2 45 (+2.3)"°
Gender NS
Ethnic group **
Black White group
49 (x2.4)° 4.6 (+2.1)

Skatole X Androstenone concentration NS

Gender X Androstenone concentration *
Males Females
Low Medium High Low Medium High
47 (+2.2)° 4.9(+2.3)*° 46(+23)° 4.6(+22)° 52(+2.3)° 4.3(x2.4)°

Ethnic group X Androstenone concentration NS

Gender X Ethnic group **
Males Females
Black group White group Black group White group
47 (+2.4)° 4.8 (+1.9)% 5.1 (+2.4)° 44 (x22)°

1=Dislike extremely, 9 = Like extremely

Means in a row with different superscripts (3**) differed significantly at the
indicated significance level *=(p<0.05), **=(p<0.01), ***=(p<0.001),
NS (p > 0.05)
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Table 20: Comparison by ANOVA of hedonic ratings' for the odour of boar fat
samples with three different skatole and androstenone
concentrations by the coloured panel (n=100 consumers)

Skatole concentration ***

Low Medium High
(< 0.08 ug/q) (0.08 — 0.25 pug/q) (> 0.25 ng/g)
4.5(+2.4)° 46 (+2.2)° 3.1(x2.3)°
Androstenone concentration **
Low Medium High
(< 0.5 ng/g) (0.5 ~-1.25 ngl/g) (> 1.25 ng/g)
4.1(x2.3)° 46(+2.3)° 3.0(x2.3)°
Gender NS

Skatole X Androstenone concentration NS

Androstenone concentration X Gender NS

! 1=Dislike extremely, 9 = Like extremely

Means in a row with different superscripts (**®) differed significantly at the
indicated significance level *=(p<0.05), **=(p<0.01), ***=(p<0.001),
NS (p > 0.05)

The first-mentioned interaction showed that the black and white males did not rate
the acceptability of the three levels of androstenone as significantly different, while
the females liked the medium (0.5-1.25pg/g fat) androstenone samples
significantly more than the low (< 0.5 ug/g fat) concentration samples with the high

(> 1.25 pg/g fat) androstenone samples being liked the least (Table 19).

A significant gender x ethnic group interaction effect was found for the black and
white groups. This interaction showed that white females generally disliked the boar
fat samples significantly more than all other consumer groups. No significant
difference was found between the liking scores of the samples for the white and the
black males. The black female group and the white male group did not differ
significantly with regard to hedonic rating of the smell of boar fat samples. However,
the black male group liked the samples significantly less compared to black females.

No significant gender effect (p = 0.4) was found for the coloured group. However, the
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same trend (Table 20), as observed with the white and black group, was evident with
males responding more positively towards the high androstenone samples.

5.2.3 Correlation of skatole and androstenone concentrations, hedonic

ratings and descriptive profiles of boar fat samples

Table 21 shows the correlation of skatole and androstenone concentrations (HPLC),
mean descriptive sensory intensity ratings as assessed by a trained sensory panel
and mean hedonic ratings for all black and white consumers together, as well as for
the different gender (males and females) and ethnic groups (black and white
consumers), respectively, of pork fat samples (n=50). It is clear that all the
correlations were generally low. Hedonic ratings for the consumers were significantly
negatively correlated with concentrations of both skatole and androstenone.

The significance of these correlations seems to be influenced more by the female
than the male groups as can be seen from the higher correlation coefficients for the
female groups. An unexpected finding was that the correlations between hedonic
rating and skatole and/or androstenone concentrations were generally higher than
those compared with skatole and/or androstenone intensities provided by the trained
panel. Interestingly, the correlation coefficients for the black female group were
generally higher compared to the other groups, while this was the group that
responded the least negative in terms of hedonic ratings. The black male group
showed no significant correlations for any of the parameters that were measured.

