Sensory Evaluation Basics
The overriding principle of sensory evaluation is to match the sensory technique with the problem at hand. This requires a logical decision-tree approach to test design. Most questions about perception of flavors or products will fall into three categories. First, people want to know, "Are these two products different?" This calls for the overall difference test, also referred to as a discrimination test. These tests usually take the form of a forced-choice procedure, where participants are asked to select one choice from among a set of products in which only one is physically different from some standard sample. The second common question is, "How are they different?" In other words, the goal is to specify, in perceptual terms, how products differ, in what qualities have they changed and to what extent. This set of procedures is referred to as descriptive analysis. In its most common form, a group of trained individuals examines the products and provides numerical ratings for the perceive intensity of each attribute. This provides quantitative sensory specification of each product that may be compared statistically. The third common question concerns consumer likes and dislikes. These tests are generally conducted with untrained persons who are usually users or purchasers of the product. They are asked to provide quantitative ratings describing the strength of their liking or disliking for the product as a whole, and may also be probed about their opinion regarding specific characteristics. Alternatively, they may simply be asked to pick which product they like best from a set of alternatives. 

In historical sensory analysis of some standard commodities, the descriptive approach and acceptability testing were combined in the "quality judgments" of expert tasters. The experts were able to identify defects, judge their severity, and produce quality scores that would presumably reflect consumers' rejection of substandard products. This approach has limited applicability to newly developed and processed or engineered foods, where standards for quality are not yet defined. It is also problematic for products in which sensory segments exist, i.e. consumer groups that have different yet specific profiles of what they like in a certain product (tastes great? less filling?). 

Since these methods involve a controlled stimulus and response measurement scenario using human participants, sensory evaluation borrows some practices from the behavioral sciences. In order to minimize biases that may affect the validity or accuracy of a test, blind coding and control of presentation order are critical. "Blind" coding is usually achieved by labeling each sample with a meaningless name such as a randomly chosen three digit number. Participants are provided with only enough information about the sample to insure that it is viewed in an appropriate frame of reference or category. Controlling stimulus order may be achieved by fully counterbalancing orders or by using a design such as a Latin square, which would place each product in each position an equal number of times, when viewed across all participants. Alternatively, order might be fully randomized if the number of observations is large enough. Other critical items to control are all the physical variable that would be expected to influence sensory impact: Concentrations, volume, temperature, and so on. These concerns seem second nature or even old hat to behavioral scientists, but they can easily be overlooked in applied situations. 

Discrimination testing. 

A discrimination test is called for when the objective is to determine whether any difference is perceived between two products. The nature of the difference is usually not specified -- it is up to the test participants to see if they can find a point of difference. Since a finding of no difference may have important business implications, failure to reject the null is an actionable outcome in these tests. Thus the power and sensitivity of the test is important, and beta risk is an important consideration. 

If the difference is studied as a function of different levels (systematically varied) of some ingredient, the experiment resembles a measurement of difference thresholds. For example, the determination of a just-noticeable difference is closely analogous to the discrimination test objective, when several products with different levels of a flavor are compared to some control. This is logically related to historical psychophysical methods such as the constant stimulus method. 

Variations.
The most common forms of the discrimination procedure are the triangle test and the duo-trio procedure. The triangle test is a three-alternative test in which one sample is different from the other two. The test is counterbalanced for the identity of the odd sample (both ABB and BAA used) and its position in tasting (ABB, BAB, BBA). Chance performance is one third, and performance in a group above that level provides evidence for a perceivable difference. This differs from traditional forced-choice procedures in which subjects would be directed to choose the strongest or weakest stimulus. Foods are necessarily multivariate. Since it entails comparisons of similarities (or differences), rather than simple intensities, the triangle test is more difficult than choosing the strongest of three samples. In the duo-trio test, a sample designated as a standard or control sample is presented for inspection. Then two samples are presented, and the participant is asked which of the two matches the control. Chance performance is 50%. In neither test is are the participants directed to any specific sensory attribute -- the test is for the existence of any difference whatsoever. 

Participants in these tests should be screened for minimal acuity in discriminating differences in the products or sensory modalities to be tested. Since the tests are often used as a first step in a sequence of tests, there is little attempt to make the selection of participants be representative of consumers as a whole. Rather, discriminative ability is key. The tests are generally conducted in a laboratory environment with control over sample preparation, temperature, lighting, noise, etc. If no difference is found under such conditions, logic dictates that most consumers would not notice a difference in less controlled situations. However, this logic is not airtight. Consumers have multiple opportunities to interact with a product once it enters the home, and to solicit opinions from other family members. There is always the possibility that what goes unnoticed in a short taste test might be detected once familiarity with the product is gained. 

Forced-choice procedures are also used on some occasions. In these tests, the subject is directed to a specific attribute, e.g. "choose the sample that is sweeter from this pair." Such tests are designates as n-alternative forced choice tests (2-AFC for a paired test , 3-AFC for a test with one target and two controls, and so on). There are both theoretical and empirical reasons to believe that they are more sensitive than the overall difference tests. Since the participant's attention is being directed to a sensory attribute which is expected to differ, detection of the difference should be enhanced for attentional reasons. Conversely, overall difference tests such as the triangle may lose sensitivity since they entail the risk that some participants may focus on differences which are artifactual, a function of serving order or even of their momentary state of adaptation, and fail to attend to the attribute or attributes which are expected to differ systematically as a function of the ingredient change.Sensory evaluation classes asked to perform various discrimination tests on a 10% difference in sucrose concentration always find that the paired test with directed attention was usually much more sensitive on a chance-corrected basis and more likely to achieve statistical significance. 

