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1. INTRODUCTION 

Sight is one of the five basic senses that help humans perceive the world, so it plays an 

important role in daily life. With regard to food, visual cues are first impressions, among 

which color play a dominant role in our initial acceptance (Clydesdale 1991). Consumers 

often judge the initial quality of food products, especially fresh ones like meats, fruits and 

vegetables, by their color and appearance (Lawless and Heymann 2010). Because of the 

association between food color and food quality, color is an important factor in quality con-

trol (Clydesdale 1991). Not only the color of food itself but also the color of glassware, 

plateware, cutlery and the ambient environment has been found to influence sensory percep-

tion, acceptance, and preference of food (Spence 2015a). Many studies on the impact of 

color on food perception have highlighted the role of this visual factor in the foods we choose 

to consume. Because of the relationship between food color and food quality, it is not sur-

prising that many studies have demonstrated the effect of color on consumers’ acceptance 

and preference of foods (e.g., Maga 1973; Tepper 1993; Garber et al. 2000; Calvo et al. 2001; 

Zellner and Durlach 2003; Fernández-Vázquez et al. 2013) 

Color is a crucial visual factor that helps people to assess the identity and quality of food, as 

well as partly forms expectation of the flavor and texture. There have been several studies 

on the effect of color on food perception, specifically on taste thresholds, perception of taste 

and flavor intensity, flavor identification, perception of pleasantness, acceptability and pref-

erence (Clydesdale 1993). It has been found that food color has influence on the ability to 

identify flavor while the effect of color on perception of taste and flavor intensity is still 

ambiguous (Spence et al. 2010). There have been only a few published studies suggesting 

the effect of food color on perceived texture of food (e.g. Tom et al 1987; Chylinski et al. 

2015), and therefore more studies are needed in this aspect. 

Early research in relation to the effect of color on perception of taste and flavor of food 

focused on solid food products (for example, Maga 1973; Dubose et al. 1980; Christensen 

1983). However, when it comes to evaluating perception of taste and flavor, besides color, 

texture and shape of the product may also play a role, cause bias and make the interpretation 

of color affected (Spence 2015a). This makes it hard to analyze the impact of color alone. 

Therefore, to avoid this problem, the majority of recent research has focused on liquid food 

products. With beverages, it is easier to create different solutions and to change color of the 

product. However, beverages are still not a perfect model for studying effects of color on 
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taste and flavor. Beverages allow the effects of color to be separated from that of other visual 

characteristics, but they still have the perception of their taste and flavor affected by envi-

ronmental factors, such as the shape of glass, color of glass, and so on (Spence 2015a).  

Semi-solid foods are foods whose state is between a solid and a liquid. They do not flow like 

liquid, but they also do not hold their shape like a solid. They are categorized viscoelastic 

and are more complex by their microstructure and sensory properties. While there are a lot 

of published studies on solid and liquid foods, there are not so many publications on the 

multi-sensory interactions in semi-solid products, such as yogurt, porridge, and custard. Nev-

ertheless, semi-solid products are worth of more research. In addition, using plant-based in-

gredients is a present trend in food industry. Therefore, plant-based semi-solid food products 

have great commercial potential. 

Oat is considered to have a mild taste (Butt et al. 2008) and it is not as firm as, for example, 

sorghum to eat. Oats have been known as a good source of protein, fiber, vitamins and min-

erals, and other constituents that benefit human health (Welch 1995). Oats contain constitu-

ents that may have antioxidative properties, help to control diabetes and cardiovascular dis-

eases, and protect against some specific cancers (Welch 1995; Butt et al., 2008). However, 

literature on different oat-based foods is still limited. 

This study was conducted to understand the impact of color in oat-based yogurt-like products 

on the pleasantness and perception of flavor and texture. Consumer test and descriptive anal-

ysis were applied for this purpose. With this aim, the literature review focused on previous 

research on how color affects acceptance and perception of food products. It also provided 

a brief background of oat-based semi-solid food products. Since there had not been much 

published research on the effect of color on semi-solid foods, especially oat-based snacks, 

this study could contribute to the understanding of these subjects and help manufacturers in 

making decision to optimize their products. 
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2. LITERATURE REVIEW 

2.1. Food color 

2.1.1. What is color? 

According to Clydesdale (1991), Francis and Clydesdale (1975) defined color as the sensa-

tion that an individual perceives when energy, in the form of radiation that is within the 

visible spectrum, encounters the retina of the eye. As stated by Lawless and Heymann 

(2010), there are three factors that affect the color perceived from an object (for example, 

when a man looks at an apple outside in daylight): the physical and chemical composition of 

the object (in this case, apple), the spectral composition of the light source lighting the object 

(sunlight), and the spectral sensitivity of the viewer’s eye(s) (the man’s eye sight). The phys-

ical and chemical composition of the object affects the degree of its transparency, translu-

cency and opacity. It happens in the way that, when light hits an object, it can be reflected, 

refracted into the object, transmitted through the object, diffused within and without the ob-

ject, or absorbed (Clydesdale 1991). The variation of color can be analyzed by the variation 

in its three dimensions, including hue (referred to as "color" by consumers), lightness (also 

known as brightness) and saturation (known as the purity or chroma of the color) (Lawless 

and Heymann 2010). 

2.1.2. Color in food 

Since the first thing we encounter of food products is visual cues, they may contribute to our 

perception of the food products, and their effects should not be overlooked (Imram 1999). 

In many cases, these visual cues are used to analyze the quality or acceptability of a food, 

and sometimes, they are the only cues used to make a decision about a product (Blackwell 

1995). There is usually strong preference for products looking appealing, and those with the 

most desired visual features will be chosen first when foods are selected (Imram 1999). At 

first sight, appearance attributes, including color, play an important role in judgement of 

quality and preference (Hutchings 1994). 

We use visual cues to identify foods. With repeated dietary experiences, a set of expectation 

of oral sensations is gradually formed (Blackwell 1995). Higgins and Hayes (2019) showed 

that the association between a prototypical taste quality and a color could be formed after a 

brief number of repeated exposures. Therefore, the impact of color on food acceptability, 

choice and preference seems to originate from learned associations (Clydesdale 1993), 

though some aspects of our response to color seem to be inherent (Spence 2015a).  
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In nature, specific foods go with specific colors, so the association between color and char-

acteristics of food, such as taste, flavor, and texture, is obviously generated from this co-

occurrence (Clydesdale 1991). We have learned that many fruits turn red and become 

sweeter, which indicates a source of energy, when they are ripe, for example, strawberry, 

apple, cherry, and so on (Clydesdale 1991). Red has also been used in many studies to learn 

more about color effect on taste, odor and flavor perception of food (Spence 2010). It has 

been shown to be associated with strong expectations of a food, as well as to have effect on 

judgements of intensity and identity of taste, odor and flavor (e.g., Maga 1974; Johnson and 

Clydesdale 1982; Stillman 1993; Morrot et al. 2001; Koch and Koch 2003).  

Humans have learned to identify which foods are safe to eat by using food color codes 

(Hutchings 1994). In food processing, color indicates doneness of foods and the changes in 

aroma and flavor, for example, the case of baked and fried foods (Lawless and Heymann 

2010). However, in the case of cooked meat, though color is commonly used to define done-

ness, the color may be affected by many factors and becomes a less reliable sign. These 

factors include pH, condition of packaging, freezing conditions, speed of thawing, fat con-

tent, irradiation, nitrite, and composition of the meat (King and Whyte 2006). Saltiness is 

not specifically linked with any natural products, so we have not formed learned association 

between saltiness and a color (Clydesdale 1991). Therefore, to sum up, color is important in 

the survival sense, which is necessary in initial selection of food (Hutchings 1994). 

2.1.3. Color and expectation of food 

It has been suggested that the influence of food color on flavor perception may be associated 

not only with multisensory integration, but also with higher-level cognitive information such 

as expectations (Shankar et al. 2010a). Our expectations of the likely flavor are generated 

before we taste a food, based on its color and other contextual cues (e.g. temperature, purity, 

solid or liquid state, and so on) (Spence et al. 2010; Spence 2016). These expectations have 

an important influence on our experience of taste and flavor when we actually taste food 

(Spence et al. 2010; Spence 2016). For example, both visual information (color) and cogni-

tive, expectancy-based inputs (label) were found to contribute to flavor perception in study 

by Shankar et al. (2009).  

In neuroimaging studies, expectancy effects have been shown to have noticeably early effect 

on the processing of sensory information in humans (for example, McClure et al. 2004; 

Nitschke et al. 2006; Sarinopoulos et al. 2006). These color-induced expectancy effects di-
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rect a participant’s attention to a noticeable component of a flavor stimulus, leading to en-

hancement of the perceptual representation of that stimulus (e.g. Oram et al. 1995; Marks 

and Wheeler 1998; Ashkenazi and Marks 2004). Color cues may sometimes affect the par-

ticipant’s judgement of flavor by influencing their decision about, for example, the identity 

of the flavor, even before they actually experience it, especially when the stimulus, like fla-

vor, is vague (Spence et al. 2010). Both the hue and intensity of color raise expectations 

about the likely identity and intensity of taste or flavor of the product, and when we actually 

taste the food, they will be either confirmed or disconfirmed (Spence 2015c). These expec-

tations, though usually not stated explicitly, are referred to as “visual flavor" when discussed 

in the literature (Spence 2015a). 

The association between specific colors and specific foods is formed early in our cognitive 

development and lasts till the end of our life (Clydesdale 1993). This association leads to the 

relationship between specific color and flavor, which is so strong that other information 

sources, namely labeling and taste, or even flavor perception, cannot dominate it (Garber et 

al. 2000; Spence et al. 2010). It is so well ingrained that inappropriate pairing of color – food 

can bring about uncomfortable experience (Garber et al 2000). For example, Wheatley 

(1973) conducted a study in which participants were served a dinner with steak, peas and 

French fries that were abnormally colored under color-masked conditions. According to 

Clydesdale (1993), they did not realize the abnormality until a point during the meal, normal 

lighting was resumed, allowing them to see blue steak, red peas and green French fries, 

which caused some of the participants feeling ill. Such an association between food color 

and specific foods is the reason for food producers to select, modify, adjust the color of foods 

(Garber et al. 2000). 

With regard to foods with abnormal color, there are natural foods coming with one of their 

natural colors, but since that color is different from the usual ones, the foods appear to have 

abnormal color. Recently, Schifferstein et al. (2019) studied consumer expectations for veg-

etables with typical and atypical colors, using pictures of carrots in different color hue and 

saturation (n = 40). Most positive expectations were found for the typical and most familiar 

kinds of orange carrots. Carrots in different atypical colors, such as red, yellow, white, pur-

ple, and green - white, brought about different expectations of sensory features. Some of 

these expectations rose from the associations with other vegetables. In general, they were 

rated as less familiar, less attractive and less healthy than the typical orange ones. Lower 
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saturation of orange made the carrots look less attractive and less fresh, while higher satura-

tion made them seem more artificial. This finding was in line with that from the study of Lee 

et al. (2013), in which foods with higher chroma were preferred, because people tend to 

choose fresher and non-contaminated foods, while the decrease in chroma of most foods is 

usually linked with the decomposition process. Schifferstein et al. (2019) did not find any 

relationship between expectation of taste intensity and the saturation of orange carrots. Two 

possibilities were suggested: (1) it might be lightness, not saturation, that play a role in dif-

ferences of expected taste intensity, or (2) the relationship between color and taste intensity 

just mainly applied to the case of processed products, in which ingredients were added to a 

neutral base. Delwiche (2004) suggested similarly that the relationship between color and 

taste intensity might result from the familiarity with beverages made from powders or con-

centrates, where the more intense the color is, the more intense the sensations are. 

Paakki et al. (2016) conducted a study (n = 235) on consumer’s reactions to blue potatoes, 

in comparison with normal yellow potatoes. In this study, yellow potato salad was rated 

higher for pleasantness, tastiness, healthiness, lightness, naturalness, appetizing attribute and 

sweetness, but its rating for bitterness was equal to that of blue potato salad. Naturalness was 

not an important factor in the choice of “blue potato choosers” (28.1% of participants) be-

cause they had a higher rating for blue potato salad in all positive sensory and hedonic at-

tributes, except naturalness. “Blue potato choosers” were driven by their willingness to try 

new things, pleasantness, appearance, and taste of food in their food choice, while traditional 

“yellow potato choosers” preferred good taste and familiarity. The participants’ food neo-

phobia and age seemed to also contribute to their food choice. “Blue potato choosers” were 

mostly food neophilic, so they were willing to try new foods. Regarding age factor, middle-

aged people (30 - 60 years) were found to prefer blue potatoes more than the other age 

groups. 

As mentioned above, our expectations about a food can be confirmed or disconfirmed when 

we actually taste it. The disconfirmed expectations can occur in both sensory discrimination 

and hedonic aspect, and they are usually negatively evaluated (Spence 2015c). More in-

tensely colored foods are usually expected to be more intensely flavored, so if this expecta-

tion is not met, negative disconfirmation rises (Spence 2016). Disconfirmed expectation in 

sensory perception can be found, for example, in the study of Koza et al. (2005). They used 

colored and uncolored solutions with and without flavor to study the phenomenon. The au-

thors found that an increase in the intensity of color led to an increase in orthonasal olfactory 
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judgements, but it might lead to a decrease in retronasal olfactory judgements. They ex-

plained this decrease in retronasal odor intensity rating that it was resulted from the contrast 

between expected and actually experienced retronasal odor intensities. We pay more atten-

tion to the stimuli in our mouth because it is when we have to make the decision whether to 

swallow the substance or not, so we may notice the discrepancy between the stimulus we 

percept and our expectation of it (Koza et al. 2005). Another example is a study by Shankar 

et al. (2010b) on the effect of the degree of discrepancy between flavor expectations risen 

by color and the actual flavor perceived on the identification responses (n = 20). They found 

that this effect did exist. The authors explained that when discrepancies were small, the stim-

ulus was still in an acceptance range based on the participants’ expectations, and they would 

adjust any perceived discrepancy to assimilate their responses to their expectations. How-

ever, when the discrepancies were too large, the stimulus was out of acceptance range, ex-

pectations might not be reliable, so assimilation did not take place.  

In terms of disconfirmed expectation in hedonic aspect, an example can be the study of Fer-

nández-Vázquez et al. (2013) on orange juice (n = 30). In this study, the results from con-

sumer study showed significant differences in expected liking between the differently col-

ored orange juices samples. However, there was no difference in the liking score between 

them when they were actually consumed. Moreover, the red orange juice sample had the 

highest expected liking, but the control orange and green orange juice had an increase in 

actual liking, compared to expected liking. 

