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ABSTRACT 
 

GOING BEYOND LIKING SCORES: USING POPULATION SEGMENTATION AND 

FOOD-EVOKED EMOTIONS IN SENSORY EVALUATION OF FOODS FOR OLDER 

CONSUMERS 

 

Olivia Christine Romaniw    Advisor: 

University of Guelph, 2020    Dr. Lisa Duizer 

 

 

 The overall aim of this thesis was to evaluate food-related factors during sensory testing 

that could provide useful information beyond traditional hedonic scores to determine acceptance 

of foods designed specifically for older consumers. The first study investigated the effects of 

segmenting older adults into subgroups based on their degrees of food neophobia and healthy 

eating interests on liking of ten nutrient-dense foods, and the impact of providing information 

regarding health benefits of foods. Effects differed between products. The second study 

measured food-evoked emotional response profiles and liking scores for salt-reduced 

microwave-processed chicken pasta meals with and without herbs. Emotions did not discriminate 

between meals more than liking scores, but there were relationships found between positive 

emotions and higher hedonic ratings. While these studies yielded different conclusions regarding 

the impact of testing beyond liking scores, it may still be worthwhile to apply these sensory 

techniques when developing foods for older adults.   
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1 Introduction 
 

In the Canadian population, the proportion of older adults is increasing at a rapid rate. In 

2019, over 9 million Canadians, or approximately 24% of the population, were aged 60 years or 

older, and these numbers are projected to grow significantly in the upcoming years (Statistics 

Canada, 2020). However, older adults are also susceptible to malnutrition from poor dietary 

quality and inadequate food intake, which can cause or exacerbate health conditions associated 

with aging such as frailty, heart disease, compromised immunity, sarcopenia and osteoporosis, as 

well as a general decrease in quality of life and increased risk of mortality (Ramage-Morin et al., 

2017; Field & Duizer, 2016). In fact, 34-68% of community-dwelling older adults in Canada are 

considered malnourished (Hamirudin et al., 2016). There are many factors that contribute to the 

risk of malnutrition in older adults including deficiencies in physical and mental capabilities, use 

of medications, loss of interest in food, suppressed appetites, underlying health conditions, 

loneliness, more sedentary lifestyles and more complications associated with grocery shopping 

and cooking (Fávaro-Moreira et al., 2016; Donini et al., 2013). Low dietary protein, lack of 

important vitamins and minerals (ter Borg et al. 2015) and high salt consumption (Polonia et al., 

2015) are some of the main issues to overcome. Implementing food-first approaches for nutrition 

interventions can be an effective strategy in improving the quality of older adults’ diets to 

mitigate these risk factors and combat their consequences to health status (Hamirudin et al., 

2016). However, in order for older adults incorporate healthy foods into their diets and increase 

their food intake, the products must be favourable from a sensory perspective. Sensory 

evaluation with older consumers is therefore a crucial step in designing nutritious options for this 

age group, but presents certain challenges and considerations. 



 
 

2 

 

 Although older adults are often grouped together in consumer research because of their 

ages, they actually represent a very heterogeneous group in terms of their relationships with and 

attitudes towards food (Moschis, 2003). As individuals get older, particularly between ages 50 

and 60 years, they have a wide range of life experiences that shape their physical capabilities as 

well as their beliefs, behaviours and lifestyles, and cause them to diverge from others who have 

undergone different experiences (Moschis, 1993). So, although many older adults typically have 

similar nutritional needs, the role of food in their lives, their food choices and their feelings 

associated with eating can be highly variable (van der Zanden et al., 2014; Host et al., 2016). 

These aspects may greatly influence older adults’ liking of products and potential commercial 

success of foods on the market. Therefore, it is important to incorporate techniques to measure 

individuals’ psychological factors relating to food into sensory evaluation practices when 

designing healthy foods for this population (Edorfs & Westergren, 2012; Field & Duizer, 2016).  

In literature, there are many approaches to test factors that explain food acceptance 

beyond conventional techniques like liking measurements and rapid attribute profiling. These 

methods can take into account an individual’s experiences, opinions, motivations, sensitivity to 

marketing and inherent emotions (Costell et al., 2010). Dividing larger, diverse consumer groups 

like older adults into smaller, homogenous segments based on similar psychological or 

behavioural characteristics can help to describe a population more effectively and identify 

possible measures that could be impacting acceptance (den Uijl et al., 2014; den Uijl et al., 2016; 

Guido et al., 2018). Marketers can also tailor product design and marketing to subgroups that 

respond more positively during testing (Ahmed, 2003; Sudbury & Simcock, 2009; van der 

Zanden et al., 2014). Furthermore, providing participants with extrinsic, non-sensory parameters, 

such as relevant product information like packaging, brand names or health benefits, can 
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influence an individual’s intrinsic responses to the food. This effect has already been observed in 

older adults in literature (Kremer et al., 2014). Finally, food-evoked emotions have been used in 

sensory research to characterize products more distinctly, and have been shown to provide 

additional information relating to acceptance and food choice beyond that which is captured in 

hedonic ratings (King & Meiselman, 2010). Studying older adults’ emotional responses can give 

more insight into how foods will be received (den Uijl et al., 2016).  

 The primary objective of this thesis was to investigate older adults’ sensory responses to 

food products specifically designed for this population segment, including supplemental 

characteristics that describe perceptions beyond traditional hedonic scores and attribute 

nominations. It was hypothesized that the additional factors chosen for analysis would provide 

further insight into the acceptance of these products by this age group. This work is divided into 

two studies. The purpose of the first study was to examine the effects of segmentation of older 

adults based on their degrees of food neophobia and general interests in healthy eating on liking 

and perception of ten nutritionally-enhanced foods, as well as the impact of information 

regarding the healthy ingredients of the foods and their respective health benefits. The hypothesis 

was that each of these consumer segments would report contrasting sensory responses, and that 

receiving health information would improve liking and change the sensory properties expressed 

by the participants. In the second study, microwave-processed meals were examined with the 

aim of investigating whether low-salt chicken pasta with herbs can elicit the same liking and 

emotions as its full-salt counterparts with older adult participants. It was predicted that including 

herbs will offset the negative sensory impacts of salt reduction in the pasta, and therefore the 

same positive food-evoked emotions and liking scores will be prompted in both the low- and 

high-salt samples.  
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2 Literature Review 
 

2.1 Segmentation of Older Consumers 

  
Older adults are a highly heterogeneous population, and products that are marketed 

towards these consumers based on their age classifications alone have a high chance of failing 

(Hawkins & Mothersbaugh, 2010). Instead, product developers should take into account older 

consumers’ diverse life stages and past experiences when creating food products to meet older 

adults’ needs, and target their products to more focussed populations within this age range, such 

as older adults who are interested in nutrition with active lifestyles or frail individuals living in 

long-term care, in order to increase the chance of success on the market. One way to achieve this 

is through population segmentation, or the classification of smaller, homogeneous clusters within 

a larger population based on any number of factors. This methodology allows product developers 

and communicators to better understand how a product will be accepted beyond basic hedonic 

scores for a general population. Identifying consumers who demonstrate similar characteristics, 

whether they are related to demographics, attitudes, beliefs, motives, needs or even sensory 

perceptions, can help predict how consumers will react in certain contexts so the industry can 

tailor products to these specific groups from which they can achieve the most favourable 

reception (Ahmed, 2003). It can also provide valuable insight on how to improve existing 

products.  

While most consumer segmentation studies involving older adults have historically 

divided this group based on age (Bone, 1991), another segmentation study conducted by Moschis 

(1993) defined four unique groups of older consumers (healthy indulgers, healthy hermits, ailing 

outgoers and frail recluses) based on gerontographical information to determine that there are 
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intricate, complex differences in how people age and shape their consumer behaviours. 

Therefore, it is not very beneficial to market products to older adults based solely on their age. 

More recently, Sudbury and Simcock (2009) performed a similar segmentation study with older 

adults in the United Kingdom and identified five subgroups of consumers, reiterating the 

previous findings. A review of clustering techniques for older adults by Guido et al. (2018) also 

concluded that consumer demographics, particularly age and generational information, are not 

enough to determine the needs and wants of these consumers and effectively market to them. 

Likewise, Koubaa et al. (2017) examined five main segmentation principles in older adult market 

research—demographic, physical, social, psychological and behavioural bases—and determined 

that, while demographic information is still very valuable to marketers, the most ideal approach 

takes into account as many factors as possible, including behavioural and psychological 

measures, in a multilayer procedure. 

A review by van der Zanden et al. (2014) discusses the various parameters by which 

older adult consumers can be segmented in the context of functional foods, a subset of healthy 

foods. The three main approaches discussed are person-, food (domain)- and product-level 

segmentation (van der Zanden et al., 2014). The researchers also evaluate each approach’s 

appropriateness for different research contexts and product objectives. They emphasize the 

importance of selecting the method that best meets the specific aims of a test, particularly from 

marketing and communication perspectives, and that using more than one methodology is 

preferred for a well-rounded understanding of a population (van der Zanden et al., 2014).  

Person-level segmentation involves clustering individuals based on demographical 

information such as gender, age, income or education, or psychographic data such as personality 

traits, general attitudes, beliefs, lifestyles, opinions or interests. Although this method provides 
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very useful information for researchers, and the data is easy to collect, analyze and interpret 

(Ahmed, 2003), person-level attributes do not strongly predict food choice and preferences (van 

der Zanden et al., 2014).  

Product-level segmentation pertains to a single, specific product or food type, and 

consumers are divided into groups based on responses or habits relating to that one particular 

item, such as their frequency of purchase, their desired or expected characteristics of the food, or 

their perceptions. While splitting older consumers in this way can offer more focussed insight for 

product development, it can often be too explicit, and the information obtained during the study 

is not transferable to other research (van der Zanden et al., 2014). It has also been shown that its 

specificity is not always helpful from a marketing standpoint because this information does not 

describe much about the target consumer themselves beyond the context of the food product (van 

der Zanden et al., 2014).  

Finally, food-level segmentation groups consumers based on differences directly 

associated with food, such as beliefs and attitudes towards food in general, food choice motives 

and considerations in food-related contexts. Although this method also does not typically provide 

enough information on the demographics of a population or accessibility of a food product (van 

der Zanden et al., 2014), it provides a good balance between general consumer characteristics 

and food specificity, and is particularly meaningful when several different types of foods are 

being evaluated. Van der Zanden et al. (2014) also suggest that it is a more ideal approach for 

research that targets an entire population of consumers where one would want to cluster into a 

small number of meaningful groups. Moving forward, this section of the review will focus on 

food-level segmentation of older consumers in literature. 
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2.1.1 Food-Level Segmentation of Older Consumers 

 

 According to van der Zanden et al. (2014), food-level segmentation is built upon two 

fundamental bases: food beliefs and food choice motives. Several studies have used these food-

level principles to cluster older adult populations into smaller groups for consumer testing. In 

known literature, den Uijl et al. (2014) were the first to cluster in this way when they identified 

four unique groups of older consumers based on their emotional associations with meal and 

snack times, their perceived functionality of mealtimes, their attitudes towards the healthiness 

and taste of food, their food fussiness and their food neophobia. The four groups, which were 

explored for theoretical purposes and never used for practical testing, were characterized as 

pleasurable averages, adventurous arousals, convivial indulgers and indifferent restrictives (den 

Uijl et al., 2014). Later, den Uijl et al. (2016) used responses regarding the functionality of 

various mealtimes to classify older adult participants into three groups: cozy socializers, physical 

nutritioners and thoughtless rewarders. Then, building on that study, den Uijl et al. (2017) 

investigated whether different formulations of protein-enriched kale mash could be tailored to 

cozy socializers and physical nutritioners based on their cluster’s associated traits. However, they 

found no statistically significant difference in acceptance of each meal concept between clusters 

and concluded that a product-cluster association is more complex than functionality 

segmentation when it comes to its product development applications (den Uijl et al., 2017). 

Furthermore, van der Zanden et al. (2015) also used food-level segmentation methods to 

investigate protein-enriched products. Older consumers were separated into six different groups 

according to their willingness to try and willingness to purchase eight protein-enriched foods that 

differed in healthiness, novelty and meal type (van der Zanden et al., 2015). Once again, these 

clusters were only used to describe the population in a theoretical sense. Finally, Ravoniarison 
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(2017) identified four clusters of older adults—suspicious reluctants, trustful enthusiasts, 

apathetic lukewarms and ambivalents—relating to their feelings regarding the perceived benefits 

and risks of functional foods.  

Two ways of describing populations on a food-level basis are by their food neophobic 

traits and general interests in healthy eating. It is important to note that while some researchers 

have considered these to be psychographic (person-level) characteristics (den Uijl et al., 2014), 

they have direct applications to food and food contexts, therefore they can also be classified as 

general food beliefs (food-level characteristics). Ahmed (2003) states that clustering populations 

based on food context-specific psychographic data, such as food neophobia and healthy eating 

interests, coupled with demographic and socio-economic information, provides a more robust 

understanding of target consumer behaviour. 

 

2.2 Food Neophobia  
 

 Food neophobia is the tendency to avoid new or novel food products and technologies 

(Pliner & Hobden, 1992), and is expressed in humans to various degrees depending on past 

familiarity and exposure to different foods (Tuorila et al., 2001), socioeconomic demographics 

(Siegrist et al., 2013), inherent personality traits (Nezlek & Forestell, 2019) and genetics (Cooke 

et al., 2007). Food neophobia has been associated with lower food intake, diet variety and even 

overall liking of both commonly used (Jaeger et al., 2017) and novel (Tuorila & Hartmann, 

2020) food items. It also has been shown to affect food choice, as those who are more food 

neophobic show greater complexity in their cognitive process when making decisions about new 

foods with a stronger emotional component than their less neophobic counterparts (Barrena & 
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Sánchez, 2012). Food neophobia has long been identified as a barrier to healthy eating and diet-

related interventions (Jaeger et al., 2017), with higher degrees of neophobia being related to 

lower consumption frequency of fruits, vegetables and healthier proteins (Knaapila et al., 2011; 

Siegrist et al., 2013). Therefore, it could be considered a contributor to malnutrition. In fact, 

higher degrees of food neophobia have been linked to greater health-related risk factors for 

certain diseases and adverse conditions (Sarin et al., 2019). In all, food neophobia is an important 

factor to consider when designing and marketing new food products, and understanding the 

degree of food neophobia in a particular consumer group is useful information. 

 

2.2.1 Food Neophobia and Older Adults  

 

 The prevalence and effects of food neophobia on diet, nutrition and food choice have 

been well-documented in children and adolescents, but few studies have focused on its presence 

in and impact on older populations. As part of research studies on general consumers of broad 

age ranges, Tuorila et al. (2001), Bäckström et al. (2003), Verbeke and Poquiviqui López (2005) 

and Siegrist et al. (2013) all showed that older adults tend to be more food neophobic than 

younger adults when they controlled their results for age, but there were only a few older adult 

participants in these panels (or the age proportions were not reported). More recent studies that 

have focused specifically on older adult populations alone have contradicted these findings: older 

adults’ average food neophobia scores in these studies were similar, or even slightly lower, when 

compared to average scores of general populations in other studies (Stratton et al., 2015; Soucier 

et al., 2019). Stratton et al. (2015) found that higher food neophobia in older adults was related to 

less willingness to try functional foods and more perceived barriers to functional food 

consumption, and concluded that food neophobia should be a significant consideration when 
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developing new health-related products for this age group. Furthermore, Soucier et al. (2019) 

suggested that food neophobia could be a driver of malnutrition in older adults since they also 

linked it to a lower willingness to try new foods, less food diversity and dietary variety, and even 

poorer dietary quality.  

A study that investigated possible reasons for food neophobia in older adults found that 

more pronounced neophobia was significantly related to increasing age (oldest-old), living alone 

and less formal education (van den Heuvel et al., 2019). Over the last several decades, 

international cuisines have become more common in typical diets, so the oldest age groups tend 

to be less familiar with these new foods that were not available to them when they were younger. 

Also, increasing age leads to greater risks of frailty, illness and perceived physical disadvantages, 

which could contribute to food neophobia (van den Heuvel et al., 2019). Living alone results in 

lower exposure to new foods and food opportunities, and shorter education may lead to less 

knowledge on cooking techniques and nutrition, both of which are known to decrease the 

intensity of food neophobia in an individual (van den Heuvel et al., 2019). It is important to note 

that this study found a correlation between food neophobia and the need for dentures, but this 

relationship was not significant once they controlled for demographic factors (van den Heuvel et 

al., 2019). Additionally, Tańska et al. (2017) concluded that food neophobia in older consumers 

was related to their financial and employment statuses, and reinforce the point that it can be born 

from a lack of knowledge on food and nutrition. 
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2.2.2 Food Neophobia and Food Liking 

 

 Food neophobia has been used in literature to segment populations and evaluate their 

differences in liking of food products. Pliner and Hobden (1992) developed and validated a ten-

item questionnaire to determine the degree to which a person is food neophobic, called the Food 

Neophobia Scale. Here, a participant would rate their agreeability to a number of statements on a 

seven-point scale regarding their attitudes towards new and novel foods and food technologies. 

The sum of their responses is taken to indicate where the participant lies on the food neophobia 

spectrum. This questionnaire has been used in food research to gain more insight into the 

tendencies and behaviours of certain test populations, to cluster larger, heterogenous groups into 

more specific ones, to compare and contrast consumer groups, and to understand how to market 

specific products to these groups. In terms of sensory evaluation, food neophobia has mainly 

been used as a tool to study a consumer group’s willingness to try or buy a particular food. 

However, its relationship with food liking and perception has also been of interest since the Food 

Neophobia Scale was developed.  

