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Effects of training on odor judges scoring intensity
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OBJECTIVE: This pilot study was intended to test whe-

ther a training protocol improved validity of odor judges

(OJs), with or without experience, and whether odorant

types differed in error proneness.

METHODS: The OJs (four experienced, two inexperi-

enced) completed a 4-phase training protocol based on

the American Society of Testing and Materials standards

(ASTM): (i) introduction to sensory scales, n-butanol

reference, sniffing techniques; (ii) pretraining measure-

ments; 20 samples of varying intensities of four unpleas-

ant and three pleasant odorants; (iii) exercises assessing

quality, intensity, ranking, and matching; and (iv) post-

training measurements.

MAIN OUTCOMEMEASURES: Subjects’ intensity scores

were analyzed as the absolute difference from the �true’
intensity (ASTM n-butanol standard) using repeated

measures ANOVA.

RESULTS: Training significantly (P = 0.02) reduced OJ

errors. Experienced and novice judges did not differ in

average errors (P = 0.99), or in improvement in error

from pre- to post-training (P = 0.94). Improvement was

consistent from pre- to post-training for all odorants

except dimethylsulfide for which errors worsened

(P = 0.01). Unpleasant and pleasant odorants differed

(P = 0.006) in error. After removing water the effects of

water control scores from the pleasant odorants, the

difference was not significant (P = 0.26).

CONCLUSIONS: The OJs improved in their ability to

assess odor intensity irrespective of previous experience.

Training is recommended for all OJs prior to research

trials.
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Introduction

Research reports the major offensive odorants respon-
sible for oral malodor (MO) are the volatile sulfur
compounds (VSCs) hydrogen sulfide, dimethylsulfide

(DMS), and methylmercaptan (Tonzetich, 1971; Sch-
midt et al, 1978; Kostelc et al, 1984). The current
instruments used to assess oral malodor are the gas
chromatograph (GC), sulfide monitors (Halimeter,
OralChroma, Brethtron, etc.), and sensory odor judges
(OJs). The GC and sulfide monitors quantify and in
some cases identify sulfur compounds in concentrations
as low as a few p.p.b. (Tonzetich, 1971; Schmidt et al,
1978; Rosenberg et al, 1991a,b; Yaegaki, 2002; Lenton
et al, 2004). However, these sensors are only useful for
identifying VSCs.

Sensory OJs can not only detect and recognize
compounds but also can discriminate complex mixtures,
so OJs are considered the gold standard for oral
malodor assessment. OJs assess odors for intensity or
offensiveness (Allison and Katz, 1919; Rosenberg et al,
2001a,b) and for hedonic tone (pleasantness) (Chambers
and Wolf, 1996). Currently, the American Dental
Association requires that for clinical trials, intensity or
hedonic assessments be performed by at least two
trained and calibrated OJs blinded to each other
(ADA Council on Scientific Affairs, 2003).

Although training and calibration of sensory OJs has
been well-documented in other disciplines (foods/bever-
ages, air/water quality, personal care products), few
data have been published on methods for training
oral malodor judges. To date, most academic groups
involved in oral malodor research have trained directly
with malodor subjects. However, industry uses training
protocols based on American Society for Testing and
Materials (ASTM) standards. However, these studies
are rarely published due to the proprietary nature of the
business. The objective of this pilot study was to test if
training OJs, experience in MO assessment and types of
odorants improved OJ’s intensity scores.

Methods and materials

Subject population
The subject population consisted of four sensory OJs
with experience in assessing MO and two without
experience. OJs participated in a 4-phase training
protocol: (i) introduction to sensory techniques; (ii)
pretraining; (iii) sensory training exercises; and (iv) post-
training. The training protocol was adapted from the
Wheeler et al (1981) Guidelines for the Selection, and
Training of Sensory Panel Members, Chambers and
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Wolf (1996) Sensory Testing Methods, Subcommittee E
18.04 on Fundamentals of Sensory (1999) Standard
Practices for Referencing Supra threshold Odor Inten-
sity, and Sensory Evaluation Techniques (Meilgaard
et al, 1999a).

Introduction to sensory techniques
The OJs received demonstrations on handling samples
and sniffing techniques and were briefed on using the
odor intensity scale (Table 1A), hedonic tone scale
(Table 1B) and standard odor descriptors (McGinley
and McGinley, 2002). OJs received a sample reference
odorant (n-butanol) that had been determined by study
investigators to have an intensity level of 3 for oral
malodor. OJs were allowed to sniff and become familiar
with the n-butanol intensity level 3.

Pretraining OJ measurements
The OJs independently assessed 20 odorant samples for
odor hedonic tone, quality, and intensity. Each sample
contained approximately 30 ml of liquid odorant in a
60 ml glass amber bottle with a screw cap. Samples
consisted of seven different odorants, one neutral
(water), four unpleasant (skatole, putrescine, DMS,
and butyric acid) and two pleasant (jasmine, orange) of
varying intensities. Study investigators assigned each
odorant sample a �true’ intensity score by reference to
the 5-point n-butanol study scale (Table 2), adapted
from the ASTM 10-point n-butanol scale. OJs assessed
odorants at 3-min intervals and were allowed to
compare samples to the reference n-butanol, level 3, as
needed.