2.1.4. Food color and individual differences 

It should be noted that different people will have their own meaning for colors and thus, 

different taste or flavor expectations generated by different colors (Spence et al. 2010; 

Spence 2016). As listed by Spence (2015a), four most important differences between people 

that lead to differences in their perceptions in this area include their developmental stages, 

cross-cultural differences in the meaning of colors, the difference between experts and the 

others, and the taster status of each person. Table 1 lists some studies that demonstrate these 

individual differences.  
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Table 1. Studies on individual differences in the impact of food color on perception of foods, grouped under 

the 4 most important categories of individual differences. The categories are according to Spence (2015a). 
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In general, young adults and children had 
similar reactions in terms of preference, 

but children seemed to pay more attention 

to sweetness than other attributes. 

224 young adult college students and 
224 school children 

Tuorila-Ol-
likainen et 

al. (1984) 

Elderly and young adults performed sim-

ilarly in aroma or flavor chemosensory 

discriminations, though the elderly par-

ticipants were significantly more certain 

of the accuracy of their judgements. 

22 young adults (21-40 years old) and 

24 elderly adults (65-85 years old). 

Christensen 

(1985) 

Color had stronger effect on the identifi-

cation of drinks by the young children 

than by the older children and adults 

302 subjects (visitors at a display tent 

on a University Open Day) in total: 32 

females and 21 males aged 2-5 years, 

31 females and 22 males (8-9 years), 32 

females and 30 males (10-11 years), 44 
females and 35 males (12-18 years), 42 

females and 13 males (19 years and 

over). 

Oram et al. 

(1995) 

Impact of color on food acceptance was 

stronger in older panelists than in young 

ones. 

348 consumers (students, alumni and 

local residents answering to like orange 

juice when asked; at least 18 years old) 

Tepper 

(1993) 

Color affected the perception of sweet-

ness and flavor intensity and the overall 

acceptability in the elder population more 

than the young population. 

The older population was more sensitive 

to visual cues and less sensitive to 

changes in flavor concentration. 

2 separate panels of untrained subjects: 

69 students (18-22 years old) from an 

undergraduate nonmajor food science 

class at the University of Massachu-

setts, and 55 individuals (60-75 years 

old) recruited randomly from a mailing 

list obtained from the town of Amherst, 
Massachusetts. 

Philipsen et 

al. (1995) 

A significant effect of color on ratings for 

acceptance of appearance was found in 

young adults, indicating that in food ac-

ceptability, young adults were more sen-

sitive to color than elderly adults. 

29 young adults (20-35 years old) re-

cruited at a consumer products com-

pany and 29 elderly adults (60-90 years 

old) recruited from a senior citizens 

center in New Jersey. For chicken 

bouillon test: 28 young adults and 28 

elderly adults. For chocolate pudding 

test: 29 young adults and 25 elderly 

adults. 

Chan and 

Kane-Mar-

tinelli 

(1997) 

The concept of sweetness of children 

might be more strongly associated to 

sweet aroma than to specific colors. 

4 groups of subjects: 116 subjects (aged 

5-14 years) recruited from a day camp 

program, 57 subjects (aged 11-14 

years) recruited from a school in a 
nearby town, 30 adult subjects (aged 

18-55 years, students and profession-

als) for adult control group recruited 

from the Cornell University commu-

nity, 44 adult subjects (aged 18-31 

years) recruited from courses in sen-

sory evaluation and psychology at Cor-

nell. All were naïve to the purposes of 

the experiment. 

Lavin and 

Lawless 

(1998) 

From at least the age of 6, children make 

reliable and consistent cross-modal asso-

ciations between odors and colors, but the 
type and number of such associations 

changed across ages, demonstrating the 

developmental flexibility of some of 

Elementary school children (kindergar-

ten to grade 5): 258 U.S children re-

cruited in a rural mid-Atlantic town, 
128 French children recruited in an 

eastern France metropolitan area. The 

Goubet et 

al. (2018) 
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these associations. Some odor-color asso-

ciations are already formed in the earliest 

age investigated (6 years old). 

adult sample: 79 U.S undergraduates 

and 58 French university students. 
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Many cross-modal correspondences be-

tween certain colors/shapes and bitter, 

sour, and sweet tastes were found. Partic-

ipants showed different taste-patterns be-
tween the four countries in the study, and 

these differences cannot easily be catego-

rized to represent Eastern or Western 

countries.  

Data from 428 participants were ana-

lyzed, 144 from mainland China, 113 

from India, 117 from the USA and 54 

from Malaysia. 

Wan et al. 

(2014a) 

There were consistent patterns in color 

choices for each odor within each culture. 

US and German participants had the most 

similar patterns of associations, while 

Malay and Netherlands-resident Chinese 

participants and Dutch and Malaysian-

Chinese participants had the largest 

group differences. It was concluded that 

culture played a role in color-odor cross-
modal associations, perhaps partly due to 

experience in each culture. 

122 untrained participants in total: 

Dutch (20) and Netherlands-residing 

Chinese (20) participants were tested in 

the Netherlands, German (20) partici-

pants were tested in German, Malay 

(20) and Malaysian-Chinese (20) par-

ticipants were tested in Malaysia, and 

US residents (22) were tested in the US. 

The Netherlands-residing Chinese par-
ticipants were native Chinese people 

having resided in the Netherlands for 

less than 2 years, all other participants 

had grown up in the country in which 

they were tested. 

Levitan et 

al. (2014) 

With Thai desserts, Austrians strongly 

preferred yellow products, while Thais 

preferred green and pink products. 

60 Austrians and 60 Thais Jantathai et 

al. (2014) 

In French and American children, reliable 

odor-color associations were found for 

odors that are familiar in their respective 

cultural environments. Meanwhile, in 

adults, reliable odor-color associations 
were found for most of the odors.  

(mentioned above) Goubet et 

al. (2018) 
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Though novices (social drinkers in this 

study) were not biased by the color when 

judging the odor of the wine, they were 

less data-driven than experts. On the 

other hand, wine experts demonstrated 

color-induced bias to some extent, but 

they showed high level of competency in 

both accuracy and consistency in their 

judgements. 

29 wine experts were recruited. 

23 wine novices (individuals who 

drank wine at least once per month but 

had no formal training in wine evalua-

tion or winemaking) were recruited pri-

marily from institutions where their 

major occupation was not in a wine-re-

lated field. 

Parr et al. 

(2003) 

Flavor experts were susceptible to color-

induced olfactory biases and their perfor-

mance was just similar to that of non-ex-

perts in olfactory identification tasks. 

54 North American participants in to-

tal: 32 had no prior flavor training or 

expertise and were simply employees 

of the Givaudan Flavor Company 
(“non-experts”), the other 22 were 

members of a descriptive panel and had 

over 3 years of experience flavor pro-

filing food and drink products (“flavor 

experts”). 

Shankar et 

al. (2010c) 
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Supertasters (defined by Bartoshuk 

(2000) as those who perform a noticeably 

higher sensitivity to the basic tastes, and 

especially to bitterness) seemed to have 

their perception of flavor less affected by 

visual cues than medium tasters, and non-

tasters were the most affected. 

14 participants selected from a panel of 

untrained individuals recruited from 

the staff at Unilever Research. Before 

starting the experiment, their taster sta-

tus was evaluated using 6-n-propylthi-

ouracil filter paper strips. In the end, 

there were 4 non-tasters, 5 medium 
tasters and 5 supertasters. 

Zampini et 

al. (2008) 
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Most research on the relationship between color and perception of food has been conducted 

on adults. By contrast, just a few studies have been conducted on children and/or the elderly 

(for example, Tuorila-Ollikainen et al. 1984; Christensen 1985; Lavin and Lawless 1998; 

Goubet et al. 2018). With the limited available data, it has been suggested that visual cues 

have more pronounced effects on flavor perception in childhood and old age than in adult-

hood (Spence 2012; Spence 2015a), though the evidence is rather mixed (Spence 2012; 

Spence 2016). The noticeable effects of visual cues on flavor perception in these develop-

mental stages are expected. As for children, they are thought to not have enough experience 

and skill to process the information of their senses like the adults (Spence 2012; Spence 

2016). Meanwhile, the elderly have been shown to have their sensitivity to taste and smell 

declined (Schiffman 1977; Stevens et al. 1984), so they may have to rely on color to deter-

mine the final taste/flavor experience (e.g., Tepper 1993; Philipsen et al. 1995). Therefore, 

it has been suggested that, with appropriate use of food coloring, those with declined sense 

of taste and smell can have better experience in tasting foods (Spence 2015c). Spence (2012) 

argued that in the study by Christensen (1985), where no difference was found between the 

elderly and young adults in aroma or flavor discriminations, the lack of statistical power due 

to small sample sizes might be the cause of the similarity between the groups. Moreover, 

both groups were at ceiling performance in most of the conditions, so the result was not 

highly reliable (Spence 2012).  

With regard to cross-culture effect, Spence (2015b) noted that Wan et al. (2014a) used an 

internet-based test in their study. Therefore, it was difficult to precisely control the appear-

ance properties (for example, light and chroma) of the color on a participant’s monitor, which 

was a limitation of the method used. Regarding the study of Jantathai et al. (2014), the au-

thors explained the Austrians’ preference for yellow desserts that they were familiar with the 

natural yellow color in many foods, such as bread, cake, and cheese, while the Thais pre-

ferred the green and pink dessert for their familiarity with these color in their foods. Moreo-

ver, the products used in their study are usually served on very special occasions, so they 

have specific meaning for Thai people, which might have also affected the liking between 

Austrian and Thai participants. In this category of cross-cultural effect, results of Hoppu et 

al. (2018) (n = 205) suggested that different associations of red and orange color to berry or 

berry juice sweetness or sourness, due to frequent consumption of berry and berry juice in 

Finland, explained why some subjects considered these colors associated with sourness. 

They agreed with previous studies that color-flavor associations might be culture-specific. 
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Nonetheless, their results are not listed in table 1 because their study did not compare the 

Finns with people from other countries, and the culture factor was just used to explain their 

results. 

Spence (2015a) indicated that the number of participants were small (n = 14) in the study by 

Zampini et al. (2008), so this result should be verified by a larger group before making any 

meaningful generalization. Besides the taster status, other genetic factors should also be con-

sidered. For example, Spence (2015b) noted that color blindness can influence the perception 

of food and beverage color. Another inherent factor to mention is a person’s haptic predis-

position, or “need-for-touch” (NFT), though it is related to perception of texture, not flavor 

of food. “Haptic” means “relating to or involving the sense of touch”. NFT was found to 

affect the processing of cross-modal interactions between food texture and color, as people 

with high NFT tend to be more sensitive to haptic stimuli (Chylinski et al. 2015). 

Besides the four individual factors mentioned by Spence (2015a), Hoppu et al. (2018) found 

other factors that can lead to individual differences in perception of foods affected by color 

perception, by using color solutions in their study. These factors included age, gender, edu-

cation groups and body mass index. Females considered red color as the sweetest more often 

than males, and overweight participants considered orange color as the sweetest more often 

than normal weight ones. 

It is interesting to note that in a study by Reinoso-Carvalho et al. (2019) on pale and dark 

beers, after tasting, participants that preferred pale beer rated dark beer as remarkably 

sweeter than those preferred the other type of beer did. Though not indicated by the authors, 

individual preference can possibly be considered a factor in individual differences. 

2.1.5. An overview of the influence of food color on food perception 

Of all the visual characteristics of food, color has its effect to be most obvious and well-

studied (Christensen 1983). There have been many studies on the psychological effect of 

food color on perception of a variety of foods for over 80 years (Spence 2016). An associa-

tion has been found between perception of a color and other quality attributes, such as flavor, 

nutrition and level of satisfaction (Christensen 1983). Though color has three dimensions, 

the majority of studies up to the present have focused only on changes of hue, and just a few 

cases have changes in intensity (or saturation) of the color studied (Spence 2015a). It should 

be noted that, when studying the effect of color on perception of food, the condition in the 

laboratory is usually different from that in real life. In the laboratory, consumers only have 



  17 

 

color as the only cue and the most noticeable factor to make their judgements of expected 

flavor, while in real life, they have more cues, such as branding, labelling, and so on, to use 

(Spence 2015b). Consequently, it should be kept in mind that the results obtained from much 

of the research done in the laboratory may lead to overemphasizing the importance of color 

in perception of food, in relation with other cues. Another thing of concern is that different 

researchers may use the same terms (for instance, “perceptual”) to mean very different things 

(for example, “perceptual effects” and “cognitive/expectation effects”), which may make it 

complicated to discuss and draw conclusion about the effect of color on perception of food 

(Spence et al. 2010). 

Many studies of the early research in this field used solid foods as a model (Spence 2015a). 

For example, Maga (1973) conducted a study on potato chip, Christensen (1985) used pro-

cessed cheese and grape-flavored jelly, cake was used in study of Dubose et al. (1980), and 

bacon was used in study of Christensen (1983). Although these studies undeniably brought 

to light the impact of color on perception of taste and flavor, as well as other aspects of food 

consumption, it is doubtful whether the shape and/or texture of the food played any role in 

biasing the participants’ response (Spence 2015a). This possible bias makes it difficult to 

obtain result from the color alone. As Spence (2015a) suggested, perhaps this is why most 

of the recent research in this field has focused on beverages: they minimize the disadvantages 

encountered when solid foods were used, they make it much easier to create and change the 

color. However, beverages are not a perfect model. In a study of Wan et al. (2014b), the type 

of receptacle influenced the cross-modal association between color and flavor. As suggested 

by the authors, this influence highlighted the role of contextual factors in possible contribu-

tion to the overall result, which is, again, an obstacle to gain result purely from the color. 

Moreover, a color can suggest a number of different possible flavors (Spence 2015b). With 

foods in different categories and possibly also different brands, similar food color may sug-

gest different flavor expectations (Spence 2015b). Consequently, the influence of food color 

should be researched across different kinds of food products to see the whole picture 

Traditionally, color and other sensory characteristics, such as flavor, odor, taste and texture, 

was evaluated individually in assessment of their influence on acceptability and/or consump-

tion of food (Clydesdale 1993). However, in sensory evaluation of a product, no matter how 

much training is done, a panelist cannot ignore a specific aspect of the product, because the 

perception of one attribute is in association with that of another (Delwiche 2004). There have 

been studies indicating that color should not be evaluated just as a function of appearance, 



  18 

 

because it also affects our perception of other attributes (Clydesdale 1993; Lawless and Hey-

mann 2010). Therefore, when a sensory study is conducted, it is important to design the tests 

in a way that minimizes biases of color and appearance to the sensory results of other mo-

dalities (Lawless and Heymann 2010). 