 Literature shows that there can be an inverse relationship between food neophobia and 

liking of food products. Henriques et al. (2009) demonstrated that higher degrees of food 

neophobia were related to lower liking scores for all samples of novel salad dressings that they 

tested, and Sabbe et al. (2009) observed similar trends when studying fruit juices with different 

concentrations of açai. The effect can also be product-specific in berries (Laaksonen et al., 2016) 

and açai-based products (Menezes et al., 2011), with only certain samples displaying this pattern. 

In fact, when evaluating the berries, researchers found that the effects were more pronounced 

with the less-liked berries, and discriminatory effects were minimal for the samples that received 

higher scores from both neophobia groups (Laaksonen et al., 2016). Furthermore, food 
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neophobic participants report lower liking scores and preferences when provided with the names 

of fruits and vegetables (Coulthard, 2018; Törnwall et al., 2014). A similar theoretical 

investigation of food names showed the same patterns for the pleasantness of 48 food and 

beverage items (Knaapila et al., 2011) as well as liking of food names representing basic tastes 

and 41 other general food items (Törnwall et al., 2014).  

 The effects of food neophobia on consumer acceptability of products seem to be more 

pronounced in unfamiliar foods than foods to which a participant is frequently exposed. Arvola 

et al. (1999) found that food neophobic participants rated pleasantness lower for all unfamiliar 

cheese samples, but not familiar ones, as did Raudenbaush and Frank (1999) for liking of various 

unfamiliar semi-solid foods. Also, although neophobics showed more negative attitudes towards 

images of soy products in general, their feelings were less adverse towards the familiar products, 

unlike neophilics who did not exhibit this tendency (Fenko et al., 2015). On the other hand, 

Januszewska and Viaene (2012) also demonstrated neophobics’ lower liking scores with 

traditional food products. 

 Some studies found no relationship between food neophobia and food liking. Both 

Villegas et al. (2008) and Yang et al. (2020) did not observe any differences in hedonic trends 

between samples of milk beverages and Bambara flour snacks, respectively, when participants 

were clustered into groups based on their responses to the Food Neophobia Scale, nor did 

Rebouças et al. (2017) in soya and cashew nut beverages. Samant et al. (2018) have been the 

only researchers to evaluate the effects of food neophobia on sensory perceptions. They found 

minimal differences in attribute ratings and intensities across internationally-flavoured potato 

chip samples between the neophilic and neophobic participants.  



 
 

13 

 

 To date, food neophobia has not been used as a segmentation factor with older consumers 

to assess their food liking or perceptions.  

 

2.3 General Health Interests 
 

 Literature has extensively studied consumers’ interests in healthy eating and its impacts 

on food-related behaviour in many different ways and for many different populations. There are 

clear links between health- and nutrition-oriented people and healthier diets, and exploring 

general health interests has shown to be a good predictor of food choice in practical applications 

(Zandstra et al., 2001). People who are more interested in healthy eating tend to consume more 

fruits and vegetables and less savoury snacks, high-fat oils and other kinds of fatty foods than 

those who report lower degrees of interest (Zandstra et al., 2001). Although some studies of the 

general population show that individuals who are more health-oriented are more willing to 

accept a functional food product with poorer sensory characteristics if it is healthier (Verbeke, 

2005), the strength of these findings has declined over time (Verbeke, 2006). Overall, analyzing 

the health interests of a target group, and how these beliefs relate to their dietary practices, can 

be a worthwhile investigation. 

 

2.3.1 General Health Interests and Older Adults 

 

 In general, research shows that older adults are interested in healthy eating (Roininen et 

al., 1999), and that this may affect their food behaviour. Healthiness has also been identified as a 

key factor impacting their meal decisions (Kamphuis et al., 2015) This age group tends to look to 

healthy foods as a means of enhancing their quality of life and satisfaction, and maintaining their 
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health through the aging process (Ravoniarison, 2017). They may also enjoy eating healthy 

foods, particularly vegetables (Saba et al., 2019), and accept functional foods more readily when 

they have higher vitamin, protein and fibre contents, or lower salt and sugar contents (Szakos et 

al., 2020). Guinard et al. (1996) even stated that health benefits of foods could be a more 

significant driver of food choice than sensory properties for older adults.  

 However, it is difficult to generalize older adults’ attitudes towards healthy diets since 

they are such a heterogeneous group. Older individuals demonstrate a wide range of health 

beliefs, and these distinctions in health food-related assumptions can lead to different food 

choice motives (Lesakova, 2018). Puhakka et al. (2017) identified four unique older consumer 

groups based on their health orientation; their knowledge, interests and willingness to buy 

functional foods and non-edible health-enhancing products; and their attitudes towards nature. 

The segments that they developed were health-seeking consumers, cautious consumers, critical 

consumers and natural health consumers, and they show that older adults’ relationships with 

healthy eating are complex, multidimensional and heterogeneous (Puhakka et al., 2017). Van der 

Zanden et al. (2015) also acknowledged that older adults do not agree in their feelings towards 

functional health products. Therefore, it is important to recognize the existence of these 

differences within the older population when designing nutritionally-enhanced products for this 

age group, and also the value that studying these consumer segments can hold.  

 

2.3.2 General Health Interests and Food Liking 

 

Roininen et al. (1999) developed the Health and Taste Attitude Scales (HTAS) to 

evaluate consumer characteristics related to food healthiness and taste in order to better 
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understand food choice drivers and segment consumer groups. Within these scales are six 

individual questionnaires (three health-related and three taste-related), one of which is the 

General Health Interest Subscale. This scale consists of eight unique statements related to a 

consumer’s tendency to consider the healthiness of foods when making dietary decisions. 

Participants are asked to rate their agreeability towards each statement on a seven-point scale, 

and the sum of a participant’s responses dictates whether they are characterized as having high, 

medium or low interests in healthy eating. This subscale can be used to cluster heterogeneous 

consumer groups to define smaller, more specific target markets for product development. 

 Although the General Health Interest Subscale has been frequently used in research to 

develop profiles of consumers groups, studies that have investigated the effects of interests in 

healthy eating on food liking scores have been contradictory. Villegas et al. (2008) clustered 

panelists based on the General Health Interest responses and observed that the groups with 

higher scores showed greater acceptability of soymilk beverages (but not vanilla milk). Also, 

Laaksonen et al. (2016) found the same pattern in the hedonic scores of berries: a greater interest 

in healthy eating led to higher sample liking and more pleasant ratings. On the other hand, Fenko 

et al. (2015) found that participants’ healthy eating interests had no effect on liking of four 

different soy products, and Rebouças et al. (2017) the same with various soya and cashew nut 

beverages. Liking of açai products were also not affected by health orientation as determined by 

the General Health Interest questionnaire (Sabbe et al., 2009; Menezes et al., 2011).  

There are no published studies where the General Health Interest Subscale has been used 

to evaluate the effects of healthy eating interests on sensory attribute perception in foods and to 

our knowledge, its methods have not been independently applied to older consumers.  
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2.4 Provision of Health Information and Older Adults 
 

 Although there is a significant amount of literature regarding the effects of health claims 

and health benefit information for food products for the general population, less research exists 

regarding the impact of these factors on older consumers’ food behaviours specifically. It has 

been reported that knowledge of the health benefits of healthy, functional foods, including the 

presence of health claims on packaging, is the most significant factor in promoting older adults’ 

functional food consumption (Vella et al., 2014). As a more vulnerable population, older adults 

may be more aware of diseases and health conditions that can be treated through nutrition 

interventions, so they are able to recognize and understand certain functional claims and 

associate them with health improvements (Puhakka et al., 2017). Furthermore, several studies 

have shown that a portion of older adults may be more willing to trade hedonic appeal and ideal 

sensory attributes for healthier options than younger age groups, and that they are more 

interested in health-related statements as well (Verbeke, 2005, 2006; Siegrist et al., 2008; Urala 

& Lähteenmaki, 2004), which presents an opportunity to use health benefit information when 

marketing products to this population segment. In fact, older consumers show the most 

willingness to change their food behaviours in favour of functional foods in response to nutrition 

information (Bhaskaran & Hardley, 2002) and are more receptive to listed health claims than 

younger populations (Szakos et al., 2020). They are also more willing to purchase foods with 

proven health claims over those without them (Bower et al., 2003). To quantitively evaluate 

these concepts and investigate their influence on sensory evaluation beyond food choice matters, 

Sabbe et al. (2009) found that older participants in their study were more responsive to a health 

claim stating the antioxidant benefits of açai juice, and Kremer et al. (2014) showed that 
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providing older consumers with information about salt reduction of meatballs and protein-

enrichment of bread increased acceptance scores.  

 The majority of older adults are aware of nutrition claims on food packaging, with over 

90% seeking them out as a significant source of information (Vella et al., 2014). The most 

effective health claims are related to heart health and cholesterol, bone health and osteoporosis 

(Vella et al., 2014), and shorter-term health benefits (Ares et al., 2009). There is also a 

preference for claims that specify that a particular nutrient or health component is available in 

the food, such as fibre (Vella et al., 2014). However, older consumers are often skeptical of 

health claims on labels because they feel food companies are only attempting to sell more of a 

product and are therefore unreliable, which can be a major barrier for marketers to overcome 

(Annunziata et al., 2015). Also, while older adults do not consider health claims to be confusing, 

they feel there is not enough information provided on packaging regarding the benefits of the 

food (Vella et al., 2014). Building consumer trust and improving the quality of information are 

important factors to consider when designing marketing strategies for this age group.  

 

2.4.1 Effect of Health Information on Liking 

 

 The effects of extrinsic factors, or non-sensory parameters such as packaging and brand 

information, on food acceptance is well-documented in literature. In particular, the effects of 

health information, nutrition labels and specific nutrition claims on liking scores for 

nutritionally-enhanced foods has been the most extensively investigated type of extrinsic input, 

but has yielded conflicting results (Fernqvist & Ekelund, 2014).  
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 In several studies, general health information about a nutritious food sample or specific 

nutrition claims about an enriched component in a product have increased hedonic responses for 

all healthy samples that were evaluated during sensory testing. After supplying participants with 

relevant health statements, Annett et al. (2008) observed an increase in overall liking scores for 

organic bread; Carabante et al. (2018) for rib-eye steaks; Grasso et al. (2017) for plant sterol-

enriched turkey; Higa et al. (2017) for pomegranate juice and green tea blends; Poonnakasem et 

al. (2016) for sponge cake formulated with healthy oils; Roosen et al. (2007) for sardines; 

Vidigal et al. (2010) for exotic fruit juices; Wardy et al. (2017) for low-sugar, gluten-free 

muffins; Sabbe et al. (2009) for unfamiliar açai juices (small effect); and Luckow et al. (2006) 

for probiotic juice after repeated exposure. Also, Villegas et al. (2008) showed an increase in 

liking scores after nutrition information was provided for all samples of milk and soybean 

beverages, but the effects were most pronounced in consumers with higher interests in healthy 

eating. All of these studies were conducted in two sessions, with the first being a blind evaluation 

of the samples and the second as an informed tasting during which all the participants would re-

taste the foods after being given knowledge of its health benefits.  

On the other hand, there are also studies that show that health benefit information and 

nutrition claims have no effect on liking of healthy samples. Sensory responses to soyamilk 

(Behrans et al., 2006), pre-biotic bread (Coleman et al., 2014), chocolate bars with functional 

ingredients (Di Monaco et al., 2005), vegetable-enriched bread (Hobbs et al., 2014), soya and 

cashew nut beverages (Rebouças et al., 2017) and ready-to-eat Thai chili pastes (Toontom et al., 

2010) did not significantly change between blind and informed conditions. Furthermore, certain 

studies used a split population to test the effects of health benefit information. Subjects were 

assigned to either the blind or informed test group and the average scores of each group were 
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compared. These analyses also found no effects of extrinsic health information on liking for 

functional blueberry beverages (Kim & Kwak, 2015), fruit drink made with non-alcoholic wine 

powder (Parra et al., 2015), soy-fortified tomato juice (Goerlitz & Delwiche, 2004), walnut oil-

enriched mayonnaise (Miele et al., 2010) and wild blueberry soy products (Teh et al., 2007).  

Numerous studies demonstrate that the effects of health benefit information on liking are 

product-specific, meaning that there is an observed significant effect on hedonic scores for some 

test products but not all. Baixauli et al. (2008) showed that knowledge of the dietary benefits of 

fibre enhanced liking of wholemeal muffins, but not muffins also labelled as having undergone 

fibre-enrichment, even though both samples contained similar amounts of fibre. Also, out of the 

ten fibre-enriched or modified biscuits evaluated by Carrillo et al. (2012), liking scores increased 

for only one sample in the informed condition and actually had a negative impact on two 

samples, with the other seven responses remaining statistically unchanged. Ghazandar and 

Camire (2002) found that only one sample of cranberry juice was liked more after provision of 

health information, and Laureati et al. (2016) showed a positive effect only for their fibre- 

enriched pasta sample with the highest concentration of bran. In terms of studies using 

split population methods, Cox et al. (2012) observed that only the least liked samples of Brassica 

vegetables (brussel sprouts) were impacted by health information. Yoon et al. (2016) also made 

this observation in traditional Korean beverages. However, it is important to note that this study 

tested other types of information as well and did not control for the effects of health statements 

alone. Moriartey et al. (2010) showed effects on liking for bread with the highest fortification of 

beta-glucan that they evaluated. Moreover, when assessing the impacts of various types of 

extrinsic information on sensory perceptions of bread, Kihlberg et al. (2005) found that 

cholesterol information influenced liking of all samples except for the most-liked bread. 
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Not only can the effects of health information on liking be product-specific, literature 

shows that they can be health claim-specific as well. Tuorila and Cardello (2002) tested overall 

liking scores of juices formulated with potassium-chloride in response to three different health 

benefit statements (and a blind evaluation) in a split population procedure, and found that only 

two of the claims positively impacted liking, with the third showing no effect. Therefore, 

consumers may be more sensitive to certain health benefits over others. 

In contrast to the studies discussed above which involved more complex and often multi-

dimensional statements regarding health benefits of the test products, several studies simply used 

basic labels to indicate healthiness of a food that are typically seen on commercial food packages 

and easily understood by consumers. The most common labelling that has been investigated in 

literature is related to fat content. When comparing samples labelled as either full- or reduced-

fat, no differences in liking or pleasantness were observed in different types of spreads (Aaron et 

al., 1994), yogurt (Johansen et al., 2010; Kähkönen et al., 1997), chocolate (Kähkönen et al., 

1999), sausages (Solheim, 1992) or restaurant meals (Stubenitsky et al., 2000). However, fat-

content labelling did have a positive effect on hedonic responses in frankfurters (Kähkönen et al., 

1999) and a slight negative effect on liking in chocolate (Stubenitsky et al., 1999) and 

pleasantness of yogurt and cheese (Westcombe & Wardle, 1997). Salt-reduction is also a well-

known claim that was assessed by Kremer et al. (2014) who found that informing older adults of 

lower salt concentrations improved liking scores of meatballs in comparison with a blind sensory 

evaluation. Kähkönen et al. (1996) tested low-salt and reduced-fat claims together for different 

types of oil spreads both before and after a 7-day repeated consumption, home-use sensory test. 

They found that these claims positively impacted liking of the healthier spreads in the group 

aware of the information before the home-use test, but there were no changes in liking for the 
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group that received the information at the end of the week (Kähkönen et al., 1996). Finally, 

sugar-reduction claims positively influenced sensory evaluation of yogurt (Johansen et al., 2010) 

and orange and pomegranate juice samples with the lowest concentrations of sugar or sugar 

alternatives (Reis et al., 2017). 

 

2.5 Food-Evoked Emotions and Sensory Research 
 

 The study of emotional profiles in relation to food consumption is an emerging trend in 

sensory science. With so much market saturation, brand competition and commercial failure of 

new products, food developers and researchers are looking to food-evoked emotions to provide 

more insight into food liking, preferences, choice, intake, satisfaction, willingness to try, 

willingness to buy, etc. beyond traditional sensory evaluations for predicting market success and 

consumer responses. Over the last few years, emotions research has been applied to countless 

food items, and many studies report that they are not only able to effectively discriminate 

between similar products (King & Meiselman 2010; Chaya et al., 2015; Rocha et al., 2018), but 

they also give additional information that is not captured in hedonic scores or sensory 

perceptions (King et al., 2010; Ng et al., 2013; Dalenberg et al. 2014; Gutjar et al. 2015a, 2015b; 

Spinelli et al., 2019), although there is still a high correlation between these two concepts 

(Cardello et al., 2012; Parra et al., 2015; Borgogno et al., 2017; Samant et al., 2017; Schouteten 

et al., 2018). Emotions can be measured before, during or after consumption. Moreover, this 

research can either be performed using implicit methods, which are often indirect techniques 

such as facial expression measures, or explicit methods, which are self-reported questionnaires. 

A study by Beyts et al. (2017) as well as a review by Lagast et al. (2017) concluded that, 
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although there is promising research being done with implicit methods, explicit methods are 

currently the dominant discriminatory approach for measuring food-evoked emotional responses 

and will be discussed in more detail in this review.  

 

2.5.1 Food-Evoked Emotions and Older Adults 

 

 As people age, their emotional responses to food may change along with other attitudes 

and behaviours towards eating. There are physiological and psychological changes that come 

with aging that can alter emotion-related processes and activities (Kremer & den Uijl, 2016). 

Research shows that there are certainly differences in food-evoked emotions between younger 

and older adults (den Uijl et al., 2016), with the latter depending more on their emotions when 

choosing food and developing food preferences, although the reasons for this are still unclear 

(Doets & Kremer, 2016). It has been suggested that this age discrepancy could be due to the fact 

that older adults have a longer history with food, which puts more emotional emphasis on certain 

products (Doets & Kremer, 2016). Furthermore, emotions seem to be a more prominent 

component of recalling memories and problem solving in older individuals, and it is possible that 

this could also be relevant for food and meal selection (den Uijl et al., 2016). Therefore, 

describing the emotional profiles of older adults’ responses to food products provides valuable 

information that cannot be captured with conventional sensory evaluation procedures. Older 

adults tend to report more positive and less negative emotions during sensory evaluation 

(Piqueras-Fiszman & Jaeger, 2015), although Dubé et al. (2005) only observed this effect before 

comfort food was consumed, but not after. Interestingly, older consumers with lower food 

intakes express more negative emotions during consumption than those with adequate intakes 

(Narchi et al., 2008). It is important to note that emotional aging occurs at different times and 
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manifests itself in various ways depending on physiological differences and past experiences of 

individuals, so there is still a significant degree of heterogeneity in the changes in emotional 

responses during the aging process and between individuals within this age group (Kremer & den 

Uijl, 2016). 