Sensory training exercises
Training consisted of a series of didactic and laboratory
practice sessions. Didactic sessions included discussions

on the purpose of sensory training, influence of emo-
tional factors, chain of sensory perception (stimu-
lus fi sensation and detection fi perception and
recognition fi decision response) and odorant scales,
qualities and descriptors. OJ preparation, reducing bias,
adaptation and habituation were also discussed. Labor-
atory sessions included exercises on assessing descriptive
qualities, detection and discrimination of similar com-
pounds, memory matching of identical and similar
odorants, odorant intensity ranking and relating odor-
ants to the n-butanol reference scale. All laboratory
exercises included training, practice, discussion and
reassessment of skills. A variety of pleasant (jasmine,
orange, pineapple, peppermint, rose, cinnamon, euca-
lyptus, lemon), unpleasant odorants (garlic, alcohol,
hydrogen sulfide, skatole, putrescine, butyric acid,
DMS) and neutral odorants (water, pine, spearmint,
vanilla, apple, pear) with varying intensities were used
during the training exercises.

Post-training OJ measurements
The same 20 samples assessed during pretraining were
assessed for the post-training measurement, but in a
different random order. OJs assessed samples at 3-min
intervals and received a freshly mixed bottle of n-but-
anol of intensity level 3.

Statistical analysis
Statistical analysis used repeated measures ANOVA,
where a �subject’ was an OJ. The dependent variable was
the absolute difference between a judge’s score and the
truth as listed in Table 3 (the absolute difference is the
difference with negative signs removed). The fixed effects
were experienced vs non-experienced, pre- vs post-
training, gas, and their interactions. A preselected
comparison (a �contrast’) was made between pleasant
and unpleasant gases using the gas as main effect.
Standard errors are derived using error terms from the
ANOVA.

Results

Overall, training significantly reduced (improved) OJ
errors (Table 3, item 1; P ¼ 0.02). Previous experience

Table 1 Descriptors for the organoleptic odor intensity and hedonic
scales

(A) Odor intensity scale (B) Hedonic scale

1 ¼ no perceived odor +2 ¼ like very much
2 ¼ faint odor noticed +1 ¼ like
3 ¼ moderate odor 0 ¼ do not like or dislike
4 ¼ strong odor )1 ¼ dislike
5 ¼ extremely strong odor )2 ¼ dislike very much

Table 2 ASTM and study scale relationships to butanol concentrations
(p.p.m.)

ASTM 10-point scale (n-butanol) Study scale (n-butanol)

1 ¼ 12 1 ¼ 25
2 ¼ 24 2 ¼ 225
3 ¼ 48 3 ¼ 675
4 ¼ 96 4 ¼ 2025
5 ¼ 194 5 ¼ 6075
6 ¼ 388
7 ¼ 775
8 ¼ 1550
9 ¼ 3100
10 ¼ 6200

Table 3 Average absolute error for selected groups of measurements,
pre- and post-training

Average absolute error
s.e. of average
absolute erroraPretraining Post-training

Overall 1.13 0.77 0.09
Experienced 1.13 0.76 0.15
No experience 1.13 0.78 0.10
Butyric acid 1.33 0.83 0.23
Citrus (orange) 1.29 0.53 0.19
Dimethylsulfide 0.97 1.58 0.23
Water 0.42 0.08 0.23
Floral (jasmine) 1.24 0.61 0.19
Putrescine 1.33 0.81 0.19
Skatole 1.11 0.72 0.19

aApplies to both pre- and post-testing.
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was not associated with the size of the errors (experi-
enced 0.94, no experience 0.95; P ¼ 0.99). Experience
was also not associated with the improvement (reduc-
tion in errors) from pre- to post-training (Figure 1;
Table 3, item 2; P ¼ 0.84).

Judges improved from pre- to post-training for all
odorants except DMS (gas-by-training interaction,
P ¼ 0.01), for which they worsened (Figure 2; Table 3,
item 3). Judges tended to have greater errors scoring
unpleasant odorants (unpleasant 1.09, pleasant 0.70;
P ¼ 0.006). However, after removing the water score
from the pleasant odorants, the difference was no longer
significant (pleasant without water 0.93; P ¼ 0.26).
Figure 2 shows why; water had much lower errors both
pre- and post-training than any other compound.

Discussion

Sensory odor assessment attempts to measure, analyze,
and interpret the olfactory system’s reaction to a
perceived odor. It is difficult to assess olfactory sensa-
tions as there is no standard unit to quantify or measure
odors as there is with other senses (e.g. hearing). There
are approximately 17 000 odorous compounds (Harper,
1972) for which there is no international standardized
terminology.