2.1.6. Impact of food color on taste intensity 

In fact, there have been a few studies on the association between colors and expected tastes, 

for example, Kock and Kock (2003), Wan et al. (2014a), and Hoppu et al. (2018). Neverthe-

less, in these studies, participants did not really taste the drink or food, but they just predicted 

the possible taste that suited the color. Hence, this issue is not mentioned further in this 

thesis. 

With regard to the impact of food color on taste intensity, the results obtained from studies 

in this area are not consistent. Some researchers have found an effect of food color intensity 

on people’s judgements of taste intensity, while many others have not found such effect 

(Spence et al. 2010). These inconsistent results may in part be due to individual differences 

mentioned above, which may lead to different taste or flavor expectations of the same food 

color (Spence 2015c). In general, there seems to be certain association between color inten-

sity and taste or flavor intensity (Delwiche 2004). Table 2 lists studies that found an effect 

of color on taste intensity. 

Bayarri et al. (2001) explained their result that among the tested beverages, orange juice was 

the most frequently consumed and well known by the panelists, which might improve the 

consumers’ ability to relate some attributes to other attributes. In this study, the panelists 

might have expected that a more intense and typical color was related to ripe fruits, which 

made the drink sweeter. A similar assumption was made by Calvo et al. (2001) with yogurt 

with fruit of the forest flavor, that there was possibly a subconscious idea that color of many 

fruits turns from green to red as they ripen. Fernández-Vázquez et al. (2013) also observed 

the green orange juice sample in their study be rated as sourer than the control sample, but 

no significant difference in sourness was found between the red and green orange juice. 

Large differences in color between these samples were proposed to confuse the panelists 

when they evaluated them (Fernández-Vázquez et al. 2013).  

The degree of one’s insensitivity to each taste varied with color, suggesting the psychological 

role of the association between specific foods and specific colors (Maga 1974). Therefore, 

whether the added color affects perception of basic tastes or not depends on many factors, 
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including the taste investigated (Spence et al. 2010). In the case of sour taste, a higher thresh-

old for yellow and green might be due to the association of such colors with foods that are 

not typically sour, namely bananas, pears and green vegetables (Maga 1974). No thresholds 

of colored salty solutions were significantly different from that of the colorless control, 

which might be owing to the association of saltiness with many types of foods in various 

colors, for example, pickles – green, potato chips – yellow, popcorn – white (Maga 1974). 

The null effect of color on perception of saltiness can also be found in studies of Gifford and 

Clydesdale (1986), Gifford et al. (1987), and Chan and Kane-Martinelli (1997). 

The method used in these studies have their own strengths and weaknesses. Magnitude esti-

mation usually leads to more noticeable effects than other methods, though the study of 

Gifford and Clydesdale (1986) appears to be an exception. Other studies using this method 

can be found in table 2. However, the results from this method is easily influenced by de-

manding characteristics, for example, the participants’ responses can be changed due to 

changes of the color, instead of their actual perception (Spence et al. 2010). Moreover, ac-

cording to Zampini et al. (2007), Green et al. (1993) noted that the use of such numerical 

scaling method can make the inter-individual differences more noticeable, due to different 

usage of numbers of each individual. The use of Labelled Magnitude Scale (LMS) can re-

duce this problem and the possible ceiling effects caused by using a fixed number range that 

other magnitude scales have (Zampini et al. 2007). Nevertheless, LMS also has its problem 

related to the convergence of responses, for example a low variance between the results of 

subjects tested, and the use of the “Strongest imaginable” label tends to suppress intensity 

ratings (Zampini et al. 2007). 

Besides studies finding a relationship between color intensity and taste intensity, there are 

some that failed to demonstrate such relationship. For example, Gifford and Clydesdale 

(1986) and Gifford et al. (1987) did not find that relationship with saltiness, while Frank et 

al. (1989) and Clydesdale et al. (1992) failed to do so with sweetness. 
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Table 2. Studies on the impact of food color on taste intensity perception 

Color Food product Type and size of panel Evaluation method/Scales Result Reference 

Colorless, red, 

green, yellow 

Sodium chloride, 

sucrose, citric 

acid and caffeine 
solutions with 

different concen-

trations 

28 college-age students Tasting beakers numbered 

1-10 that contained the so-

lutions, with the number in-
dicating increasing concen-

trations, until a taste was 

positively identified. 

Most taste thresholds for colored solutions 

were higher than for the colorless controls. 

Sweet taste threshold sensitivity: green 
color increased it, yellow color decreased 

it, red color had no effect. Sour taste: yel-

low and green colors decreased it, red had 

no effect. Salty taste: no significant effect 

of color. Red was not associated with bitter 

taste. 

Maga (1974) 

Red Colored sucrose 

solutions 

40 untrained, university students and 

employees were divided into 3 pan-

els of 14 members each evaluating 

one of the three groups of sucrose so-

lutions. 

They were trained to used magnitude 
estimation scale using a no-modulus 

approach 

Reiz Limen method to de-

tect the stimulus threshold 

Magnitude estimation scale 

with a no-modulus ap-

proach for color-sweetness 

evaluation and pleasantness 
evaluation 

Color was found to have statistically sig-

nificant effect on sweetness perception. 

Sweetness perception increased over a 

narrow range of color intensities. Incon-

sistent effects observed was suggested to 

be due to pleasantness effects. 

Johnson and 

Clydesdale (1982) 

Red Cherry-flavored 

beverages 

10 untrained university students and 

employees were trained to use the 

magnitude estimation with a no-

modulus approach. 

Magnitude estimation scale 

with a no-modulus ap-

proach 

In general, sweetness perception increased 

with increase in color intensity. 

Johnson et al. 

(1982) 

Red Strawberry-fla-

vored drinks 

10 untrained university students and 

employees were trained to use the 

magnitude estimation with a no-

modulus approach. 

Magnitude estimation scale 

with a no-modulus ap-

proach 

Perceived sweetness was affected by color 

acceptability and pleasantness effects 

Johnson et al. 

(1983) 

Light red, dark red, 
light green, dark 

green 

Commercial 
strawberry and 

key lime fruit 

drinks 

4 groups of subjects: 116 subjects 
(aged 5-14 years) recruited from a 

day camp program, 57 subjects (aged 

11-14 years) recruited from a school 

in a nearby town, 30 adult subjects 

(aged 18-55 years, students and pro-

fessionals) for adult control group re-

cruited from the Cornell University 

community, 44 adult subjects (aged 

9-point scales Dark red and light green samples were 
considered sweeter than the other two by 

the adults, while the children reported no 

significant differences between the sam-

ples. 

Lavin and Lawless 
(1998) 
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18-31 years) recruited from courses 

in sensory evaluation and psychol-

ogy at Cornell. All were naïve to the 

purposes of the experiment. 

Slight variations in 
color of respective 

fruit beverages 

within the usual 

range of commer-

cial colors 

Orange juice, 
peach nectar, ki-

wifruit nectar, 

berries nectar 

20 panelists having experience in 
testing these products 

Ordering Sweetness perception increased signifi-
cantly with increased color intensity only 

in the case of orange juice. 

Bayarri et al. 
(2001) 

6 color levels for 

each type of yogurt 

Yogurts with 

lemon, straw-

berry, fruit of the 

forest and orange 

flavors 

25 assessors Unstructured scale Sweetness perception increased signifi-

cantly with increased color intensity only 

in the case of yogurt with fruit of the forest 

flavor. 

Calvo et al. (2001) 

Orange juices with 
added and no added 

green and red food 

colorant 

Orange juice 
(OJ) 

30 untrained assessors (staff and stu-
dents of the University of Notting-

ham) 

Paired comparison Sweetness was not affected by the colors 
investigated. Sourness perception was sig-

nificantly affected, green OJ was rated 

sourer than the control OJ, but no signifi-

cant difference was found between red OJ 

and green OJ. 

Fernández-
Vázquez et al. 

(2013) 
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2.1.7. Impact of food color on flavor perception 

The International Standards Organization (ISO 5492:1992) has a definition for flavor as a 

“complex combination of the olfactory, gustatory and trigeminal sensations perceived during 

tasting. The flavor may be influenced by tactile, thermal, painful and/or kinaesthetic effects”. 

In addition, it is generally accepted that “taste” is about perception of basic tastes detected 

by the gustatory receptors mainly in the oral cavity, while “flavor” also includes retronasal 

olfactory component.  

Though visual and orthonasal olfactory cues are not the components that directly contribute 

to the formation of flavor, they usually provide us information of a food before we consume 

it, so they have their unique way to contribute to flavor perception (Shankar et al. 2010a). 

Thus, many researchers have suggested that color may influence our flavor perception 

(Shankar et al. 2010a). The color may impress the consumer more than flavor does, even 

when the flavors are pleasant and the food is well-known (Clydesdale 1993). There has been 

research on the effects of color on orthonasal odor perception, but because flavor is more 

related to retronasal olfaction, the effects on orthonasal olfaction are not discussed further 

here. Regarding retronasal olfaction, there has been a scarcity of research on the relationship 

between color and retronasal olfactory perception. In this topic, Koza et al. (2005) found 

color reducing retronasal olfactory intensity. In addition, while color induced an odor per-

ception orthonasally in colored odorless solutions, such effect did not occur when those so-

lutions were smelled retronasally (Koza et al. 2005). The contrast between anticipated and 

experienced retronasal odor intensities was used by the authors to explain the decrease in 

retronasal odor rating. 

Flavor intensity 

While the effect of color on perceived taste intensity is quite inconsistent among the studies, 

the effect of color on perceived flavor intensity is clearer (Spence et al. 2010). In general, 

flavor intensity and quality were perceived stronger and better when foods were colored 

congruently (Clydesdale 1993). To explain the increase in flavor intensity when color inten-

sity is increased, the familiarity with beverages made from powders or concentrates is sug-

gested to play a role in this association, because the flavor in these beverages tends to in-

crease when the color intensity increases (Delwiche 2012). Table 3 lists studies showing the 

effects of food color on flavor intensity perceived. 
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Table 3. Studies on the impact of food color on flavor intensity perception 

Color Food product Type and size of panel Evaluation method/Scales Result Reference 

Different color lev-
els 

Fruit-flavored bev-

erage: red with 

cherry flavor, or-

ange with orange 

flavor 

Cake: yellow with 

lemon flavor 

Fruit-flavored 
(cherry and or-

ange) beverages, 

flavorless bever-

age and cake 

Fruit-flavored beverages: 27 sub-
jects and 25 subjects rated different 

flavored beverages. They had exten-

sive previous experience with the 

type of scale used for evaluation 

Cake: 30 subjects in normal lighting 

condition and 30 subjects in red-

masking lighting condition 

9-point scales, with an addi-
tional 0 response for ab-

sence of flavor 

Fruit-flavored beverages: In orange bever-
ages, the perceived flavor intensity generally 

increased as color intensity increased, even 

for the flavorless samples. 

Cake: the flavor intensity perceived was sig-

nificantly increased with color level. The ef-

fect did not occur in masking condition. 

Dubose et al. 
(1980) 

3 color levels (no 

color added, stand-

ard intensity and 
high intensity) 

Chicken bouillon 

and chocolate 

pudding 

29 young adults (20-35 years old) 

recruited at a consumer products 

company and 29 elderly adults (60-
90 years old) recruited from a senior 

citizens center in New Jersey. For 

chicken bouillon test: 28 young 

adults and 28 elderly adults. For 

chocolate pudding test: 29 young 

adults and 25 elderly adults. 

Visual analog scales 

(VAS). The VAS scale re-

sponses were then con-
verted to numerical values 

0-10. 

Chicken bouillon: Young adults’ ratings for 

intensity of overall flavor was affected by the 

intensity of color, with the commercially 
available samples (standard intensity) rated 

more intense than the other two. No effect of 

color was found in elderly adults. 

Chocolate pudding: No effect of color was 

found 

Chan and Kane-

Martinelli 

(1997) 

Slight variations in 

color of respective 

fruit beverages 

within the usual 

range of commer-

cial colors 

Orange juice, 

peach nectar, ki-

wifruit nectar, 

berries nectar 

20 panelists having experience in 

testing these products 

Ordering More typical flavor was found in the samples 

showing colors closer to the typical fruit bev-

erage in each case. 

Bayarri et al. 

(2001) 

6 color levels for 

each type of yogurt 

Yogurts with 

lemon, straw-

berry, fruit of the 

forest and orange 

flavors 

25 assessors Unstructured scale The greater the intensity of color, the 

stronger was the fruit flavor perceived (with 

strawberry, orange and fruit of the forest fla-

vors, but not with lemon flavor). 

Calvo et al. 

(2001) 

Green and brown Chocolate M&M 30 untrained participants from the 

University of Oxford 

Rating scales labeled 1-7, 

with 0.5 increments 

Brown M&Ms were rated significantly more 

chocolatey than green M&M 

Shankar et al. 

(2009) 

 



  24 

 

 
 

Regarding the interaction between color and label factors on flavor perception, Shankar et 

al. (2009) found no interaction between them (for example, the brown M&M chocolate la-

belled “dark chocolate” was not rated significantly more “chocolatey” than the brown M&M 

or one labelled “dark chocolate”), but these visual information and cognitive, expectancy-

based inputs contribute to flavor perception. 

Flavor identification 

Judgments of flavor identity has been demonstrated by several studies to be influenced by 

color of the food (Spence et al. 2010). There is an association between certain flavors and 

colors, and when the colors are changed, the ability to identify flavor also decreases (Del-

wiche 2004). Food color can affect the ability to form distinct flavor profiles and preferences, 

and in some cases can dominate other flavor information sources, such as label and taste 

(Garber et al. 2000). Color helps us identify the retronasal olfactory components of flavor 

more accurately and more quickly when it is appropriate (Zellner 2013). Table 4 lists some 

studies in this aspect. 

Regarding possible problems in flavor identification or discrimination studies, one problem 

can be the lack of information on the deception in color to the participants (Spence et al. 

2010). To avoid this, in some studies (Stillman 1993; Zampini et al. 2007; Zampini et al. 

2008), the participants were alerted that color might not be a cue to indicate the actual flavor. 

Another potential problem is that the participants might have felt some pressure to have their 

answer fit the change in color, and if the flavor was difficult to identify, based solely on 

gustatory, olfactory, and flavor cues, they might just use color cues as a shortcut to guess the 

flavor (Spence et al. 2010). 