Descriptive analysis. 

The most generally useful and highly informative class of sensory tests are the descriptive analyses. These techniques attempt to provide a quantitative specification of all the sensory attributes of a food or product. This is typically achieved using a set of scales, each of which provides a numerical response for the perceived intensity of a given attribute. Each sensory attribute represents a (presumably) independent and elemental sensory experience. The results are useful for specifying sensory changes in product development as a function of ingredient, packaging or processing variables and for shelf-life and quality control questions. The data are also used for correlation with consumer judgment for purposes of building predictive or explanatory models of factors driving likes and dislikes. Since they are quantitative and analytic in nature, the sensory specifications are also sometimes examined for correlation with instrumental measures of food properties. 

Variations.
The earliest method for descriptive analysis was the Flavor Profile method. A group of extensively trained panelists would make judgments about the perceived intensity of all the flavor components of a product, in the order of their appearance. The individual profiles would then be discussed, and a consensus profile was put together under the direction of a panel leader. While this procedure was a great improvement over the liabilities inherent in using a single expert taster, further advancements were possible. A technique called Quantitative Descriptive Analysis (QDA) brought aspects of behavioral testing methodology to the descriptive test . The simple category scale used in Flavor Profile was replaced with an unstructured (presumably less biasing) line scale, anchored with suitable words at the low and high ends. More importantly, this technique was amenable to experimental design and statistical analysis. Replication was a standard feature of the design and allowed for evaluation of test reliability. Analysis of variance became the routine statistical procedure for these data. Repeated measures analysis could be applied to partition judge effects from product differences. Statistical measures of central tendency rather than consensus values became the framework of the "profile" and statistical significance testing provided the criteria for the existence of product differences. 

Terminology issue.

A major hurdle in the development of a good descriptive analysis is the selection of useful terms. While there is some agreement about four basic tastes, other points of view add other taste qualities, such as the umami taste of monosodium glutamate. The realm of olfactory characteristics and texture words are less uniformly agreed upon. Early systems for expert grading of foods centered on physical sources of defects, rather than perceptual description of subjective experiences ("oxidized flavor" as opposed to "blue color"). Such systems are problematic in that many different sensory qualities may be subsumed under a single physical defect, e.g. cardboard-like, painty, fishy and tallowy notes may all arise from oxidation flavors. Wine tasters sometimes discuss "reduction flavors" such as the mercaptans which arise from microbial degradation. However, "reduction" may lead to a host of different putrid sulfurous odors, so the specificity of this term is lacking. Recent publications have focussed on this linguistic problem, and criteria for the practical utility of sensory attributes have emerged. These criteria include simplicity, lack of redundancy with other terms and the feasibility of finding a physical reference standard to serve as a training example. Measurement criteria such as reliability (precision) and validity (accuracy) may also be brought to bear. 

Training panels of individuals to think about and to use words in a similar way is obviously a major hurdle for descriptive techniques. Many consumers confuse sourness and bitterness, but this confusion is easily rectified with examples, e.g. citric acid for sour and caffeine and quinine for bitter. Training panels to recognize volatile aromatics, (aromas and flavors) is more difficult, but is also aided by use of examples or reference standards. These examples help to categorize and calibrate the qualitative perceptual space for trainees. Ó Mahony and coworkers have framed the process as one of concept learning or in their terms, concept alignment. 

Some practitioners have carried the process a step further, and not only calibrated the panels with qualitative references, but then attempt to calibrate the psychophysical intensity curve as well, giving panels examples of low and high levels of each attribute. This kind of intensity anchoring was a critical aspect of the original texture profile method. For example, reference standard for perceived hardness ranged from low end anchors like boiled egg white to high end anchors like peanut brittle. Some descriptive analysis practitioners carried this approach over into flavor work, and even went so far as to suggest cross-modal scaling, i.e. a common perceptual intensity scale for tastes and flavors. Whether panelists can be so fully calibrated remains a source of some controversy. For example, subjects who eat diets high in red pepper compounds such as capsaicin, become chronically desensitized to those flavors. It would seem fruitless to force them into a perceptual intensity scale on the same basis as non-consumers of hot spicy cuisines, who are more sensitive. 

In common practice, the profiles are represented by a line graph in polar coordinates, with the attributes forming equally spaced rays (arrangement otherwise arbitrary) and distances from the origin along each ray representing the mean value for a product on that ray. The points are then connected, forming a spider-web or polygon with a sometimes characteristic and recognizable shape for the control product. This is thought to aid in recognition of product differences due to the human ability to perceive shape, where the differences would be more obscure in a bar graph. 

Affective tests. 

The third important type of sensory test involves questioning consumer likes and dislikes. This question is phrased in two ways. One may ask about the liking or disliking for a product, perhaps a single product without reference to another product for comparison. Generally, these data are collected as ratings on a numerical scale, such as the balanced nine point category scale introduced by the food research section of the U. S. Army Quartermaster Corps in the 1950s. This scale runs from "dislike extremely" to "like extremely" with a neutral category at the center of the scale. This degree of absolute liking and disliking should be referred to as "acceptability." 

