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ABSTRACT 

 
 
 

MICRONUTRIENT FORTIFICATION FOR OLDER ADULTS IN LONG-TERM CARE: 
 SENSORY CONSIDERATIONS     

 
 
 

Katherine Field          Advisor: 
University of Guelph, 2016       Dr. Lisa M. Duizer 

 
   

 

Micronutrient fortification can improve nutrient intake in older adults residing in long-

term care (LTC). However, previous studies indicate that micronutrient fortification can 

alter food sensory attributes. This thesis investigates a potential micronutrient 

fortification program for older adults in LTC, with a focus on food sensory properties. A 

micronutrient powder containing 9 vitamins and 3 minerals was sourced from Calico 

Ingredients (ON, Canada).  Four foods were identified as potential carriers: tomato 

soup, mushroom soup, mashed potatoes and oatmeal. The micronutrient powder was 

added to the selected foods in varying amounts to produce samples with different 

fortification levels. Preparation methods used in LTC were also taken into consideration 

during the initial screening of these foods. Napping® with ultra-flash profiling (UFP) was 

first used as a screening tool to identify sensory differences present in each of the four 

selected foods. 

Descriptive Analysis was then completed for two foods – tomato soup and oatmeal. 

Sensory differences with fortification were identified in both foods.  The acceptability 

and perception of these foods by younger (age 18-40, n=64) and older (age 65+, n=65) 

adults was completed using hedonic scales and check-all-that-apply (CATA) questions. 



 

Subgroups of participants with different patterns of liking were identified using 

agglomerative hierarchical cluster analysis (AHC). This was completed separately for 

each age group and for each of the two foods evaluated. In each case, three distinct 

consumer subgroups with different patterns of liking were identified.  

CATA and hedonic liking results were evaluated separately for each subgroup; 

differences in the way these subgroups described and rated food samples were 

identified. Finally, sensory acuity was evaluated in all participants to determine whether 

differences in taste and smell sensitivity existed between liking subgroups.  Olfactory 

sensitivity was found to differ between older adult (OA) tomato soup subgroups. Mean 

olfactory score was lower for the subgroup that disliked fortified foods compared to the 

subgroup that experienced no change in liking. This research provides information 

about the sensory properties of selected fortified foods, and their acceptability to older 

adult consumers. The role of age and sensory acuity on liking of these foods was also 

evaluated.
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Chapter 1 : Introduction 

Older adults (age 65+) make up a substantial and growing portion of the 

population. In 2001, approximately 12.5% of the Canadian population consisted of 

individuals over the age of 65, and this number is expected to reach 20% by the year 

2026 (Health Canada, 2006). This trend of an aging population is not unique to Canada, 

but rather is occurring around the globe (United Nations, 2007). In Canada, 

approximately 7% of older adults reside in health care institutions, such as long term 

care (LTC) homes (Canadian Life and Health Insurance Association, 2012). Older 

adults are at an increased risk of becoming malnourished, particularly those residing in 

LTC homes (Furman, 2006). In fact, a pilot study conducted at a LTC home in Western 

Canada found that only 11% of older adult residents were ‘well-nourished’. The 

remaining study population was considered to be either malnourished (31%) or at risk of 

becoming malnourished (58%) (Boström, et al., 2011). Although estimates vary 

between studies, it is widely reported that a substantial portion of older adults residing in 

LTC homes are malnourished, with estimates ranging from 20-60% of the population 

(Boström, et al., 2011; Carrier, et al., 2007; Woods, et al., 2009). 

Malnutrition can be defined as an imbalance in nutrient intake, referring to 

inadequate or excessive nutrient intake (Canadian Malnutrition Task Force, n.d.). In the 

older adult population, malnutrition is often present in the form of inadequate nutrient 

intake. Deficiencies in total caloric intake, specific macronutrients, such as protein (Ter 

Borg, 2015), and specific micronutrients (vitamins and minerals) (Ter Borg, et al., 2015), 

have been observed. The high prevalence of malnutrition observed in the older adult 
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population is of great concern as it has been associated with numerous health 

consequences. Micronutrient (vitamin and mineral) deficiencies specifically have been 

associated with a number of health consequences, such as frailty (Bartali, et al., 2006), 

and impaired immune function (Chandra, 1997), as well as decreased quality of life and 

increased risk of mortality (Keller, et al., 2004). Fortunately, when nutrient intake is 

improved, these consequences can often be prevented (Babineau, et al., 2008). 

