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Odorant diluents are generally chosen because of their odorless qualities, allowing them to 

dilute a target odorant without affecting its perception.  Unpublished results from my laboratory, 

suggest that the commonly-used diluent mineral oil (MO) is not odorless.  To test this possibility, 

I used four brands of MO, a common diluent for oil-based odorants, in a discrimination paradigm 

with mice, to test for odor detection and brand discrimination.  Studies showed that mice were 

able to both detect and discriminate among all four MO brands.  In a second discrimination 

experiment, I diluted cineole to identical suprathreshold concentrations in two brands of MO, 

such that the only difference between the S+ and S- cineole stimuli was the brand of MO used as 

the diluent.  Again, mice were able to discriminate between the two stimuli, responding to 

cineole diluted in one brand of MO and not responding to the identical concentration of cineole 

in a different brand of MO.  Thus, this discrimination task showed that mice were discriminating 

between the two MOs despite the presence of cineole.  These results suggest that mice are able to 

discriminate among MOs when presented alone and also when in a mixture with an intense 

odorant.  MO is therefore, not an odorless diluent and MO from different sources possess 

varying notes and must be used with caution in olfactory experiments, as the perception of the 

odors being diluted may be altered in unknown ways. 
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CHAPTER 1 
ODORANT MIXTURES 

Proper control of stimuli is an essential component of psychophysical experimentation, 

and adequate control can only be obtained with a full understanding of all aspects of the stimulus 

being applied.  In olfactory research it is necessary to rigorously control the odorants being 

tested, but it is equally important to control the substances in which the test odorants are diluted.   

Most olfactory stimuli used in experimental studies are soluble in water, alcohol, or oil, 

and are often diluted with deionized water, diethyl phthalate, or mineral oil, respectively, 

substances with properties similar to that of the odorant.  Because a diluent is mixed with, and 

thus perceived simultaneously with, a target odorant, diluent choice is critical.  A diluent is 

required to be inherently odorless, serving the purpose of diluting an odorant or mixture of 

odorants without altering the original perceptual characteristics.  If a diluent has an odor, the way 

in which the target odorant, or odorants, are perceived will be altered due to a phenomenon 

called mixture interaction (Laing et al. 1989; Smith 1998; Rospars et al. 2008).  Mixture 

interaction occurs when the response to an odorant in a mixture is different from the response to 

that odorant when presented individually.  Derby et al. (1989) suggested that because sensory 

information is carried by olfactory neurons, a mixture interaction may alter the message being 

sent by individual odorants, and thus affect coding within the olfactory bulb.  Thus, when 

investigating mixtures, it must be considered how odorants interact in the mixture as well as how 

this mixture is being perceived by the animal.  In the context of the present work, interactions 

between the odorant of interest may interact within an odorous diluent and result in unintended 

stimulus properties. 

Binary mixtures are generally said to have one of two perceptual qualities, either 

configural or elemental (Livermore and Laing 1998; Kay et al. 2005).  A mixture has a 
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configural perception when two odorants with similar molecular structures are combined to form 

a mixture that does not smell like either of its two components, but has a “mixture-unique 

‘synthetic’ quality” (Smith 1998; Kay et al. 2005).  Elemental mixtures, on the other hand, 

contain two odorants with dissimilar molecular structures that, when combined, are perceived as 

the sum of the two odorants (Kay et al. 2005).  Overshadowing is another phenomenon that 

occurs in binary mixtures, where the concentration level of one of two odorants is increased and 

the perception of the second odorant is decreased, having been overshadowed by the first (Smith 

1998; Kay et al. 2005).  Overshadowing is described in a similar way to odor masking, another 

phenomenon that can occur when two odors are presented simultaneously (Laing et al. 1989; 

Livermore and Laing 1998; Wiltrout et al. 2003).  In masking, the perception of one odorant is 

decreased in the presence of another odorant, and an increase in threshold level of the masked 

odorant is necessary in order for it to be detected.  Though masking has been described 

independently from overshadowing, the processes involved seem identical; two odors are present 

simultaneously, and as the concentration of odor A is increased, it “covers up” the perception of 

odor B, so that in order to be detected, odor B must be presented at higher levels in the presence 

of odor A than would be necessary in a null background.   