The second way to phrase the question is in a choice or ranking between two or more products, usually a paired test to see which is liked better. This should be referred to as "preference," although there is widespread misuse of this work in the literature to refer to rated acceptability. Preference or choice data are usually analyzed by means of binomial distribution statistics, since discrete outcomes are counted (numbers of people preferring one item over the other, as a proportion of the total). It is widely believed that preference data are more sensitive than rated acceptability, since two products can get the same acceptability rating on a category scale, but there might be a slight preference for one over the other. Empirical data supporting this belief are not found in the scientific literature. Furthermore, preference tests tell little or nothing about the overall level of acceptance, since one product might be preferred over the other, but both might be unacceptable. On the other hand, acceptability ratings can provide information on the direction of presumed preference. 

The emphasis in both procedures is on obtaining a representative sample of consumers for the test. Several principles apply. First, laboratory personnel generally make poor choices for participants. They come with a technical and potentially biased frame of reference for evaluating the products. If consumers are recruited, they should be regular users or purchasers of the product. Finally, since the variability in personal preferences is usually quite high, large numbers of participants are usually needed (N> 100, as a rough rule of thumb). With such larger samples, it is possible to look for segments or groups of consumers with different preference patterns, rather than simply looking at overall means for different products or other measures of central tendency.

The Sense of Taste 



1. Taste Anatomy 

The tongue has four types of papillae: filliform (no taste buds), fungiform, foliate and circumvallate. 

These are innervated by three crainal nerves: 

Fungiform:chorda tympani branch (VII)
Circumvallate:glossopharyngeal (IX)
Throat:vagus branches (X)

The greater superficial petrosal nerve also innervates the soft palate. 

Papillae consist of many taste buds, and the buds consist of taste receptor cells (each taste bud contains 30-50 cells which are regenerated about once a week). The cells come into contact with fluids in the mouth via hair-like cilia that protrude through pores. 

2. Taste Qualities 

Sweet:carbohydrates with AH,B system
Salty:elementary monovalent cations (e.g., sodium, lithium)
Sour:acids (both inorganic and organics); specific anions affect sensation
Bitter:lipophilic molecules. PTC dimorphism

3. The Umami Controversy 

The Japanese word "Umami" translates as "sweet, pleasant to the taste, agreeable, good, mild, savory, delicious." The word is also akin to "oishii." 

Colloquially, the sensation has been described as "Ajinomoto taste" from the Aji-no-moto food producer. 

Are there only four taste qualities? What about metallic, astringent, alkaline, insipid, pungent, umami? 

One current theory describes umami as a taste "concept." 

Sources of umami taste include: 

monosodium glutamate (MSG): broth, kombu (sea tangle)
histidine or disodium salt of inosinate: broth, katsuobushi (dried bonito)
GMP or disodium 5-guanylate: broth, shiitake (mushroom)

4. Taste Function 

A. Adaptation: 

Requires stable stimulus (spatial control, no temp or tactile);
Has decaying exponential and inverse recovery. 

After adaptation, water takes on various tastes. This raises questions of sequential effects in triangle and other tests, and indicates that pre-rinses and inter-stimulus rinses are important. 

B. Cross Adaptation: 

The effect of adapation of one substance to another. In theory, if two substances cross-adapt, they use the same taste receptors. 

C. Mixture Suppression: 

Mixture suppression is the rule! 

Suppression defined: 

(1) Tastes are weaker in mixtures than they are in equimolar unmixed solutions;
(2) Mixtures are less intense than the sum of their components.

Exceptions: 

NaCl in low concentrations enhances the sweetness of sucrose
MSG and IMP enhance many different flavors in mixtures
Many sweeteners act synergistically with one another (e.g., aspartame and acesulfame-K)

D. Release from Suppression: 

Following adaptation to one component of a mixture, the other component seems to be more intense. It is "released" from suppression. 
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E. Various Taste Modifiers: (weird but true) 

Gymnea sylvestre (Indian vine): inhibits sweetness
Synsepalum dulcificum (miracle fruit): makes sour things taste sweet
Artichoke compounds: make water taste sweet.

5. Predicting Taste Reactions 

A juice manufacturer would like to achieve a certain level of sourness in her product by acidifying the juice. She has two acidulants to choose from. How does she go about deciding how much of either acidulant is required to achieve a given level of sourness? 

A. Weight may predict sourness: 

The more weight of acidulant added, the greater the sourness. 

HOWEVER: Acids have different molecular weights and different protonations and thus will elicit different sourness reactions at the same weight per volume concentration due to the different number of protons that are released into solution by each acid. 

B. Molarity may predict sourness: 

The more molecules of acidulant per unit volume, the greater the sourness. 

HOWEVER: Acids have different dissociation constants and thus will elicit different sourness reactions at the same molar concentrations due to the different number of protons that are released into solution by each acid. 

C. pH may predict sourness: 

The more protons that are released into solutions, the greater the sourness. 

HOWEVER: Oral tissues and salivary milieu are also reactive and titrate protons off anions in equilibria. Therefore, not all acids are equally sour at equal pH. 

D. Titratable Acidity may predict sourness: 

The concentration of available protons, down to a level at which the oral tissues may remove them is important. Titratable acidity to a pH of about 4.0 is a good predictor of sourness. However, there are still residual differences in sourness at equal titratable acidities. 

E. Other potential factors: 

Electrostatic interactions (e.g., anion binding near sour, proton receptors)
Taste properties of the anions themselves.

6. Do Taste and Smell Interact? 

Of course they do! Every cook knows that. 