5.2.4 Consumer descriptions for the smell of boar fat samples

Summaries of the words used by the different gender and ethnic groups (black and
white consumers) to describe the odours of the boar fat samples for the four extreme
skatole and androstenone concentration groups are provided in Appendix B. These
words gave some information on the terms used to describe both desirable and
undesirable odours or levels of disgust. Comments ranged from very positive (e.g.
well roasted pork, pleasant, delicious food etc.) to extremely negative (e.g.
nauseating, rotten eggs, disgusting, not fit for human consumption). However, no
clear trends were evident since samples from the same carcass often evoked both
positive and negative reactions or associations.
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Table 21: Correlation coefficients' for mean hedonic ratings of the odour of
boar fat samples (n = 50) compared with skatole and androstenone
measurements by HPLC and mean skatole and androstenone

intensities (samples as assessed at 65 °C by a trained sensory

panel)
Consumergroup N HPLC Trained sensory panel
(warm serving 65 °C)
Skatole Androstenone  Skatole Androstenone
concentration concentration  intensity intensity
All consumers 300 -0.46* -0.31* -0.34* 0.11 NS
Males 150 -0.22NS -0.20 NS -0.19 NS 0.02 NS
Females 150 -0.48 *** -0.28* -0.33* 0.15 NS
Blacks 150 -0.36* -0.28* -0.29* 0.10 NS
Whites 150 -0.41* -0.25 NS -0.28 * 0.08 NS
Black males 50 -0.09NS -0.12 NS -0.11 NS 0.10 NS
Black females 50  -0.46** -029* -0.32* 0.04 NS
White males 50 -0.32* -0.23 NS -0.22 NS -0.12 NS
White females 50 -0.31* -0.16 NS -0.21 NS 0.19 NS

Significance levels NS = (p>0.05), * = (p < 0.05), ** = (p <0.01), ** =(p <0.001)
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Chapter 6

Discussion

The results will be discussed in three sections. The first section will deal with the
analytical sensory analysis of boar odour and the second will concentrate on the
results obtained from consumer evaluations. This will be followed by a discussion on
possible reasons, based on the insight gained during this research, for some of the
discrepancies that exist in the current understanding of boar odour perception.

6.1 The relative contribution of skatole and androstenone to the

perception of boar odour

To discuss the results in this section three aspects will be dealt with namely (1) the
trained panel’s ability to recognise and quantify skatole and androstenone odours in
boar fat samples with different concentrations of skatole and androstenone; (2) the
temporal perception of boar odour based on an assessment immediately after
heating boar fat and following a cooling period; and (3) the ability of the panellists to
evaluate skatole and androstenone odours in boar fat.

6.1.1 Recognition and quantification of skatole and androstenone odours in
boar fat samples

The acceptance threshold levels of 0.20 or 0.25 pg/g for skatole and 0.5 or 1.0 ug/g
for androstenone have frequently been used as cut off levels above which
consumers apparently would react negatively to meat from boars (Walstra et al.,
2000). It was argued that it would be important to be sure that humans could indeed
discriminate between boar odour samples below and above these thresholds.

The trained sensory panel could significantly distinguish using the term skatole
intensity between boar fat samples with skatole concentrations above and below
0.25 ug/g. It was however, not possible for the panel as a whole to identify
differences in skatole odour intensities for concentrations below 0.25 ug/g,
specifically for comparing samples with skatole concentrations below 0.15 ug/g to

samples with skatole concentrations between 0.15 and 0.25 nug/g.
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For androstenone the identified acceptability threshold of 0.5 pg/g (Moerman, 1982)
also indicated a significant concentration for distinguishing high from low
androstenone intensities. It was also found that the panel was unable to rate the
differences in the androstenone intensities of samples with androstenone
concentrations above 0.5 pg/g, specifically when comparing samples with

androstenone concentrations between 0.5 and 1.25 ng/g with those above 1.25 pg/g.