Odor masking in the rat, as described by Laing et al. (1989), is virtually identical to a 

phenomenon described in Bell et al. (1987) in both humans and rats, which they correctly termed 

“mixture suppression.”  Bell et al. found that when propionic acid (vinegar) was unable to be 

perceived by humans in the presence of limonene in a mixture, 2-deoxyglucose (2-DG) uptake in 

rats showed suppression of the olfactory receptors typically activated by propionic acid.  Imaging 

results showed that activation to propionic acid was not covered up, or “masked” by limonene, 

but was simply suppressed, making levels of the acid in the presence of limonene elicit less 
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receptor excitation than would the same levels in a null background.  Masking is a phenomenon 

where the presence of one odor (odor A) masks, or covers up the receptors’ neural responses to 

the second odor (odor B), the one being masked (Moore 1997).  Suppression, also occurring at 

the periphery, is seen when one odor (odor C) suppresses the response to a second odor (odor D), 

lowering the amount of receptor excitation to the odor being suppressed (odor D).  Though Laing 

et al. (1989) conducted only behavioral studies, the results obtained were the same as those in 

Bell et al. (1987), and thus likely showed mixture suppression and not masking as they claimed.  

In both experiments, limonene levels were similar, while propionic acid levels were 3-4 

magnitudes higher in the Bell et al. than the Laing et al. study.  Although the behavioral portion 

of the Bell et al. study was done in humans, who typically have higher odor thresholds than 

rodents, this higher level of acid was used in their 2-DG experiment with rats where they showed 

propionic acid receptor suppression when limonene was present.  Thus, the extension of these 

studies that Laing et al. make to their experiment when acid detection levels were lower, is 

incorrectly termed masking.  They are showing the same thing behaviorally in rats that Bell et al. 

showed in humans, where receptor excitation to propionic acid is decreased, or suppressed, by 

limonene and thus perceived with less intensity than when presented alone.  2-DG images of the 

olfactory bulb for propionic acid and limonene show that activity levels have little overlap, 

suggesting that limonene could not cover up, or “mask” receptors responding to the acid (Figure 

1-1; Leon and Johnson).   

The intensity of odors in a mixture can also affect how the mixture is perceived 

(Livermore and Laing 1998; Wiltrout et al. 2003; McNamara et al. 2007).  Perception is 

dependent on both the concentration and the ratio of components within a mixture, but it is 

generally the more intense odor within a mixture that is perceived over the less intense 
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component or components.  Laing (1989) found that an odorant only had to have an intensity 

slightly higher (one to two log units) than a second odorant in the mixture in order to be 

perceived as more intense.  McNamara et al. (2007) found that binary mixtures with low 

intensities combined to form a configural perception, whereas mixtures with components of high 

intensity were perceived elementally, regardless of the perceptual similarity of the two odors.   

Wiltrout et al. (2003) showed that when a reward was associated with components of a 

binary mixture containing perceptually dissimilar odorants, the rats did not discriminate the 

mixture from its components, suggesting that the animals detected the individual components 

within the mixture and were able to identify the one for which they were rewarded, both in a 

mixture and individually.  This suggests that dissimilar odorants in a binary mixture can be 

detected simultaneously, and one can be ignored so that the other can be perceived similarly to 

how it would if presented independently.  These findings support the elemental phenomenon 

previously described (Livermore and Laing 1998; Kay et al. 2003).  Regardless of the way in 

which two substances interact in a mixture, however, if two odorous substances are combined, 

the way in which the mixture is perceived, or at least the cues an animal uses to respond, may be 

affected.    

Mineral oil (MO), a common diluent for oil-based odorants, is generally described as an 

“odorless” substance and has been used in many olfaction experiments (Bodyak and Slotnick 

1999; Wiltrout et al. 2003; Abraham et al. 2004; Kay et al. 2005; Li et al. 2006; Mandairon et al. 