But ... under controlled conditions in a psychophysical laboratory, simple mixtures of sucrose (a tastant) and citral (an odorant) show almost complete (90%) addition, and no influence on the intensity ratings of each other when mixed. 

A. Findings concerning interactions of non-volatile (gustatory)with volatile (olfactory) sensations: 

Sensation intensities are about 90% additive (e.g., sucrose plus citral). 

Subjects will misattribute some volatile sensations to "taste." 

· Murphy, C. and Cain, W.S. 1980. Physiology and Behavior, 24, 601-605; 

· Murphy, C., et al. 1977. Sensory Proc., 1, 204-211.

Harsh tastes generally suppress and pleasant tastes generally enhance volatile flavors. 

· Von Sydow, et al. 1974. Lebenmittel-wiss. U. Technol., 7, 18-24; 

· Perng, C.M. and McDaniel, M.R. Paper presented at IFT, 1989.

Interactions change with various taste / flavor combinations 

· Frank, R.A. and Byram, J. 1988. Chemical Senses, 13, 45-455; 

· Wiseman, J.J. and McDaniel, M.R. Paper presented at IFT, 1989.

Apparent interactions change with instructions to subjects. 

· "Dumping" if volatile sensations onto taste may occur. 

· Frank, R.A., Wessel, N. and Shaffer, G. Paper presented at AchemS, 1990; 

· Take away question: Is ethyl maltol a sweetness enhancer?

B. Another example of an apparent discrepancy between the food literature and chemosensory psychophysics is the issue of how taste and smell interact. It is a common belief among food scientists, as well as consumers, that taste and smell are somehow related or are closely linked in the perception of flavor. Some of this assumed relationship derives from the generic use of the word "taste" to mean all aspects of food flavor. However, if we restrict the use of the word taste to mean sensations from non-volatile substances perceived in the oral cavity, and add the further restriction that gustation proper does not involve tactile or irritating chemical sensations, we are left with a technical definition that includes such sensations as sweet, sour, salty and bitter. Regardless of whether these four sensation qualities are taste primaries or merely distinct taste sensations among many other possibilities, we can ask whether these taste sensations interact with aromas and volatile flavors that are sensed by the olfactory apparatus. This taste/smell distinction is thus made on anatomical grounds. A number of experiments have addressed this question in the psychophysical laboratory. 

Murphy, Cain and Bartoshuk (1977) examined perceived odor intensity, perceived taste intensity and overall perceived intensity of mixtures of sodium saccharin with the volatile flavor compound, ethyl butyrate. In a second experiment (Murphy and Cain, 1980) examined the same ratings for sucrose citral and NaCl-citral mixtures. The pattern of results was consistent in the two studies. Intensity ratings showed about 90% additivity. That is, when framed as a simple question about the ways in which gustatory and olfactory stimulation combine to produce overall impressions of flavor strength, there is little evidence for interactions among the two modalities. There was one notable exception to this rule, however. The volatile compounds, ethyl butyrate and citral, contributed to judgments of "taste" magnitude, a reliable illusion in both studies. When a flavorous solution is placed into the mouth, untrained subjects have a hard time distinguishing the volatile sensations as odor, and misattribute them to taste. This illusion is eliminated by pinching the nostrils shut during tasting, which prohibits the retronasal passage of volatile materials and effectively cuts off the volatile flavor impressions. Aside from this mislabeling, the psychophysical evidence points to more independence of taste and smell than interaction, in contrast to popular belief. 

However, a different result was seen in real products. Von Sydow et al. (1974) examined ratings for taste and odor attributes in fruit juices that varied in added sucrose. Ratings for pleasant odor attributes increased and those for unpleasant odor attributes decreased as sucrose concentration increased. No changes in headspace concentrations of volatiles were detected, which Von Sydow interpreted as evidence for a psychological effect as opposed to a physical interaction. For example, attentional mechanisms could influence this shift. Sucrose also suppressed "harsh" tastes such as bitterness, sourness and astringency. Such unpleasant tastes may have drawn attention away from volatile characteristics in juices of low sweetness and harsher character. When the juices were more "in balance," panelists' attention may not have been so captured by the harsh tastes, causing a higher probability for recognition of volatile character and thus higher average ratings. A somewhat similar effect was reported by Perng and McDaniel (1989), in which blackberry juice flavor was rated by a trained panel, at varying levels of sucrose and acidity. Sucrose enhanced fruit flavor ratings and juices with high acid level showed lower fruit ratings. 

The pattern is potentially complicated by the ways in which interactions may depend upon the particular flavorants and tastants which are combined. Wiseman and McDaniel (1989) reported some enhancement of fruitiness of orange and strawberry solutions by aspartame, as compared to little or no effect for sucrose, and a somewhat greater enhancement for orange than strawberry. Frank and Byram (1988) found sweetness to be enhanced by strawberry odor, but not by peanut butter odor. Later studies with greater numbers of tastants showed general suppression of sodium chloride saltiness by volatile flavors, but more complex interactions with other tastants (Frank, Wessel and Shaffer, 1990). Further research is needed to see whether these empirical findings can be generalized into any coherent rules, or whether tastant-flavorant interactions will remain a matter for case-by-case study with little or no systematic pattern. One potentially profitable avenue for research is the degree of cultural experience panelists have with particular combinations (i.e., a potential influence of learned expectancies). 