One thing to note about the color-flavor association is that a food color can be associated 

with a number of different possible flavors, and the same color can give rise to different 

flavor expectations with different kinds of product (Spence 2016). People’s expectations and 

beliefs related to color-flavor association can impact on their flavor discrimination re-

sponses, even when the food product is a familiar one (Levitan et al. 2008). These factors 

need to be considered when flavor research is conducted. 

 



 

  

 

 
 

2
5
 

Table 4. Studies on the impact of food color on the ability to identify flavor 

Color Food product Type and size of panel Evaluation method/Scales Result Reference 

Red, orange, green, 

colorless 

Cherry-, orange- 

and lime-flavored 

beverages and one 

flavorless beverage 

Normal lighting and masking condi-

tion: 20 volunteer employees of the 

laboratory who were members of a 

consumer taste panel but were una-

ware of the purpose of the experi-

ments. 

Matched and mismatched color-fla-

vor: 27 employees of the installation 

Normal lighting and mask-

ing condition: Participants 

gave name of the flavor on 

their own. 

Matched and mismatched 

color-flavor: Choosing fla-

vor term from a list 

Fruit-flavored beverages: Color masking signifi-

cantly decreased flavor identification. Atypical 

color induced incorrect flavor responses which 

were associated with the color. 

Dubose et 

al. (1980) 

Uncolored, red, 

yellowish-orange 

and green 

Raspberry-flavored 

and orange-flavored 

beverages 

310 untrained volunteers, 15 years 

old or older 

Writing down the name of 

color, with no list of possi-

ble answers. 

Less correct answers of flavor identity were made 

in uncolored condition of both flavored beverages, 

but more were made in appropriately colored con-

dition. Unusual color-flavor combinations re-

duced the identification of raspberry flavor more 

than that of orange flavor. 

Stillman 

(1993) 

Purple, orange and 

clear 

Orange-flavored, 

purple- or orange-

colored beverages 

389 undergraduates at a university 

in the US. 

Choose answers from a list Food color affects the consumer’s ability to cor-

rectly identify flavor. There is evidence that food 

color dominates other flavor information (label, 

taste). 

Garber et 

al. (2000) 

Red, green, orange, 

colorless 

Strawberry-, lime-, 

orange- flavored so-
lutions 

11 female participants varying in 

their previous experience of psycho-
physical testing procedures. 

Choose answers from a list  When the color was inappropriate, the participants 

had significantly lower flavor discrimination per-
formance than when the color was appropriate or 

colorless, but appropriate color did not improve 

flavor discrimination accuracy when compared to 

colorless condition. No significant effect of color 

was found in the case of strawberry-flavored solu-

tions. Adding color to flavorless solutions did not 

induce significant “illusory” flavor responses. 

Zampini et 

al. (2007) 

Yellow, orange, 

grey, red, colorless 

Orange-, blackcur-

rant-flavored and 

flavorless drink 

with added acids 

14 participants from a panel of un-

trained individuals recruited from 

the staff at Unilever Research. 

Choose answers from a list When the color was appropriate, the participants’ 

ability to identify the flavors was significantly im-

proved, compared to when the color was inappro-

priate or colorless. 

Zampini et 

al. (2008) 

Purple and orange Orange-flavored, 

purple- or orange-

colored beverages 

122 graduate students from an In-

dian business school 

Choose answers from a list Food color affects the consumer’s ability to cor-

rectly identify flavor. There is a weak significant 

evidence that food color dominates other flavor 

information (label, taste). 

Garber et 

al. (2015) 
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In studies that informed the participants about possible incongruence between color and fla-

vor, color was still found to have effect on flavor identification. This suggests that the mod-

ulatory role of visual information is so strong that the awareness of the appropriateness in 

color-flavor association cannot eliminate it (Zampini et al. 2007; Zampini et al. 2008). 

2.1.8. Impact of color on acceptability and preference 

Many studies have demonstrated the impact of color on the acceptability and preference of 

food and beverages (Clydesdale 1993). These studies and their results are listed in table 5. 

Usually, in daily life, people prefer foods and beverages that fit their expectation when they 

consume them, so the right color is important in food acceptance, liking and overall intake 

(Spence 2016) (though Garber et al. (2015) showed an interesting case in which Indian par-

ticipants preferred the incorrect purple-colored orange drink to the correct orange-colored 

orange drink). However, Poelman and Delahunty (2011) noted that children preferred atyp-

ically colored vegetables, as these foods generated positive expectations about the taste and 

may encourage trying them, in contrast to the typical ones with established unfavorable as-

sociations. Additionally, as suggested by many studies that include liquid foods, the more 

closely the colors matched the participants’ memory, the more they liked the foods (Wei et 

al. 2012). 

Regarding food acceptance, color needs to be within an expected range, which depends on 

various factors related to the consumer and the background (Francis 1995). Even the most 

pleasant tasting product must have an acceptable color (Johnson et al. 1982). People tend to 

choose safe and fresher foods, so the food-color preference is based on this tendency of 

choice (Lee et al. 2013). 

Adults seem not to be so attracted to intense colored foods as children are. Adults may con-

sider that intense color is artificial, which makes the foods less favorable (Spence 2016). 

However, in Calvo et al. (2001) study, the samples with greater colorant concentrations were 

preferred to those with lower concentrations, despite the tendency to reduce the use of col-

orants in food. After all, in yogurts, colors with intermediate intensities, usually those that 

are similar to commercial products, are preferred (Calvo et al. 2001).
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Table 5. Studies on the impact of food color on acceptance and preference of foods 

Color Food product Type and size of panel Evaluation method/Scales Result Reference 

Regular and dark 

color 

Potato chip 20 college-age students, most of 

whom had experience with sensory 

evaluation  

Select preferred sample be-

tween the two samples 

Based solely on visual cues, regular chip was 

preferred most of the time (55%), though in 

general, dark chip was preferred when the par-

ticipants were blindfolded. 

Maga 

(1973) 

Different color lev-

els 

Fruit-flavored bev-

erage: red with 

cherry flavor, or-
ange with orange 

flavor 

Cake: yellow with 

lemon flavor 

Fruit-flavored (cherry 

and orange) bever-

ages, flavorless bever-

age and cake 

Fruit-flavored beverages: 27 subjects 

and 25 subjects rated different fla-

vored beverages. They had extensive 

previous experience with the type of 

scale used for evaluation 
Cake: 30 subjects in normal lighting 

condition and 30 subjects in red-

masking lighting condition 

9-point scales, with an addi-

tional 0 response for ab-

sence of flavor 

Fruit-flavored beverages: Overall acceptability 

generally increased as color increased, though 

at the highest level, there might be a levelling 

off or a decrease. Acceptability of color and fla-

vor increased with increasing color level. 
Cake: Color affected overall acceptability and 

acceptability of flavor, with different optimal 

point for different flavor intensity. Acceptabil-

ity of color also had its optimum color level. 

Dubose et 

al. (1980) 

Colorless and 

strawberry-pink 

Strawberry-flavored 

soft drink 

232 consumers at 4 supermarkets Pleasantness of appearance: 

5-point scales 

Pleasantness of appearance: When the drink 

was not specified as strawberry drink, the col-

orless sample was preferred, but when it was 

specified, the colored sample was preferred. 

Tuorila-

Ollikainen 

(1982) 

Origin color and 

slight green off-

color of orange 

juice 

Orange juice 348 consumers that confirmed to like 

orange juice 

9-point scales for overall 

liking, 7-point “just right” 

scales for rating color, fla-

vor and sweetness 

Color remarkably affected the appeal of orange 

juice, adulterated samples had their color ac-

ceptance reduced. However, it alone was not 

enough to change consumer acceptance of this 
drink. 

Tepper 

(1993) 

3 color levels (no 

color added, stand-

ard intensity and 

high intensity) 

Chicken bouillon and 

chocolate pudding 

29 young adults (20-35 years old) re-

cruited at a consumer products com-

pany and 29 elderly adults (60-90 

years old) recruited from a senior cit-

izens center in New Jersey. For 

chicken bouillon test: 28 young 

adults and 28 elderly adults. For 

chocolate pudding test: 29 young 

adults and 25 elderly adults. 

Visual analog scales 

(VAS). The VAS scale re-

sponses were then con-

verted to numerical values 

0-10. 

Chicken bouillon: Young adults preferred the 

appearance of the sample with standard and 

high color intensity. No such effect was found 

in the elderly adults. 

Chocolate pudding: Color significantly affected 

acceptance of appearance in young adults and 

with a lesser degree in elderly adults. 

Chan and 

Kane-

Martinelli 

(1997) 

Purple, orange and 
clear 

Orange-flavored, pur-
ple- or orange-colored 

beverages 

389 undergraduates at a university in 
the US. 

7-point valence scales 
(from +3 to -3) 

Food color had a slightly significant effect on 
liking. 

Garber et 
al. (2000) 
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6 color levels for 

each type of yogurt 

Yogurts with lemon, 

strawberry, fruit of the 
forest and orange fla-

vors 

25 assessors Unstructured scale Suitability of color: Samples with greater con-

centrations of colorant were scored higher than 
those with lower concentrations. 

Calvo et 

al. (2001) 

Clear, red, blue, 

green, yellow, or-

ange, purple, 

brown 

Groups tasting sam-

ples: Lemon, mint or 

vanilla solutions vary-

ing only in color 

Groups looking at 

samples: spring water 

varying in color 

180 university graduate and under-

graduate students divided into 6 

groups: 3 groups of 32 subjects tast-

ing 3 different sets of stimuli and rat-

ing them, 3 groups of 28 subjects 

only looking at one of the 3 sets of 

stimuli and rating their expectations. 

Refreshment: scale (from 0 

to 100) 

Liking/expected liking: Bi-

polar hedonic scale (from -

100 to +100) 

It was suggested that liking and refreshment 

were related. Clear version of all the beverages 

was rated to be the most refreshing, while 

brown was rated to be not refreshing unless it 

was appropriate color for the beverage. 

Zellner 

and 

Durlach 

(2003) 

Typical colors and 

atypical colors 
(white fleshed 

sweet potato, green 

cauliflower, yel-

low French beans) 

Sweet potato, cauli-

flower and French 
beans 

104 children (5-6 years old) attend-

ing primary school in Australia 

Expected preference: 

choosing the most liked 
sample based on appear-

ance only. 

Acceptance: 3-point facial 

hedonic scale 

Children showed positive expected preference 

for foods with atypical color, but on tasting, 
color did not affect acceptance. Children who 

thought they would like the atypical colored 

sample the most largely continued to like it on 

tasting. 

Poelman 

and De-
lahunty 

(2011) 

Different colors of 

different types of 

orange juice 

Orange juice 111 consumers that were students 

and personnel in Sevilla 

Ordering A significant preference of color was observed 

for the orange juices with intermediate hue and 

lightness values. 

Fernán-

dez-

Vázquez 

et al. 

(2011) 

Orange juices with 

added and no 

added green and 
red food colorant 

Orange juice (OJ) 100 European orange juice consum-

ers (staff and students of the Univer-

sity of Nottingham) 

Labelled affective magni-

tude scale (LAM) 

Red OJ was significantly rated higher than the 

other two in expected liking, but there were no 

significant differences in actual liking between 
any of the samples. When comparing expected 

and actual liking, control OJ and green OJ was 

significantly rated higher in actual liking. 

Fernán-

dez-

Vázquez 
et al. 

(2013) 

Purple and orange Orange-flavored, pur-

ple- or orange-colored 

beverages 

122 graduate students from an Indian 

business school 

7-point valence scales 

(from +3 to -3) 

There was a significant main effect of food 

color on liking. Subjects liked the purple-col-

ored drink better than the orange-colored drink. 

Matching color and flavor information is pre-

ferred to mismatched color and flavor infor-

mation. 

Garber et 

al. (2015) 
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Although many studies have shown the positive effect of color on overall liking and accept-

ability, there are studies in which color did not take the main role in this aspect. In a study 

by Dubose et al. (1980), the overall acceptability of the products is more influenced by the 

flavor than the color. Tepper (1993), Fernández-Vázquez et al. (2011) and Fernández-

Vázquez et al. (2013) agreed that slight color variation in orange juice may affect the appeal 

of the product, but it alone is not enough to have influence on overall liking. Tuorila-Ol-

likainen et al. (1984) (n = 448) did not find any significant influence of color on overall 

liking of 16 soft drink samples, but the lack of flavor specification was used to explain this 

result. Johnson and Clydesdale (1982) (n = 10) explained the lower rating in pleasantness of 

the darker colored samples in their study as follows: the darker color might have risen a 

sweeter perception, hence, at some sucrose level, the taste was no longer pleasant; or the 

intensity of color was out of the range for desirable red color. 

2.1.9. Impact of color on texture 

Many researchers have agreed on the definition of texture as “the sensory and functional 

manifestation of the structural, mechanical and surface properties of foods detected through 

the senses of vision, hearing, touch and kinesthetics” (Szczesniak 2002). Hence, it is possible 

that color plays a role in perception of texture, as Chylinski et al. (2015) stated that texture 

perception was the result of a cross-modal interaction involving color and actual texture. 

This cross-modal interaction remained, regardless of product type or the suitability of color 

for the product (Chylinski et al. 2015). 

The research by Christensen (1983) (n = 29) is one of the early studies in this area. However, 

no relationship between food color and texture was found. According to the author, this re-

sult was perhaps because texture perception itself was not affected by color cue, or because 

the design of the research was not specific enough to see the effects, if any. In an early study 

(Tom et al. 1987) (n = 80), vanilla pudding in six different shades of brown was used to find 

the relationship between color and creaminess, as well as flavor intensity. The darkest one 

was considered the thickest and “most chocolate”, while the light one the creamiest. More 

recently, Chylinski et al. (2015) showed that red and blue colors had positive effect on per-

ceptions of creaminess and crunchiness, respectively (for crunchiness: n = 128, product: light 

yogurt with almonds, and for creaminess: n = 123, product: full-cream yogurt with muesli). 

As suggested by the authors, this result demonstrated that changes in color hue lead to 

changes in perception of food texture. 
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2.1.10. Research on the influence of color on perception of semi-solid foods 

According to Foegeding et al. (2011), semi-solid foods can be considered foods that are 

“processed in the mouth by squeezing between the tongue and palate”, though there is no 

definition that satisfies all the cases. The term “spoonable snacks” used in this thesis refers 

to semi-solid snacks that can be dipped into with a spoon. 

It seems that semi-solid foods have been paid attention to recently. Most of the studies in 

sensory field on semi-solid foods are to learn more about the perception of texture (for ex-

ample, de Wijk et al. 2003; de Wijk et al. 2006). Regarding the influence of color on percep-

tion of semi-solid foods, currently, there have been not much published research in this area. 