2006; McNamara et al. 2007).  In unpublished work from my laboratory, I replicated a 

previously published experiment (Linster et al. 2001) in which odorant control was largely based 

on the assumption that MO was odorless.  I conducted a habituation experiment to measure the 

amount of time mice spent investigating various odorants over a number of 3 minute exposures.  
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In the experiment performed by Linster et al., MO was used in a habituation test as an “odorless” 

control before testing an odorant.  Their results showed a very short habituation time, though an 

exact number of investigations was not reported (Linster et al. 2001).  In my performance of this 

same study, I observed that mice took as long, if not longer, to habituate to MO than they did to 

other, “more complex” odorants (unpublished results; Figure 1-2).  Through personal 

communications with the published report’s author (Dr. Christiane Linster), I became aware that 

the use of MO as a diluent is not always well controlled, with some researchers using multiple 

brands even within an experiment.  In addition, most published studies fail to report the source of 

MO used (Bodyak and Slotnick 1999; Wiltrout et al. 2003; Kay et al. 2005; Li et al. 2006; 

Mandairon et al. 2006; McNamara et al. 2007; Yoshida and Mori 2007). 

The possibility that MO may be odorous and, when used as a diluent, might affect the 

perception of a target odor, could create unintended changes in target odorants which could 

complicate comparisons of results.  Based on findings from previous research in this laboratory 

using the habituation paradigm described above, I sought to determine whether various brands 

(Sigma-Aldrich, CVS, Fisher Scientific and Wal-Mart) of “odorless” MO did contain an odor, 

and if they could be discriminated from one another, which would suggest they have their own 

distinct odors.  The purpose of the present study was to compare various brands of MO to one 

another to determine whether or not some “odorless” MOs contain an odor, and whether or not 

those odors and can be discriminated from one another by mice.  My findings show that MO has 

properties that may affect the perception of odors which it is used to dilute, and this finding 

should be taken into consideration when discussing mixtures or single odorants using MO. 
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              A                    B        
 

Figure 1-1.  The 2-deoxyglucose images of activation in the olfactory bulb.  A) For propionic 
acid, B) for limonene.
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Investigations of Odorants in a Habituation Paradigm
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Figure 1-2.  Habituation trials for MO and three complex odorants.  Mice investigated MO in 11 
three minute trials, while they investigated for fewer trials for the other three complex 
odorants that should have prompted more investigation than the “odorless” MO.
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CHAPTER 2 
METHODS 

Animals 

Five C57Bl/6J mice were used in this study.  Mice were obtained from the Jackson 

Laboratory (Bar Harbor, ME) and a colony maintained at the McKnight Brain Institute, 

University of Florida.  All of the animals were male, 15 to 21 months old and had been 

previously used in similar behavioral studies.  Mice had ad libitum access to dry LabDiet mouse 

chow (LLC/PMI Nutrition International, St. Louis, MO) and were maintained on a 23-hour water 

restriction schedule.  They were weighed daily and were kept at 85% to 90% of their free-body 

weight (26.5 to 31.5 g).  During testing, mice received no more than 3 ml of a liquid reward of 

vanilla Ensure (Abbott Laboratories, Columbus, OH), a nutritional energy drink.  At the end of a 

testing day, they also received a certain amount of supplementary water based on how much 

Ensure they consumed during testing, up to a total of 3 ml per day (National Research Council, 

1996).  All animals were individually housed in order to regulate the consumption of 

supplementary water given after testing.  All testing was done with the approval and oversight of 

the University of Florida Institutional Animal Care and Use Committee. 

Apparatus 

All training and testing was performed using Knosys commercial liquid-dilution 

olfactometers (Lutz, FL; Figure 2-1).  The olfactometers had eight channels controlled by a 

compressor which delivered air through a charcoal filter system before entering the olfactometer.  

Air flow was divided and fed through two glass manifolds, one continuously carrying a clean air 

stream, the other carrying the stimulus stream containing the odorant to be delivered to the 

animal.  Flow meters were calibrated before each animal was tested, ensuring that the clean air 
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manifold had a constant stream of 1.95 liters/minute, and the stimulus air stream was constant at 

0.05 liters/minute.   