The instructions that are given to subjects in these studies may have profound effects, as in many other sensory methods. Lawless and Schlegel (1984) studied citral-sucrose mixtures using both direct scaling and "indirect" Thurstonian scale values derived from triangle test performance. The direct scaling, simple ratings of perceived sweetness and lemon character, showed much the pattern of independence noted by previous psychophysical workers. However, in the triangle tests, a pronounced interaction was seen in the case of one pair of mixtures, which was so highly discriminable as to yield a larger-than predicted scale value. Furthermore, another pair which was barely discriminable according to the triangle tests received significantly different sweetness ratings. This result indicates that when subject's attentions are directed to specific attributes, as in ratings, paired comparisons or forced-choice procedures, they may find products to be much more discriminable than when areas of difference are unspecified, as in traditional discrimination procedures such as the triangle test or duo-trio test (Ennis, 1990). 

The ratings that subjects are instructed to make will also influence apparent taste-volatile interactions. Frank et al. (1989) reported that strawberry odor could enhance the sweetness of sucrose-strawberry solutions, an effect reminiscent of the enhancement reported by Wiseman and McDaniel (1989) and also the mis-labelling of volatile sensations as taste intensity estimates originally observed by Murphy et al. (1977). Further study of this effect revealed that when subjects were instructed to make total intensity ratings and then partition them into their components, no significant enhancement of sweetness by strawberry odor was seen (Frank, Wessel and Shaffer, 1990). That is, when subjects were able to psychologically "unload" their strawberry impressions on a flavor rating scale, the interaction with sweetness was attenuated. Restriction of ratings to only sweetness in a control experiment restored the enhancement effect. This finding has broad implications for the ways in which sensory evaluations, particularly descriptive analyses in which multiple attributes of complex foods are rated, should be conducted. It also suggests some caution in substantiating claims for various synergies or enhancement effects in which ratings are restricted to too few attributes. Respondents may choose to "dump" some of their impressions into the most suitable category or the only allowable response if the attribute they perceive is otherwise unavailable on the ballot. Alleged enhancements such as the effect of ethyl maltol on sweetness should be viewed with caution unless the response biases inherent in dumping responses or in mislabeling smells as tastes can be ruled out. Ethyl maltol is especially problematic in this regard since it has an odor sometimes characterized as "sweet" (Civille and Lawless, 1986). 

The Sense of Smell 



1. Physiology and Anatomy 

Several million ciliated receptor cells are located at the top of the nasal passage in olfactory bulbs. Axons from these cells converge into 2,000 or so glomeruli, suggesting a possible mechanism of amplification. 

Spatial patterns of stimulation differ for different odors and patterns of lateral interaction are possible (sharpening?) 

Recent work by Buck and Axel suggests a large family of receptor proteins. 

Since volatile aromatics pass from the mouth to the nose, many "taste" sensations are actually smell (retro nasal stimulation). 

2. Diversity 

Humans can smell thousands of compounds in the molecular weight range of 100 - 300 g/M. 

3. Adaptation 

As in taste, adaptation, mixture suppression and release effects all occur with smell. 

4. Categorization 

There is no universal system for categorizing odors. Several commonly used approaches include the following: 

Specific Anosmia (smell blindnesses) 

	Compound 
	Frequency 
	Odor Quality

	androstenone 
	50% 
	urinous

	4-chloroaniline 
	41% 
	(mixed)

	isobutyraldehyde 
	36% 
	malty

	1,8-cineole 
	33% 
	camphoraceous

	1-pyroline 
	16% 
	spermous

	pentadecalactone 
	31% 
	musky

	trimethyl amine 
	6% 
	fishy

	isovaleric acid 
	3% 
	sweaty

	L-carvone 
	-- 
	minty

	 
	
	

	Source:Wysocki, C. and Labows, J. 1984. Individual differences in odor perception. Perfumer and Flavorist, 9, 21-26. 


Functional Systems (e.g., wine aroma wheel) 

	Functional Odor Categories 
	Factor Analysis Groups

	Spicy 
	Spicy

	Sweet (vanilla, maltol) 
	Brown (vanilla, molasses)

	Fruity (noncitrus) 
	Fruity (noncitrus)

	Citrus 
	Citrus

	Woody, Nutty 
	Woody

	  
	Nutty

	Green 
	Green

	Floral 
	Floral

	Minty 
	Cool, Minty

	Herbal, Camphoraceous 
	Caraway, Anise

	Other 
	Animal

	  
	Solvent

	  
	Burnt

	  
	Sulfidic

	  
	Rubber

	(derived by principles of
non-overlapping terms
and completeness) 
	(derived statistically
from ratings of flavor
compounds)


The number of categories needed for a universal system is probably large (e.g., 50 - 100)

5. Smell and Verbal Processing 

Olfaction is poorly connected to verbal processing; emotional tone and physical reactions are its functions. 

Simple Difference Tests 



The main objective of simple difference testing is answer questions of any difference among a group of products. This type of testing is often used as a preliminary step to consumer / affective testing. If no difference is found among a group of products, it ought to follow logically that there is no preference as well. While this is not always the case (e.g., the reason for preferring one product over another may be so subtle that it does not show up in a difference test), including difference testing prior to acceptance / preference testing can represent a way to save time and money. 

Simple difference testing is also sometimes used as a panelist screening device. 

Documented instances of the use of modern techniques in simple difference testing date back to the 1940's. The Danish Brewing Co. first documented the use of the triangle test in 1946, and Calvert / Seagram's used the duo-trio procedure beginning in 1947. 