One study to mention here is of Calvo et al. (2001), with yogurt as the subject. Details of 

this study was mentioned above. Their study has contributed to inspiration of future studies 

on color and perception of semi-solid foods.  

2.2. Oats and oatgurts (oat yogurt-like products) 

Oats (Avena sativa) are believed to originate from Asia, and this annual grass plant is im-

portant for its use as food for human and animal in temperate regions around the world (Butt 

et al. 2008). Oats are a basic food commonly used in some European countries, as well as 

the USA and Canada, but their consumption is still lower than that of other cereals in these 

countries (Salmenkallio-Marttila et al. 2011). Concerning the flavor of oats, without appro-

priate heat treatment, oat products retain a flat, green, raw and a little bitter taste (Klensporf 

and Jeleń 2008). Traditionally milled oats have a mild flavor, and the oat flavor that is fa-

miliar to consumers, in most cases, is released during traditional heat processing and is the 

combination of several volatile and non-volatile compounds, with different ratios between 

them (Salmenkallio-Marttila et al. 2011). 

Since lactose intolerance, allergy to milk proteins and the cholesterol content may limit the 

consumption of dairy products (Yoon et al. 2006; Granato et al. 2010), alternatives, such as 

cereals, should be considered. The trend of vegetarianism and limited use of dairy products 

in some Asian and African countries, due to traditions and economic reasons, is also a reason 

to develop nondairy products (Granato et al. 2010). Plant materials can be used as a probiotic 

vehicle, as Gupta and Bajaj (2017) demonstrated this possibility with oat flour beverages. In 

addition, fermentation improves nutritional values and sensory quality of cereal-based food 

products, as well as adds many other desirable properties to the products, with low cost and 
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simple production (Gupta and Abu-Ghannam 2012). Not to mention that cereal-based prod-

ucts contain many beneficial compounds, making them a potential functional food (Kreisz 

et al. 2008). In particular, oats are well-known for many nutritious components and health 

benefits. For example, oats are a good source of protein, fiber, vitamins, antioxidants, un-

saturated fatty acids, and other beneficial constituents (Welch 1995; Butt et al. 2008; Rasane 

et al. 2015). Oats stand out for their low starch concentration and high level of lipid and β-

glucan (Salmenkallio-Marttila et al. 2011). Consumption of oats leads to many health bene-

fits, such as gastrointestinal beneficial effects, regulation of plasma glucose and insulin re-

sponse, reduction in plasma total cholesterol levels and especially low-density-lipoprotein 

cholesterol levels, and so on (Welch 1995). 

Fermentation is used to bring about unique experience in food, to fortify food and extend the 

shelf life of the product in a natural way, besides the traditional purpose of preserving foods 

(Hugenholtz 2013). Fermentation also provides positive changes in sensory features of a 

yogurt-like beverage made with oat flakes (Nionelli et al. 2014). To be more specific, the 

cereal matrix appeared to obtain characteristics usually seen in yogurt-like beverage, not to 

mention that the overall intensity of odor and flavor of the product was improved (Nionelli 

et al. 2014).  



  32 

 

 
 

3. EXPERIMENTAL RESEARCH 

3.1. Aims 

The main aim of this work was to study the effect of color on pleasantness and perception 

of flavor and texture of oatgurts in consumers. For this purpose, consumer study (n = 106 

untrained panelists) was conducted. Descriptive analysis (n = 30 trained panelists) was also 

carried out to understand the effect of color on perception of oatgurts, using an analytical 

method, and to help in explaining the results from consumer study. The results of this study 

contribute to the research project of Maija Greis on the texture properties of oat-based semi-

solid snacks. 

3.2. Materials and methods 

3.2.1. Samples 

The oatgurts used in this study were plain unflavored commercial products of Yosa (Y) and 

Oddlygood (OG). The information of these products is presented in table 6. The colorant 

used was yellow liquid food colorant of Dr. Oetker (“Dr. Oetker Keltainen elintarvikeväri”). 

Its ingredients include water, color (carotenoids (160a)), acidity regulator (citric acid (E 

330)), and preservative (potassium sorbate (E 202)). Each bottle contains 30 ml of colorant, 

and it should be shaken before use. These products were all bought from Finnish supermar-

kets. 

Table 6. Information of the products used 

Product Plain Oddlygood oatgurt 

(”Oddlygood kaurapohjainen gurtti 

maustamaton”) 

Plain Yosa oatgurt (”Yosa 

Kauravälipala Maustamaton 

luomu”) 

Producer Valio Oy, Riihimäki Fazer, Vantaa 
Package size 1 kg 400 g 
Ingredients Oat base (water, 9% oat), sugar, pea 

protein, rapeseed oil, calcium, mod-

ified potato starch, salt, aroma, vita-

mins (riboflavin, B12 and D), iodine 

and acid 

Water, oats (12%), tapioca starch, 

potato protein, rapeseed oil, malto-

dextrin, thickeners (locust bean 

powder, xanthan gum), natural fla-

vorings, iodinated salt, acid 
Conditions of 

reservation 
Under +8oC. Use within 3-4 days 

since opening 
+2 - +8oC 

Other information Milk-free, lactose-free. Contains ac-

idophilus and bifidobacterial. Pre-

servative-free. May contain small 

amount of rye, wheat and barley. 

Milk-free, soy-free. Organic prod-

uct, 100% plant-based. Contains 

acidophilus and bifidobacteria. 

 

In the preliminary test, different amounts of liquid yellow colorant were added to 20 ml of 

oatgurt to find suitable concentrations of color. Details of the concentrations used can be 

found in appendix 1. At the end, besides a plain sample (with no added colorant), the ratio 
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of liquid colorant : oatgurt as 150 µl : 20 ml (0.74% v/v) and 300 µl : 20 ml (1.48% v/v) 

were chosen for both brands, which made 3 different color levels of each brand and will be 

mentioned as Y/OG1, Y/OG2 and Y/OG3 in the following sections, respectively. 

3.2.2. Instrumental color measurement of samples 

CM-2600d Spectrophotometer (Konica Minolta Sensing Americas, New Jersey, USA) was 

used for instrumental color measurement for the oatgurt samples. Each sample was put into 

a small transparent plastic petri dish in a way that it covered the surface of the dish. The data 

were collected in three separate days. The results are demonstrated in table 7 below. Details 

of the data can be found in appendix 2. According to the Hunter Lab color scale, L represents 

lightness (with 0 as minimum value, i.e. black, and 100 as maximum value, i.e. perfect re-

flecting diffuser), positive a is red, negative a is green, positive b is yellow, and negative b 

is blue. The values of a and b have no specific numerical limits 

Table 7. Mean of L, a and b value of the samples, calculated from 3 replicates 

Sample OG1 OG2 OG3 Y1 Y2 Y3 

Mean L= 41.53 
a= 0.97 
b= 14.35 

L= 37.66 
a= 4.68 
b= 28.83 

L= 38.86 
a= 6.57 
b= 36.17 

L= 42.29 
a= 0.82 
b= 16.50 

L= 39.31 
a= 5.50 
b= 33.26 

L= 38.74 
a= 7.39 
b= 35.18 

3.2.3. Serving of samples 

In both Generic Descriptive Analysis (GDA) and consumer study, 3 samples with different 

color levels of each brand (meaning 6 samples in total) were served in small white plastic 

cups. Each cup contained about 20 ml of sample. Every sample was stirred well before being 

poured to cups. Each sample was assigned a 3-digit random code for each study. The cups 

were served on a wooden tray in random order. Serving of samples is demonstrated by figure 

1. When not in use, samples were stored in the fridge at 4-6oC with their surface covered, by 

putting the trays with samples on top of each other and the top tray had each sample covered 

with a plastic lid, to avoid moisture loss. 
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Figure 1. Serving of samples 

3.2.4. Overview of sensory methods 

Descriptive analysis and consumer study took place at the Sensory laboratory, 2nd floor, EE-

building, Viikki campus, University of Helsinki. In this thesis, descriptive analysis was used 

to understand more about the effect of color on perception of oatgurts with an analytical 

concept, while consumer study focused more on perception and acceptance of general con-

sumers. Therefore, in consumer study, no trained panelist is required and hedonic responses 

can be collected, which is opposite to descriptive analysis. Software Fizz Acquisition, ver-

sion 2.51 (Biosystemes, Courternon, France) was used to form questionnaires and collect 

data in both methods. 

3.2.5. Generic Descriptive Analysis (GDA) 

Panel 

In GDA, 30 students in the course Advanced Sensory Science (FOOD-116) were recruited 

and trained for the panel. They consisted of 24 females and 6 males. Of the panelists, 28 

were in the range of 21-30 years old while the rest were from 31 to 40. 

Procedure 

GDA was used for descriptive analysis of the samples. Details of this method are described 

by Lawless and Heymann (2010). In general, a GDA panel comprises 8-12 panelists. This 

method includes three most basic steps: training the panelists, evaluating their consistency 

or reproducibility and having them evaluate the samples. Regarding training of the panelists, 

there are two methods: “consensus training” and “ballot training”. In “consensus training”, 

various products of the same category are provided, then descriptors and reference standards 
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to describe differences between the products are suggested by the panelists. In “ballot train-

ing”, besides a wide range of products in the same category provided as in “consensus train-

ing”, panelists are given a word list of descriptors and references that are possible to be used 

for describing the products. However, in practice, a combination of the two methods is usu-

ally used. In this combination, some descriptors are generated by the panelists and some can 

be suggested by the panel leader or from a word list. This combination method was also used 

in this thesis. 

Panel training and descriptors  

For training, the panelists were divided into 4 separate groups. In practice, GDA usually 

includes many training sessions. However, in this study, each panelist only attended one 

training session, due to practical limitations as the study was conducted as a part of the course 

mentioned above. Three samples with different color levels were used as the training sam-

ples, including the OG1, Y2 and OG3.  

In each of the training groups, the panelists chose the words to describe the samples on their 

own in the beginning of the training session. After that, with a panel leader, they discussed 

and agreed on the sensory attributes to be evaluated, as well as the scale and the anchor 

words. Then, from what was agreed in each of the 4 sessions, the sensory attributes to be 

evaluated and the anchor words were considered, and the final ones were selected by the 

panel leader, based on the discussions with the panelists. In the end, 8 sensory attributes 

were chosen, and line scaling (0-10) was used. The sensory attributes and their labels on the 

scale, as well as their definitions and methods to evaluate them are listed in table 8. 

Table 8. Attributes, labels, definition and evaluating methods 

Attributes Labels (0-10) Definition - Evaluation 
Intensity of yellow color Not at all – Very intense 

dark yellow 
NA - Observing 

Consistency (measured by 

spoon) 
Very fast – Very slow Speed of fall of the product from a spoon (1) - 

Using spoon and observing the speed that the 

product falls from the spoon 
Overall intensity of aroma Not at all – Very strong NA – Smelling 
Overall intensity of flavor Not at all – Very strong NA – Tasting and smelling 
Intensity of sourness Not at all – Very strong NA – Tasting 
Intensity of oat flavor Not at all – Very strong NA – Tasting and smelling 
Thickness Very thin – Very thick Mechanical property perceived when com-

pressing the product between the mouth and 

the palate (1) – Compressing the product be-

tween the mouth and the palate 
Powderiness Not at all – Very pow-

dery 
A chalky, cloying powdery sensation in the 

mouth (2) – Feeling in mouth 
(1) (Bayarri et al. 2011) 

(2) (Ciron et al. 2011) 
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There was a written note of definition for attributes in each sensory booth for every partici-

pant. The definitions for consistency and thickness were selected according to Bayarri et al. 

(2011), and powderiness according to Ciron et al. (2011). The instructions to evaluate these 

attributes were generated in accordance with their definitions. 

Evaluation method 

Every panelist participated in two evaluation sessions (replicates). In each session, 6 samples 

were served as described in section 3.2.3. The serving order was randomized between pan-

elists and between their two sessions. Between the evaluation of different samples, panelists 

were instructed to take a sip of plain water to neutralize their taste and flavor perception. 

3.2.6. Consumer study 

Panel 

In this study, 106 untrained panelists were recruited from students and staff at Viikki cam-

pus, University of Helsinki. The majority of participants were female (80.2%), Finnish 

(84.9%) and in the age group of 21-30 (61.3%). Most of the participants consumed oat-based 

spoonable snack products 1-3 times a week (21.7%), 1-3 times a month (23.6%) or just a 

couple of times a year (21.7%). More detailed demographic information of the panelists can 

be found in table 9. The panelists were different from the previous GDA panel. They were 

recruited by advertisements attached to note boards and sent to emailing lists of students and 

personnel.  

Table 9. Demographic information of the panelists 

  N Percentage (%) 

Age group 16-20 9 8.5 

21-30 65 61.3 

31-40 17 16.0 

41-50 7 6.6 

Over 50 8 7.6 

Gender Male 21 19.8 

Female 85 80.2 

Not telling 0 0.0 

Nationality Finnish 90 84.9 

Other EU/ETA citizen 9 8.5 

Asian 4 3.8 

Other 2 1.9 

Not telling 1 0.9 

Use frequency Daily or almost daily 5 4.7 

1-3 times a week 23 21.7 

1-3 times a month 25 23.6 

Couple of times a year 23 21.7 

Less frequently 18 17.0 

Never 12 11.3 
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Questionnaire 

The questionnaire included 9-point scales, Just-about-right (JAR) scales, Check-all-that-ap-

ply (CATA) questions and open-ended questions. Details of the questions, as well as the 

attributes, types of scale or method used, labels for end points of the scale and order of ques-

tions can be found in the appendix 3. 

9-point scale 

According to Lawless and Heymann (2010), 9-point scale is the most common hedonic scale. 

It is simple to use and easy to adjust. Since this thesis focuses on flavor and texture, besides 

overall pleasantness, questions about pleasantness of flavor and texture were asked. In addi-

tion to pleasantness, 9-point scale was also used to evaluate perception of overall flavor 

intensity and texture (in this case, thickness). Thickness was chosen to be evaluated because 

it is an important texture attribute of semi-solid foods (it has been chosen, for example, by 

de Wijk et al. 2003; Alting et al. 2009; Ciron et al. 2011). 

JAR scale 

According to Lawless and Heymann (2010), JAR scale is used to evaluate consumer’s reac-

tion to an attribute, and it can give direct information to improve specific attributes to their 

optimum. JAR scale is bipolar and has opposite end-anchors, which are “Too little” and 

“Too much” of an attribute, and a center point that is usually labeled “just-about-right”. 