The clean air manifold delivered air through 3/16 inch ID tubing (C-flex, Cole Palmer, 

Vernon Hills, IL) into 250 mL plastic saturation bottles containing 10 mL of liquid odorant.  The 

odorant at the bottom of the bottle saturated the air in the head space of the bottle, so that air was 

able to flow out of a second piece of tubing into the stimulus stream manifold.  The stimulus 

stream then entered a glass mixing ball which created turbulence in the air flow, mixing the 

odorant before its final delivery to the animal.  Two ports left the mixing ball, and the attached 

tubing then passed through a final solenoid pinch valve.  One of the tubes was evacuated into an 

in-line exhaust fan to a room-evacuation system, while the tube from the second port was 

controlled by the final valve, allowing precise delivery of the stimulus to the animal. 

Airflow from the manifolds into the plastic bottles was controlled by QBASIC software 

which opened or closed automated solenoid pinch valves, allowing precise timing of air into and 

out of specified bottles.  The olfactometer was able to deliver up to eight stimuli to the animal, 

but for these experiments only two stimuli were used at a time.  Mice were trained to respond to 

a target stimulus, S+, while ignoring the diluent alone, or control stimulus, S-.  The odorant was 

delivered to the animal after the final valve into the base of a glass cylinder, the sampling port, 

into which the animal was able to nose poke.  The sampling port was attached to a Plexiglas 

behavioral chamber 15 cm deep, 20 wide, and 13 cm tall in which the mice were tested.  The 

odorant was delivered from the final valve into the base of the sampling port.  The sampling port 

had an opening which fit into a hole in the Plexiglas box through which the animal could poke its 

head in order to sniff the airflow to detect the odorant being delivered.  The odor was 

immediately evacuated through a vent at the top of the cylinder connected to the room-
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evacuation system.  The Plexiglas chamber also contained a fan at the opposite side of the box 

from the sampling port in order to maintain positive pressure within the box, thus keeping the 

odorant stream in the sampling port and preventing it from entering the behavioral chamber.   

Experimental Design 

Each discrimination block included 20 trials, with the target odorant (S+) and the diluent 

(S-) each being delivered 10 times in a pseudorandomized order.  The behavioral chamber had a 

conductive metal floor, so that when the mouse licked a metal lick tube inside the nose port, an 

electrical circuit was completed.  When the animal poked its nose into the sampling port, it broke 

an infrared photo beam, initiating a trial sequence.  The mouse was required to keep its head in 

the sampling port for at least 200 ms, at which time either an S+ or an S- stimulus was delivered 

to the animal, allowing it to sniff and respond.  The animals received 5 μl of liquid Ensure when 

they responded correctly to the presence of the S+ by licking the lick tube inside the sampling 

port.  If the animal licked the lick tube in response to an S- presentation, a “Failure,” or did not 

respond to an S+ trial, a “Miss,” the animal received a 5 s time out during which it was not able 

to initiate a new trial.  When the animal responded correctly to an S- trial by withdrawing its 

head from the sampling port following the S- odorant presentation, it was allowed to initiate a 

new trial 1.5 s later, once the final valve closed.  When a diluted odorant was used as an S+, the 

S- stimulus was always the substance with which the S+ was diluted.  This was done so that if 

there were to be any contaminants or odors in the diluent, it always being present in the form of 

the S- should have allowed any of those cues to be ignored in the S+. 

Odorants 

Four brands of MO were obtained from different distributors: CVS (CVS Pharmacy, Inc., 

Woonstock, RI), Wal-Mart (Cumberland Swan, Smyrna, TN), Sigma-Aldrich (light; St. Louis, 
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MO), and Fisher Scientific (light; Hanover Park, IL).  Cineole was purchased from Sigma-

Aldrich and was of 99% purity. 

Procedure 

Training 

Naïve mice were initially trained to place their nose into the sampling port where the 

odorants were delivered.  The port contained the lick tube from which mice were able to receive 

a liquid reward for correct responses.  Mice were first placed on a training regimen during which 

they were presented with cineole alone.  For the first 20 trials, they were reinforced for each nose 

poke that broke the photo beam.  In the second stage, the animals were required to sample the 

odor for incrementally longer intervals, progressing from 0.2 to 1.2 s requirements over 140 

trials.  They were trained in such a way that, when they licked the lick tube in response to a 

presentation of the target odorant, they received a reward of 5 μl of Ensure.  If the mouse failed 

to respond to the odorant presentation, they received a 5 s time out during which they could not 

initiate a new trial. 