Types of procedures used include the following: 

· Triangle test 

· Duo-trio and ABX tests 

· Paired comparison test 

· A / not-A test 

· Dual standard test 

· Other forced-choice procedures (e.g., sorting) 

Statistical Analysis 

Analyses for difference tests utilize the the binomial approximation of the Normal distribution for discrete outcomes. For example, when tossing a coin, the results can be either heads or tails, but never somewhere in between. Right or wrong answers in a triangle test likewise represent discreet outcomes. 

Tables of exact probabilities from the binomial distribution, and of minimum numbers of correct judgements necessary to reject the null hypothesis under the binomial distribution are in c. 4 and Appendix VI of your test. These tables, along with tables for replicated triangle tests are also replicated in useful formulas. 

For large sample sizes, the Normal distribution for discrete outcomes is described by the distribution of Z. See eq. 1 in useful formulas for the calculation and use of Z-scores. 

Replicated Discrimination Tests 

A problem sometimes exists when replicating discrimination tests. As a practical issue, it is advantageous to use panelists to their most optimum potential when they are in the lab. On the other hand, combining results from two or more independent observations (i.e., two or more difference tests) isn't a fair way to conduct statistical analyses. 

This problem is solved in a number of possible ways: 

· Calculate the probabilities of getting both tests right (e.g., 1/3 X 1/3 or 1/9 for the triangle test) 

· Analyze the replicates separately

replication 1: 10 correct / 27 trials (NSD)
replication 2: 15 correct / 27 trials (p < 0.05)

· Apply the chi-square procedure for replicated tests

Randomization of Codes for a Triangle Test 

Two codes are assigned to each sample that each of the two samples is represented equally for the triangle test (in the below example, Sample 1: A and B; Sample 2: C and D). All possible combinations of these four codes in groups of three are as follows: 

ABCABDACDBCD
The codes within each combination must be randomized so there are no order effects. Three codes, each occurring equally in the 1, 2 or 3 position yields six possible combinations for each group, or 24 total combinations. 

ABCABDACDBCD
ACBADBADCBDC
BACBADCADCBD
BCABDACDACDB
CABDABDACDBC
CBADBADCADCB
A triangle test is set up to determine whether or not a difference exists between Kraft's and Brach's Caramel Candies. Kraft's is assigned the codes 156 and 482 (i.e., A and B above) and Brach's is assigned the codes 730 and 094 (i.e., C and D above). 

The above randomization scheme is applied ad 24 different ballots can be constructed with the three-digit codes (not the letters). 

Note that this scheme insures that each ballot has either two Brach's and one Kraft's candies or two Kraft's and one Brach's candies, and that the candies are presented in as many different orders as possible. 

For reporting data from simple difference tests in an industrial style, see sample report. 

Discriminator Theory 

Assumption 1: There are two kinds of subjects: discriminators, who recognize true differences and select the correct "odd" sample, and non-discriminators, who see no difference and guess. 

Assumption 2:Non-discriminators include people who guess correctly and people who guess incorrectly. The best estimate of the number of non-discriminators who guess correctly is based on the chance performance level. 

Inference: The total number of correct responses by the panel reflects the sum of the discriminators and the fraction of non-discriminators who guessed correctly. 

This leads to the following set of eqautions: 

Let: N = total number of panelists
C = total number of panelists answering correctly
D = number of discriminators
XD = number of non-discriminators (XD = N - D)

For any given triangle test, the following relationships should apply: 

N = D + XDtwo equations and two unknowns
C = D + 1/3XDN & C are unknown
C = D + 1/3(N - D)simplified to a single equation

Worked Example: 

Suppose we do a triangle test with 45 judges and 21 choose the odd sample correctly. We conclude that there is a significant difference (p < 0.05), but how many people were actual discriminators? 

N = 45 and C = 21
Solving for D: 

21 = D + 1/3(45 - D)
21 = 2/3D + 15
6 = 2/3D
D = 9

Only nine people out of 45 (21% of the sample) were likely to have detected the difference. The other 12 who correctly chose the odd sample likely guessed! 

Triangle Test (Number and percent discriminating): 
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Rated Degree of Difference 

A useful scale for slightly larger differences in the overall rated degree of difference from control. 

Sample scales: 

1Not different at all
2Slightly different
3Moderately different
4Very different
5Extremely different
Other points may be added to extend the scale. Line scales are also suitable for this test. The line may be anchored with the terms "not different" and "very different," for example. 

The use of the rated degree of difference from control scale demands the use of a specific experimental design. One of the pairs of samples must be the control paired against itself. 

A paired-samples t-test is then done in which the rated difference from the control / control pair is compared with the rated difference from the control / test pair. Subjects will rarely rate even identical samples as identical! 

Uses: 

Physically heterogeneous products (e.g., soups and stews) in which triangle or other forced-choice tests would yield many false positives and false negatives within a batch. 

The method is also well-adapted for use in QC situations, provided that the panelists are familiar with the range of differences to be expected. They must be trained to understand what represents a large difference and what represents a small difference in terms of meeting product specifications. 

Reference: 

Aust, L.B., Gacula, M.C., Beard, S.A. and Washam, R.W. 1985. Degree of difference test method in sensory evaluation of heterogeneous product types, Journal of Food Science, 50, 511-513. 