Sometimes, the end-anchors can be a phrase (Lawless and Heymann 2010), as they are “Too 

thick” and “Not thick enough” in this questionnaire. In this thesis, a JAR scale was used for 

thickness, an important texture attribute of semi-solid foods, to understand better the thick-

ness level that consumers expect of the products. 

Penalty analysis is used to identify different consumer segments for different levels of a 

sensory attribute (Lawless and Heymann 2010) by using JAR and hedonic scores. This anal-

ysis helps in identifying the impact on liking of an attribute and the proportion of consumers 

affected by that attribute, so that a direction to improve the product can be found. In this 

thesis, penalty analysis was performed to examine the impact of thickness on general liking 

and liking of texture. 
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CATA questions 

CATA questions are a type of multiple-choice question in which a list of terms is provided 

and the panelists are asked to select all that are suitable to describe the product in their opin-

ion (Ares 2015). The descriptors used in this thesis included creamy, viscous, runny, lumpy, 

sticky, fatty, mouth-drying, mouth-coating, smooth, powdery, thick, foamy, and watery. 

They are often used to describe texture properties of semi-solid foods (for example, 

Pangborn and Koyasako 1981, Alting et al. 2009, Bayarri et al. 2011, Ciron et al. 2011). 

Demographic and background questions 

At the end, a list of demographic questions was asked for age, gender, nationality, the fre-

quency that oat-based spoonable snacks were consumed by panelists and an open-ended 

question to detect any color-blindness or olfactory problem. Details of demographic ques-

tions and response alternatives are presented in table 10. 

Table 10. Demographic questions and response alternatives used in the questionnaire 

Question Response alternatives 

Age 

 

16-20 

21-30 

31-40 

41-50 
Over 50 

Gender Male 

Female 

I’d rather not tell 

Nationality Finnish 

Other EU/ETA citizen 

Asian 

Other 

I’d rather not tell 

How often do you con-

sume oat-based spoonable 

snacks? 

Daily or almost daily 

1-3 times a week 

1-3 times a month 
Couple of times a year 

Less frequently 

Never 

Do you have color-blind-

ness or any olfactory 

problem? 

 

 

Procedure 

In this sub-study, each participant first read and signed an informed consent form before 

their evaluation (see appendix 4). The samples were served as mentioned above in section 

3.2.3. Each person only needed to participate once. After evaluation, they received a small 

sweet gift as thank-you gift. 
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3.2.7. Statistical Analysis 

Charts and graphs were drawn with Excel (Microsoft Excel 2016). One-way analysis of var-

iance (ANOVA), t-test and repeated measures ANOVA were used to analyze the data with 

SPSS (IBM SPSS Statistics 25). 

In GDA, there were three participants taking only one session of evaluation while the rest 

27 panelists taking both sessions (29 panelists in session 1, 28 panelists in session 2). The 

results from all 30 participants were used in one-way ANOVA analysis, but only those from 

participants taking both sessions (n = 27) were used in repeated measures ANOVA analysis. 

There was one panelist that seemed to be color-blind or misunderstand the scale when eval-

uating the attribute of intensity of yellow color, so his/her scores for this attribute were left 

out, but his/her scores for other attributes were kept as they were not abnormal. 

In consumer study, one-way ANOVA, paired samples t-test and independent samples t-test 

were used to analyze the data. In this study, participants’ answers to the open question helped 

to exclude evaluation data of those with color-blind or olfactory problems. One person re-

ported not to have sensitivity to bitterness and one person reported to have medium red-

green blindness. However, since bitterness is not supposed to be noticed in this kind of prod-

uct, and the tested color was yellow, the answers of these participants were still used to 

analyze the data. 
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3.3. Results 

3.3.1. Sensory profiles of the samples 

A sensory profile for both oatgurt brands was made by using Generic Descriptive Analysis. 

Figure 2 shows the radar charts made from these results. Yosa and Oddlygood plain samples 

were recognized by their thickness and consistency, with Yosa’s ratings in these categories 

higher than that of Oddlygood. Meanwhile, the colored samples were only noticeable for 

their color intensity (Figure 2). Yosa colored samples also had their sourness rated consid-

erably higher than the plain one.  

As demonstrated by the figure 2, Yosa and Oddlygood had the same pattern in the intensity 

of yellow color and thickness. Regarding the intensity of yellow color, there was a significant 

difference between 3 samples of the same brand, as expected because the color was added 

in different concentrations. The samples with medium color level of both brands had their 

scores (Y2: 7.0, OG2: 5.5) closer to the ones with high color level (Y3: 9.1, OG3: 8.1) than 

to the plain ones (Y1: 1.1, OG1: 0.5). Concerning thickness, in both brands, the plain samples 

were rated statistically thicker than the rest (Y1: 6.8, OG1: 5.3), while the other two samples 

were not considered remarkably different from each other. According to the GDA result, 

Yosa and Oddlygood did not have significant difference in intensity of oat flavor and pow-

deriness between their 3 samples of different color levels (Table 11). 

In terms of consistency, OG1 was rated noticeably higher than the other two (OG2 and OG3) 

and nearly double them (6.5), while those two were not considered significantly different 

from each other. Meanwhile, the consistency was considered remarkably different among 3 

Yosa samples, in which Y1 had the highest score (8.5), Y2 was about half of that (4.4) and 

Y3 had the lowest (3.4). In the overall intensity of aroma, Y3 (5.7) was rated significantly 

higher than Y1 (4.5), but Y2 (5.1) did not show clear difference with those two samples. 

However, in the overall intensity of flavor, Y2 had significantly higher score (6.5) than Y1 

(5.6), while Y3 (6.2) was rated not clearly different from them. In terms of sourness intensity, 

Yosa samples with added color were considered noticeably sourer than the plain one. With 

regard to Oddlygood samples, these 3 attributes (overall intensity of aroma, overall intensity 

of flavor and intensity of sourness) showed no significant difference between the 3 samples. 
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a b 

Figure 2. Mean ratings for sensory attributes of a) Yosa samples, b) Oddlygood samples. Replicate 1: n= 

29. Replicate 2: n= 28. Total: n= 30. 

 
Table 11. Results of the descriptive analysis. Standard Error of the Mean (SEM) is used. Replicate 1: n= 29. 

Replicate 2: n= 28. Total: n= 30. 

Attribute Mean (SEM) 

Y1 Y2 Y3 OG1 OG2 OG3 

Intensity of yellow 
color 

1.1a (0.1) 7.0b (0.2) 9.1c (0.1) 0.5a (0.1) 5.5b (0.2) 8.1c (0.2) 

Consistency 8.5a (0.2) 4.4b (0.3) 3.4c (0.3) 6.5a (0.3) 3.4b (0.3) 3.3b (0.3) 

Overall intensity of 

aroma 

4.5a (0.3) 5.1ab (0.3) 5.7b (0.3) 4.9 (0.3) 4.9 (0.3) 5.1 (0.3) 

Overall intensity of 

flavor 

5.6a (0.3) 6.5b (0.3) 6.2ab (0.2) 6.1 (0.2) 5.9 (0.3) 6.1 (0.2) 

Intensity of sourness 5.9a (0.3) 7.0b (0.3) 6.9b (0.2) 4.2 (0.3) 4.1 (0.3) 4.4 (0.3) 

Intensity of oat flavor 4.6 (0.3) 3.9 (0.3) 4.2 (0.3) 5.1 (0.3) 5.0 (0.3) 4.7 (0.3) 

Thickness 6.8b (0.3) 4.2a (0.3) 4.3a (0.3) 5.3a (0.3) 3.6b (0.3) 3.2b (0.3) 

Powderiness 3.2 (0.3) 3.0 (0.3) 2.5 (0.3) 3.1 (0.3) 3.1 (0.3) 2.6 (0.3) 

The letters a-c indicate significant difference between the samples within each brand in the attribute 

concerned (p<0.05), based on Turkey’s HSD. 

There were 29 panelists in replicate 1, 28 panelists in replicate 2, and 30 panelists in total. 

 

When repeated measures ANOVA was used to analyze the data, only data from 27 partici-

pants attending both of the sessions were used. The interaction between samples and sessions 

were examined. If this interaction occurred, some of the samples would have been evaluated 

differently in different sessions. 

Regarding the Yosa samples, there were an interaction between samples and sessions in the 

attributes of overall intensity of aroma, thickness and powderiness. Concerning the attributes 

having their evaluation affected by the sample itself, there were intensity of yellowness, 

consistency, overall intensity of flavor and sourness intensity. The effect of sample on the 
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intensity of oat flavor was needed taking into consideration (p = 0.065), but the effect of 

session on this attribute was quite clear (p = 0.025), so the evaluation of this attribute was 

affected by the sessions rather than by the samples. More details of the analysis can be found 

in table 12. 

With regard to Oddlygood samples, an interaction between samples and sessions occurred 

in consistency and thickness attributes. Main effect of the sample could be seen in intensity 

of yellowness and consistency attributes, while main effect of session was shown in pow-

deriness attribute. The effect of session can be taken into consideration in the case of sour-

ness intensity (p = 0.059). The rest did not have their evaluation affected by either samples 

or sessions. More details of the analysis result can be found in table 13. 



   

 

 

4
3

 
Table 12. Main effect analyzed with repeated measures ANOVA of Yosa samples, n = 27 

 Intensity of yellow-

nessc 

Consistency Overall intensity 

of aromab 

Overall intensity 

of flavora 

Sourness intensityb Intensity of oat 

flavora 

Thicknessa Powderinessc 

F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p 

Sample 518.14;2;50 <0.001 193.06;2;52 <0.001 7.75;2;52 0.001 5.46;2;52 0.007 10.11;1.7;45 <0.001 2.88;2;52 0.065 48.88;2;52 <0.001 3.78;2;5

2 

0.029 

Session 0.01;1;25 0.921 0.04;1;26 0.847 0.22;1;26 0.640 2.46;1;26 0.130 1.09;1;26 0.307 5.69;1;26 0.025 2.68;1;26 0.113 0.88;1;2

6 

0.357 

Sam-

ple*Ses

sion 

0.58;2;50 0.566 0.66;2;52 0.521 4.96;2;52 0.011 0.67;2;52 0.520 0.87;2;52 0.423 1.52;2;52 0.229 6.68;2;52 0.003 6.75;2;5

2 

0.002 

The letters a-c indicate numbers of sample*session combinations that violated normal distribution. a: 1, b: 2, c: 3 combinations violating normal distribution. 

Table 13. Main effect analyzed with repeated measures ANOVA of Oddlygood samples, n = 27 

 Intensity of yellow-

nessb 
Consistency Overall intensity 

of aroma 

Overall intensity 

of flavor 

Sourness inten-

sitya 

Intensity of oat 

flavorc 
Thicknessa Powderinessd 

F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p F;df;dfErr p 

Sample 410.40;2;50 <0.001 44.56;2;52 <0.001 0.24;2;52 0.788 0.21;2;52 0.811 0.70;2;52 0.503 1.05;2;52 0.356 22.55;2;52 <0.001 1.49;2;52 0.234 

Session 3.73;1;25 0.065 1.85;1;26 0.186 1.49;1;26 0.234 0.18;1;26 0.675 3.90;1;26 0.059 0.69;1;26 0.415 1.03;1;26 0.319 8.55;1;26 0.007 

Sam-

ple*Ses-

sion 

1.53;1.4;34.1 0.230 26.62;2;52 <0.001 0.38;2;52 0.688 1.26;2;52 0.293 2.72;2;52 0.076 0.66;2;52 0.521 4.09;2;52 0.022 0.52;2;52 0.597 

The letters a-d indicate numbers of sample*session combinations that violated normal distribution. a: 1, b: 2, c: 3, d: >3 combinations violating normal distribution. 
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3.3.2. Consumer study 

Pleasantness, thickness, flavor intensity and naturalness of color 

Nine-point scale was used for ratings of pleasantness, thickness, flavor intensity and natu-

ralness of color. Bar charts in figure 3 demonstrate this result. Within each brand, samples 

were compared with each other for significant differences. At first glance, it can be seen 

from figure 3 that differences in naturalness of color were statistically noticeable within each 

brand (Yosa: F[2,315] = 56.71; p<0.001; Oddlygood: F[2,315] = 29.22; p<0.001). Mean-

while, the three samples of each brand were not considered statistically different in the rest 

of attributes (pleasantness of flavor, pleasantness of texture, overall pleasantness, intensity 

of flavor and thickness). More details of F and p value can be found in table 14. 

As demonstrated in table 15, only the intensity of flavor and thickness of plain samples from 

both brands were considered different (t105 = -3.27, p = 0.001 and t105 = 3.22, p = 0.002, 

respectively), while the other attributes evaluated were rated to be similar. Specifically, Odd-

lygood was considered to have more intense flavor, while Yosa was considered thicker. 

However, since the p-value of pleasantness of flavor (0.059) and naturalness of color (0.084) 

were near to significance, the differences in these attributes need to be taken into account. 

Regarding the impact of age on the perception of plain samples of the two brands, only the 

intensity of flavor of Oddlygood showed significant difference (Table 16). In this attribute, 

those that were under 30 rated the flavor of Oddlygood plain sample more intense (Mean: 

5.9, SE: 0.2) than the older group (Mean: 5.1, SE: 0.3). Between the two genders, there was 

noticeable difference in the flavor intensity of plain Yosa sample (t104 = -2.163, p = 0.033) 

and pleasantness of texture of plain Oddlygood sample (t104 = 1.985, p = 0.050) (Table 16). 