 Measuring emotional responses of older adults presents certain challenges. So far, self-

reported emotion questionnaires, or explicit methods, have only been conducted with healthy, 

community-dwelling older adults. Cognitive decline, frailty and loss of senses such as sight, 

smell and hearing capabilities can impact the effectiveness, accuracy and functionality of these 

tests. Perhaps creating a context-specific emotion lexicon tailored to a particular population and 

research objective could provide more meaningful results (Kremer & den Uijl, 2016). With that 

said, the EsSense Profile and EsSense25 are quick and convenient explicit tools for measuring 

food-evoked emotional profiles of older adults.  

 

2.5.2 EsSense Profile® 

 

 The first standardized procedure to specifically assess food-evoked emotions was 

developed by King and Meiselman (2010) and called the EsSense Profile®. The researchers 

extracted terms from established mood and emotion questionnaires in literature, as well as from 

consumer comments, and evaluated how often the terms appeared in their search, their suitability 

for food research, and whether they could be classified as positive, negative or neutral. 

Eventually, they constructed a list of 39 emotions, which they validated for laboratory 

environments and online use through a series of sensory evaluations. The original method by 

King and Meiselman (2010) asks participants to rate the intensity of each food-evoked emotion 
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(1=not at all, 3=moderately, 5=extremely) during consumption or immediately after to obtain an 

emotional profile, but a check-all-that-apply version has since been validated as well (Jaeger et 

al., 2018a). EsSense Profile® has been shown to provide important information for product 

development and marketing beyond simple liking scores (King et al., 2010), and a standardized 

procedure to properly carry out the sensory evaluation was published (King et al., 2013). Since 

its inception, the EsSense Profile® has become the most commonly used explicit tool to measure 

food-evoked emotions. 

In literature, EsSense Profile® methodology has been used to successfully discriminate 

between similar products beyond hedonic scores, such as extruded snacks with different spice 

blends (Bell et al., 2017), sausages exhibiting various health attributes (Rocha et al., 2018), 

chocolate milk of different brands (Schouteten et al., 2018), green- versus brown-coated peanuts 

on seafood (Sukkhown et al., 2019), fruit-flavoured non-alcoholic wine beverages (Parra et al., 

2015) and different flavours of oral care products (Chen et al., 2018). Furthermore, Manzocco et 

al. (2013) showed that EsSense Profile® emotional responses can differentiate between images of 

fruit salad at various stages of spoilage to gain a better understanding of consumer responses to 

shelf-life and emotions regarding decomposition. 

 EsSense Profile® has also been applied when demonstrating that emotions can be 

impacted by extrinsic properties such as food labelling, in addition to providing additional 

information to support product acceptability. Emotional profiles of beer (Chaya et al., 2015), 

breakfast/dairy drinks (Gutjar et al., 2013), energy drinks (Mehta 2020), breakfast drinks and 

desserts (Gutjar et al., 2015a), rib-eye steaks (Carabante et al., 2018) and traditional Korean 

beverages (Yoon et al., 2016) were affected by the provision of information about the food as 

well as the presence of packaging during practical sensory evaluation. In an online distribution of 
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the EsSense Profile® questionnaire, it was also found that emotions changed before and after 

participants were presented with specific terms characterizing the quality of eggs (Wardy et al., 

2015).  

 Several studies have tested the effectiveness of the EsSense Profile® against other 

methods for measuring emotional response. When directly comparing this method to PrEmo, a 

non-verbal approach that uses pictures to represent the various emotions, Gutjar et al. (2015b) 

found that both procedures were able to successfully discriminate between samples, but 

Dalenberg et al. (2014) suggested that PrEmo may capture the emotional experience more 

comprehensively. Given that the EsSense Profile® is a popular, standardized method but lacks 

product specificity, its accuracy and performance has been measured against more product-

specific lexicons. Kanjanakorn and Lee (2017) used both the EsSense Profile® and Coffee 

Drinking Experience (CDE) to evaluate emotional profiles before and after consuming coffee 

beverages, and found similar changes with both questionnaires, although the CDE did 

incorporate more relevant emotions. Ng et al. (2013) determined that EsSense Profile® also 

performed similarly to a consumer-defined wordlist for black current squash, while Spinelli et al. 

(2014) showed that a product-specific questionnaire is preferable.  

 Finally, the EsSense Profile® contributed to research in food-evoked emotions when it 

was used to explain the bias in responses to samples tasted first in a sensory test, thereby 

expressing the need for a “warmup sample” (Dorado et al., 2016). It was also adopted to 

investigate the effects of frequency of consumption and eating contexts on emotion responses as 

well as response stability over time (Piqueras-Fiszman & Jaeger, 2014). Furthermore, Jaeger et 

al. (2018b) used EsSense Profile® in three of their five consumer studies to demonstrate that 

linkages between food-evoked emotions and sensory perceptions is ultimately product-specific. 
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2.5.3 EsSense25 

 

 Nestrud et al. (2016) developed a shortened version of the EsSense Profile® from 39 

terms to 25 in order to create a questionnaire that is more time sensitive and easier to perform. 

Through sorting tasks and various validation tests, it was determined that the EsSense25 

questionnaire was able to assess food-evoked emotional responses and discriminate between 

similar products with the same effectiveness as the EsSense Profile® (Nestrud et al. 2016). In 

addition to these validation studies, Eaton et al. (2019) have also suggested that questionnaires 

with a reduced number of terms can still be as effective for food-evoked emotions research as 

their longer counterparts while saving time and resources (although it is important to note that 

these researchers suggest a product-specific lexicon approach). Since its publication, EsSense25 

has been applied towards several different aspects of food research. 

 Most prominently, its methodology has been used to evaluate differences in emotional 

responses to product information and labelling. Borgogno et al. (2017) studied two samples of 

identical beef products, with one labelled to reflect conventional breeding systems and the other 

to indicate higher quality, local breeding. They found that 22 out of 25 emotions were 

significantly affected, with a greater expression of positive emotions and less negative emotions 

in response to the “high quality” label (Borgogno et al., 2017). Yang et al. (2020) found similar 

patterns when evaluating biscotti and crackers formulated with sustainable flour: informing 

consumers of the sustainable practices enhanced positive emotional responses while decreasing 

negative ones. Conversely, Fattrosso (2017) demonstrated that brand labelling of cold green tea 

did not significantly impact key emotions with EsSense25, and Mora et al. (2020) showed no 

significant differences in EsSense25 emotional profiles between apple cider samples of the same 
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brand, but with one bearing a locally-sourced logo. Furthermore, Stephens (2019) presented 

findings that kokumi did not significantly impact emotions when added to tomato soup. 

 Literature has further employed the EsSense25 questionnaire to evaluate differences in 

emotional responses between consumer groups. Research by den Uijl et al. (2016) compared the 

evoked emotions of young adults, hyposmic older adults and normosmic older adults to 

gingerbread and chocolate and found that age significantly impacts emotional response to these 

foods, but that the effects of olfactory capabilities were product specific. Mora et al. (2018) 

showed that younger adults were able to discriminate between wines more successfully, but also 

observed that older adults rated all emotions more strongly during the exercise.  

 EsSense25 has also been used in literature as part of a predictive model, along with taste 

intensity and facial expressions, to determine overall liking and preference of similar foods. This 

model was developed by Samant et al. (2017) using solutions of four basic tastes. The 

researchers then applied this predictive design to evaluate liking and preference of vegetable 

juice samples, and found that emotional profiles developed with EsSense25 can predict liking in 

more complex beverage systems, but its contribution to preference ratings is low (Samant & Seo, 

2019a). Furthermore, they extended this study to investigate the effects of certain personality 

traits (neuroticism and extraversion) on their model with basic tastes, and discovered that 

determining emotion responses with EsSense25 was their best method of explaining 

discrepancies between sample acceptability for both personality groups (Samant & Seo, 2019b). 

Mora et al. (2019) also concluded that personality affects emotional responses to wine for 14 of 

the EsSense25 terms, with neuroticism being mainly associated with the negative terms and 

extraversion, agreeableness and consciousness being associated with positive ones.  
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 Finally, Nath et al. (2020) conducted a study to evaluate the effects of timing of meals, 

eating location and social setting on emotions using an online EsSense25 questionnaire during 

which participants were asked to recall three meals they had consumed in the last week. 

EsSense25 methodology helped show that social meals elicited more positive emotions in 

contrast to meals eaten at work or alone (Nath et al., 2020). Meal times did not significantly 

impact emotional responses (Nath et al., 2020).   

 

2.6 Summary 
 

 Overall, there are many different factors that contribute to sensory evaluations of food 

and can influence the acceptance of products. Food-level population segmentation, provision of 

health information and constructing and comparing emotional profiles can provide deeper insight 

into a population’s relationship with a food and better predict how it will be received on the 

market. Although older adults are a widely expanding and diverse subgroup, and research into 

new food products for them is growing in importance, literature is still limited in this area. The 

following studies apply techniques used to explore sensory evaluation of products beyond the 

traditional hedonic ratings to older consumers to determine if they can provide further useful 

information regarding certain foods designed specifically for this population. 
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3 Effects of food neophobia, healthy eating interests and provision of 

health information on liking and perceptions of nutrient-dense foods 

in older adults 
 

3.1 Introduction 
 

Older adults (≥60 years old) are a significant and growing proportion of the Canadian 

population. In 2019, over 24% of Canadians fell into this age group, and current trends show that 

their proportion in the population will continue to grow rapidly in the upcoming years (Statistics 

Canada, 2020). Older adults in Canada are also a vulnerable subgroup, with 34-68% at moderate 

to high risk of malnutrition (Hamirudin et al., 2016). This is due to factors such as physical 

difficulties, lack of interest in food, suppressed appetites and impaired tasting capabilities 

(Ramage-Morin & Garriguet, 2013; Fávaro-Moreria et al., 2016). For these reasons, it is unlikely 

that older adults will meet the necessary nutritional requirements, but offering nutrient-dense 

food options could help improve nutrient deficiencies and malnutrition in this population (Doets 

& Kremer, 2016).  

 A prominent intervention method to improve the nutrient quality of older adults’ diets is 

through the development of nutrient-dense foods in a food-first approach to healthy aging (Doets 

& Kremer, 2016). However, improving the nutrient density of foods through nutritional 

enhancement comes with implications on liking, sensory perceptions and acceptance by 

consumers (van der Zanden et al., 2014). It may also involve the incorporation of ingredients that 

are nutritional, yet less familiar to older adults. Indeed, it has been shown that older adults have 

higher preferences for familiar foods (Doets & Kremer, 2016; Tańska et al., 2017) and are less 

likely to re-evaluate their life-long eating habits (Koehler & Leonhaeuser, 2008; Lesakova, 
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2018). At the same time, research also shows that seniors are becoming increasingly interested in 

nutritional meal options that could help them maintain their health and independence as they age 

(Drewnowski & Evans, 2001; Navarro-Allende et al., 2008; Ravoniarison, 2017). In fact, it has 

been reported that some older adults may be open to sacrificing taste for a healthier food product 

(Urala & Lähteenmäki, 2004; Verbeke, 2005). However, liking and sensory characteristics are 

still an extremely important factor in their food choice (Costa & Jongen, 2010). Therefore, 

creating a variety of nutrient-dense food choices that are well-liked by older consumers could 

help to address their malnutrition risk. 

 A challenge when developing food products for older adults is the high degree of 

heterogeneity between individuals (Moschis, 2003). Between the ages of 50 and 60 years, people 

have a wide range of unique experiences that significantly shape their choices, values, 

motivations and lifestyles, and cause their nutritional needs to be similar but their food choices 

and preferences to be unrelated to one another (van der Zanden et al., 2014). Understanding 

motivations behind food choice, past experiences and future learning are important aspects to 

address in sensory research (Dalenberg et al., 2014; Borgogno et al., 2017). A potential strategy 

to investigate these differences is the separation of older consumers into smaller groups with 

more homogeneous attitudes and beliefs, or population segmentation. This could offer deeper 

insights into the potential success of new health products for this target market, determine 

products that would be acceptable to the population as a whole, and identify others that could be 

targeted to specific subsets of the population (van der Zanden et al., 2014).  

 Over the past couple of decades, sensory science research, in conjunction with food 

product development practices, has been expanding beyond basic hedonic scores and sensory 

perception identification to consider factors that affect food perception and motivations behind 
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food choice. Psychographic characteristics describe consumers’ psychological attitudes such as 

their personalities, values, opinions, interests and lifestyles habits, or, in this case, their general 

beliefs and motives regarding food (van der Zanden et al., 2014). Two important food-related 

psychographic factors in sensory research are food neophobia and general interests in healthy 

eating.  

 Food neophobia is the fear of consuming novel foods and is typically characterized by the 

avoidance of new ingredients and products (Pliner & Hobden, 1992). For older adults, food 

neophobia has been identified as a factor that could adversely impact willingness to try and the 

realistic consumption of new, healthy food products, including functional foods (Stratton et al., 

2015). A questionnaire developed by Pliner and Hobden (1992) can be used to explore 

relationships between food neophobia, liking of food and sensory perceptions. Furthermore, the 

general health interests of consumers can be explored using a subscale of the Health and Taste 

Attitude Survey developed by Roininen et al. (1999). Although this subset of the questionnaire 

has been used very often in literature to describe and characterize a certain study population, and 

is proven to be a strong indicator of eating patterns (Zandstra et al., 2001), it has not yet been 

used to investigate differences in sensory perceptions of foods, and its applications for food 

acceptance are also quite limited. Moreover, neither food neophobia nor general interests in 

healthy eating and relationships to food liking have been tested in strictly older populations. 

 As older adults have, in theory, demonstrated more willingness to try healthier foods and 

greater interest in functional meal options (Siegrist et al., 2008), receiving information on the 

healthy ingredients and nutritional benefits of a food product could have practical impacts on 

their liking and perceptions. The effect of this type of information is well-documented yet 

conflicting in literature. It has only been used once specifically with older adults to study the 



 
 

32 

 

effects of information regarding salt reduction on liking of meatballs and protein-enhancement 

on bread (Kremer et al., 2014). Liking scores for these products increased after receiving 

information about their positive nutritional changes (Kremer et al., 2014). 

 The primary objective of this study was to investigate the liking and sensory perceptions 

of ten nutrient-dense foods tailored for older adults to determine their feasibility for improving 

the nutrient quality of older adults’ diets. A second objective was to observe the effects of food 

neophobia and healthy eating interest segmentation on liking scores and perceptions of the foods. 

The final objective was to examine the influence of health information on sensory evaluations for 

both the overall participant sample and the food neophobia and healthy eating interest segmented 

groups. It was hypothesized that lower food neophobia and higher interests in healthy eating 

would lead to higher liking scores as well as the expression of more positive sensory attributes. It 

was also hypothesized that the provision of information on the healthy ingredients and the 

benefits for older adults would increase liking scores, but affect the subgroups differently: more 

significant increases in liking were expected to be seen with the lower food neophobic and 

higher health interest subgroups.  

 

3.2 Materials and Methods 
 

3.2.1 Food Products 

 

 Twenty-one nutrient-enhanced food products were developed by chefs in residential care 

homes from Guelph and Waterloo, Ontario, Canada. Key healthy ingredients were identified 

based on their content of vitamins and minerals noted to be often lacking in the diet of older 

adults (Keller et al., 2019) and their feasibility of incorporation into foods preferred by older 
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adults (e.g. desserts, baked products and soups). A bench-top tasting session was conducted with 

19 people involved in the project to assess suitability of the 21 food products for incorporation 

into a residential care menu. From the 21 foods, 10 were selected for sensory evaluation based on 

their acceptability and nutrition profile. These products included: apple cider muffin, beef & 

barley soup, cheese & spinach quiche, cranberry almond streusel with yogurt, lentil brownie, 

Mulligatawny soup, oatmeal berry parfait, orange carrot muffin, raspberry banana smoothie, and 

tomato cream cheese and wild rice soup. All of these products were made with healthy and novel 

ingredients. Ingredients and formulation procedures can be found in Appendices 2 and 3. For 

sensory testing, all foods were prepared by the researchers in a food-grade laboratory at the 

University of Guelph (Guelph, Canada).  

 

3.2.2 Panelists 

 

 This research was approved by the Research Ethics Board of the University of Guelph 

(REB#18-03-012). Seventy-one older adults (73.2% female) participated in sensory testing. They 

were recruited from Guelph, Canada using posters, recruitment kiosks and email correspondence 

with recreational organizations and clubs for older adults. All panelists participating were at least 

60 years of age (average age=71.1 ± 6.4 years) and community-dwelling with no sensitivities, 

allergies, special diets or swallowing difficulties that would have prevented them from 

consuming any of the foods. They were also screened to ensure that they cooked a main meal in 

their household at least twice per week to confirm they were regularly exposed to a variety of 

different food products. Sensory evaluation on the foods with long-term case residents is 

reported in another study (Keller et al., 2019). 
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3.2.3 Sensory Testing 

 

 Participants visited the University of Guelph Food Science Building for sensory testing 

once per week for four consecutive weeks. During each visit, they were given three or four foods 

to taste and evaluate (Table 3.1). Foods were served to panelists at appropriate temperatures, 

with baked goods and streusel at room temperature, quiche (40˚C) and soups (60˚C) at a warm 

temperature, and smoothie (-14˚C) and parfait (4˚C) at a cold temperature (Table 3.1). All foods 

were served in 4-ounce Styrofoam cups with lids, and labelled with either unique, three-digit 

codes (Weeks 1-3) or the generic name of the product (Week 4). The order in which the samples 

were presented and tasted each week was randomized among participants to reduce bias, but all 

participants tasted the same samples each week. Panelists cleansed their palates with table 

crackers and water between tasting each sample. 