Overall, the trained panel demonstrated discrimination abilities for skatole and
androstenone concentrations in boar fat quite similar to those reported by others
(Lundstrém et al., 1988; Bonneau et al, 1992a; Annor-Frempong et al., 1997c¢).
However, it seemed that panellists, even when trained, lacked the ability to
discriminate between odour intensities of certain concentration ranges, notably very
low concentrations of skatole (below 0.25 ug/g) and very high concentrations of
androsterione (above 0.5 pg/g). This was in agreement with Dijksterhuis et al. (1997)
who concluded that sensory analytical panels are in principle capable of
distinguishing between different levels of androstenone and skatole, but not at all
levels. Another reason may be that the odour compounds were more stable at the
higher concentrations affecting the perceived intensities. De Roos (1997) concluded
that flavour compounds were more stable at higher compared to lower
concentrations.

This finding seems to be different to the situation observed in a model oil system. In
support of the resuits of this study for skatole, Annor-Frempong et al. (1997a) found
that panellists were unable to correctly rank increasing skatole intensities of samples
with pure skatole concentrations below 0.20 pug/g in a model oil system. This was
attributed to the intense impact of skatole on the mucosal membrane of the nose,
causing overrating of the first samples in an increasing skatole concentration series.
The same authors found that most, but not all trained panellists could, in model oil
samples, recognise increases in concentrations of androstenone beyond 0.5 ng/g
and up to 8 pg/g. However, one of the trained panellists in that experiment did show
a terminal threshold of 0.4 ug/g for androstenone. This individual rated the intensity

of samples beyond that concentration as lower compared to those below.

A possible reason for the observation in the case of androstenone may be
interference of other substances at high androstenone concentrations which are
normally associated with more sexually mature animals (Squires et al., 1991). The
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results for skatole may be due to the fact that the overall panel's discrimination
threshold for this substance was reached when comparing sample concentrations
between 0.15 and 0.25 pg/g with those below 0.15 pg/g. The discrimination
threshold is defined as the smallest perceptible difference in the physical intensity of
a stimulus (Kilcast, 1996). However, it is well known that thresholds of individuals
can vary quite considerably. Potential interference of androstenone and skatole
odours at either the very low or very high concentrations may also have contributed
to these results.

The descriptors pork fat cooked and pork fat grease associated with untainted pork
generally decreased with increased concentrations of skatole, while increasing
concentrations of androstenone did not have a significant effect on the ratings for
these terms. This may be due to the finding by Annor-Frempong et al. (1997¢) that
androstenone contributed more to normal pork odour than skatole.

Annor-Frempong et al. (1997c) found that a trained panel was better able to
differentiate between low and high levels of skatole than between low and high levels
of androstenone, a finding attributed to the fact that the detection threshold for
skatole is much lower than androstenone. Another reason was the significant
androstenone-panellist interaction effect found during that study. This finding was
not confirmed during this study. The differences in panel ratings for lov. and high
levels of skatole and androstenone, respectively, were quite similar. A possible
reason for the different finding could be that in this case the skatole-panellist
interaction effect and not the androstenone-panellist effect as shown by Annor-
Frempong et al. (1997c), was found to be more important. It was however noted that
mean androstenone intensity ratings were comparatively higher compared to skatole
intensity ratings in all samples except those with skatole concentrations higher than
0.25 ug/g (when evaluated warm). When samples were evaluated cold, the mean

intensity ratings for androstenone were consistently higher compared to those for
skatole.

The correlation coefficients between the concentrations of the Lt ir odour
compounds and the sensory properties were generally low as was similarly found by
Annor-Frempong et al. (1997c). Differences in findings between the two studies are,
however, the higher correlations coefficients reported here between skatole intensity
and skatole concentration (0.64 compared to 0.53) and between skatole intensity and
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androstenone concentration (0.37 compared to 0.22). In addition this research did
not find a significant correlation between androstenone intensity and androstenone
concentration when samples was served warm while Annor-Frempong et al. (1997c)
found a significant correlation coefficient of 0.43. However, significant correlation
coefficients of 0.29 were found for androstenone intensity and androstenone
concentration as well as for skatole intensity and androstenone concentration, when
the samples were reassessed after 10 minutes, i.e. cold.