Statements of the Null Hypothesis for Discrimination Tests 

The null hypothesis is a statement or assumption about population parameters. It is not a statement about the sample values found in a set of data or any value that is derived from those (sample) data. 

For example, in the t-test we might calculate a sample mean (the arithmetic average of all of the data points in the sample) and a sample standard deviation. From these values, we would derive an observed t=value, which compares the sample mean to another mean relative to the standard errors associated with each. 

Before we do this though, we make an assumption about the underlying population from which are sample (data) was drawn. In most situations, the assumption is that the population mean () is equal to the mean calculated from the data set (i.e., the sample data are representative of the population). 

When this assumption is true, we know how often an observed t-value of a particular magnitude will occur. When the magnitude of the observed t-value is large (i.e., one that is rarely see, say for example 5% of the time or less), we conclude that the null hypothesis is unlikely and we "reject" it in favor of some alternative. 

In the case of difference testing, there is an exact mathematical statement that defines the null hypothesis. In other words, the null is not simply that the "samples are not different." The nulls for various difference tests are given below: 

	Type of test 
	Null 
	Alternative

	Triangle 
	p = 1/3 
	p > 1/3

	Duo-trio and ABX 
	p = 1/2 
	p > 1/2

	Paired comparison 
	p = 1/2 
	p > 1/2


Recall that the proportion we are making an inference about (p) refers to the proportion we would see correct in the underlying population, not the proportion correct in our data set. This is why statistical hypothesis testing is part of inferential statistics. 

Other Issues 

Additional concepts related to difference testing, including estimating appropriate sample sizes and beta risks, and worked examples of the chi-square test, are found in useful formulas. 

Thresholds 



Definitions 

· "A concentration range exists below which the odor or taste of a substance will not be detectable under any practical circumstances, and above which individuals with a normal sense of smell or taste would readily detect the presence of the substance." 

-- ASTM method E-679-79

· Conceptually, a threshold is the lowest physical energy level (or lowest concentration in the case of chemical stimuli) at which a stimulus becomes detectable. 

Problems: (1) not a useful idea since it does not entail measurement; (2) detection varies with criterion, not just physical variables. 

· Thresholds are the dividing lines between consciousness and its absence. This concept is called the "Subjective" threshold and depends on the experiences of individual subjects. 

Problems: (1) even noise trials produce conscious perceptions; (2) "subliminal" stimuli are not really below the level of conscious perception (see Sensory Thresholds and the Concept of "Subliminal" reprinted from The Skeptical Inquirer. 

· A threshold is what a threshold test measures. This is frequently an arbitrary value on a range of physical intensity levels which describe a probability function for detection. This is often called the "Empirical" threshold. 

Below this range this stimulus is nearly never perceived while above this range it is nearly always perceived. The measured threshold value is defined differently in different psychophysical methods and therefore is not a fixed value that has meaning beyond the exact procedure used to define it. 

For example, the empirical threshold is the value that is positively reported (i.e., detected) in 50% of trials in the method of limits. In certain forced-choice methods, the empirical threshold is a value for correct discrimination from a blank stimulus at 50% above the chance performance level. 

Note: the empirical threshold is not measured by statistical significance testing, but by this arbitrary detection level from an individual or averaged over a group. 

Commentary 

The term "threshold" has both an abstract conceptual meaning and a more concrete meaning. The second meaning can not be made explicit without reference to the specific method used to measure the threshold. Furthermore, the exact value that is arrived at will depend on a number of methodological details including the purity of the stimuli, the level of background noise in the blank (dilutent or comparison stimulus), the physiological state of the subjefcts, their level of practice with the method, their degree of attentiveness, their motivational state, and in certain forced-choice procedures, the following variables: 

· the number of alternatives (both targets and blank); 

· stopping rule (number of correct judgements in a row required to stop the series); 

· the number of replicated correct trials required at any one step; 

· at what level, relative to concentration steps, the threshold value is assigned (e.g., lowest level correct, halfway between lowest level correct and highest level incorrect, etc.); 

· the chosen step size, in concentration units; 

· the method of averaging or combining replicated ascending runs on the same individual; 

· the method of averaging or combining group data.

Note: I have seen variation in all these items in published studies! Don't assume that no one fools around and changes these.

Practical Considerations and Uses 

· Threshold testing can be though of as a special case of discrimination (simple difference) testing, where the task of the observer is to demonstrate that she or he can differentiate some very low level of a stimulus from some background. 

· Types of Thresholds 

Detection: When the background is a neutral stimulus (e.g., a dilutent or distilled water) the minimum level that can be discriminated is called the detection threshold. 

Recognition: The minimum levels that take on the characteristic taste or smell of the stimulus. These are often a bit higher than detection thresholds. In terms of measurement, the observer must not only be able to discriminate the stimulus from the dilutent, but he or she must assign the appropriate word to the stimulus as well.

· Uses of Threshold Testing 

· Establishing potency or biological activity of a chemical stimulus; 

· Establishing observer sensitivities; 

· Conversely, establishing observer insensitivities (e.g., anosmia, clinical abnormalities, etc.)

Thresholds in Practice 

Although thresholds have been widely criticized (see for example, Frijters, J.E.R. 1978. A critical analysis of the odor unit number and its use. Chem. Senses, 3, 227-233) as measures of either observer sensitivity or flavor activity, the continue to be widely used. 

Part of the appeal of thresholds is that they provide physical units of measurement such as the "odor unit." 