As for flavor intensity of Yosa, female participants (Mean: 4.8, SE: 0.2) perceived it less 

intense than the males (Mean: 5.8, SE: 0.4). However, for the pleasantness of texture of 

Oddlygood, female participants (Mean: 5.5, SE: 0.2) rated it higher than male participants 

(Mean: 4.7, SE: 0.4). Between the group that consumed oat-based spoonable snacks daily 

and weekly and one less frequent, there was no difference in all attributes of both plain sam-

ples (Table 16). However, since the p-value of Yosa overall pleasantness (0.070) and inten-

sity of flavor (0.076) were quite near significance, the differences in these attributes between 

the two groups should be considered. For overall pleasantness of Yosa sample, the daily and 

weekly consumers (Mean: 5.1, SE: 0.3) rated it higher than the rest of consumers (Mean: 
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4.4, SE: 0.2). Regarding flavor intensity of Yosa, by contrast, the daily and weekly consum-

ers (Mean: 4.4, SE: 0.4) perceived it less intense than the rest of consumers (Mean: 5.2, SE: 

0.2). 

a) 

 

d) 

 
b) 

 

e) 

 
c) 

 

f) 

 
Figure 3. Generic Descriptive Analysis, n = 106, with 6 attributes as follows: a) Pleasantness of flavor, b) Pleas-

antness of texture, c) Overall pleasantness, d) Intensity of flavor, e) Thickness, f) How natural the color is. Level 

1: Y1 or OG1, level 2: Y2 or OG2, level 3: Y3 or OG3. The error bars demonstrate Standard Error of the Mean 

(SEM). The letters a-c in picture f) indicate significant difference between the samples within each brand (p<0.05), 

based on Turkey’s HSD. 
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Table 14. One-way ANOVA analysis result of pleasantness of flavor and texture, overall pleasantness, intensity of flavor, thickness and how natural the color is from consumer study, 

n = 106 

Attribute Pleasantness 

of flavor 

Pleasantness 

of texture 

Overall 

pleasantness 

Intensity of 

flavor 

Thickness How natural the 

color is 

Brand Y OG Y OG Y OG Y OG Y OG Y OG 

F[2,315] 1.68 0.03 0.94 0.51 1.11 0.11 1.25 0.09 1.18 1.02 56.71 29.22 

p 0.189 0.969 0.391 0.601 0.330 0.896 0.288 0.914 0.309 0.361 <0.001 <0.001 

Y: Yosa 

OG: Oddlygood 

Table 15. Paired samples t-test result for uncolored samples of each brand in consumer study, df = 105, n = 106. Standard Error of the Mean (SEM) was used. 

 Mean (SEM) t p-value 

Yosa Oddlygood 

Pleasantness of flavor 4.3 (0.2) 3.9 (0.2) 1.91 0.059 

Pleasantness of texture 5.4 (0.2) 5.4 (0.2) -0.06 0.956 
Overall pleasantness 4.6 (0.2) 4.3 (0.2) 1.30 0.196 

Intensity of flavor 5.0 (0.2) 5.6 (0.2) -3.27 0.001 

Thickness 4.4 (0.1) 4.0 (0.1) 3.22 0.002 

How natural the color is 7.1 (0.2) 6.8 (0.2) 1.75 0.084 

Table 16. Comparison of responses between 2 age groups, 2 gender groups and 2 groups of use frequency for the uncolored samples, df = 104, n = 106 

 Attribute Pleasantness 

of flavor 

Pleasantness 

of texture 

Overall 

pleasantness 

Intensity of 

flavor 

Thickness How natural the 

color is 

Brand Y OG Y OG Y OG Y OG Y OG Y OG 

Age t -0.30 0.40 -1.56 0.03 -1.06 -0.40 -1.27 -2.13 -1.23 -0.25 -0.18 0.35 

p-value 0.762 0.689 0.121 0.978 0.294 0.690 0.206 0.036 0.220 0.801 0.857 0.730 

Gender t 0.91 0.95 0.10 1.99 0.83 0.34 -2.16 -1.51 -0.46 0.31 0.60 0.05 

p-value 0.363 0.346 0.320 0.050 0.410 0.735 0.033 0.134 0.644 0.758 0.551 0.964 
Use 

frequency 

t -1.58 -0.57 -1.57 -1.52 -1.83 -0.43 1.79 -0.36 1.48 0.27 -0.99 -1.68 

p-value 0.118 0.570 0.121 0.132 0.070 0.665 0.076 0.723 0.141 0.789 0.327 0.097 

Y: Yosa. OG: Oddlygood 

Two age groups: Younger and older consumers (with 30 as the cut point). Two consumer groups of different use frequency: A 

group of daily and weekly consumers and the rest with less frequency 

Number of participants below 30: 74, 30 or above: 32. Number of females: 85, males: 21. Number of daily and weekly consum-

ers: 28, the rest: 78 
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Just-About-Right results for thickness 

As demonstrated by figure 4, all the samples in this study had their thickness rating concen-

trated more at one side of the scale than the other side, only 24.5% - 39.6% of the participants 

considered thickness of the samples just about right, while a large number of participants 

(from 52.8% to 67.0%) considered that they were not thick enough.  

a) 

 

d) 

 
b) 

 

e) 

 
c) 

 

f) 

 

Figure 4. JAR results of a) Y1, b) Y2, c) Y3, d) OG1, e) OG2, f) OG3. N=106. The number of participants rating 

every level of JAR scale is demonstrated in percentage. 
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From the result of penalty analysis, it is evident that low thickness had an important effect 

on the overall pleasantness and texture pleasantness of all the samples, suggesting an in-

crease in thickness should be done. From table 17, it is obvious that with Yosa samples, low 

thickness has the most impact on liking of sample Y2. If thickness is increased, Y2 will have 

its general liking increased 0.67 points (from 4.28 to 4.95) and liking of texture 0.98 points 

(from 4.64 to 5.62). With Oddlygood samples, low thickness has the most impact on general 

liking of OG3 (0.72) but the most impact on liking of texture of OG2 (0.92). 

Table 17. Penalty Analysis for all the samples. N = 106. 

    Y1 Y2 Y3 OG1 OG2 OG3 

N 

  

  

Too thin 56 58 59 64 64 71 

Optimum 

(JAR) 42 40 40 35 35 26 

Too thick 8 8 7 7 7 9 

% 

  

  

Too thin 52.8% 54.7% 55.7% 60.4% 60.4% 67.0% 

Optimum 
(JAR) 39.6% 37.7% 37.7% 33.0% 33.0% 24.5% 

Too thick 7.6% 7.6% 6.6% 6.6% 6.6% 8.5% 

Mean liking 

  

  

Too thin 4.21 4.28 4.58 3.97 3.81 3.89 

Optimum 

(JAR) 5.07 5.50 5.35 4.74 4.74 4.96 

Too thick 4.13 3.88 5.29 4.57 4.29 4.78 

Mean drop in 

liking 

  

Too thin 0.86 1.22 0.77 0.77 0.93 1.07 

Too thick 0.95 1.63 0.06 0.17 0.46 0.18 

Total penalty 

  

Too thin 0.45 0.67 0.43 0.47 0.56 0.72 

Too thick 0.07 0.12 0.004 0.01 0.03 0.02 

Mean liking of 

texture 

  

Too thin 4.88 4.64 5.05 4.88 4.63 4.85 

Optimum 

(JAR) 5.90 6.43 6.48 6.23 6.14 6.15 

Too thick 5.88 5.25 6.14 5.57 4.57 5.11 

Mean drop in 

liking of tex-

ture 

  

Too thin 1.03 1.79 1.42 1.35 1.52 1.31 

Too thick 0.03 1.18 0.33 0.66 1.57 1.04 

Total penalty 

  

Too thin 0.54 0.98 0.79 0.82 0.92 0.88 

Too thick 0.002 0.09 0.02 0.04 0.10 0.09 

Mean liking is calculated based on the data from the liking scales (9-point scales), overall 

pleasantness attribute. Mean of “too thin” is calculated from the data of those rating thick-

ness of the samples less than 5 on JAR scale. Similar to mean of JAR and “too thick”. 

Mean drop in liking = Mean liking of JAR − Mean liking of “too thick” or “too thin” 

Total penalty = Mean drop in liking × % 

The same is applied for calculating liking of texture, with data of the attribute “pleasant-

ness of texture” 

 

 

 



  49 

 

 

Check-All-That-Applied results 

As indicated by CATA results, 5 words that were most used to describe these samples were 

“creamy” (30.2% - 48.1%), “viscous” (19.8% - 27.4%), “runny” (17.9% - 45.3%), “smooth” 

(50.9% - 61.3%) and “watery” (17.0% - 34.0%). “Lumpy” (0.0% - 4.7%) and “foamy” (1.9% 

- 7.6%) were the least used (Figure 5). All 3 Yosa samples were considered creamier than 

Oddlygood ones, with 45.3% - 48.1% of votes, compared to 30.2% - 37.7%, from the par-

ticipants. This was in relation with the lower votes in “runny” (Yosa: 17.9% - 25.5%, Odd-

lygood: 34.0% - 45.3%) and “watery” (Yosa: 17.0% - 24.5%, Oddlygood: 31.1% - 34.0%). 

However, the number of participants voted “viscous” for both brands was somewhat equal, 

but within each brand, the samples with the highest color level had lower votes than the other 

two (Yosa: 23.6%, compared to 27.4% and 27.4%, Oddlygood: 19.8%, compared to 24.5% 

and 25.5%). Regarding “smooth”, within each brand, Y1 had significantly lower votes than 

the other two (50.9%, compared to Y2 61.3% and Y3 58.5%), while the gaps between OG1, 

OG2, OG3 were not that noticeable (54.7%, 59.4%, and 58.5%, respectively). 

 

Figure 5. CATA result. The frequencies of selected attributes presented in percentage for different products, 

n = 106. 
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3.4. Discussion 

3.4.1. Impact of color on flavor and texture perception of oatgurts observed with a 

trained panel 

Both Yosa and Oddlygood samples had a significant difference in color intensity, thickness 

and consistency, whereas no significant difference was found in powderiness and oat flavor 

intensity between their samples. There were significant differences in perceived intensity of 

yellow color between 3 samples of the same brand, meaning the color levels between them 

were distinguishable. The other 7 attributes will be categorized into flavor and texture char-

acteristics in the following sections. 

Flavor 

This category includes overall intensity of aroma, overall intensity of flavor, intensity of 

sourness, and intensity of oat flavor. There seemed to be some effects of color in the case of 

Yosa. Meanwhile, in these 4 attributes, Oddlygood samples showed no relationship between 

increased color intensity and perception of samples, indicating no effect of color on flavor 

intensity. 

Overall aroma intensity 

As the color intensity increased, overall aroma intensity of Yosa increased, though the me-

dium-colored sample did not show clear difference from the other two. According to the 

definition of ISO 5492:1992, aroma is “odour with a pleasant or unpleasant connotation” in 

English sense and French informal language, but “sensory attribute perceptible by the olfac-

tory organ via the back of the nose when tasting” in French sense. It is possible that most of 

the panelists understood aroma as orthonasal odor, though some of them might have thought 

of it in French sense. With this meaning of “aroma”, this result of Yosa samples is in line 

with results of other studies on the relationship between color and orthonasal odor intensity 

(Zellner and Kautz 1990; Zellner and Whitten 1999; Koza et al. 2005), but it is different 

from that of Koza et al. (2005) on retronasal odor, in which colored odorous solutions was 

considered less fruity than the colorless one and no odor perception was evoked in colored 

odorless solutions. 

No such effect on overall aroma intensity was observed in Oddlygood samples. This differ-

ence from Yosa samples might be due to cross-modal interactions between perceived taste 

and perceived orthonasal smell, or some other factors that have not been examined in this 

thesis (for example, the flavor of each brand’s plain product). Arvisenet et al. (2016) did not 
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observe any effect of sugar or acid concentration on the orthonasal odor intensity of wine. 

There have been some studies observing the effect of taste on retronasal smell or flavor (for 

example, Lethuaut et al. 2005, Nasri et al. 2011, Arvisenet et al. 2016). However, the rela-

tionship between perceived orthonasal odor and taste intensity induced by another factor, 

specifically color, has not been paid attention to. Therefore, the phenomenon observed in 

this thesis could be inspected further in the future. 

Oat flavor intensity, overall flavor intensity and sourness intensity 

No effect of color on oat flavor intensity was found in either Yosa or Oddlygood samples. 

This may be due to the fact that not all the panelists actually knew how oat flavor should be 

evaluated. In overall flavor intensity attribute, the medium-colored sample of Yosa was per-

ceived stronger than the plain sample, though the sample with the highest color intensity 

showed no clear difference from the other two samples. Adding color increased sourness 

perception in Yosa samples, but no differences were found between the two colored samples. 

Again, disconfirmation of expectation, as explained above, can be used to explain this result. 

Explanation of flavor perception results in general 

Disconfirmed expectation can also be used to explain the different effects of color on flavor 

perception of samples between the two brands. Plain Yosa sample was rated to be sourer 

than plain Oddlygood sample, so it is possible that the panelists did not associate sourness 

with color intensity in Oddlygood samples, but they did in Yosa samples because the dis-

crepancy between color and taste intensity was still reasonable to them. Flavor perception of 

foods can be affected by both the gustatory, olfactory and oral-somatosensory features of 

foods (Spence et al. 2010). Therefore, the impact of color intensity on sourness perception 

in Yosa samples might have led to the impact of color intensity on perceived flavor intensity. 

In consideration of repeated measures ANOVA results, rating of overall aroma intensity of 

Yosa was affected by the interaction between samples and session. Noticeable differences 

were found in mean rating of Y1 and Y2 in two sessions, as shown in line chart (see appendix 

5). This may be because there were no reference samples, especially in the case of aroma – 

a stimulus that is quite ambiguous. Main effect of samples was found for overall flavor in-

tensity and sourness intensity, confirming that the effects observed in these attributes were 

related to color intensity. Regarding Oddlygood samples, no effects of interaction between 

samples and sessions, as well as of samples and of sessions separately, were found, indicat-

ing that color had no effects on flavor perception of Oddlygood samples. 
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Previous studies with negative results and explanations 

There are also studies that did not find any effect of color on flavor intensity (Christensen 

1983; Christensen 1985; Fernández-Vázquez et al. 2013). Though using different colors in-

stead of different color concentrations, Zellner and Durlach (2003) did not observe an in-

crease in retronasal odor perception. Not all the colors in the study of Calvo et al. (2001) had 

an influence on flavor intensity, which was the case of lemon-flavored sample. Zampini et 

al. (2007) did not find an increase in flavor intensity when color intensity was increased, 

even when the color was appropriate or not, and the limitation of the LMS used was sug-

gested to be partly responsible for this result.  

Spence et al. (2010) noted that researchers with these null results possibly had not done any 

analysis to make sure there was sufficient power in their experimental design to observe a 

significant effect, if any was present. The discrepancy between the intensity of color and that 

of flavor can also be a factor for negative results, as if it is too great, disconfirmation of 

expectation may happen, causing disruption in the association between color and taste cues 

(Zampini et al. 2007). In addition, as the nature of flavor research, there is a limited number 

of trials that can be completed by a participant, which leads to limited ability to detect any 

relatively small behavioral effect (Spence et al. 2010). Another thing of concern is the meth-

odological details, because, as shown in the study by Koza et al. (2005), the effect of color 

on orthonasal and retronasal olfactory perception is different from each other (Spence 2016). 

To sum up, color intensity had impact on flavor of Yosa samples (i.e, the addition of color 

increased flavor intensity perceived), but not Oddlygood samples. Possible reasons for this 

difference may lie in the different characteristics of original versions between the two brand 

products. There were differences in ingredients of plain products between the brands, for 

example, different contents of oats, aroma in Oddlygood and natural flavorings in Yosa, and 

so on. Further details of differences in the ingredients between these brands can be found in 

table 6, section 3.2.1. 