 For each sample, participants were asked to consume enough of the food to be able to 

make an accurate assessment, and then respond to a series of questions relating to their liking of 

the appearance, flavour and texture of the food, as well as their overall liking, on a 9-point 

hedonic scale ranging from “1=dislike extremely” to “5=neither like nor dislike” to “9=like 

extremely.” They were also asked whether they were likely to consume the product again and 

given space for optional open comments.  Finally, a check-all-that-apply (CATA) exercise was 

completed with a pre-determined list of flavour (bitter, bland, earthy, fresh, salty, sour, spicy, 

stale and sweet) and texture terms (chunky, creamy, dense, doughy, dry, grainy, moist, powdery, 

slippery, smooth, soft, sticky, thick and thin) developed by the researchers. Panelists selected all 

the attributes they perceived while processing each sample. CATA terms for both categories 

were listed in a randomized order for each panelist and for each session. 
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 During the first three weeks of testing, the participants were blind to any information 

about the foods other than the product category into which they fell. For the fourth and final 

visit, three foods (lentil brownies, Mulligatawny soup and raspberry banana smoothie) were 

selected to be re-tasted and re-evaluated to assess the effects of health information on liking and 

sensory perceptions of these nutrient-enhanced foods. These foods were chosen because they 

represented all product categories and the nutrient-dense ingredients themselves were sufficiently 

hidden in the appearance of the foods so it was not easy for panelists to determine their 

ingredients before being told. Before tasting each sample, participants were given an information 

sheet that outlined the name of the product, each nutrient-dense ingredient in its recipe, and the 

nutrients and potential health benefits of each ingredient for older adults (summarized in 

Appendix 4). Then, after re-tasting the sample, panelists completed the same sensory 

questionnaire from the previous sessions. 

 At the end of the third meeting after blind evaluations, the participants completed the 

published Food Neophobia Scale questionnaire developed by Pliner and Hobden (1992), which 

asks people to rate their agreeability with ten statements on a 7-point scale, ranging from 

“1=disagree strongly” to “4=neither agree nor disagree” to “7=agree strongly” to determine their 

degree of food neophobia. To determine participants’ interests in healthy eating, they completed 

the General Health Interest sub-scale questionnaire from the larger survey developed and 

published by Roininen et al. (1999) with one additional question regarding the likelihood to 

accept healthy foods if they tasted worse than regular foods. The same agreeability scale as the 

Food Neophobia Scale was used for the nine unique statements and the questionnaire with the 

additional question was statistically validated on SAS© software using a Cronbach’s alpha test to 

ensure scale reliability. 
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Table 3.1: Ten nutrient-enhanced foods included in the sensory evaluation. 

Week Food 

Category 

Nutrient-Enhanced Foods Serving Size (g) Serving 

Temperature (˚C) 

1 Breakfast and 

lunch 

Apple cider muffin 19 ± 1.6 Room 

Cheese & spinach quiche 32 ± 3.4 40 ± 2 

Orange carrot muffin 18 + 1.4 Room 

Raspberry banana smoothie 51 ± 7.7 -14 ± 1  

2 Soups Beef & barley soup 45 ± 1.1 60 ± 2 

Mulligatawny soup 46 ± 1.7 60 ± 2 

Tomato cream cheese and 

wild rice soup 

45 ± 2.2 60 ± 2 

3 Desserts Cranberry almond streusel 

with yogurt 

9 ± 0.5 Streusel: Room 

Yogurt: 4 ± 2 

Lentil brownie 25 ± 2.1 Room 

Oatmeal berry parfait 28 ± 1.3 4 ± 2 

4 Re-

evaluation 

after 

provision of 

health 

information 

Lentil brownie Included above Room 

Mulligatawny soup Included above 60 ± 2 

Raspberry banana smoothie Included above -14 ± 1 

 

 

3.2.4 Data Analysis 

 

3.2.4.1 Sensory Evaluation – Overall Participant Sample 

 

 Prior to data analysis, the distribution of hedonic score counts for each food were 

examined to determine the presence of any split populations in liking that could affect the results. 

Following this, analysis of variance (ANOVA) and Tukey’s HSD mixed model tests (α=0.05) 

were performed using SAS© software, Version 9.4 (2019) to analyze hedonic scores for 

appearance, flavour, texture and overall liking from the blind sensory testing for each of the ten 

nutrient enhanced food products. To compare overall liking scores before and after provision of 

information about the nutrient-dense ingredients and potential benefits, t-tests (α=0.05) were also 
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performed using SAS© software to compare overall liking scores before and after participants 

received this information for the three foods.  

 To analyze the likelihood of consuming each product again, a chi-square frequency test 

was performed using SAS© software to determine the number of times each response was 

reported per food product. Percentages and differences in the proportion of responses before and 

after receiving ingredient information were calculated using SAS© software. 

 The open ended comments were consolidated and summarized to investigate any 

recurring themes. 

 To develop a sensory profile of each food, the results of the CATA exercise from the 

blind evaluation were analyzed on XLStat software (Version 2019.4.2). Cochran’s Q test for 

multiple pairwise comparisons (α=0.05) was completed to determine the proportion of responses 

per attribute per food product. To visualize the data yielded from this test, a symmetric plot was 

generated to demonstrate how the ten products were aligned with each other and with the sensory 

terms based on the attributes most expressed by the participants. Furthermore, a penalty analysis 

test was used to show which attributes had a significant impact on overall liking. Cochran’s Q 

test was also used to compare attribute expression proportions between the blind and informed 

evaluations of the three foods (α=0.05). 

 

3.2.4.2 Segmented Sample 

 

 To segment the participant sample based on an individual’s degree of food neophobia, the 

sum score of the ten questions from the Food Neophobia Scale was calculated and participants 

were divided at the median score into either a high food neophobia (HFN) group (n=35, score 



 
 

38 

 

range=31-48) and low food neophobia (LFN) group (n=36, sum score=16-30). The same 

procedure was followed for the General Health Interest sub-scale to divide the population into 

those with higher interests in healthy eating (HIH; n=36, sum score range=46-62) and lower 

interests (LIH; n=35, score range=22-45). This method of population segmentation for these 

questionnaires was modelled after Laaksonen et al. (2016), who separated their participant 

sample into three approximately evenly sized groups based on sum scores. However, due to a 

lower number of participants, the population in this study was only segmented at the median to 

achieve two groups. 

 To determine any significant differences in liking between sample population segments, 

t-tests (α=0.05) were performed using SAS© software to compare overall liking scores between 

the HFN and LFN groups, and between the HIH and LIH groups for each food. Furthermore, t-

tests (α=0.05) were also done to compare overall liking scores before and after receiving health 

information for each subgroup to investigate any disparities from trends seen in the overall 

population.  

Cochran’s Q test on XLStat software was performed for CATA responses for all ten 

foods to compare selection proportions between HFN and LFN groups and HIH and LIH groups 

(α=0.05). 

 

3.3 Results 
 

3.3.1 Sensory Evaluation for Overall Participant Sample 

 

 No split populations were observed in liking responses. The mean liking scores for 

appearance, flavour, texture and overall liking for each of the ten foods assessed during blind 
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sensory evaluation are summarized in Table 3.2. The cheese & spinach quiche, oatmeal berry 

parfait and lentil brownies received the highest liking scores in most categories and had the 

highest percentages of participants indicate that they were likely to consume the food again 

(Appendix 5). The raspberry banana smoothie and tomato cream cheese and wild rice soup were 

the least liked and, consequently, had the highest proportion of participants respond that they 

would not consume these foods again (Appendix 5). Common complaints regarding the 

raspberry banana smoothie were that it contained seeds (raspberries) that got stuck in their teeth 

and dentures, and that it tasted medicinal and artificial.  

 The symmetric plot in Figure 3.1 shows each food and its relationships to the sensory 

attributes from the CATA exercise, as well as the products’ relationships to each other. The first 

factor grouped together the baked products (two muffins and lentil brownie), three soups, and 

foods containing prominent dairy products (raspberry banana smoothie, oatmeal berry parfait and 

cranberry almond streusel with yogurt), with the cheese & spinach quiche in its own quadrant. 

The penalty analysis test shows that overall liking was positively affected by fresh, moist, sweet, 

soft, smooth, creamy and spicy perceptions, and negatively impacted by graininess (Figure 3.2).  

 Provision of information on nutrient-dense ingredients incorporated into the recipes and 

their potential health benefits for the consumer significantly increased overall liking scores for 

the smoothie and brownie, but not for Mulligatawny soup (Table 3.3). Furthermore, the health 

information increased the likelihood that the participants would consume the product again for 

all three foods, but most prominently for the raspberry banana smoothie (Appendix 6). Health 

information also changed the expression of certain sensory perceptions. After reading the 

information about the raspberry banana smoothie recipe, sweet, sour and smooth sensations 

increased, and blandness decreased. For the Mulligatawny soup, thickness and freshness 
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increased, and salty and slippery proportions were less expressed. No changes in sensory 

perceptions were observed in the lentil brownies.  

 

3.3.2 Segmented Samples 

 

 Participants with a lower degree of food neophobia (i.e. those who are more willing to try 

novel foods) showed significantly higher overall liking scores for the Mulligatawny soup only 

(Figure 3.3). There were no other significant differences in overall liking during the blind 

sensory evaluations. In terms of sensory perceptions, the low food neophobia (LFN) group found 

the tomato cream cheese and wild rice soup to be significantly more soft and the high food 

neophobia (HFN) group found the lentil brownies to be more dry. Finally, provision of health 

information increased the overall liking scores for both groups for the raspberry banana smoothie 

and lentil brownies, but not for the Mulligatawny soup, which follows the same pattern seen in 

the overall sample (Table 3.4).  

 Participants who were more health conscious (HIH group) reported higher overall liking 

scores for the oatmeal berry parfait than the less health conscious consumers (LIH group), but no 

other significant differences were observed (Figure 3.4). Additionally, this study did not reveal 

any differences in sensory perceptions of the foods between the two health interest groups. 

However, the LIH group differed from the HIH group and overall population in that their overall 

liking scores of the raspberry banana smoothie significantly increased after being given the 

nutrition and health information. On the other hand, the HIH group demonstrated significantly 

higher liking scores for the Mulligatawny soup after reading the health information, but the LIH 

group and overall sample did not. Finally, while nutrition and health information significantly 
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increased liking of the lentil brownie for the LIH group and overall sample, it did not have a 

significant effect on the HIH group’s overall liking scores (Table 3.5). 

 

Table 3.2: Mean hedonic scores for sensory evaluation without nutrition and health 

information for nutrient-dense foods. 

Food Appearance Flavour Texture Overall 

Apple cider muffin 7.21 ± 1.33 a2,3 6.8 ± 1.37 a3 7.1 ± 1.30 a3 6.7 ± 1.49 a 

Beef & barley soup 6.2 ± 1.81 bc 6.6 ± 1.86 a 6.5 ± 1.81 a 6.5 ± 1.88 a 

Cheese & spinach quiche 7.5 ± 1.39 d3 7.9 ± 0.87 bc3 7.8 ± 0.96 cde3 7.8 ± 0.87 de3 

Cranberry almond streusel 

with yogurt 

5.9 ± 1.65 a 6.8 ± 1.98 abc 6.0 ± 2.07 ab 6.3 ± 1.80 abc 

Lentil brownie 7.7 ± 1.09 ab 7.5 ± 1.28 bc3 7.5 ± 1.28 ab 7.4 ± 1.32 bcd 

Mulligatawny soup 5.9 ± 1.89 cd 6.5 ± 1.98 c 6.5 ± 1.84 bc 6.5 ± 1.89 cd 

Oatmeal berry parfait 6.7 ± 1.96 cd 7.7 ± 1.28 cd 7.5 ± 1.38 bcd 7.6 ± 1.26 cd 

Orange & carrot muffin 7.5 ± 1.13 a 7.2 ± 1.26 ab 7.2 ± 1.17 a 7.2 ± 1.34 ab 

Raspberry banana smoothie 5.6 ± 1.91 e 4.9 ± 2.10 d 5.5 ± 2.06 de 4.9 ± 1.94 ef 

Tomato cream cheese and 

wild rice soup 

4.8 ± 2.25 d 5.7 ± 2.30 e3 5.8 ± 2.07 e 5.6 ± 1.80 f3 

1. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

2. Values within a column with different letters are significantly different (p<0.05). 

3. n=70 due to missing data (all other values n=71) 

 

 

Table 3.3: Mean hedonic scores for overall liking from sensory evaluation with and without 

information on the nutrient-dense ingredients and potential health benefits of three foods. 

Food Overall Liking Score 

Without Information 

Overall Liking Score 

With Information 

Difference 

Between 

Means 

Lentil brownie 7.41 ± 1.322 a3  7.9 ± 0.94 b 0.5 

Mulligatawny soup 6.5 ± 1.89 a 6.8 ± 1.80 a4 0.3 

Raspberry banana 

smoothie 

4.9 ± 1.94 a 6.0 ± 2.12 b 1.1 

1. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

2. Standard deviation 

3. Values within a row with different letters are significantly different (p<0.05). 

4. n=69 due to missing data (all other values n=71) 
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Table 3.4: Food neophobia subgroup differences on mean overall liking with and without 

information on nutrient-dense ingredients and health benefits for three foods. 

Food Group Overall Liking 

Score Without 

Information 

Overall Liking 

Score With 

Information 

Difference 

Between 

Means 

Lentil brownie HFN1 (n=35) 7.22 ± 1.473 a4 7.8 ± 1.05 b 0.6 

LFN1 (n=36) 7.6 ± 1.13 a 7.9 ± 0.85 b 0.3 

Total sample (n=71) 7.4 ± 1.13 a 7.9 ± 0.94 b 0.5 

Mulligatawny 

soup 

HFN (n=35) 5.9 ± 2.08 a 6.2 ± 2.03 a 0.3 

LFN (n=36) 7.0 ± 1.50 a 7.3 ± 1.41 a 0.3 

Total sample (n=71) 6.5 ± 1.89 a 6.8 ± 1.80 a 0.3 

Raspberry 

banana smoothie 

HFN (n=35) 4.5 ± 2.08 a 5.5 ± 2.19 b 1.0 

LFN (n=36) 5.3 ± 1.74 a 6.4 ± 1.93 b 1.1 

Total sample (n=71) 4.9 ± 1.94 a 6.0 ± 2.12 b 1.1 

1. HFN=high food neophobia group, LFN=low food neophobia group 

2. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

3. Standard deviation 

4. Values within a row with different letters are significantly different (p<0.05). 

 

 

Table 3.5: Healthy eating interest subgroup differences on mean overall liking with and 

without information on nutrient-dense ingredients and health benefits for three foods. 

Food Group Overall Liking 

Score Without 

Information 

Overall Liking 

Score With 

Information 

Difference 

Between 

Means 

Lentil brownie HIH1 (n=36) 7.42 ± 1.343 a4 7.9 ± 1.09 a 0.5 

LIH1 (n=35) 7.4 ± 1.31 a 7.8 ± 0.76 b 0.4 

Total sample (n=71) 7.4 ± 1.32 a 7.9 ± 0.94 b 0.5 

Mulligatawny 

soup 

HIH (n=36) 6.8 ± 1.76 a 7.2 ± 1.30 b 0.4 

LIH (n=35) 6.0 ± 1.99 a 6.2 ± 2.07 a 0.2 

Total sample (n=71) 6.5 ± 1.89 a 6.8 ± 1.80 a 0.3 

Raspberry 

banana smoothie 

HIH (n=36) 5.3 ± 1.71 a 6.8 ± 1.72 b 1.5 

LIH (n=35) 4.5 ± 2.12 a 5.1 ± 2.17 a 0.6 

Total sample (n=71) 4.9 ± 1.94 a 6.0 ± 2.12 b 1.1 

1. HIH=high interest in healthy eating group, LIH=low interest in healthy eating group 

2. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

3. Standard deviation 

4. Values within a row with different letters are significantly different (p<0.05). 
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Figure 3.1: Symmetric plot derived from CATA responses of ten foods during sensory 

evaluation without nutrition and health information (a) Factors 1 and 2 explaining 59.0% 

of the variability (b) Factors 1 and 3 explaining 44.7% of the variability. 
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Figure 3.2: Attribute mean impact on overall liking for ten nutrient-dense foods derived 

from penalty analysis (α=0.05). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Differences in mean overall liking of ten nutrient-dense foods between food 

neophobia subgroups without health and nutrition information. 

1. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

2. For each food, values with different letters are significantly different (p<0.05). 

3. n=34 for cheese & spinach quiche and tomato cream cheese and wild rice soup in high 

food neophobia group due to missing data. 
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Figure 3.4: Differences in mean overall liking of ten nutrient-dense foods between healthy 

eating interest subgroups without health and nutrition information. 

1. 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) 

2. For each food, values with different letters are significantly different (p<0.05). 

3. n=34 for cheese & spinach quiche and tomato cream cheese and wild rice soup in low 

healthy eating interest group due to missing data. 