The reason for these differences can probably be ascribed to the comparably higher
numbers of samples with much higher skatole concentrations used as sample
material for this study. In fact, the majority of samples use by Annor-Frempong et al.
(1997¢) had zero pg/g skatole in fat. In that study no samples with both high skatole
and low androstenone concentrations were included, while at least two such samples
were used here. These differences in findings confirm the statement by Bonneau
(1998) that differences in the skatole and androstenone characteristics of the animal
population from which samples are drawn is a reason for the lack of consistency in
sensory studies on boar odour.

To put sensory boar odour results in perspective it is important to be aware of the
nature of the sample material. The concentration of skatole (determined by HPLC) in
the boar fat samples for this study was significantly correlated with the levels of
androstenone. The correlation coefficient of 0.4 found during this study is similar to
that reported by Andresen et al. (1993) and Lundstrém et al. (1988) but different from
the much higher correlation (r = 0.7) reported by Bonneau et al. (1992b) and the
lower values (0.3) found by Annor-Frempong et al. (1997¢) and Walstra et al. (2000)
or the non-significant correlation (-0.02) of Judge et al. (1990). The high correlation
found by Bonneau et al. (1992b) was reportedly due to over-representation of high
skatole samples in the group of boars. In fact, Walstra et al. (2000) cited correlation
coefficients for skatole and androstenone for various studies ranging from 0.3 to 0.55
and then also the high value 0.7 reported by Bonneau et al. (1992b). Although the
relationship between the two compounds in selected sample material generally
remains to be moderate (Walstra et al., 2000), it may explain some of the differences
in the sensory results as found for different studies.

However, an interesting finding of this research was that overall no significant
interaction effects were observed for any one of the descriptors used and particularly
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not for interactions with skatole and androstenone concentrations (each grouped into
three concentration levels). A reason for this may be the limited number of
descriptors, namely four real descriptors plus the term other that were used during
this study possibly contributing to less confusion of odours and terms. This is in
contrast to ten and seven descriptors used by Annor-Frempong et al. (1997¢) and
Dijksterhuis et al. (2000), respectively. Annor-Frempong et al. (1997c) reported a
quadratic effect for pork odour and abnormal odour with skatole and androstenone
levels while Dijksterhuis et al. (2000) also reported quadratic effects in the
assessment of odour and flavour attributes. The effects differed for the various
trained panels used in the EU boar odour study with some panels reporting hardly
any quadratic effects while others reported various.

6.1.2 The temporal perception of boar odour

A major finding of this research was a quantification of the differences that can be
expected for perception of skatole and androstenone odours immediately after
heating boar fat samples and when evaluating the odour/s of the same samples
following a cooling period of 10 minutes. This time period was long enough to allow
for a decrease in temperature from + 65 °C to + 25 °C. The results showed that the
temporal perception of boar odour is an important aspect that could influence the
recognition and quantification of boar odour quality and intensity and potentially also
contribute to the hedonic reaction to boar fat samples. The perception of different
concentrations of skatole and androstenone in boar fat as evaluated by a trained
sensory panel differed when samples were assessed immediately after heating and
following a cooling period. At the lower temperature (25 °C) after cooling, the
intensities of all the odour attributes, except pork fat grease, were less intense. This
was due to two aspects, namely the reduced temperature affected volatilisation and a
loss of volatiles occurred after samples had been heated. The increase in the
intensity of pork fat grease was expected because this term described the odour of
untainted cooked pork fat at room temperature. Bonneau et al. (1993) found that

human perception of boar taint related off-odours was more difficult at room
temperature than in heated products.

The analytical sensory results indicated that when boar fat samples were served
warm and the samples were smelled for the first time, skatole seemed to have a
faster rate of odourant release and was therefore perceived to be the initial
contributor to the overall odour. However, the relative contribution of androstenone to



the odour profile, after some of the skatole was released together with the water
vapour, became more evident. This change in total odour profile affected the
identification of the individual odour compounds. After cooling, the classification of
samples using the terms skatole intensity and androstenone intensity was not clearly

according to skatole and androstenone concentrations anymore.