However, achieving adequate nutrient intake through a conventional diet is difficult for 

older adults, in part due to a decrease in total energy intake observed with aging. Many 

factors are believed to contribute to a decrease in appetite and energy intake in the 

older adult population. These include physiological factors, such as a diminished sense 

of taste and smell, difficulties chewing and swallowing, changes in sensory perception 

and sensory-specific satiety, altered hormonal response following food consumption, 

and delayed gastric emptying; non-physiological factors such as mental health and 

medication use; and social factors such as poverty (Hays & Roberts, 2006).  

A number of strategies have been utilized to improve micronutrient intake in LTC 

populations (Dunne & Dahl, 2007). Strategies that have been utilized to improve 

micronutrient intake include, oral nutritional supplements, vitamin/mineral pill 

supplements, and food fortification. Although oral nutritional supplements (ONS) have 

been used extensively in the past, they may not be ideal for preventing malnutrition in 

this population. A systematic review found that although there is evidence supporting 

short-term use of ONS during hospitalization, such as decreased complications and 

lower risk of mortality, this was not the case for long-term use (Milne, 2006). This may 
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be due at least in part to compliance issues, as it has been found that approximately 1/3 

of ONS are wasted (Remsburg, 2001; Wright, et al., 2005). ONS use has also been 

found to result in a decrease in habitual food intake (Fiataron Singh, et al., 2000). In 

addition, ONS are often prescribed after a deficiency is already present, and previous 

research suggests that once older adults become malnourished nutritional intervention 

may not be sufficient (Payette, 2002). Furthermore, ONS have been associated with a 

decrease in both diet satisfaction and quality of life (Fiataron Singh, et al., 2000).  

Food fortification may prove to be an ideal option as it would allow individuals to 

increase micronutrient intake without making changes to their diet or requiring the 

consumption of additional pills or liquid supplements. The use of multiple fortified foods 

would also allow for variety in the diet to be maintained, which has been identified as an 

important factor influencing food intake (Nieuwenhuizen, et al., 2010). Pill supplements 

are also available, but can be expensive and time consuming to administer, and require 

resident compliance to be effective (Oakley, 2004). There is also some concern 

surrounding drug-nutrient interactions when medications and supplements are taken 

simultaneously (Lewis, et al., 1995). In addition, there has been a push in recent years 

for ‘food first’ strategies that do not require additional pills to be taken (Lam, 2014). 

Recent, studies have evaluated the use of fortification to target the needs of older 

adult populations. Although little information is available regarding the long-term 

benefits of fortification in this population, it has proven to be an effective strategy for 

improving short term nutrient intake (Adolphe, et al., 2009; Allen, et al., 2013; Tsikritzi , 

et al., 2014). Although these studies have shown promising results, it is important to 
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fully understand the effect of fortification on food sensory properties. Acceptable 

sensory properties are essential, as taste and flavour play a large role in food choice 

(Clark, 1998), and have been found to impact food consumption in older adults (Mathey, 

et al., 2001). Unfortunately, to date, minimal sensory testing has been included in the 

development of fortification strategies for this population. Though some sensory testing 

has been completed, it remains incomplete, leading to the potentially unnecessary 

exclusion of certain nutrients to prevent sensory changes that may or may not influence 

food liking (Adolphe, et al., 2009). To develop high-quality fortification programs in the 

future, an in-depth understanding of the sensory changes that result from fortification, 

as well as the impact of these changes on consumer liking is needed. 