 

 

3.4 Discussion 
 

 This study identified up to eight newly-developed, nutrient-enhanced food products that 

could be used to increase the nutrient density of older adults’ diets and be apart of the food-first 

intervention to combatting malnutrition in this population. Using the 9-point hedonic scale, two 

products, the cheese & spinach quiche and the oatmeal berry parfait, were liked very much 

overall, and received high scores for flavour and texture. The quiche was also associated with 

freshness, and the parfait with smoothness and freshness, which are positive attributes. However, 

their appearance scores were slightly lower than the ratings of the other categories. For the 

quiche, this drop could possibly be explained by the appearance of the spinach and kale 

ingredients seen on top of the product. For the parfait, some participants reported that the 
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pudding layer looked slightly green, which can be addressed for improvement in later 

formulations. Also, the parfait was perceived as grainy, an attribute shown to have a negative 

impact on liking, but this is likely due to the baked oats and seeds that make up the base layer of 

the parfait. Given the high overall liking scores, these foods can be targeted for future 

implementation in residential home menus. 

 Furthermore, five of the foods were rated as moderately liked, including the lentil 

brownie, orange & carrot muffin, apple cider muffin, beef & barley soup and Mulligatawny 

soup. Generally, these foods received consistent liking scores for appearance, flavour, texture 

and overall liking, and are all associated with some of the attributes shown to drive liking: the 

baked goods were perceived as fresh, moist, sweet and soft, while the soups were closely related 

to spicy. It is important to note a potential explanation for both soups’ lower liking ratings for 

appearance is the kale powder used in the formulation, which gives the samples a distinct green 

colour. All of these nutrient-dense products will also be proposed for residential care menus. 

 The cranberry almond streusel with yogurt and tomato cream cheese and wild rice soup 

were liked only slightly. Although the streusel received low liking scores for its appearance, 

texture and overall liking, and was perceived as grainy, the flavour was still liked moderately, 

and even received the fifth highest flavour score of the ten foods. Therefore, it is suggested that 

this streusel could be incorporated into different foods such as healthy baked goods instead of 

yogurt to potentially mask its more undesirable appearance and texture while enhancing a food 

product’s flavour and providing older adults with a nutrient-dense food option. Further 

formulation testing and sensory evaluation is recommended. In terms of the tomato cream cheese 

and wild rice soup, it is being eliminated from future testing and menu implementation due to its 

low acceptance scores in all sensory categories.  



 
 

47 

 

 Finally, the raspberry banana smoothie was neither liked nor disliked by this population, 

who cited that raspberry seeds were getting stuck in their dentures and that the flavour tasted 

artificial and medicinal. It was also perceived to have the undesirable grainy quality. It received 

low acceptance ratings in all four sensory aspects that were tested and will therefore also be 

removed from any future applications of these foods. 

 Segmenting the participants into groups with varying degrees of food neophobia revealed 

a significant difference in liking for the Mulligatawny soup only; the group with lower degrees 

of food neophobia liked the soup more. Interestingly, this product was the only food that was 

internationally inspired. The other nine foods used in this study incorporated flavours typically 

found in western foods, while the Mulligatawny soup contained eastern spices that may be more 

unfamiliar to a Canadian population. This finding is consistent with literature that states that food 

neophobia only influences liking of unfamiliar food products (Raudenbush & Frank 1999; 

Arvola et al. 1999; Fenko et al. 2015), and contradicts Januszewska & Viaene (2012) who 

concluded that food neophobia affects liking of familiar, culturally-local foods as well. 

Furthermore, while some changes in sensory perceptions were observed between groups for 

certain foods, these findings were too limited to suggest any concrete relationships between food 

neophobia and sensory perceptions of these nutrient-enhanced products. 

 The group of participants that was shown to have a greater interest in healthy eating 

reported significantly higher liking scores for only the oatmeal berry parfait than the group with 

lower interests in healthy eating. Although this is likely not a very significant finding, it is 

hypothesized that the higher health interest group may be more accustomed to tastes and textures 

of the nutritious ingredients incorporated into this traditional dessert, such as plain Greek yogurt, 

berries, oats and seeds, since it is assumed that a greater interest in healthy diets is correlated 
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with the consumption of a healthier diet itself (Zandstra et al., 2001). Overall, these findings 

suggest that the influence of older adults’ healthy eating interests on liking of nutrient-enhanced 

foods is product-specific. This conclusion is consistent with research conducted by Laaksonen et 

al. (2016), although they found more significant effects in less-liked foods, which is different 

than this study, since the parfait was a well-liked product in general. It is also important to note 

that there were no significant differences in sensory perceptions between groups for any of the 

ten foods so, while this psychographic factor may affect liking of certain products, it may not 

impact the sensory attributes perceived by older adults. 

 The effects of provision of information of the nutritious ingredients in the food products 

and their potential health benefits on liking was product-specific. For the total test population, 

hedonic scores for the lentil brownie and raspberry banana smoothie significantly increased, 

while those for the Mulligatawny soup did not. However, receiving the nutrition and health 

information did increase the likelihood that all three foods would be consumed again, with the 

largest change in proportion being observed in the raspberry banana smoothie (25.6% increase). 

Furthermore, provision of information increased the expression of sensory perceptions with a 

positive relationship to liking, such as freshness in the Mulligatawny soup, and sweetness, 

sourness and smoothness in the raspberry banana smoothie. The smoothie was also perceived as 

less bland after information was provided. Recent literature has shown that product information 

could shift attribute perceptions towards more positive and less negative characteristics, but these 

findings are also product-specific (Pereira et al. 2019). Interestingly, the Mulligatawny soup was 

perceived as less salty after participants were told that it was made with a low-sodium broth. 

Reis et al. (2017) found a similar effect on sweetness when assessing the effect of product 

information on sugar-reduced or alternatively-sweetened fruit juices. In all, providing the general 
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population of older adults with information regarding the nutrition of healthier food products 

could increase liking, drive them to eat the nutritious food options more frequently, and perhaps 

lead them to experience more positive and less negative sensory perceptions while consuming 

these foods. 

 Although the liking scores of the food neophobia subgroups were affected by health 

information in the same way as the overall population, the varying degrees of interests in healthy 

eating showed some trend differences. The raspberry banana smoothie was clearly more liked by 

the high healthy eating interest group after receiving information about the healthiness of the 

ingredients. Villegas et al. (2008) observed the same effect with milk and soy beverages. 

Although this smoothie was eliminated from future testing after the blind sensory evaluation, the 

informed testing revealed that there could be a market for this food product with older adults 

who are interested in healthy food options when appropriate health information is clearly 

presented to them. Further testing with this demographic in these conditions would be necessary. 

The different trends observed in the healthy eating interest subgroups’ liking scores before and 

after receiving health information for the lentil brownie and Mulligatawny soup were likely just a 

statistical finding due to their standard deviations, but not a significant one, since the actual 

differences between average hedonic ratings is minimal. Overall, these findings contribute to the 

conclusion that providing  older adults with information about the healthiness of a food may 

affect liking, but this depends on the food product and, in some cases, the certain attitudes of the 

population itself. 

 A strength of this study is that the sensory testing was performed with the specific target 

consumers of older adults. Also, in the participant screening process, some potential variability 

was controlled by ensuring that older adults were community-dwelling and regularly ate home-
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cooked meals. This way, it is more likely they had more recent exposure and experience eating 

variety of foods and ingredients than older adults in residential care, who often order from a 

limited menu. Steps were also taken when conducting sensory testing to reduce bias, such as 

sample randomization and blinding. The nutrient-dense foods tested in this study were designed 

by chefs in residential care homes who regularly create meals for and interact with older adults, 

and they chose to nutritionally enhance food products historically enjoyed by this consumer 

group. Therefore, these foods meet the needs and preferences of a typical older adult consumer 

and have significant potential to be incorporated into their diet. Finally, the Food Neophobia and 

General Health Interest questionnaires offer the advantage of being well-validated and 

successfully used many times in literature, therefore supporting their use in this research as well.  

A limitation to this study is the sample size: participant segmentation is often performed 

with a greater number of panelists. The sample size for this study was limited by time and 

resources given the multiple products and test outcomes evaluated. Furthermore, due to the 

considerable diversity of food types and food product categories in this study, it is difficult to 

gain a comprehensive understanding of the attribute perceptions of each food using a CATA 

technique. Since only so many terms can be included in the pre-determined list of attributes 

without causing confusion and fatigue during sensory evaluation, it was not possible to provide a 

more representative profile of the foods using a rapid profiling method. Descriptive sensory 

analysis in the form of a trained panel would have provided more insight into the sensory 

properties of the foods, but this method was not worthwhile given the large number of samples 

and relative value of the information. 
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3.5 Conclusion 
 

This study identified up to eight newly-developed nutrient-dense food products that could 

be used in a food-first approach to improve the nutrient quality of older adults’ diets based on 

their sensory appeal, healthy ingredients and functionality for this demographic. These foods 

have the potential to be implemented on residential care menus and could be accepted by older 

consumers with varying degrees of food neophobia and interests in healthy eating since neither 

of these psychographic characteristics had a large effect on overall liking of the foods or sensory 

perception. Providing participants with information about the nutrient-dense ingredients 

incorporated into the foods and their potential health benefits could improve the acceptability of 

the foods and promote the perception of more positive sensory attributes and decrease the 

expression of certain negative attributes. However, these effects are product-specific. Finally, 

although it was initially determined that the raspberry banana smoothie was not liked enough by 

the overall sample to be pursued for further testing in residential care home menus, the informed 

evaluation revealed that it could be accepted by older adults who are interested in healthy eating 

when accompanied with health information. This finding suggests that there may in fact be a 

market for this less liked food product. More in depth research into the segmentation of older 

consumers, in conjunction with the effects of provision of health information on liking and 

sensory perceptions, is needed to understand if there is a relationship between these two 

concepts, and could lead to a better understanding of how to create foods for older adults. 
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4 Older adults’ emotional responses to microwave-processed pasta 

meals  
 

4.1 Introduction 
 

 Older adults, aged 60 years and older, make up a significant proportion of the Canadian 

population and, as the number of people in this age demographic continues to grow, the food 

market has been focusing on creating products to meet their specific nutritional and functional 

needs (van der Zanden et al., 2014). Older adults may show impaired tasting capabilities, 

reduced appetites, a lack of interest in eating and cooking, and other psychological and 

socioeconomic restrictions that limit their food consumption, potentially leading to malnutrition 

(Ramage-Morin & Garriguet, 2013; Fávaro-Morin et al., 2016). Also, this segment of the 

population often requires products with softer textures due to swallowing difficulties 

(dysphagia), dentures and other physical complications (Fávaro-Morin et al. 2016). Finally, 

aging individuals may be more susceptible to diet-related conditions. There is a very strong 

relationship between heart disease and sodium intake, and research shows that lowering older 

adults’ salt consumption can lower incidence of coronary heart disease (Bibbins-Domingo et al. 

2010), obesity (Moreira et al. 2017) and possibly even cognitive decline (Fiocco et al. 2012). 

Therefore, it is important to develop foods that consider these factors and are appealing, 

engaging, convenient and functionally and nutritionally appropriate to improve diet quality and 

encourage intake (van der Meij et al., 2017; Wendin et al., 2017). Offering foods designed with 

the age-specific needs of older adults in mind has been shown to increase consumption as well as 

the chance of achieving sufficient food intake for those with decreased appetites (den Uijl et al., 



 
 

53 

 

2014). Microwave-assisted thermal sterilization (MATS) could offer an opportunity to satisfy 

these challenges with the design of well-liked, practical food products for older adults. 

 Microwave technology has become a prominent method in the food industry for creating 

safe, high-quality processed products. In particular, MATS has gained interest for its ability to 

effectively and uniformly heat non-homogenous, complex food systems (Barbosa-Cánovas et al. 

2014). Due to its even, volumetric heating capabilities, shorter processing times and higher rates 

of heat transfer, MATS processing can thermally process foods while retaining higher 

concentrations of flavours and nutrients than conventional methods, resulting in higher quality 

and more appealing products (Auksornsri et al., 2018). Furthermore, not only does this method 

produce shelf-stable foods from a microbiological perspective, sensory quality is better 

maintained over long periods of time in storage than conventional heating as well (Tang, 2015).  

Therefore, MATS-processed meals could open the door to more appetizing, palatable and 

nutrient-dense food choices for older adults and offer convenient, easy-to-prepare meal options 

for seniors who are no longer able to cook for themselves due to physical difficulties. In fact, 

foods heated with MATS technology are perceived to be saltier than foods heated with more 

traditional retort methods due to the higher degree of flavour retention (Tang, 2015), so 

theoretically, meals processed in this way could contain reduced amounts of added salt while 

preserving sensory appeal. This would also make them appropriate for older adult diets in which 

salt consumption is a concern, and could further encourage older adults to choose a low-salt 

option. Ghawi et al. (2014) indicated that herbs and spices can also be used to maintain sensory 

quality in salt-reduced foods. More specifically, Barnett et al. (2019) investigated sensory 

properties of chicken pasta that had been treated with MATS and formulated with different 

sodium and herb concentrations, and they found that saltiness intensity and overall liking were 
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maintained with the addition of herbs, even with a 50% reduction in the original salt 

concentration. It is possible that these findings could be applied to meals tailored for older 

consumers. They also found that the general population reported that the MATS-processed 

noodles were soft, which may make them appropriate for older adults with chewing difficulties.  

 Evaluating consumer acceptance and sensory perceptions of MATS-processed food 

products is an important step in determining their marketability since new processing techniques 

could significantly impact liking and perceptions of foods. However, sensory research has 

recently been moving beyond simply assessing basic hedonic scores and sensory property 

identification to determine potential market success of a product. While evaluating liking of a 

food still provides very valuable information for creating an appealing product, researchers are 

finding that motivations behind a person’s food choice and past experiences are also significant 

drivers when it comes to the actual consumption of a product (Dalenberg et al., 2014; Borgogno 

et al., 2017). In particular, food-evoked emotions, or the psychological, often unconscious 

feelings experienced while consuming a food product, can be better predictors of consumer 

behaviour and food choice than liking scores alone (Gutjar et al., 2015a). While there is a high 

correlation between positive emotional responses to food and high liking scores of the products 

(Ng et al., 2013), emotions and acceptability are very different sensory responses. Emotions can 

distinguish between similar foods that receive comparable hedonic scores during evaluation 

(King et al., 2010). An all-encompassing approach that takes into account both liking and 

emotional responses provides a more accurate prediction of practical product choice in real-

world scenarios (Gutjar et al., 2015a). 

 In literature, there are many different methods of assessing emotional responses to food. 

King & Meiselman (2010) first developed a method called the EsSense Profile® in which 
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product consumers could rate the intensity of 39 different emotions while eating a food to 

develop an emotion profile. Nestrud et al. (2016) used a sorting task to condense the number of 

emotion terms in the EsSense Profile® and developed and validated a shortened questionnaire 

called EsSense25. EsSense25 methodology has been used several times in literature to 

successfully discriminate between food products based on emotional responses to beef 

(Borgogno et al., 2017), green tea (Fattrosso, 2017), wine (Mora et al., 2018, 2019), sustainable 

snack products (Yang et al., 2020), ciders (Mora et al., 2020), vegetable juices (Samant & Seo, 

2019a) and the five basic taste solutions (Samant et al. 2017; Samant & Seo, 2019b). Also, den 

Uijl et al. (2016) applied EsSense25 procedures to compare emotion profiles for chocolate and 

gingerbread between young and old adults. They observed significant differences between the 

age groups’ food-evoked emotions and concluded that both age and emotions are important 

considerations when developing food products for particular consumer groups. Therefore, 

studying emotional responses of MATS-treated meals with the intended consumer group, older 

adults, could provide meaningful insight into their potential success.  

The primary objective of this study was to build on research by Barnett et al. (2019) and 

investigate the effects of salt and herb concentration on older adults’ emotional experiences 

during consumption of chicken pasta meals thermally processed with MATS procedures, and to 

observe if herbs added to low-salt pasta meals can elicit the same emotions as the higher salt 

dishes. Another objective was to explore potential relationships between emotions and liking of 

the pasta meals, and investigate if reported food-evoked emotions could distinguish between 

samples that were similarly accepted. It was hypothesized that the chicken pasta meals 

containing higher salt concentrations and herbs would elicit stronger positive emotions than their 

lower salt counterparts, but that the lowest salt option with herbs will produce similar responses 
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to the highest salt option with no herbs. Furthermore, it was hypothesized the meals that provoke 

more positive emotions would be associated with higher liking and intensity scores. 

  

4.2 Materials and Methods 
 

4.2.1 Samples 

 

 For this study, six formulations of Cajun chicken pasta meals were created by researchers 

at Washington State University based on products used in previous research by Barnett et al. 

(2019). Three different concentrations of added salt were used, and for each of these 

concentrations, a meal was formulated with and without herbs, achieving six different meals in 

total: 100% of the original salt concentration with herbs (100H), 75% of the original salt 

concentration with herbs (75H), 50% of the original salt concentration with herbs (50H), 100% 

of the original salt concentration without herbs (100B), 75% of the original salt concentration 

without herbs (75B), and 50% of the original salt concentration without herbs (50B). The full list 

of ingredients and their corresponding weights in the formulation can be found in Table 4.1.  

 To prepare the meals, the six sauces were prepared the afternoon before microwave 

processing. Starch was mixed with water to form a slurry, added to melted butter and cream and 

heated to 82˚C. Then, all the spices, salt and herbs (if applicable) were incorporated. The sauces 

were stored in the refrigerator at 4±2˚C overnight. The following day, sauces, frozen onions, 

chopped chicken breast and sundried tomatoes were brought to room temperature. Twenty 

minutes prior to microwave processing, pasta noodles were boiled at 97˚C for 4 minutes, drained 

and blanched. Next, the meal components were added to 310 mL trays in the order of pasta 

noodles, chicken, onions, sundried tomatoes and, finally, sauce, and weighed a total of 300 
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grams. Plastic film lids with the same composition reported by Barnett et al. (2019) were added 

on top and the trays were vacuum sealed (200˚C for 4 seconds under a vacuum of 65 mbar) prior 

to thermal treatment. MATS processing took place in four stages: pre-heating, microwave 

heating, holding and cooling (Tang 2015). After microwave processing, the meals were stored at 

17.2±2˚C for at least 14 days to allow the sodium to equilibrate. 