This finding is in agreement with Sather (1995) who reported that an aromatic
described as barnyard relating to skatole was perceived as one of the first sensations
in a large number of boar samples evaluated by a trained sensory panel using the
Flavor Profile technique (Caul, 1957). For this technique the panellists are expected,
in addition to rating the intensities of characteristics, to also indicate the order in
which different odour or flavour qualities become evident. Dijksterhuis et al. (1997),
assessing the odour of heated fat samples, also found that skatole seemed to
“overrule”. androstenone perception especially at high concentrations. No reports on
the increasing contribution of androstenone to the overall odour profile over time after
fresh meat samples had been cooked, could be found. The good discrimination
between smoked sausages with and without boar odour that Walstra (1974) found, is
in agreement with the results from the time/temperature effect of boar odour
perception. In that study it was found that the boar odour could be differentiated
even when the sausages were consumed cold. The results was supported by the
analytical measurements of androstenone and skatole which showed that the amount
of androstenone retained in the products after processing was comparable to that in
uncooked back fat, while the concentration of skatole was reduced to one-fifth of the

original value.

Walstra (1974) mentioned that a taste panel found the detection of boar odour using
a hand sealer (a method similar to the soldering iron method reported by Jarmoluk,
Martin & Fredeen, 1970) more discriminating than a cooking procedure. This was
probably because the influence of temporal aspects did not come into play with the
immediate heating and evaluating procedure. It is also possible that when assessing
the odour immediately after heating, skatole was the predominant contributor. A
conjecture is that a longer time heating process would allow the multi-dimensional
perception, including both skatole and androstenone, to make the perceived odour
more complex.
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No interaction effects for skatole and androstenone intensities were found with
increasing concentrations of either or both of the odour compounds. The existence of
a synergistic effect could therefore not be concluded unequivocally from the results as
was reported by others (Walstra ef al., 1986; Berg et al., 1993, Agerhem & Tornberg,
1994; Sather, 1995; Xue ef al, 1996; Annor-Frempong et al., 1997b) on odour
synergism or enhancement. When serving samples warm, Annor-Frempong et al.,
(1997b) found that the effect of skatole was enhanced by the presence of
androstenone, i.e. the higher the androstenone concentration, the more intense the
skatole component was perceived.

Although not supported by statistical evidence, a trend was observed that the skatole
intensity of samples with skatole concentrations above 0.25pg/g, after cooling,
increased as androstenone concentrations increased. The results showed that when
samples -were evaluated cold, the effect of androstenone, measured here as
androstenone intensity, may also be slightly enhanced by the presence of skatole.
Evidence of enhancement of androstenone intensity by increasing skatole
concentration was reported by Sather (1995) and Xue et al. (1996). However, these
may purely be a result of the variations among ratings by the different panellists
demonstrated by significant panellist X skatole concentration and panellist X skatole

concentration X androstenone concentration interaction effects.

During this study correlation coefficients of 0.64 and 0.60 found between fat skatole
concentration and skatole intensity on warm and cold serving, respectively, were well
within the range normally reported (Bonneau, 1998). Coefficients of correlation
between fat skatole and androstenone concentrations and boar odour intensity as
reported in other studies ranged between 0.4 and 0.8. However, it should be noted
that in most of these studies the term 'boar odour intensity' was measured and
perceptions were therefore not specified as being skatole or androstenone-like as
was the case here. A reason for the relatively low correlation with androstenone
concentration could be that the sample preparation and serving method was not ideal
for the release of the less volatile androstenone or because of masking by the more
volatile skatole. Agerhem & Tornberg (1995b) found that, in general, androstenone
contributed more to off-flavour at higher (80 °C) compared to lower (60 °C) internal
end-point cooking temperatures. The higher temperature probably contributed to
greater volatilisation of androstenone.
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An important observation is the fact that the correlation between androstenone
intensity and androstenone concentration was significant only when the samples
were assessed for the second time (i.e. after cooling), confirming the increasing
contribution of this compound over time after heating. It seems as if it was relatively
easier to detect androstenone once the samples were left to cool for a while after
heating. Babol & Squires (1995) noted that the response to boar taint depended on
the compound which is more easily detected.