Individuals vary considerably in recognition of odors
(Pangborn, 1981) and perception of pleasantness (Cain
and Johnson, 1978). Rabin (1988) demonstrated that
attaching verbal labels to olfactory stimuli significantly
improved OJs ability to recognize odors. To facilitate
odor assessment in this study, OJs were given a list of
seven distinct odorant descriptors, which was made
available during all phases of training and measurement.
Although this study did not evaluate odor quality
recognition, all of the study judges indicated that listing
the descriptors helped them to quickly recognize/des-
cribe an odorant, which then enabled them to focus on
odor intensity.

The OJs were allowed to rate how much they liked or
disliked a sample. Study investigators believed that giving
OJs the opportunity to rate odorant pleasantness could
help to control the subjective emotional attachment a
judge could have to a particular odorant, as described by
Cain (1988). Stevenson et al (1998) have also suggested
sweetness of an odorant can enhance odor intensity
perception. Therefore, OJs were instructed to break down
their assessment into four distinct steps, odor stimula-
tion fi rating odor pleasantness fi odor descrip-
tion fi odor intensity, similar to Shiffman’s (1996)
chain of sensory perception. Investigators believed these
steps could enhance the learning of the intensity scale by
training judges to address odor character and pleasant-
ness before focusing on intensity. All OJs, even experi-
enced OJs, indicated these steps helped them to focus on
each aspect independently and quickly.

Cognitive and psychological factors can influence OJs
perception, such as unfamiliarity with the odor or lack of
training in articulating the sensation in words or numbers
(Leibowitz andPost, 1980;Meilgaard et al, 1999b). Study
investigators adapted a 10-pointASTModorant intensity
scale (n-butanol) to a 5-point intensity scale (Table 2). To
familiarized OJs with the study scale, training exercises
included intensity rating by comparing sample odorants
to the study reference odorants n-butanol. The purpose
was to eliminate OJs tendency to distribute ratings evenly
over the available scale or to avoid extreme responses, the
0’s and 5’s (Parducci, 1965). OJs were instructed to use the
n-butanol intensity reference odorants and odorant
descriptors whenever they felt the need to verify or
confirm their assessment. The purpose was to aid in
memorizing this static scale and anchor OJs to a physical
reference. Judges reported that the use of the n-butanol
reference helped when a sample was very unpleasant.

An OJ can have different responses to the same
stimulus on different occasions because of over stimu-
lation of the olfactory receptors causing the phenomena
of adaptation, cross-adaptation, habituation and/or
fatigue (Cain and Johnson, 1978; Brinkman et al,
1980; Dalton and Wysocki, 1996; Rawson, 1999). A
variety of distinct odorant types (floral, fruity, amines,
acids, medicinal, etc.) were used to eliminate adaptation
and cross-adaptation. OJs assessed samples at 3-min
intervals to control fatigue. All OJs reported that the
3-min intervals seemed long that they became bored
while waiting. Investigators are not sure if this loss of
focus during testing had any effect on the study results.
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Figure 1 Relationship between odor judges previous experience and
improvement (reduction in errors) from pre- to post-training, for all
odorants combined
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As repeated sniffing past the first sniff rarely provides
additional information (Laing, 1983), recovery time
probably could be shortened.

All study OJs improved in their assessment of odor
intensity from pre- to post-training for all the odorants,
except for DMS for which errors became worse.
Investigators mixed fresh solutions of DMS at both
measurement occasions. As DMS volatizes easily, the
repeated opening of the sample containers may have
diluted the sample. Also sample containers were glass
and sulfur-containing compounds can be reactive to
glass (Sulyok et al, 2001).

Intensity scores differed between pleasant and
unpleasant odorants when water scores were included
with the pleasant odorants. However, there was no
significant difference when the water score was removed
from the pleasant odorant group. This suggests that
offensive compounds may not be needed to train
malodor judges, or that a pleasant reference odorant
could be used during training.

This study was limited in that it only included six OJs.
Also, only two pleasant odorants were used and there
was no control group that did not receive training. True
oral malodor is a mixture of compounds and this study
used only pure compounds. Further studies are needed
to justify the assumption that training on these odorants
is transferable to other odorants. Follow-up studies
should include training and assessment with mixtures of
compounds and with subjects having oral malodor and
identification of a reference odorant for use in studies of
people with oral malodor.

Conclusions

The OJ training protocol in this pilot study improved
subjects’ ability to assess odor intensity irrespective of
previous experience and training and is recommended
for all sensory OJs prior to conducting research trials.
Because study OJs did not score pleasant and unpleas-
ant odorants differently perhaps a pleasant reference
odorant could be identified and used in OJ training
rather than using human subjects with oral malodor.
This could reduce cost and time involved in training
OJs. Few academic groups have developed training
programs and as there is no standardized training pro-
tocol established and published in the oral malodor field
this pilot study could possibly be used as a basis to
develop a standardized training program in this field.
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