The "odor unit" approach to sensory testing argues that the contribution of a flavor compound is dependent on its concentration above threshold. The higher the multiples of threshold, the more that flavor compound contributes to the overall impression of the product. 

Odor Unit = 1/Threshold Conc. X Stimulus Conc.
Typical Criticisms: 

· Different substances grow in intensity at different rates. Therefore, the threshold value cannot be used to predict above-threshold responses. 

· Thresholds are statistical constructs only, and don't exist in any real sense (e.g., see signal detection theory). 

· Threshold values are highly dependent on the methods used to measure them. Seemingly insignificant changes in methodology can change obtained threshold values. The literature oftentimes cannot be trusted.

On the other hand, the odor unit approach has been used with some success (e.g., in the formulation of artificial tomato paste aroma from measurement of contributing compounds; Buttery, et al. Presented at ACS, Miami, FL, Sept. 1989).

Threshold Methods 

Classical Method of Limits 

Overview: Raise and lower the concentration value in adjacent steps until the subject reports a taste or smell in ascending series or reports no taste in descending series; 

Average the values of a number of series; The threshold is the value at which 50% of panelists correctly discriminate the stimulus or is dependent on the chance performance level of the test. 

Concerns: 

· step size 

· fatigue, adaptation buildup 

· response biases
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Specific Methodology: (ASTM Method E-679-79) 

1. Benchtop tasting/smelling to determine appropriate range of concentrations bracketing estimated threshold; 

2. Set up concentration series using a geometric progression (factors of 2X or 3X are common); 

3. Recruit volunteers. Panel size should be in the range of 10-25. 

4. Use ascending forced-choice series (3-AFC is recommended). The panelist chooses the sample with the strongest taste/smell of interest (panelists may be pre-familiarized with what to look for using a stronger sample, but beware of fatigue!). 

5. Confirm subjects who miss at the highest level and those who get the trials correct at the lowest level with repeat testing. If any mistakes are made at the lowest level, count as incorrect. If the replication is correct at the highest level, count that as correct. 

6. Score the data as the geometric mean of the highest concentration missed and the next highest concentration. Extrapolate to the next logical concentration for those off either end of the series. The group threshold is the geometric mean of all subjects. 

7. If a repeat test can be run, the group threshold should not change by more than 20%. If it does, continue testing if possible until the threshold stabilizes (some improvement with practice is expected).

Alternative Approach to Group Threshold Estimation: 

Instead of estimating a threshold for each individual and determining the group threshold from the mean or geometric mean of those thresholds, it is possible to extrapolate a group threshold from a curve fit. 

The results from a group of subjects are averaged for each concentration step in the series. A curve fit is then passed through these data (in the below example the curve fit is logarithmic) and a threshold is extrapolated from the line. In the below example, the per cent correct used to extrapolate the threshold is one that is halfway between perfect performance (100% correct) and the performance expected by chance (33.3% in the 3-AFC test) or 66.7%.
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Signal Detection 

Lack of separation of observer sensitivity from response bias led to widespread application of signal detection methods in psychophysical work. 

Basic Approach: 

· Give many trials at one level, some containing flavor ("signal" trials), some just blanks/dilutents ("noise" trials). 

· Measure proportion of times subject reports a positive sensation to 

1. signal trials ("Hits") and, 

2. noise trials ("False Alarms").

· Relative proportions of Hits to False Alarms gives an index of observer sensitivity (or flavor potency). 

· Numerically, this is computed from tables of Z-scores. Z-scores represent a conversionb of proportions (observed in the data) to psychological distance measures. The measure is called d' ("d-prime") and is algebraically: 

d' = ZHits - ZFalse Alarms
This index (d') is independent of observer bias to report or being reluctant to report a sensation, since both hits and false alarms go up with observer laxity, and both hits and false alarms go down with observer conservatism. 

Problems: 

· Large numbers of trials render the method unsuitable or foods; 

· Units (d') are a measure of discriminability not concentration.

Forced-Choice Methods 

· Combines the method of limits with a discrimination test; 

· Compatible with signal detection; bias-free, subjects are forced to respond.

Typical Example: 

Ascending series of triangle tests or 3-AFC tests (ASTM Method E-679-79, see above example).

Concerns: 

· number of alternatives? (e.g., 2-AFC, 3-AFC, etc.) 

· number of replicates? 

· stopping rules? 

· combination of individual and group values

Problems: 

· Even good methods give high intra-individual variability (see Stevens, J.C., et al. 1988. Chem. Senses, 13 643-653.; 2000-fold differences, some higher); 

· chance, correct guessing can produce high estimates; 

· fatigue, adaptation.

Other Approaches: 

1. Semi-ascending paired difference method (see Lundahl, D.S., et al. 1986. Journal of Sensory Studies, 1, 291-306). 

· Uses rated difference from control (9-point scoresheet anchored from "no difference" to "extreme difference.") 

· Several levels (3) vs. Control on each tray; Minimal stimuli. 

· Uses statistically significant difference of test/control difference rating vs. control/control difference rating as threshold. 

· Problem: Group threshold is lower than individual since "N" is greater for the group.

2. Graphical methods: 

Find the inflection point in the does response curve. See Marin, A.B., Barnard, J., Darlington, T.E. 1991. Sensory thresholds: Estimation from does-response curves. Journal of Sensory Studies, 6, 205-225. Modified from Lundahl to eliminate the problem of "N."