After successful completion of the initial training program, the mice were run on a two-

bottle discrimination program.  The first 40 trials of the discrimination program were used as an 

extension of the initial training, with the presentation of the target odorant alone (100% cineole).  

For the remainder of the discrimination program, the animals were presented with the target 

odorant (S+; cineole) for half of the trials, and with the diluent (S-; CVS MO) for the other half 

of the trials, in a pseudorandom order.  It took the mice approximately one week to become fully 

trained on this program, reaching 85% or higher accuracy in responding to the target odorant and 

not responding to the diluent. 
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Threshold Procedures 

Mice were considered to have passed a concentration level when they passed three 

consecutive blocks of 20 trials with 85% or higher accuracy.  Because initial training was done 

with 100% cineole as the S+ and CVS brand MO as the S-, the same stimuli in the threshold 

experiment, the animals were able to reach passing levels on the discrimination program with 

100% cineole fairly rapidly.  Upon successful completion of three consecutive blocks with 100% 

cineole, mice were then tested on 10% cineole diluted in CVS MO as the S+ and CVS MO alone 

as the S-.  As the mice passed a concentration level with 85% accuracy on three consecutive 

blocks, they were moved down by serial dilutions until they were no longer able to discriminate 

between the cineole S+ and the MO S-.  Once mice failed a concentration level two days in a 

row, I determined their threshold.  In this experiment, threshold was considered to be the lowest 

serial dilution at which each mouse was able to pass three consecutive blocks with 85% 

accuracy.    

Mineral Oil Discrimination 

Mice were trained to detect CVS MO as the S+, in the same way that they were previously 

trained to detect cineole.  For the training portion of this experiment, an empty jar containing 

clean air served as the S-.  Once the animals successfully completed training, they began running 

on the two-bottle discrimination program, where CVS MO (S+) was sequentially tested against 

three different brands of MO (S-).  As with the cineole threshold test where mice were 

discriminating between a cineole dilution (S+) and the MO diluent (S-), mice were required to 

pass three consecutive blocks of 20 trials of different MO brand discriminations with 85% or 

higher accuracy in order to pass a discrimination pair. 
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Cineole in Mineral Oil Discrimination 

Discrimination among different types of MO could be a compelling argument for different 

MOs having distinct olfactory notes, but this finding would hold the most practical significance 

if MO were shown to affect the perception of odors for which it was used as a diluent.  To 

address this point, I compared identical suprathreshold levels of cineole using two different 

brands of MO as diluents by pairing them in a discrimination task.  Levels of cineole used in 

these trials were three to five log concentrations above previously determined threshold levels.  

The only difference between the S+ and the S- stimuli was the MO diluent, either CVS brand or 

Sigma-Aldrich MO (i.e., I was reinforcing discrimination of the diluent, not the odorant).   As 

with the previous discrimination trials, mice had to pass three blocks of 20 trials with 85% 

accuracy in order to pass the discrimination task.   
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Figure 2-1.  Knosys liquid-dilution olfactometer (Bodyak and Slotnick 1999).  Manifold 1 

contains the clean air stream and Manifold 2 contains the stimulus air stream.     
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CHAPTER 3 
RESULTS 

Cineole Threshold 

Three of the five mice used in this study had a threshold of 10-8% cineole, and two had a 

threshold of 10-9% (Figure 3-1).  As previously described, threshold was defined as the lowest 

concentration at which the animal was able to detect cineole with 85% or higher accuracy on 

three consecutive blocks.  Three mice failed at 10-9% and two failed at 10-10%, making their 

thresholds 10-8% and 10-9%, respectively.  Published data support these values; mice of the same 

strain had a threshold of 10-8% for cineole (Kelliher et al. 2003). 

Mineral Oil Discrimination 

All three MO pairs were discriminated from one another by at least two of five mice with 85% or 

higher accuracy on three consecutive blocks (Figure 3-3).  CVS MO was able to be discriminated 

from Sigma-Aldrich and Wal-mart MOs by four of the five mice, and from Fisher Scientific MO 

by two of five mice. 