 Forty-five minutes prior to sensory evaluation, the trays were placed underneath a food 

warmer (Glo-Ray, Hatco Coporation, WI, USA) at 60˚C and heated for 15 minutes on each side 

(30 minutes total). The trays were then removed from the heat, the lids opened, and the contents 

added to separate bowls to effectively mix all components of the meal. The pasta meals were 

distributed into 4-ounce Styrofoam cups for testing at sample sizes from 44 to 50 grams, 

ensuring that each cup held similar proportions of pasta noodles, chicken and sundried tomatoes. 

The samples were held in a heated holding cabinet (Metro C5, InterMetro Industries 

Corporation, PA, USA) at 45˚C until serving for evaluation. Serving temperature was 45±2˚C. 
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Table 4.1: Ingredients used in MATS-processed chicken pasta meal formulations. 

Ingredients Brand Weight (g) 

Bulk Ingredients 

Fettucine pasta DeCecco Fettucine no.6 78 

Chicken  Safeway 76.5 

Sun-dried tomatoes Tantillo 5.5 

Chopped frozen onions Safeway 2.2 

Sauce Ingredients 

Deionized water Milli-Q Reagent Water 

System 

68 

UHT whipping cream Safeway 62 

Unsalted butter Darigold 2.1 

ThermoFlo Starch National Starch Food 

Innovation 

1.5 

Salt Morton 100F/B1: 1.08 

75F/B: 0.81 

50F/B: 0.54 

Southwest chipotle seasoning 

blend 

Mrs. Dash 100/75/50F: 2.1 

100/75/50B: 0 

Dried basil McCormick 100/75/50F: 0.2 

100/75/50B: 0 

Pepper McCormick 100/75/50F: 0.2 

100/75/50B: 0 

Garlic powder McCormick 100/75/50F: 0.3 

100/75/50B: 0 

1. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt 

concentration with herbs; 50F=50% of the original salt concentration with herbs; 

100B=100% of the original salt concentration without herbs; 75B=75% of the original 

salt concentration without herbs; 50B=50% of the original salt concentration without 

herbs 

 

4.2.2 Panelists 

 

 Seventy-six older adults (73.6% female) participated in this study. This population size 

was chosen based on work by den Uijl et al. (2016) who used similar methods. They were 

recruited from recreation centres, clubs and organizations for older adults using posters, kiosks 

and email and phone correspondence in Guelph, Canada. Inclusion criteria ensured that all 

participants were aged 60 years or older (average age=71.4 ± 6.3), lived unassisted in the 
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community, did not have any allergies, sensitivities or special diets that prevented them from 

consuming any ingredients in the meals, and were pasta consumers.  

 

4.2.3 Sensory Testing 

 

 This study was approved by the Research Ethics Board of the University of Guelph 

(REB#19-06-037). Sensory testing took place at the University of Guelph in the Food Science 

building. Participants took part in three sessions, each on separate days, and evaluated two pasta 

formulations per visit. Samples were given to participants in randomized order in 4-ounce 

Styrofoam cups with lids, labelled with a unique three-digit blinding code. The sensory 

questionnaire and data collection took place using Compusense Cloud software (Guelph, 

Canada). Before tasting, panellists were asked to look at the sample and rate their liking of the 

sample’s appearance on a 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 

9=like extremely). Then upon tasting each sample, they were asked to assess their liking of the 

saltiness, umami taste (defined to participants as savoury taste; characteristic of broth and cooked 

meats; often described as monosodium glutamate (MSG)), flavour, pasta texture, chicken texture 

and overall liking of each pasta sample. Also included in the questionnaire were three just-about-

right (JAR) scales in which participants were asked to rate the saltiness intensity, flavour 

intensity and pasta noodle firmness (1=not salty/flavourful/firm enough, 3=just about right, 

5=too salty/flavourful/firm). Furthermore, they completed two check-all-that-apply (CATA) 

exercises regarding the flavour and texture of the samples where they were asked to select any 

attributes from pre-determined lists they felt were present in the meals. The terms presented on 

the list were chosen by a small group of researchers involved in the study after a preliminary 

sensory evaluation of the meals was conducted. The 14 flavour attributes included: artificial, 
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bitter, bland, canned vegetable flavour, dairy flavour, fresh, herbal, leftover flavour, salty, sour, 

spicy, sweet, tomato flavour and umami. The 11 texture attributes were: creamy texture, dry 

meat, firm noodles, grainy sauce, hard-to-swallow texture, juicy meat, moist meat, slippery 

noodles, soft noodles, sticky noodles and tough meat. Within each, there was also a space for 

participants to fill in their own terms if desired. There was also an optional section where 

participants could include any open comments. Following these questions, the panellists were 

asked to evaluate their emotions using EsSense25 procedures (Nestrud et al., 2016), where they 

rated 25 emotions (Table 4.2) on a 5-point scale (1=not at all, 3=moderately, 5=extremely). The 

emotion terms were presented in alphabetical order (King & Meiselman 2010). Between the two 

samples on each day, there was a one-minute time-out period in which the panellists cleansed 

their palates with table crackers and water. 

 

Table 4.2: EsSense25 food-evoked emotions categorized by consumers as either positive, 

negative or neutral emotions. 

Positive1 Negative No clear classification 

Active 

Adventurous 

Calm 

Enthusiastic 

Free 

Good 

Good-natured 

Happy 

Interested 

Joyful 

Loving 

Nostalgic 

Pleasant 

Satisfied 

Secure 

Warm 

Bored 

Disgusted 

Worried 

Aggressive 

Guilty 

Mild 

Tame 

Understanding 

Wild 

1. King & Meiselman (2010) 
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4.2.4 Data Analysis 

 

 Liking of appearance, saltiness, umami taste, flavour, pasta texture, chicken texture and 

overall liking were analyzed using analysis of variance (ANOVA) and Tukey’s HSD tests on 

SAS© software, Version 9.4 (2019) to determine any significant differences at a significance 

level of 0.05. Selection frequency of overall hedonic scores for each product were also assessed 

through pivot charts on Excel. A penalty analysis was performed to analyze just-about-right scale 

responses regarding the saltiness intensity, flavour intensity and pasta firmness of the meals on 

XLStat (Version 2019.4.2). CATA responses were also analyzed on XLStat software through 

Cochran’s Q test for multiple pairwise comparisons (α=0.05) to investigate and compare 

selection proportions for each pasta formulation, and presented in a symmetric plot. Penalty 

analysis was also conducted on CATA responses against overall liking scores to determine the 

attributes that had a significant effect on liking (α=0.05). Other attribute terms that participants 

provided in this exercise in the optional space were not included in the analysis, but rather added 

to the optional comments section. The open comments themselves were consolidated and 

summarized for clarity and to observe any recurring themes. Finally, ANOVA and Tukey’s HSD 

tests were performed on SAS© software for the 25 emotion ratings to investigate any significant 

differences between samples (α=0.05).  

 

4.3 Results  
 

Mean hedonic responses for appearance, saltiness, umami, flavour, pasta texture, chicken 

texture and overall liking are presented in Table 4.3. Liking scores for samples 100F, 75F, 50F 

and 100B were not significantly different for any attributes, and samples 75B and 50B were 
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consistently the least liked samples, including overall liking. Overall liking scores of the samples 

ranged from 5.0 to 6.4 on the 9-point hedonic scale. There were no significant differences 

observed in liking of saltiness among any of the samples. Frequency of selection data of overall 

liking demonstrates that there is a greater proportion of high liking scores for the more flavourful 

meals, such as 100F, 75F, 50F and 100B, and a greater proportion of dislike responses for the 

less flavourful meals, 75B and 50B (Appendix 7). Generally, the charts of the more flavourful 

meals are skewed to the right towards the higher liking scores, and as the salt and herb 

concentrations decrease in the meals, the pattern shifts to the left towards lower liking 

nominations. 

However, there were differences in the intensity of saltiness perceived between samples 

based on the penalty analysis results (Appendix 9). Both meals containing 100% of the salt 

concentration had the same proportion of the test population indicate that saltiness was “just-

about-right” but the mean drop shows that saltiness had a greater effect on liking for the pasta 

without herbs (Appendix 9). Over half of panelists responded that the salt intensity of samples 

75F and 50F was appropriate, but over half of the panelists also stated that there was not enough 

salt in samples 75B and 50B. In terms of flavour intensity, pasta meals made without herbs were 

determined to not be flavourful enough in general. Pasta firmness was deemed to be just-about-

right for the meals with herbs, but higher proportions of participants indicated that the noodles in 

meals without herbs were not firm enough.  

 The symmetric plot displaying the flavour profile of each sample (Figure 4.1a) shows that 

all pasta meals containing herbs present similar attributes, with spicy, herbal, salty and tomato 

flavours being expressed. Sample 100B was shown to be sweet with dairy flavour, and 75B and 

50B to be bland and artificial, with leftover and canned vegetable flavours as well.  The 
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attributes spicy, herbal and umami had a significantly positive effect on liking, although umami 

was not closely related to any of the meals. Bland had a significant negative effect on liking 

(Figure 4.2a). In terms of textural profiles, Figure 4.1b demonstrates that sample 100F was 

perceived to have moist and juicy meat, 100B and 75B had creamy textures, and 50B was hard-

to-swallow with dry meat. Moist meat and a creamy texture had a significant positive effect on 

overall liking of the meals, while dry and tough meat had a significant negative impact (Figure 

4.2b). 

Furthermore, there were significant differences in food-evoked emotional responses seen 

between certain meals for the following emotions: active, adventurous, aggressive, bored, 

disgusted, enthusiastic, good, happy, interested, joyful, loving, pleasant, satisfied and wild 

(Figure 4.3). In general, positive emotions were associated with the meals that received 

significantly higher liking scores, and the negative emotions with those that were less liked. 

There were no distinct patterns observed in the significant emotions that had no clear 

classification, such as aggressive and wild. 
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Table 4.3: Mean hedonic scores for sensory evaluation of six MATS- processed chicken pasta meals. 

Sample Appearance Saltiness Umami Flavour Pasta Texture Chicken 

Texture 

Overall 

Liking 

100F1 6.72 ± 1.543 a4 6.2 ± 1.70 a 6.1 ± 1.34 a 6.6 ± 1.44 a 6.5 ± 1.55 a 5.8 ± 1.99 a 6.4 ± 1.53 a 

75F 6.4 ± 1.58 a 5.8 ± 1.50 a 6.0 ± 1.76 a 6.6 ± 1.44 a 6.6 ± 1.64 a 5.5 ± 2.04 ab 6.1 ± 1.72 a 

50F 6.4 ± 1.51 a 5.8 ± 1.78 a 5.9 ± 1.59 ab 6.4 ± 1.55 a 5.9 ± 1.88 ab 5.2 ± 2.08 ab 5.8 ± 1.80 ab 

100B 6.1 ± 1.60 ab 6.3 ± 1.65 a 5.8 ± 1.57 abc 6.1 ± 1.77 ab 6.1 ± 1.70 ab 5.0 ± 2.17 ab 5.9 ± 1.73 ab 

75B 5.6 ± 1.83 bc 5.6 ± 1.77 a 5.2 ± 1.64 bc 5.6 ± 1.77 b 5.9 ± 1.86 ab 4.8 ± 2.12 b 5.2 ± 1.85 bc 

50B 5.4 ± 1.72 c 5.5 ± 1.97 a 5.1 ± 1.74 c 5.4 ± 1.91 b 5.6 ± 2.02 b 4.7 ± 1.95 b 5.0 ± 1.95 c 

1. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt concentration with herbs; 50F=50% of 

the original salt concentration with herbs; 100B=100% of the original salt concentration without herbs; 75B=75% of the 

original salt concentration without herbs; 50B=50% of the original salt concentration without herbs 

2. 9-point hedonic scale where 1=dislike extremely, 5=neither like nor dislike, 9=like extremely (n=76) 

3. Standard deviation 

4. Values within a column with different letters are significantly different (p<0.05)
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Figure 4.1: Symmetric plot of (a) flavour and (b) texture properties of MATS-processed 

chicken pasta meals with different salt concentration and with or without herbs addition. 

1. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt 

concentration with herbs; 50F=50% of the original salt concentration with herbs; 

100B=100% of the original salt concentration without herbs; 75B=75% of the original 

salt concentration without herbs; 50B=50% of the original salt concentration without 

herbs 
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Figure 4.2: (a) Flavour and (b) texture attribute mean impact on overall liking for six 

MATS-processed chicken pasta meals derived from penalty analysis (α=0.05). 
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Figure 4.3: EsSense25 radar chart of mean scores of significant food-evoked emotions 

comparing emotional experience of different pasta meals. 

1. n=76 

2. 5-point scale where 1=not at all, 3=moderately and 5=extremely, at significance level of 

α=0.05 

3. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt 

concentration with herbs; 50F=50% of the original salt concentration with herbs; 

100B=100% of the original salt concentration without herbs; 75B=75% of the original 

salt concentration without herbs; 50B=50% of the original salt concentration without 

herbs 

 

 

4.4 Discussion 
 

 The purpose of this study was to determine the acceptability of MATS-processed chicken 

pasta meals by older adults based on their sensory evaluation of various components of the meals 

as well as their emotional responses to the food. When comparing the samples containing herbs 

with the one without herbs but higher salt concentrations, it was found that there are not many 
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noticeable differences. Mean hedonic scores showed no significant differences between any of 

the pastas with herbs and the high-salt pasta with no herbs for any sensory aspects, including 

overall liking. The count frequencies of overall liking scores of these meals also display similar 

distribution patterns to each other. These similarities in liking emphasize the need for further 

information to discriminate between the reception of the pasta meals, such as the emotions that 

these meals elicit. However, there were also no significant differences in food-evoked emotions 

between these four samples, neither positive nor negative. These findings suggest that consumers 

equally prefer each of these pastas. It is also important to note that these meals elicited more 

positive emotions, while 50B and 75B evoked more negative ones, reinforcing the concept in 

literature that positive emotions are related to higher liking scores (Cardello et al., 2012; Parra et 

al., 2015; Borgogno et al., 2017; Schouteten et al., 2018) and vice versa (Samant et al., 2017).  

Since the purpose of this study was to determine if sodium levels can be reduced when 

herbs are added to pasta to lower older adults’ salt consumption while maintaining sensory 

integrity, comparisons between the 50% salt-reduced pasta with herbs (50F) and its 100% 

sodium counterpart with no herbs (100B) are important to address in detail. Aside from liking 

scores and emotion profiles, there are several differences in the perceptions of these two meals. 

In terms of flavour intensity, the majority of participants reported that 100B was not flavourful 

enough, but this was not seen for 50F. Perhaps this discrepancy can be attributed more to the 

appearance of 50F, in which the herbs are visible, thereby adding colour to the cream sauce. The 

colour of food is known to significantly impact consumer ability to perceive and identify 

flavours (Garber et al., 2000). Also, while these meals were similarly accepted, their sensory 

attribute profiles are different: 50F was perceived as herbal and spicy with tomato flavours, and 

100B was sweet and creamy with dairy flavours. Regardless of these differences, it is suggested 
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that the similar consumer acceptance scores and emotions elicited from these two products mean 

that sodium content in the pasta can be reduced by 50% as long as herbs are incorporated into the 

formulation without impacting older adults’ product choice. In other words, older consumers do 

not prefer one product over the other, regardless of any differences in perceptions. This 

conclusion reflects and strengthens observations by Barnett et al. (2019).  

Despite the fact that the results of this study show that there were no significant 

distinctions from sensory and emotional perspectives between the three formulations of pasta 

meals with herbs and the highest salt sample without herbs, the actual values of responses 

obtained in sensory evaluation suggest that there are opportunities to improve some aspects of 

the meals before moving forward with them. In particular, the chicken in the pasta was not well 

received. Many participants commented that it was tough, dry and hard to chew in every meal. 

The consistency in negative perceptions across all formulations suggest that it likely due to the 

microwave process and not variations in the formulations. Likewise, Wang et al. (2019) found 

that beef treated with microwaves received significantly lower liking scores and increased 

perceptions of hardness than beef treated with other processing methods across a variety of 

sensory variables. Panelists also reported that spiciness and heat were overpowering flavours in 

the herb meals, but not necessarily in an appealing way. They also perceived an objectionable 

burning aftertaste. The formulations without herbs were described as bland and artificial by some 

panelists. Although certain positive emotions, such as calm, good, good-natured, happy, 

interested, pleasant, satisfied, secure and warm, were moderately expressed overall, the average 

hedonic responses of the meals of the most interest indicated that they were only liked slightly, 

with scores ranging from 5.8 to 6.4 on a 9-point scale. Literature states that food-evoked 

emotions can be used to predict food choice and preference when distinguishing between 
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products with similar acceptance scores (Ng et al., 2013; Gutjar et al., 2015b), but the expression 

of positive emotions does not necessarily override the importance of acceptable liking scores. 

Therefore, while there is potential for these chicken pasta meals, with or without herbs, to be 

implemented in older adults’ diets, certain disagreeable elements of the foods, like the chicken 

texture during processing and the burning aftertaste, should be considered for improvement. 

With regards to the two least liked meals, the mean hedonic scores show that the low-salt 

pasta meals without herbs (75B and 50B) were liked significantly less than the higher salt meals 

with herbs (100F and 75F) for appearance, umami taste, flavour, pasta texture (50B only), 

chicken texture and overall liking. Although saltiness was the only category in which there were 

no significant differences in liking between these meals, over half of the participants still 

indicated that 75B and 50B were not salty enough. Furthermore, the emotional profiles of 75B 

and 50B indicate that they elicit significantly more negative emotions during consumption: 

panelists were more bored eating these meals than all the others, and selected disgusted from the 

list more often than when eating 100F. Likewise, certain positive emotions such as enthusiastic, 

good, happy, interested, joyful, loving, pleasant and satisfied were significantly less expressed 

for one or both of these pasta meals than the pasta meals with herbs and the no-herb meal with 

the total original amount of salt (100B). Given that the purpose of this study was to determine if 

salt concentration can be lowered without negatively impacting sensory and emotional integrity, 

the lower liking scores and more negative emotional profiles demonstrate that both 75B and 50B 

should not be pursued for older adults’ diets. If the salt concentrations are to be lowered in these 

meals, herbs seem to be a critical addition to the formulation. 