The complexity of boar odour perception caused by the different interacting odour
qualities and intensities was illustrated using a multivariate statistical technique
enabling the plotting of samples in relation to all of the sensory descriptors that were
available for profiling purposes. It was found that panellists classified boar fat
samples firstly as tainted (i.e. with detectable skatole and/or androstenone odours
present) or untainted (i.e. with the normal pork fat cooked and/or pork fat grease
odour qualities). A secondary aspect was the analysis of the character of the odour
that was classed as either tainted or non-tainted. Those samples classified as
tainted were separated as either possessing skatole or androstenone character. The
non-tainted samples were not separated further and it was noted that the two
descriptors for normal untainted pork fat were closely associated on the plots
indicating that they probably described the same qualities.

An important observation was that multivariate analysis of the sensory analysis
ratings of the cold samples contributed to a higher percentage explanation of the
variation in the data. This was probably because the perception of androstenone
was more clear in the cold samples compared to the warm samples were skatole
seemed to be the most important contributor to the perceived odour profile. Although
using different sensory descriptors, Dijksterhuis et al. (1997) showed a Principal
Component Analysis plot for boar odour perception by a trained sensory panel where
the distribution of descriptors was fairly similar to the plots reported during this
research. On the plot the descriptors naphthalene/mothballs (relating to skatole) are
clearly separated from the descriptors for gilt samples considered being untainted,
namely sweet. Similarly a second dimension separation of the terms
naphthalene/mothball and urine and sweat (normally associated with androstenone)
was found. However, Dijksterhuis et al. (1997) pointed to the more significant
unidimensional nature of the plot and did not emphasise the second dimension, i.e.
the separation of the skatole and androstenone characters. The plots shown by the
authors were from the trained panel (EU boar taint project) which had the highest fit
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for Generalised Procrustes Analysis (GPA). This meant that the panellists in this
panel showed the highest agreement of the seven trained panels that were
compared.

The distribution of carcasses on the multivariate plots again illustrated that skatole
and androstenone concentrations were not the only factors affecting the odour and
flavour perception of pork meat/fat. Samples were not clearly separated into
concentration classes of skatole and androstenone (low, medium or high). This is
similar to results by Lundstréom et al. (1982), Dijksterhuis et al. (1997) and supports
the theory of classification of samples based on response classes as was suggested
by Annor-Frempong et al. (1997c). This idea is illustrated by the fact that the
samples that were the most liked by the consumers in the present study were all
clustered on the side of the PCA plots relating to the normal untainted pork fat
sensory descriptors. Samples that were the least liked by consumers were clustered
to the right of the plots associated with the descriptors skatole and androstenone
although these terms were not necessarily associated with samples containing high
concentrations of skatole and/or androstenone.

The findings related to the temporal perception of boar odour can in part be attributed
to different odour partition (release), adaptation and retention properties for the two
odour compounds.

Flavour perception and especially aroma, is controlied by the way aroma molecules
are distributed over various phases (Bruin, 1999). The composition of the sample
headspace depends on the partitioning of volatiles among the air phase and the
different phases present in the food (e.g. fat and water). Odour or flavour release and
retention depends on the availability of odourants to the vapour phase and therefore
on their affinity to the product. Most aroma compounds, including skatole and
androstenone, are lipophilic which means that the composition of the product will
influence the transfer across interfaces such as lipid-aqueous or aqueous-vapour
phases. The transfer rate of an aroma compound at the lipid-water interface mainly
depends on its affinity for the phase containing the aroma compound originally (Druaux
& Voilley, 1997). Other factors such as product surface area and temperature also
influence the headspace composition (Taylor & Lindforth, 1996).
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Compared to skatole, androstenone is more lipophilic, has a higher molecular weight
(272.4 g/mol compared to 131.18 g/mol), and higher melting (143 °C compared to 95
to 97 °C for skatole) and boiling points (Windholz et al., 1983). The water solubility of
androstenone is 0.00023 g/l at 25 °C (Amoore & Buttery, 1978), much lower
compared to that of skatole (0.45 g/l at 20 °C, Windholz et al., 1983). The partitioning
coefficients of androstenone are therefore higher (Pc air/water = 0.012 at 25 °C)
meaning that the substance is released more slowly and for this reason it can be
expected that androstenone would have a lower but more lingering odour impact
compared to skatole. This is probably one of the reasons why Dijksterhuis et al.
(2000) concluded that it was more difficult to smell androstenone compared to
skatole and was confirmed in the assessment of samples when served warm during
this study.