Cineole in Mineral Oil Discrimination 

Identical cineole concentrations three to five log steps above threshold were created using 

two different brands of MO as diluents.  Concentrations of 10-5% and 10-4% cineole were made 

with either CVS (S+) or Sigma-Aldrich (S-) MO, and were tested against one another in 

discrimination trials.  Thus, mice were required to use the MO diluents to discriminate the two 

stimuli, as cineole levels were identical in both the S+ and the S- stimuli.  All five mice were 

able to discriminate 10-5% cineole diluted with CVS MO from 10-5% cineole diluted with Sigma-

Aldrich MO with 85% or higher accuracy on three consecutive blocks.  This level of cineole was 

three to four levels above the threshold for all mice, depending on individual thresholds.  Cineole 

levels of 10-4% were then made, again using either CVS or Sigma-Aldrich MO as a diluent, and 
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were compared.  At this concentration, four of the five mice were able to discriminate between 

the two stimuli with 85% or higher accuracy on three consecutive blocks (Figure 3-4).  

Depending on the threshold of individual mice, this level of cineole was four to five levels above 

the threshold for all mice. 
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Figure 3-1.  Cineole threshold for five C57Bl/6J mice in my laboratory.  Two mice have a 
threshold of 10-8% and three mice have a threshold of 10-9%.   
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Figure 3-3.  Mineral oil discrimination trials between four different brands of MO are shown.  

Four of five mice were able to discriminate Sigma-Aldrich and Wal-mart MO from 
CVS MO, and two of five mice were able to discriminate Fisher Scientific MO from 
CVS MO. 
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Cineole in CVS MO v. Cineole in Sigma-Aldrich MO
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Figure 3-4.  Discriminations of cineole concentrations in two different brands of MO, CVS and 

Sigma-Aldrich are shown here.  All five mice were able to discriminate 10-5% cineole 
in CVS MO from the same concentration in Sigma-Aldrich MO, and four of the five 
mice were able to discriminate 10-4% cineole in CVS MO from the same 
concentration in Sigma-Aldrich MO. 
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CHAPTER 4 
DISCUSSION 

Mineral oil is a common diluent in olfactory research and is typically referred to as 

“odorless.”  Many studies that use MO as a diluent and/or an S- stimulus in discrimination 

studies do not mention the vendor or types of MO used, but merely call it, “odorless” (Bodyak 

and Slotnick 1999; Wiltrout et al. 2003; Kay et al. 2005; Li et al. 2006; Mandairon et al. 2006; 

McNamara et al. 2007; Yoshida and Mori 2007).  The results presented here clearly demonstrate 

that all four brands of MO tested can easily be discriminated from one another, suggesting that 

each has a distinct odor.  Animals were originally trained to respond to the presentation of CVS 

MO as an S+ compared to an S- of filtered air, suggesting that it had an odor, where mice would 

not have been able to discriminate it from a clean bottle if it was truly odorless.  Once trained to 

CVS MO, they were also able to discriminate it from the three other brands of MO against which 

it was tested.   

The use and description of MOs in the literature suggests that many researchers consider 

all MOs to be the same, odorless substance.  However, the ability of mice to easily discriminate 

between MO brands in this study suggests that they not only have an odor, but each brand or lot 

may have a distinct odor.  Pruns et al. (2003) used laser desorption/ionization time-of-flight mass 

spectrometry to characterize various samples of paraffin oil and petrolatum, two substances 

synonymous with MO.  Paraffin oil is largely dependent upon both the origin and the processing 

of the petroleum from which it is derived.  Analyses showed that it contains alkanes, isoalkanes, 

cycloalkanes, as well as many of their isomers, and may contain hundreds of variations of these 

substances.  Petrolatum contains paraffin oil (with all of its compounds) as well as 

microcrystalline wax.  Samples vary considerably, by both their molecular weight and the 

composition of compounds they contain.  Fisher Scientific cites MO’s molecular formula as, 
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“hydrocarbons,” while Sigma-Aldrich has no formula for it; neither manufacturer shows a 

molecular structure as they do for most of their products.  Together, this suggests that MO is a 

substance with a variable composition containing many compounds that are difficult to control in 

the distillation process from petroleum.   