A strength of this study is that the sensory evaluation was conducted with older adults for 

whom the products were intended. When designing a food product for a particular consumer 
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group, it is important that the test population be as specific as possible in order to gain more 

meaningful insight into its potential on the market. Another strength is the EsSense25 method 

itself: its procedures are rapid, easy to implement and non-invasive compared with implicit 

measures of emotions, which makes it an ideal approach for consumer testing with a large 

number of untrained panelists. EsSense25 is also a validated questionnaire in literature. 

Moreover, the pre-set list of emotion terms adopted for EsSense25 exhibits hedonic asymmetry 

(Desmet & Schifferstein, 2008), which is particularly important for testing food-evoked 

emotions with older adults because they express a tendency towards positive emotional 

responses even more than younger adults (den Uijl et al., 2016).   

However, there are also limitations in this study. First, although the procedures were 

described to the participants in detail prior to the test, the researchers did not include a “warm-

up” sample to familiarize panelists to emotions testing, which has been used in other studies. 

Since emotions research is fairly new to sensory science and goes beyond traditional measures, 

this introduction step could have helped with the accuracy of the results. With that said, 

randomization of sample presentation order should have removed some of this bias. Also, the 

MATS-processed pasta meals were not tested against the same formulations treated with more 

conventional methods, so specific conclusions regarding the effects of MATS treatment on 

sensory properties and emotional responses cannot be made. This limitation should be addressed 

in future studies. Moreover, it has been suggested that halo dumping, or inflating scores of 

certain attributes to compensate for those that may be unavailable or missing from a testing list 

(Lawless & Heymann, 2010), may occur in shortened questionnaires like EsSense25 (Eaton et 

al., 2019). Additionally, this research took place in a controlled lab setting instead of a home-use 

test. The environment in which a food is consumed can have a significant impact on the food-
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evoked emotions, so it would have been more relevant to test these products in the same setting 

that these products would be consumed in real-world applications. Unfortunately, the sample 

preparation used to heat the meals for evaluation required laboratory equipment and researcher 

supervision. Finally, there can be inaccuracies when assessing food-evoked emotions with older 

adults: this age group likely has more past memories and experiences with a food product than 

younger adults, which they may recall when reporting emotions instead of their current 

emotional expressions (Lagast et al., 2017). Although the screening process assured that 

participants were all pasta consumers, researchers did not investigate their actual baseline 

feelings towards pasta. 

 

4.5 Conclusion 
 

 The purpose of this study was to determine if it was possible to reduce the concentration 

of salt in MATS-processed chicken pasta meals by adding herbs while maintaining consumer 

acceptance for older adults. EsSense25 methodology was implemented to study food-evoked 

emotional responses to gain insight into product choice and preference beyond what can be 

learned from basic hedonic testing and sensory perceptions. Sensory evaluation revealed that 

sodium could be cut in half when herbs are included in the formulation without compromising 

liking, and emotion profiles did not distinguish between similarly liked products any further. 

Although the presence of herbs did change the sensory attributes, similar liking scores and 

emotions demonstrate that sodium levels can be reduced by 50% when herbs are included and 

still be preferred the same as their higher salt counterpart without herbs. This research also 

showed that positive emotions were associated with higher liking scores while negative emotions 
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were more related to dislike. An overall outcome of this study regarding the suitability of the 

pasta for older adults’ diets indicated that, while there is potential here as illustrated by the 

positive emotions elicited by some of the samples, the overall liking scores may be increased if 

certain negative aspects are addressed. Notably, the chicken was of poor quality and some 

participants expressed that the meals in general either lacked flavour or contained some 

undesirable notes. Moving forward, re-formulations or different processing methods could be 

explored with these factors in mind to potentially improve acceptability. Furthermore, given that 

liking, sensory perceptions and emotion profiles represent only a limited range of factors that can 

dictate food choice and consumption patterns, home-use tests as well as questionnaires relating 

to the use and convenience of the products are also encouraged in future testing to gain a more 

comprehensive idea of how this product could be applied to older adults’ diets and lifestyles. 
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5 Conclusion 
 

 The purpose of this thesis was to investigate various methods of sensory evaluation that 

could provide further information into the acceptance of food products beyond traditional 

hedonic measures, and to apply these practices to the analysis of foods that were specifically 

designed to meet the nutritional needs of older adults. Although liking scores and rapid profiling 

for sensory attribute expression still have important merit in this field, past research has shown 

that they alone do not necessarily dictate the potential success of a product. Other techniques that 

describe a population’s eating and food-related behaviours are encouraged in conjunction with 

these conventional sensory methods. So, since sensory appeal is the primary determinant for 

food choice for this population, including for foods with significant health benefits, this research 

was conducted to ensure that the products being created for the older consumers would still be 

accepted after the foods’ nutritional modifications using methods that would paint a broader 

picture of how the consumers relate to these foods. The consumer tests applied in these studies 

were food-level population segmentation and food-evoked emotional responses.  

 The first study was designed to determine if ten nutrient-dense food products created by 

chefs in long-term care homes and designed specifically for older adults would be accepted by 

these target consumers through hedonic testing and check-all-that-apply attribute profiling. The 

foods were: apple cider muffin, beef & barley soup, cheese & spinach quiche, cranberry almond 

streusel with yogurt, lentil brownie, Mulligatawny soup, oatmeal berry parfait, orange & carrot 

muffin, raspberry banana smoothie and tomato cream cheese and wild rice soup, all formulated 

with healthy, functional ingredients. This study also investigated the effects of the population’s 

food neophobia and interests in healthy eating through segmentation procedures of validated 

questionnaire responses in order to observe if these food-level psychographic factors could 
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influence the liking and perceptions of the foods, and see if development, marketing and 

communication of these nutritionally-enhanced products should be more directed to specific 

segments within this large age group. Finally, the impact of provision of information to the 

consumers regarding the nutritious ingredients in the foods and their corresponding health 

benefits was tested for three of the food products. Its influence on the different subgroups was 

also analyzed. This study found that eight of the nutrient-dense foods showed sufficient sensory 

appeal to be targeted for implementation in older adults’ diets. Liking scores for the raspberry 

banana smoothie and tomato cream cheese and wild rice soup were considered too low to pursue 

any further. Freshness, moistness, sweetness, softness, smoothness, creaminess and spiciness had 

significant positive effects on liking, while graininess was shown to have a negative effect. After 

consumer segmentation, it was found that the degree of food neophobia impacted liking of the 

Mulligatawny soup, with the lower neophobic subgroup liking the soup significantly more than 

those with higher neophobia. Since the Mulligatawny soup was the only internationally-inspired 

product and therefore one that participants are less likely to have encountered in their typical 

Western diets, this finding adds to existing research that states that neophobia is only affects 

liking of unfamiliar foods. Greater interests in healthy eating only increased liking of the oatmeal 

berry parfait and although this may only be of statistical significance, it was hypothesized that 

perhaps more health-oriented consumers are more accustomed to the healthy ingredients in their 

diets that were incorporated into the dessert since healthy eating interests have been shown to 

have direct impacts on following a healthy diet. Neither food neophobia nor healthy eating 

interests significantly changed attribute perceptions of any of the foods. Consistent with most 

literature, health information increased liking of the lentil brownie and raspberry banana 

smoothie but not the Mulligatawny soup in the overall test population, indicating that its effects 
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are product-specific. Information also increased the expression of certain positive attributes. 

Both food neophobic subgroups were impacted by health information the same as the population 

as a whole, but there were differences seen in the healthy eating subgroups. Participants with a 

higher degree of interest in health liked the raspberry banana smoothie significantly more in the 

informed test conditions, but those with low interests did not. This finding suggests that there is 

actually market potential for the smoothie for older consumers who are interested in healthy diets 

when the benefits are properly communicated.  

This research contributes to the main objective by establishing that consumer 

segmentation of older adults based on particular food-level attitudes can provide more insight 

into consumers’ interactions with the nutrient-dense foods that were not captured in the hedonic 

scores. It also shows that identifying older consumer subgroups beyond those related to age is a 

worthwhile exercise. In this situation, conventional sensory techniques that do not account for 

the heterogeneity in the psychological demographics and behaviour of a consumer group missed 

certain key pieces of information that described the population’s product acceptance. For 

example, initially, the raspberry banana smoothie was rejected due to its low sensory appeal by 

the overall older adult test population, but closer analysis into their food-related lifestyles, 

behaviours and beliefs proved that there could be a market for this product.  

 The second study set out to determine if ready-to-eat, microwave-assisted thermally 

sterilized Cajun chicken pasta dishes could be appropriate for older adults’ diets as a convenient, 

palatable meal option. The objective was to evaluate if reduced-salt pasta formulated with herbs 

could be accepted by older consumers similarly to the high-salt option with no herbs. Six 

samples with different salt/herb concentrations were used. To gain a broader, more practical 

understanding of the responses to the pasta, food-evoked emotional profiles were developed for 
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each meal using the EsSense25 questionnaire in addition to basic hedonic statements and rapid 

sensory profiling techniques, to assess if the low-salt, herb-containing pasta can elicit the same 

emotions as the full-salt pasta. It was found that, in fact, there was no significant differences in 

liking between the pasta meal with the highest salt concentration without herbs and the three 

samples containing herbs. These meals also both exhibited sensory properties that had a 

significant positive effect on liking: herbal flavour and spiciness for the herb-containing samples, 

and creaminess for the high-salt sample without herbs. There were also no remarkable 

differences in their emotional responses to the products either, with both evoking positive 

emotions during consumption. Although these findings support literature that states that there is a 

correlation between liking of products and their associated food-evoked emotions, it contradicts 

research that shows that emotions can provide more information beyond liking scores. 

Furthermore, even though the primary objective of the study was achieved with the low-salt, 

herb meal eliciting similar sensory responses as the high-salt meal, the samples in question were 

only liked slightly, with certain disagreeable characteristics of the meals being recognized as 

targets for improvement that could raise overall liking scores. It was encouraged that these 

aspects of the chicken pasta, such as the chicken texture and some undesirable notes of flavour, 

be regarded for re-formulation, processing method reconsiderations and retesting before being 

pursued for implementation in older adults’ diets. 

 In contrast to the first study, which showed that methods beyond hedonic measurements 

can be necessary to fully characterize consumer acceptance, the results of this study into the 

consumers’ food-elicited emotions do not satisfy the thesis’ main objective and hypothesis that 

these additional evaluations would provide information not represented in liking scores. In this 



 
 

78 

 

context, the consumers’ emotional profiles did not discriminate between samples more than 

hedonics alone and, therefore, do not assist in product development for this population. 

 In all, the results of these studies yielded contradictory findings into whether or not 

additional investigative sensory methods are required to gain deeper insight into the responses of 

older adults for foods designed to improve their health status. Choosing the appropriate 

methodologies and approaches for a particular food product, context and test objective seems to 

be an important determinant in a study’s effectiveness in drawing meaningful conclusions. This 

thesis only applied two different methods to try to compliment and enhance the product 

knowledge obtained through hedonic measures and attribute profiles, but there are countless 

other techniques available in literature that can be conducted with older adults. Most products 

aimed at older adults on the market are simply targeted to this population based on their age 

segmentation, but this consumer group exhibits extreme heterogeneity that needs to be addressed 

in product development and marketing. Without accounting for this broad spectrum of attitudes 

and behaviours that dictate food choices and acceptance in the older population, products are 

likely to fail. Since older adults are a vulnerable population and significantly increasing in 

numbers in Canada, the formulation of nutritious yet appealing foods is a primary concern for the 

food industry. Incorporating supplemental methods into conventional sensory evaluation 

practices that are relevant to both the food product and consumer group in question and help 

describe the population’s underlying motivations will be a valuable asset when tailoring foods to 

the older market and should be pursued in future research.  
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APPENDICES 

 

Appendix 1: Nutrient-dense ingredients in ten foods developed and used for sensory 

analysis. 

Food Nutrient-Dense Ingredients 

Apple cider muffin Bran, cinnamon, Greek yogurt, wheat germ 

Beef & barley soup Chia seeds, flax seeds, hemp seeds, kale 

powder, turmeric,  

Cheese & spinach quiche Cheddar cheese, kale, skim milk powder, 

spinach 

Cranberry almond streusel with yogurt Chia seeds, cinnamon, dried cranberries, 

ground almonds and almond slivers, hemp 

seeds, wheat germ 

Lentil brownie Lentils  

Mulligatawny soup Chia seeds, cinnamon, flax seeds, ginger, 

hemp seeds, kale powder, lentils, turmeric 

Oatmeal berry parfait Cinnamon, Greek yogurt, hemp seeds, oats, 

raspberries, skim milk powder 

Orange carrot muffin Bran, cinnamon, turmeric, wheat germ 

Raspberry banana smoothie Cinnamon, Greek yogurt, hemp oil, 

raspberries, skim milk powder, turmeric 

Tomato cream cheese and wild rice soup Kale, kale powder, lentils, turmeric 
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Appendix 2: Ingredients used in formulation of ten nutrient-dense foods. 

Food Product Ingredient Brand Weight 

Apple cider 

muffin 

Bran muffin mix Quaker 450 grams 

Apple cider President’s Choice  120 grams 

Plain 2% Greek yogurt President’s Choice 110 grams 

Vanilla extract No Name ¾ tsp 

Ground cinnamon Bulk Barn ¾ tsp 

Applesauce Mott’s 210 grams 

Wheat germ Bulk Barn 18 grams 

Beef & barley 

soup 

Stewing beef Metro 450 grams 

Extra virgin olive oil Selection 1 TB 

Sweet colossal onion, peeled 

and diced 

Metro 200 grams 

Minced garlic Derlea Foods 10 grams 

Carrot, peeled and diced Metro 200 grams 

Celery stalks, chopped Metro 140 grams 

Sweet potato, peeled and 

diced 

Metro 400 grams 

Tomato, chopped Metro 160 grams 

Low sodium beef stock Campbells 1.8 litres 

Kale powder Bulk Barn 35 grams 

Turmeric Bulk Barn ½ tsp 

Smoked paprika Bulk Barn ½ tsp 

Grainy mustard Maille 25 grams 

Thyme Bulk Barn 1 TB 

Marjoram  Bulk Barn 1 TB 

Chia seeds Bulk Barn 20 grams 

Flax seeds Bulk Barn 20 grams 

Hulled hemp seeds Bulk Barn 17 grams 

Barley Bulk Barn 26 grams 

Salt Sifto 1¼ tsp 

Black ground pepper Selection ¾ tsp 

Cheese & 

spinach quiche 

Eggs Selection 300 grams (6 eggs) 

Re-constituted skim milk 

(powder in water) 

Bulk Barn 410 grams 

Spinach, chopped Metro 35 grams 

Green onion, chopped Metro 28 grams 

Kale, chopped Metro 9 grams 

Black ground pepper Selection ⅛ tsp   

Salt Sifto ¼ tsp 

Medium cheddar cheese, 

shredded 

Black Diamond 125 grams 

9-inch pie shell Selection 168 grams 

Ground almonds Bulk Barn 120 grams 

Almond slivers Bulk Barn 62 grams 
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Cranberry 

almond 

streusel 

Hulled hemp hearts Bulk Barn 18 grams 

Chia seeds Bulk Barn 22 grams 

All-purpose flour Bulk Barn 78 grams 

Brown sugar Bulk Barn 220 grams 

Cinnamon Bulk Barn 1 tsp 

Salt Sifto ¼ tsp 

Dried cranberries Bulk Barn 72 grams 

Wheat germ Bulk Barn 40 grams 

Softened unsalted butter Selection 60 grams 

 Vanilla yogurt Activia 15 grams 

Lentil brownie Extra virgin olive oil Selection 100 grams 

Lentil pureé Unico 130 grams 

Cocoa powder Fry’s 75 grams 

Salt Sifto ¾ tsp 

White granulated sugar Redpath 325 grams 

Eggs Selection 155 grams (3 eggs) 

Vanilla extract No Name 1 tsp 

All-purpose flour Bulk Barn 155 grams 

Semi-sweet chocolate chips Chipits 190 grams 

Mulligatawny 

soup 

Extra virgin olive oil Selection ¼ cup 

Carrot, peeled and diced Metro 200 grams 

Sweet colossal onion, peeled 

and diced 

Metro 185 grams 

Minced garlic Derlea Foods 10 grams 

Tomato, diced Metro 200 grams 

Vegetable stock, no sodium Kitchen Basics 750 millilitres 

Unsweetened coconut milk Coconut Dream 400 millilitres 

Red lentils Bulk Barn 190 grams 

Kale powder Bulk Barn 35 grams 

Flax seeds Bulk Barn 20 grams 

Chia seeds Bulk Barn 20 grams 

Hulled hemp hearts Bulk Barn 17 grams 

Ground ginger Bulk Barn ½ tsp 

Black ground pepper Selection ¼ tsp 

Cardamom Bulk Barn ¼ tsp 

Ground innamon  Bulk Barn ¼ tsp 

Smoked paprika Bulk Barn ¼ tsp 

Cumin Bulk Barn ¼ tsp 

Turmeric  Bulk Barn 1 TB 

Curry powder Bulk Barn 1 TB 

Salt Sifto ¾ tsp 

Gala apples, peeled and diced Metro 230 grams 

Oatmeal berry 

parfait 

Hulled hemp hearts Bulk Barn 35 grams 

Oat flour Bulk Barn 65 grams 

Rolled oats Bulk Barn 55 grams 

Unsalted butter Selection 65 grams 
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Brown sugar Bulk Barn 128 grams 

Salt Sifto ¼ tsp 

Ground cinnamon  Bulk Barn 1 TB 

Instant vanilla pudding Selection 105 grams 

Skim milk Sealtest 500 millilitres 

Raspberries Metro 325 grams 

35% cream Selection 225 grams 

Plain 2% Greek yogurt President’s Choice 65 grams 

Cocoa powder Fry’s 1 tsp 

Orange & 

carrot muffin 

Bran muffin mix Quaker 450 grams 

Wheat germ Bulk Barn 18 grams 

Carrots, peeled and grated Metro 116 grams 

Orange zest Metro 6 grams 

Orange juice, no pulp Tropicana 230 grams 

Ground nutmeg Bulk Barn ⅛ tsp 

Ground cloves Bulk Barn ⅛ tsp 

Turmeric Bulk Barn ¼ tsp 

Ground cinnamon  Bulk Barn ¼ tsp 

Raspberry 

banana 

smoothie 

Frozen raspberries Irresistibles  170 grams 

Plain 2% Greek yogurt President’s Choice 475 grams 

Orange juice, no pulp Tropicana 240 grams 

Turmeric Bulk Barn ¼ tsp 

Ground cinnamon Bulk Barn ½ tsp 

Banana Metro 175 grams 

Honey  Selection 1 tsp 

White granulated sugar Redpath ½ tsp 

Hemp oil Manitoba Harvest 1 TB 

Skim milk powder Bulk Barn 24 grams 

Tomato cream 

cheese and 

wild rice soup 

Diced tomatoes, canned Selection 800 grams 

Sweet colossal onion, peeled 

and diced 

Metro 185 grams 

Sweet potato, peeled and 

diced 

Metro 425 grams 

Kale, chopped Metro 12 grams 

Wild rice Lundberg 54 grams 

Minced garlic Derlea Foods 10 grams 

Red lentils Bulk Barn 52 grams 

Kale powder Bulk Barn 35 grams 

Cream cheese Selection 120 grams 

Vegetable stock, no sodium Kitchen Basics 1 litre 

Turmeric Bulk Barn 1 tsp 

Basil Bulk Barn 1 TB 

Extra virgin olive oil Selection 1 TB 
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Appendix 3: Formulation procedures for ten nutrient-enhanced foods. 