 It is difficult to predict the impact that food sensory changes will have on liking, 

as food perception is a complex, and multi-modal experience.  Food liking in older 

adults is further complicated by the heterogeneous nature of this population. With aging, 

both physiological and psychological changes occur within an individual that can affect 

the senses and alter the way foods are perceived, however, this occurs to varying 

degrees and is largely dependent on an individual’s health (Doty & Kamath, 2014; 

Methven, et al., 2012; Sulmont-Rossé, et al., 2015). Despite well documented changes 

in sensory perception, evidence surrounding the influence of these changes on food 

liking in older adults has been conflicting, with no clear trend easily identified (Doet & 

Kremer, 2016). It is the purpose of this research to evaluate a micronutrient fortification 

strategy to determine the impact of fortification on food sensory properties, as well as 

the perception and liking of these foods by older adult consumers.  
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Chapter 2  Background Information:  Micronutrient Fortification 

Fortification can be defined as, “the addition of one or more essential nutrients to 

a food whether or not it is normally contained in the food, for the purpose of preventing 

or correcting a demonstrated deficiency of one or more nutrients in the population or 

specific population groups” (World Health Organization, 2006, p. 25). Fortification has 

been used effectively throughout history as a cost-effective strategy to treat widespread 

micronutrient deficiencies in the population. One of the earliest examples is the addition 

of iodine to salt. First introduced in the 1920’s, salt iodization has dramatically reduced 

the incidence of iodine deficiency and the prevalence of goiter, a related health 

condition (Burgi, et al., 1990; Marine & Kimball, 1920). Since then, many instances of 

improved nutrient status and disease reduction accompanying micronutrient fortification 

strategies have been observed. For example, childhood rickets has been virtually 

eliminated since the 1930’s, when the practice of adding vitamin D to milk began 

(Welch, et al., 2000), as have neural tube defects in countries with mandatory folic acid 

fortification of wheat flour starting in 1998 (Crider, et al., 2011; Honein, et al., 2001).  

Although many of these examples have involved fortification of conventional 

foods, with one or a few micronutrients, special foods have also been formulated to 

target specific subsets of the population. For example, biscuits with iron, B-carotene and 

iodine (van Stuijvenberg, et al., 2001), as well as micronutrient fortified beverages 

(Abrams, et al., 2003), have been used successfully with school age children in 

developing countries (Latham, et al., 2001). Similarly, ONS have been used to improve 

nutritional status and health outcomes in institutionalized older adults (Allen, et al., 
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2013; Stratton, et al., 2012). Although ONS can improve health, dissatisfaction with the 

taste, flavour and texture of these products is common (Darmon, et al., 2008), and can 

lead to issues with compliance (Kennedy, et al., 2010).Food fortification has been used 

in previous studies to improve nutrient intake in older adults. Although little information 

is available regarding the long-term benefits of fortification in this population, it has 

proven to be an effective strategy for improving short-term nutrient intake. Adolphe et al. 

(2009) evaluated the impact of micronutrient fortification on pureed foods for LTC. The 

efficacy of this fortification program was evaluated over an 8-week trial, and during that 

time average intake was found to increase from baseline for all fortified micronutrients 

(Adolphe, et al., 2009). Others developed fortified biscuits to provide an alternative to 

oral nutrition supplements (Tsikritzi, et al., 2014). The impact of fortification on 

nutritional status was not evaluated in this study, but it was estimated that one serving 

of fortified biscuits (80g, or 2 small biscuits) provided approximately 40% of the 

micronutrients contained in an ONS and was easier to consume for  study participants. 

 Despite the promising results of fortification trials to date, a better understanding 

of the sensory implications of food fortification is needed before such strategies can be 

utilized on a larger scale. The sensory properties of fortified foods must be considered 

when evaluating the efficacy of fortification, as food sensory properties play a vital role 

in food acceptance in older adults (Mathey, et al., 2001). In fact, sensory complaints are 

the most frequently cited reason for poor compliance with ONS (Darmon, et al., 2008). 