Kay et al. (2005) suggested that contaminants within a mixture may affect its perception, 

perhaps due to a higher vapor pressure causing them to be more salient than the mixture’s 

components.  In addition to possible contaminants, impurities, which exist to some extent in 

almost all odorants, may also affect the perception of MOs and give them a more distinct odor.  

As suggested previously, it is possible that there are contaminants within MO that may vary, not 

only from brand to brand, but possibly from bottle to bottle, that allow them to be recognized and 

readily discriminated from one another.  Regardless of what is being perceived within MO, it is 

clear that MO is not odorless as it has been previously assumed.  This finding is problematic not 

only for studies in which MO is used as a null control, but also when MO is used as an 

“odorless” diluent.   

A binary mixture is rarely perceived in the same way as one of its components alone.  If 

one of its components is at a level where it suppresses the other component so that it is unable to 

be detected, the mixture may smell like the dominant component; however most mixtures are 

affected by both components.  Whether a binary mixture has elemental or configural perceptual 

qualities, the mixture is still perceived differently from when its components are presented 

independently (Livermore and Laing 1998; Kay et al. 2005).  In a configural mixture, two 

odorants combine to form a new odorant that smells different from either of its components.  The 

two molecularly similar components are no longer distinguishable from one another in mixture, 

and the mixture is perceived as a synthetic, unique odor.  An elemental mixture, on the other 
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hand, allows two molecularly dissimilar odorants in a mixture to be perceived separately from 

one another simultaneously, maintaining their distinct odors independently even when combined.  

Despite the ability to separately perceive each component, the actual perception of the mixture is 

different from smelling the two odors independently.  Because two components are present 

simultaneously in a binary mixture, one must be ignored for the other to be perceived as 

“independent.”   

My results suggest one of two mixture possibilities, based on the way the mice responded.  

Cineole and MO could be combining to form an odor different from the two individually, a 

configural mixture, combining differently for each type of MO.  The second, more likely 

possibility, is that the identical concentrations of cineole are being ignored, and the MO alone is 

being used for discrimination.  This would be the case if it was an elemental mixture as I suggest, 

with each component being detected individually.  Thus, the diluent, no matter how it is being 

detected, is altering the perception of the target odorant. 

Cineole diluted to 10-4% and 10-5% in MO likely represents an elemental mixture in this 

experiment.  Previous reports in the literature (Livermore and Laing 1998; Wiltrout et al. 2003; 

McNamara et al. 2007) suggest that the more intense odorants in a mixture are recognized above 

less intense odorants.  In this experiment, cineole, an intense and trigeminal odor, was diluted to 

identical concentrations in two different types of MO, so that MO was the only difference 

between the two stimuli.  Despite the fact that cineole is intense, it was the diluent, MO, that was 

being detected in the discrimination of cineole in CVS MO from cineole in Sigma-Aldrich MO.   
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CHAPTER 5 
CONCLUSIONS AND IMPLICATIONS 

These findings suggest that different MOs have distinct, discriminable notes and, when 

mixed with odorants, can influence their perception.  When research is performed using specific 

odorants and MO is involved, it should be recognized that MO is not odorless, and may affect 

the perception of stimuli with which it is mixed.  A single odorant diluted with MO is no longer 

simple, but becomes a mixture.  In the same way, then, when a binary mixture is diluted with 

MO, it is no longer a binary mixture, but becomes complex with multiple components.  

Likewise, MO should be used with caution if it is used as an “odorless” or null control for any 

experiments, as it contains a distinct odor.  For discrimination trials such as the ones used in this 

study, using the diluent as the S- is a good way to compensate for any odor that may exist in the 

diluting substance.   

 Consistency of both brands and bottles of MO within an experiment is essential.  It is my 

recommendation that, if more than one bottle of MO is necessary for an experiment, multiple 

bottles should be mixed together and aliquots taken from the mixed batch to avoid changing 

bottles mid-experiment.  It is not recommended to ever switch brands of MO during an 

experiment, as it is more likely for MO to differ more between brands/distributors than between 

bottles. 
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