Food Product Procedure 

Apple cider 

muffin 

Preheat oven to 350˚F. 

Mix cider, Greek yogurt, vanilla extract, ground cinnamon and apple sauce.  

Add bran muffin mix and wheat germ. 

Spray Pam oil on mini muffin tray.  

Fill 90% of each muffin well with mixture. 

Lower oven to 325˚F. Bake 15 minutes.   

Store at room temperature for one day before serving. 

Beef & barley 

soup 

Season stewing beef with ¼ tsp salt and ⅛ tsp black ground pepper. 

Heat olive oil in pot on stove for 1 minute. Fry beef at 100˚C until brown and 

remove from pot. 

Add diced onion, diced carrot, chopped celery and minced garlic in pot for 

10 minutes with lid off. 

Add all remaining ingredients to pot, including beef. Cook at 100˚C until 

boiling then lower to 90˚C. Cook for 1 hour with lid on.  

Freeze for up to four days. 

One hour before serving, warm soup in pot on stove to 60˚C, distribute into 

cups and place in heated holding cabinet until serving. 

Cheese & 

spinach quiche 

Take pie shell out of freezer 15 minutes before use. 

Preheat oven to 375˚F.  

Whisk together eggs and milk. Add spinach, kale, green onion, salt, pepper 

and cheese.  

Add mixture to pie shell and place shell on baking sheet. 

Cook in oven for 35 minutes.  

Let sit for 5 minutes, distribute into serving cups and serve immediately. 

Cranberry 

almond 

streusel with 

yogurt 

Preheat oven to 350˚F. 

Mix together ground almonds, almond slivers, hulled hemp hears, chia seeds, 

all-purpose flour, brown sugar, ground cinnamon, salt, dried cranberries and 

wheat germ. 

Add softened butter and mix with hands to combine until clumping texture is 

achieved. 

Spread evenly over two baking sheets.  

Bake for 10 minutes. 

Store sealed at room temperature for 1-5 days. 

Immediately before serving, add streusel mixture on top of vanilla yogurt.  

Lentil brownie Preheat oven to 350˚F.  

Add canned lentils and ¼ cup + 1 TB water to Vitamin blender and blend 

until smooth to make pureé.  

Mix together oil, lentil pureé, cocoa powder, white granulated sugar and salt. 

Add eggs to batter one at a time, whisking between each. 

Mix in vanilla extract, all-purpose flour and chocolate chips. 

Spray Pan oil into 9” square pan and pour in brownie mixture. 

Bake for 27 minutes.  

Hold at room temperature for 2 hours before serving.  
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Mulligatawny 

soup 

Add olive oil to pot at heat on stove at 100˚C for 1 minute.  

Add diced carrots, diced onion and minced garlic to pot and cook for 8 

minutes with no lid.  

Mix all other ingredients into pot except apples.  

Simmer at 105˚C until boiling then lower to 90˚C (50 minutes total).  

Add diced apples to pot and simmer for an addition 15 minutes. 

Freeze for up to four days. 

One hour before serving, warm soup in pot on stove to 60˚C, distribute into 

cups and place in heated holding cabinet until serving. 

Oatmeal berry 

parfait 

Preheat oven to 350˚F.  

Mix together hulled hemp hearts, oat flour, rolled oats, brown sugar, 

cinnamon and soft butter. Use hands to combine ingredients for crumble 

texture. 

Spread mixture evenly onto baking sheet. Do not pack down.  

Bake for 10 minutes then let sit for 5 minutes. 

Mix milk and instant pudding powder with electric mixer on low speed until 

pudding is thick (2.5 minutes). Set aside. 

Whisk cream with electric mixer at low speed until whipped texture is 

achieved (3.5 minutes). Mix in Greek yogurt and brown sugar. 

Add 90% of crumble to bottom of 90” pan and pack down. Spread pudding 

on top. Add raspberries on top of pudding. Spread whipped cream mixture 

over raspberries. Garnish with cocoa powder and remaining crumble. 

Cover with plastic wrap and refrigerate for 30 minutes before serving. 

Orange & 

carrot muffin  

Preheat oven to 400˚F. 

Mix together bran muffin mix, wheat germ, grated carrots, orange zest, 

ground nutmeg, ground cloves, turmeric and ground cinnamon. 

Add orange juice to mixture and combine thoroughly. 

Spray Pam oil on mini muffin tray.  

Fill 90% of each muffin well with muffin mixture. 

Lower oven to 350˚F and bake for 12 minutes. 

Store at room temperature for one day before serving. 

Raspberry 

banana 

smoothie 

Blend together all ingredients in Vitamix blender for 3 minutes at medium 

speed until smooth. 

Distribute into cups and serve immediately. 

Tomato cream 

cheese and 

wild rice soup 

Heat oil in pot at 100˚C for 1 minute. 

Add minced garlic and diced onion to pot and cook for 5 minutes with lid 

off. 

Add all other ingredients except cream cheese and simmer for one hour (at 

100˚C until boiling, then lower to 90˚C for remaining time).  

Freeze for up to four days.  

One hour before serving, warm soup in pot on stove to 60˚C, adding cream 

cheese once it reaches serving temperature. Distribute into cups and place in 

heated holding cabinet until serving. 
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Appendix 4: Summary of information provided to participants on healthy or novel 

ingredients in three foods and the corresponding potential health benefits for the consumer 

during informed sensory evaluation. 

Food Ingredient Summary of Health Benefits 

Lentil 

brownie 

Lentil puree • Contains protein, carbohydrates, fibre, vitamins, 

minerals and essential amino acids 

• Lowers cholesterol, risk of heart disease and incidence 

of certain cancers 

• Improves type 2 diabetes symptoms 

Olive oil as 

substitute 

for butter 

• Healthier oil 

• Lowers cholesterol, blood sugar, inflammation and 

swelling  

• Antioxidants that protect organs from toxins 

• May improve cognition and reduce risk of dementia 

• Butter negatively impacts heart health and weight 

Mulligatawny 

soup 

Kale 

powder 
• More concentrated and bioavailable nutrients in powder 

• Contains vitamins A, C, K and folate, potassium, 

calcium, magnesium, protein (for muscle mass) and 

fibre (for gut, heart and immune health) 

• Antioxidants to protect organs from toxins 

• May reduce risk of chronic disease 

Lentils • Contains protein, carbohydrates, fibre, vitamins, 

minerals and essential amino acids 

• Lowers cholesterol, risk of heart disease and incidence 

of certain cancers 

• Improves type 2 diabetes symptoms 

Flax seeds • Contains omega-3’s and -6’s for brain and heart health 

• Insoluble fibre for overall health 

• May help metabolize certain hormones and have 

antioxidants 

Chia seeds • Lower weight, triglyceride levels and blood sugar 

• Contain omega-3’s (for brain and heart health), 

protein/amino acids (muscle health) and fibre (overall 

health), and important minerals like calcium, phosphors 

and zinc (bone health) 

Hemp seeds • Contain protein (for muscle health), fibre (overall 

health), B-vitamins (energy, metabolism and brain 

function), minerals like magnesium, phosphorus and 

potassium (bone health) and omega-3’s and -6’s (brain 

and heart health) 

Turmeric • Contains curcumin antioxidant to reduce inflammation 

• May increase short-term memory and prevent formation 

of brain tangles that cause dementia 



 
 

105 

 

Cinnamon • Contains polyphenols and cinnamaldehyde which 

prevent dementia 

• Polyphenols reduce inflammation and protect against 

toxins 

• Cinnamaldehyde prevents formation of brain tangles 

that cause dementia 

Low 

sodium 

broth 

• Lowering sodium consumption helps with hypertension 

and reduces risk of stroke, heart disease, stomach cancer 

and osteoporosis 

• Older adults are at-risk group for problems relating to 

salt intake 

Raspberry 

banana 

smoothie 

Raspberries • Antioxidants that protect against toxins and reduce 

inflammation that could damage muscles and organs 

Greek 

yogurt 
• Contains probiotics (for digestive and immune health) 

and different nutrients (physical and mental health)  

• Lower risk of osteoporosis, muscle mass loss, frailty and 

depression 

Turmeric • Contains curcumin antioxidant to reduce inflammation 

• May increase short-term memory and prevent formation 

of brain tangles that cause dementia 

Honey • Some anti-bacterial and anti-viral properties 

• Antioxidants 

• May lower risk of heart disease and diabetes by 

lowering cholesterol, triglyceride levels and blood sugar 

levels 

Cinnamon • Contains polyphenols and cinnamaldehyde which 

prevent dementia 

• Polyphenols reduce inflammation and protect against 

toxins 

• Cinnamaldehyde prevents formation of brain tangles 

that cause dementia 

Hemp oil • Contains essential fatty acids and omega-3’s (for brain 

and heart health) and important amino acids 

Skim milk 

powder 
• Contains protein (muscle health) and calcium and 

vitamin D (bone health) 
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Appendix 5: Likelihood of consuming ten nutrient-enhanced foods again after blind 

sensory evaluation. 

Food Product Response Number of 

Panelists 

Percentage of 

Panelists (%) 

Apple cider muffin Yes 47 67.1 

 No 10 14.3 

 Maybe 13 18.6 

Beef & barley soup Yes 41 60.3 

 No 11 16.2 

 Maybe 13 23.5 

Cheese & spinach quiche Yes 62 91.2 

 No 1 1.5 

 Maybe 5 7.4 

Cranberry almond streusel 

with yogurt 

Yes 39 58.2 

No 14 20.9 

Maybe 14 20.9 

Lentil brownie Yes 60 85.7 

 No  5 7.1 

 Maybe 5 7.1 

Mulligatawny soup Yes 42 60.0 

 No 15 21.4 

 Maybe 13 18.6 

Oatmeal berry parfait Yes 51 72.9 

 No 6 8.6 

 Maybe 13 18.6 

Orange & carrot muffin Yes 52 73.2 

 No 7 9.9 

 Maybe 12 16.9 

Raspberry banana smoothie Yes 18 26.5 

 No 27 39.7 

 Maybe 23 33.8 

Tomato cream cheese and 

wild rice soup 

Yes 31 45.6 

No 25 36.8 

Maybe 12 17.6 
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Appendix 6: Changes in likelihood of consuming three nutrient-enhanced foods again after 

receiving information on their healthy ingredients and health benefits. 

Food Product Conditions Response Number of 

Panelists  

Percentage of 

Panelists (%) 

Difference 

(%) 

Lentil 

brownie 

Blind Yes 60 85.7  

No 5 7.1  

Maybe 5 7.1  

Informed Yes  66 94.3 +8.6 

No 1 1.4 -5.7 

Maybe 3 4.3 -2.8 

Mulligatawny 

soup 

Blind Yes 42 60.0  

No 15 21.4  

Maybe 13 18.6  

Informed Yes 47 66.2 +6.2 

No 7 9.9 -11.5 

Maybe 17 23.9 +5.3 

Raspberry 

banana 

smoothie 

Blind Yes 18 26.5  

No 27 39.7  

Maybe 23 33.8  

Informed Yes 37 52.1 +25.6 

No 18 25.3 -14.4 

Maybe 16 22.5 -11.3 
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Appendix 7: Frequency of selection for overall liking scores of (a) 100% of the original salt 

concentration with herbs (b) 75% of the original salt concentration with herbs (c) 50% of 

the original salt concentration with herbs (d) 100% of the original salt concentration 

without herbs (e) 75% of the original salt concentration without herbs (f) 50% of the 

original salt concentration without herbs. 

1. n=76 

2. 9-point hedonic scale, where 1=dislike extremely, 5=neither like nor dislike and 9=like 

extremely 
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Appendix 8: Emotional profiles comparing consumers’ food-evoked emotions of MATS-

processed chicken pasta meals. 

* Indicate that there is a significant difference at significance level of α=0.05.  

1. n=76 

2. 5-point scale where 1=not at all, 3=moderately and 5=extremely 

3. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt 

concentration with herbs; 50F=50% of the original salt concentration with herbs; 

100B=100% of the original salt concentration without herbs; 75B=75% of the original 

salt concentration without herbs; 50B=50% of the original salt concentration without 

herbs 
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Appendix 9: Results of the penalty analysis evaluating intensity of saltiness, flavour and noodle firmness of six pasta meals 

during sensory evaluation. 

Sample Attribute Overall 

Liking 

Drop % Attribute Overall 

Liking 

Drop % Attribute Overall 

Liking 

Drop % 

100F1 Not salty 

enough 

6.02,3 

 

-0.6 13.2 Not 

flavourful 

enough 

5.5 -1.4 22.4 Not firm 

enough 

5.8 -0.8 26.3 

Just-

about-

right 

6.6  65.8 Just-about-

right 

6.9  64.5 Just-

about-

right 

6.6  73.7 

Too salty 6.0 -0.6 21.1 Too 

flavourful 

5.5 -1.4 13.2 Too firm n/a n/a 0.0 

75F Not salty 

enough 

5.4 -1.8 30.3 Not 

flavourful 

enough 

5.2 -1.7 32.9 Not firm 

enough 

5.4 -1.1 34.2 

Just-

about-

right 

6.6  60.5 Just-about-

right 

6.9  51.3 Just-

about-

right 

6.5  65.8 

Too salty 4.9 -1.7 9.2 Too 

flavourful 

5.7 -1.2 15.8 Too firm n/a n/a 0.0 

50F Not salty 

enough 

4.7 -1.9 36.8 Not 

flavourful 

enough 

4.5 -2.4 36.8 Not firm 

enough 

5.3 -0.8 39.5 

Just-

about-

right 

6.6  51.3 Just-about-

right 

6.9  47.4 Just-

about-

right 

6.1  59.2 

Too salty 5.6 -1.0 11.8 Too 

flavourful 

5.2 -1.7 15.8 Too firm 3.0 -3.1 1.3 

100B Not salty 

enough 

4.8 -1.6 29.0 Not 

flavourful 

enough 

5.2 -1.7 59.2 Not firm 

enough 

5.3 -1.0 42.1 
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Just-

about-

right 

6.4  65.8 Just-about-

right 

6.9  39.5 Just-

about-

right 

6.3  56.6 

Too salty 4.5 -1.9 5.3 Too 

flavourful 

4.0 -2.9 1.3 Too firm 6.0 -0.3 1.3 

75B Not salty 

enough 

4.5 -1.7 55.3 Not 

flavourful 

enough 

4.8 -1.7 71.1 Not firm 

enough 

4.6 -1.0 35.5 

Just-

about-

right 

6.2  43.4 Just-about-

right 

6.5  23.7 Just-

about-

right 

5.6  63.2 

Too salty 5.0 -1.2 1.3 Too 

flavourful 

5.3 -1.2 5.3 Too firm 2.0 -3.6 1.3 

50B Not salty 

enough 

4.1 -2.2 55.3 Not 

flavourful 

enough 

4.5 -2.2 69.7 Not firm 

enough 

4.0 -1.8 40.8 

Just-

about-

right 

6.3  40.8 Just-about-

right 

6.7  26.3 Just-

about-

right 

5.8  57.9 

Too salty 4.7 -1.6 4.0 Too 

flavourful 

3.7 -3.0 1.3 Too firm 5.0 -0.8 1.3 

1. 100F=100% of the original salt concentration with herbs; 75F=75% of the original salt concentration with herbs; 50F=50% of 

the original salt concentration with herbs; 100B=100% of the original salt concentration without herbs; 75B=75% of the 

original salt concentration without herbs; 50B=50% of the original salt concentration without herbs 

2. n=76 

3. 9-point hedonic scale where 1=dislike extremely, 5=neither like nor dislike, 9=like extremely 