Androstenone is retained for longer in the fat matrix and it is therefore expected that
it could provide a more stable, longer lasting odour/flavour. Retention of aroma
compounds by a fat matrix depends on the physico-chemical interactions (Druaux &
Voilley, 1997) affected amongst others by the functional groups of the aroma
compounds. It increases with molecular weight and decreases with the polarity and
the relative volatility of the aroma compounds (Goubet et al., 1998). Skatole,
theoretically has lower phase partitioning coefficients and is therefore more readily
released from the fat matrix into both the aqueous and gaseous phases. The greater
solubility of skatole in water due to its more polar nature mean that it would diffuse
more easily through the matrix during heating compared to more apolar compounds
such as androstenone. The higher rate of volatilisation for skatole could mean that
the nose would detect it first or more easily as was demonstrated by the results of
this research and observed by Dijksterhuis et al. (2000).

The results showed that the contribution of androstenone, relative to skatole, was
more noticeable during cold serving of samples. A contributing reason for this
phenomenon is the fact that androstenone partitions more readily into the aqueous
than the gaseous phase. It takes longer to become volatile, as this compound
prefers to volatilise via an aqueous medium. This also mean that retronasally
perceived flavour of androstenone, such as when a pork sample is chewed and in
contact with watery saliva, should lead to an increase in the rate of volatilisation of
this compound. This is aided by the fact that mastication breaks down the fat or fibre
matrix of a meat samples which increases the surface area by spreading the product
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throughout the mouth and releases juices and volatile aroma compounds into the
mouth (De Roos, 1997). Although flavour during eating of pork fat was not evaluated
during this study, it has been found in several boar odour studies reviewed by
Bonneau (1998) and again confirmed by Dijksterhuis et al. (2000) that androstenone
has a greater contribution to flavour (retronasal perception) than to smell (orthonasal
perception). This finding is to be expected when the physico-chemical properties of
this substance is taken in consideration.

The time delay between perceiving the initial skatole and the androstenone odours
as was shown in this research, would mean that individuals that are sensitive to the
odour of androstenone, would become more aware of its presence when the product
has cooled down sufficiently for it to, for example, be put in the mouth and eaten.
The chewing action in the mouth would also aid volatilisation of androstenone. The
temporal .aspect involved in skatole and androstenone perception also means that
the character of the odour that is perceived would be affected by whether a sample is
assessed immediately after heating, cold or after re-heating.

6.1.3 Ability of the trained sensory panel to evaluate boar odour compounds

A descriptive panel that is sufficiently trained and operating under suitable conditions
for sensory evaluation should be able to consistently evaluate the characteristics of a
sample that is presented twice (in either the same or different evaluation sessions).
Skatole intensity of samples was significantly lower during the second replicate
compared to the first. The differences for skatole intensity that were found over the
two replicates may therefore suggests insufficient panel training or adaptation (a
decrease in responsiveness) of the nose to the odour of skatole on repeated
exposure over a period of time. The rating of the terms pork fat grease and other
also decreased and was probably an effect of the decrease in the perception of
skatole intensity.

No significant differences over the two replicates were found for any of the other
descriptive terms and notably not for androstenone, which could mean that
inadequate panel training, did not necessarily play a role. Annor-Frempong et al.,
(1997a) reported inconsistent skatole thresholds for trained panellists over six
replicates. In contrast, threshold values for androstenone remained similar over the
replicates. The low repeatability of skatole thresholds was ascribed to a more narrow
range of detection during heating (Annor-Frempong et al., 1997a). This may mean
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