Texture 

This category includes consistency, thickness and powderiness. When the samples were pre-

pared, plain samples were just oatgurts with nothing added and the colored samples were 

made by adding liquid colorant without diluting it. This made the volume of liquid added to 

samples with different levels of color intensity differ from each other. Considering that the 
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tested products were semi-solid food, this practice might have changed the texture of sam-

ples with the colorant added, though the volume of added colorant was small (0.74% and 

1.48%). Therefore, it is understandable that consistency and thickness of plain samples were 

rated higher than those of colored samples.  

It should be noted that in Yosa product, the medium-colored sample was perceived more 

consistent than the most intense colored one, while there were no differences in perceived 

consistency between two Oddlygood colored samples. Considering that Yosa plain sample 

was rated to be more consistent, compared to that of Oddlygood, this lower consistency of 

Oddlygood might have made it more difficult to distinguish consistency between the two 

colored samples. 

Regarding powderiness, no significant differences were found among samples of the same 

brand. Powderiness of plain samples from both brands was rated nearly the same. Therefore, 

it is possible that color really did not have any influence on perception of this attribute, or 

the difference in amount of liquid added to the samples might have affected the influence 

caused by color intensity. 

According to the repeated measures ANOVA results, consistency of Yosa samples was 

mainly affected by the samples, while there were interactions between samples and sessions 

in its perceived thickness and powderiness. When looking at the line graphs for the two latter 

attributes (see appendix 5), noticeable differences can be found between two sessions, in 

thickness of sample Y3 and powderiness of sample Y2. Meanwhile, in Oddlygood samples, 

the interactions between samples and sessions occurred in consistency and thickness attrib-

utes, and powderiness was mainly affected by sessions. The line charts for the two prior 

attributes showed remarkable differences between two sessions, in consistency of OG1 and 

OG2 and in thickness of OG1. These results can be explained by that (1) the lack of reference 

samples made it harder to gain consistent data, (2) some attributes might not be understood 

clearly, (3) different volumes of liquid added to samples interfered with the true effect of 

color, if any. 

In summary, the impact of color on perceived texture were not clear enough to draw a con-

clusion in this thesis, due to the features of the samples tested. Based on the results of Chylin-

ski et al. (2015), future studies could try using red color to observe the color – texture inter-

action in plain oatgurts, if any. 
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3.4.2. Effect of color on acceptance and preference 

According to the results, in both brands, the more color added, the more unnatural the sam-

ples appeared to the consumers. However, color intensity showed no significant effect on 

the overall pleasantness, pleasantness of flavor and pleasantness of texture, as well as con-

sumers’ perception of flavor intensity and thickness. These results were in line with findings 

of Tepper (1993), Fernández-Vázquez et al. (2011) and Fernández-Vázquez et al. (2013), 

that slight color variation may affect acceptance of appearance, but it is not enough to affect 

overall liking. Tuorila-Ollikainen et al. (1984), with their study on soft drinks, noted that 

sweetness and flavor had pronounced influence on overall liking, while color had little sig-

nificance. Dubose et al. (1980) reported that overall acceptability of the beverage and cake 

in their study was more related to flavor acceptability than color acceptability.  

In the present study, the closer the color was to that of commercial products, the more natural 

the samples were considered. Calvo et al. (2001) reported that yogurt samples with greater 

concentrations of colorant were preferred to those with lower concentrations. However, in 

general, yogurts with intermediate color intensities (usually also those of commercial prod-

ucts) were preferred in their study. Dubose et al. (1980) found consumers’ preference for 

products with increased color intensity, while Fernández-Vázquez et al. (2011) noted that 

color with intermediate hue and lightness values in their study made the orange juice more 

acceptable. 

It is worth noting that while flavor intensity and thickness were rated to be different between 

the samples by the GDA panelists, these attributes were not perceived differently by the 

consumers. Usually, consumers are subjects for studying acceptance and preference of a 

product, while analytical testing like descriptive sensory analysis is done with trained pan-

elists (Lawless and Heymann, 2010). It is not recommended to have specific attributes of a 

product analyzed by untrained consumers, as their frame of mind is non-analytic and they 

may not have clear concepts about specific attributes (Lawless and Heymann, 2010). This 

could be the reason for the differences in evaluation results between trained panelists and 

consumers in the present study. However, according to Ares and Varela (2017), untrained 

consumers can be used in analytical testing as well, as they have been observed to be capable 

of evaluating the sensory attributes with reliable results, despite large individual differences 

in the way they describe products and rate the intensity. Moreover, if the aim of the study is 

to improve the product or to find the underlying reasons for consumers’ preference, then 

most of the time, the information collected from trained assessors and consumers is quite 
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similar (Ares and Varela 2017). In this thesis, the aim was to assess the impact of color on 

consumers’ perception of semi-solid foods, so the ratings for flavor intensity and thickness 

in this case are to find a relationship with acceptance and preference, if any.  

To sum up, the present results suggest that color intensity has effect only on the perceived 

naturalness of the color. As color intensity showed no significant effect on flavor intensity, 

thickness and the three pleasantness attributes, it is difficult to draw any conclusion about 

the relationship between these factors. 

3.4.3. Consumers’ perception of plain products  

On examining plain samples of Yosa and Oddlygood, there were significant differences in 

perceived intensity of flavor and thickness. Yosa was considered thicker and Oddlygood to 

have more intense flavor. In addition, to some extent, flavor of Yosa was preferred, and its 

color was also considered more natural than that of Oddlygood. However, both brands were 

rated similarly in pleasantness of texture and overall pleasantness. Therefore, it is clear that 

the difference in thickness did not necessarily lead to difference in pleasantness of texture, 

and overall pleasantness was not necessarily related to only flavor intensity or thickness. 

On analyzing the data according to age groups, only the flavor of Oddlygood was perceived 

significantly more intense to those under 30 than the older group. Study of Schiffman (1977), 

Stevens et al. (1984), and other early studies demonstrated that the senses of smell and taste 

may be adversely affected along with aging, especially the olfactory ability, so this result is 

quite not surprising. The elder was also found to be less sensitive to changes in flavor inten-

sity in the study of Philipsen et al. (1995). 

Concerning gender groups, males perceived the flavor of Yosa as more intense than females, 

while females were more pleased with texture of Oddlygood than males. In a study by 

Kähkönen and Tuorila (1999), in response to the information of regular and reduced fat con-

tent of some products, male participants showed a significant decrease in pleasantness of 

yogurt with reduced-fat content. In the present study, according to CATA results, Oddlygood 

oatgurts were not rated creamy as often as Yosa products. Perhaps in general, the decrease 

in creaminess in yogurt, which is usually related to reduced fat content, affects pleasantness 

of the product in males more than females. It is clear that there is difference in taste response 

and preference of foods between males and females. This aspect could be studied more in 

the future.  
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Regarding use frequency, no significant differences in any attribute were found between 

those consuming oat-based spoonable snacks on a daily and weekly basis and those less 

frequently. However, to some degree, the prior group preferred Yosa in general and per-

ceived its flavor as less intense than the other group. In a study by Michon et al. (2010), 

higher consumption of jam-filled cakes, which had the same flavor to the one used in their 

study, was in relation with higher liking scores. Hence, there may be relation between con-

sumption frequency and liking of foods, though the effect was not very clear in the present 

study. 

3.4.4. Methodological considerations 

Sample preparation 

In the present study, different volume of liquid colorant added to samples while preparing 

them might have led to less precise results of perceived texture. In addition, the volume of 

each sample used in this study (20 ml) might be not enough for some participants to have 

their most satisfied judgement. Future studies to find the effects of color on texture percep-

tion should take notice of the method of adding colorant to semi-solid food samples, as well 

as of using larger volume of samples, for clearer results. 

GDA panel 

According to Lawless and Heymann (2010), training of panelists should be done in many 

sessions, and checked for consistency and reproducibility before they actually evaluate sam-

ples. However, because of tight schedule of the course, each panelist in this study had only 

one training session before evaluating the samples and no references were used. Conse-

quently, many problems might have occurred. The panelists might not understand the attrib-

utes or scale clearly, their evaluation might not be consistent between them and between the 

sessions, or they might not be satisfied with the terms used. Moreover, as there were up to 

30 panelists and they were divided into 4 training sessions, while usually the panel has 8-12 

panelists (Lawless and Heymann 2010), the panelists from different training groups did not 

have chance to really understand and agree with each other. Regarding the sample size, on 

the one hand, a large sample size usually enhances statistical power. On the other hand, a 

small number of panelists (10-20) was shown to help obtaining reliable and valid results, 

and reducing the chance of having result from some sensitive subjects (Stone and Sidel 

2004). Therefore, all of this might add inconsistency to the evaluation data. 

According to Stone and Sidel (2004), panelists for analytic tests are selected based on their 

good sensory perception in some basic characteristics (e.g., basic tastes, odors) and their 
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ability to discriminate among products. However, since the panelists in this study were stu-

dents of a sensory course, and due to the limitation of the course, testing for suitability and 

eligibility of panelists was not done. Therefore, their background information, including 

color-blind state, smoking habit and other factors that could affect their ability to perceive 

sensory stimuli, was not known. This could lead to less reliable results. 

Regarding the reliability of the results, repeated measures ANOVA was done to evaluate 

performance of the panelists. There were effects of interactions between samples and ses-

sions, as well as sessions, in some attributes of samples from the two brands, which were 

mentioned and explained above. This indicates insufficient amount of training and that the 

results obtained in these attributes were not highly reliable.  

Consumer study 

According to Lawless and Heymann (2010), to have a successful consumer test, participants 

should be users of the product under investigation, and preferably be frequent users, which 

means they must be representatives for the population that the product aims at. Around 89% 

of the participants were users of oat-based spoonable snacks, but only around 26% of the 

participants were frequent users (on a daily and weekly basis) of this kind of product. There-

fore, the participants of the present consumer study formed an adequate panel, with eligible 

results to some extent.  
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4. CONCLUSIONS 

The aim of this study was to understand the cognitive mechanism behind the color – fla-

vor/texture interaction and the impact of color on acceptance and preference of semi-solid 

oat-based snacks, like oatgurts. Results from GDA showed that food color intensity in-

creased perceived sourness and flavor intensity in Yosa, but not in Oddlygood. This result 

demonstrates that the color – flavor interaction may be based on cognitive mechanism, but 

the difference between Yosa and Oddlygood suggests that the influence may depend on 

characteristics of the original samples. Texture perception might have been affected by dif-

ferent volumes of liquid colorant added to different samples, so the results related to color 

– texture interaction obtained in this study might have been based on physico-chemical 

mechanism. Future studies on this aspect should be aware of the volume of liquid or solid 

added to semi-solid products.  

Results from consumer study showed that slight changes in color intensity did not affect 

either overall liking or liking of flavor or texture of the products, or perception of flavor in-

tensity and thickness. However, the intensity of color affected how natural the color 

looked, which was related to acceptance of appearance. JAR results suggested that all the 

samples should be thicker to increase the liking. 

In short, the results presented in this thesis helps in understanding the effects of color on 

perception of oatgurts and semi-solid foods in general. These results give manufacturers 

new information for decisions to improve their oatgurt products. 

Further research on the influence of color on perception of flavor and texture, as well as 

acceptance and preference, in semi-solid oat-based foods should be done to have more un-

derstanding in this type of food and in semi-solid foods in general. For example, this kind 

of research could be done with different brands of oatgurt, or other types of semi-solid 

foods (e.g, ice-cream). Cross-modal interactions that affect the perception should also be 

noticed and could be a subject for further studies.  
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APPENDICES 

Appendix 1. Ratios of liquid food colorant to oatgurt in the preliminary test (X: level tested, XX: level cho-

sen) 

µl/20 ml Oddlygood Yosa 

50 X  
100 X X 
150 XX XX 
200 X X 
250 X  
300 XX XX 

 

Appendix 2. Instrumental measurement data of color in samples 

 OG1 OG2 OG3 Y1 Y2 Y3 

1st time 

(28/1/2019) 

L= 37.24 
a= 1.00 
b= 15.57 

L= 38.67 
a= 4.42 
b= 26.13 

L= 36.36 
a=6.73 
b= 39.74 

L= 44.12 
a= 0.86 
b= 15.8 

L= 38.91 
a= 5.03 
b= 31.39 

L= 36.44 
a= 7.66 
b= 39.09 

2nd time 

(29/1/2019) 

L= 45.73 
a= 0.93 
b= 12.81 

L= 33.65 
a= 4.53 
b= 28.66 

L= 42.78 
a= 6.59 
b= 35.26 

L= 40.20 
a= 1.09 
b= 16.62 

L= 40.63 
a= 5.51 
b=31.88 

L= 40.01 
a= 7.54 
b= 32.88 

3rd time 

(8/2/2019) 

L= 41.62 
a= 0.99 
b= 14.66 

L= 40.66 
a= 5.10 
b= 31.71 

L= 37.45 
a= 6.39 
b= 33.52 

L= 42.56 
a= 0.51 
b= 17.07 

L= 38.39 
a= 5.96 
b= 36.52 

L= 39.76 
a= 6.96 
b= 33.57 

 

Appendix 3. Consumer study questions 

Question Type of question Anchor words/Descriptors 

Pleasantness of 

flavor 

9-point scale Extremely unpleasant – Neither pleasant nor unpleasant – Ex-

tremely pleasant 

Pleasantness of 

texture 

9-point scale Extremely unpleasant – Neither pleasant nor unpleasant – Ex-

tremely pleasant 

Overall 

pleasantness 

9-point scale Extremely unpleasant – Neither pleasant nor unpleasant – Ex-

tremely pleasant 

Intensity of flavor 9-point scale Not at all – Very intense 

Thickness 9-point scale Very thin – Very thick 

Thickness JAR Too thin – Just about right – Too thick 

Texture CATA Creamy, viscous, runny, lumpy, sticky, fatty, mouth-drying, 

mouth-coating, smooth, powdery, thick, foamy, watery 
How natural is the 

color to you? 

9-point scale Artificial – Natural 

Do you have any 

comment for any 

of the samples? 

 

Open question 
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Appendix 4. Consent form for consumer study 
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Appendix 5. Mean value of attribute evaluation of each sample in each session. Session 1: n = 29, session 2: 

n = 28. a) Yosa aroma, b) Yosa thickness, c) Yosa powderiness, d) Oddlygood consistency, e) Oddlygood 

thickness 

a) 

 

d) 

 

b) 

 

e) 

 

c) 
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