To avoid similar issues with fortified foods, the sensory properties must be evaluated to 

ensure they are acceptable to older adults. Unfortunately, to date, even those studies 



7 

 

that have included some form of sensory testing are unable to provide insight into 

potential sensory issues that have arisen, due to the methodology used. For example, 

Adolphe et al. (2009) identified sensory changes of pureed foods resulting from 

fortification, but it could only be concluded that a difference was present compared to 

unfortified foods. No information regarding the specific sensory changes to the food or 

the acceptability of these foods to consumers was acquired because only basic sensory 

testing was used in the study. Despite these limitations, the authors chose to exclude 

several micronutrients to prevent sensory changes from occurring. Removal of these 

nutrients may have been unnecessary, as others have found sensory changes 

associated with fortification to have no impact on consumer liking (Tsikritzi, et al., 2014). 

A recent review concluded that food fortification is a viable strategy for improving 

nutrient intake, though further research is warranted (Lam, et al., n.d.) 

With more advanced sensory testing, changes in food sensory properties and 

consumer perception can be quantified. For example, Tsikritzi et al., (2014) evaluated 

the sensory properties of fortified biscuits using a trained panel, and the liking of these 

foods by older adult consumers. Significant changes in taste, texture and flavour 

attributes were identified in the fortified biscuits. However, despite all of these changes, 

no change in liking was observed. This could imply either that the sensory changes 

found by a highly sensitive trained panel were not detectable by older adult consumers, 

or simply that these changes did not alter their liking of the product. The results of these 

studies support the need for detailed sensory testing that can identify both the types of 

sensory changes that occur and the impact of these changes on consumer liking. 



1This chapter forms the basis of a review article accepted for publication by the Journal 
of Texture Studies.  

Field, K., Duizer, L.M., Keller, H., Duncan, A., & Stark, K. 2016. Food sensory properties 
and the older adult. Journal of Texture Studies. Accepted.  
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Chapter 3  Literature Review: Food Sensory Properties and the Older 

Adult1 

3.1 Food Oral Processing 

Food oral processing is an essential component of food consumption. Effective 

mastication and salivary flow are required for proper food breakdown and bolus 

formation, as well as flavour release. Proper positioning of food within the mouth is also 

important throughout this process; the muscles of the jaw, the teeth, the tongue, as well 

as the salivary glands and mechanoreceptors all play an important role throughout this 

process.  While age on its own is not a risk factor for decreased masticatory function, 

proper bite force, dentition, and salivary flow are all associated with effective 

mastication (Hatch, et al., 2001; Ikebe, et al., 2011).   
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3.1.1 Muscles of the Jaw 

When a food is placed in the mouth, the upper and lower jaw bones (the maxilla 

and the mandible) must come together to allow the teeth to crush and grind the food 

(Boyar & Kilcast, 1986). This movement occurs through the temporomandibular joint 

(Agrawal, et al., 1998). The muscles of this joint extend to depress the mandible and 

contract to elevate it. When the mandible is elevated, contraction of these muscles 

contributes to the bite force created. With age, a loss in muscle mass is observed 

(Newton, et al., 1993; Palinkas, et al., 2010). This loss of muscle, known as sarcopenia, 

occurs throughout the body with aging and entails a reduction in both the number and 

size of muscle fibers, ultimately leading to a loss in strength (Whitbourne, 2002).  

The loss in muscle observed in the jaw has been associated with a decrease in 

bite force (Hatch, et al., 2001).  However, this alone may not have a large impact on 

masticatory performance, as older adults are able to compensate for this loss with an 

increase in the number of chewing strokes and length of chewing duration. When 

evaluating chewing efficacy of two foods (ground nuts and carrots), normally dentate 

older adults (68.8+/- 7.0 years) were found to chew food for a longer period of time and 

use a greater number of chewing strokes prior to swallowing as compared to their 

younger counterparts (35 +/- 10.6 years) (Mishellany-Dutour, et al., 2008). The results 

of this study indicate that adaptations to masticatory function with aging allow for the 

formation of a bolus that is suitable for swallowing, however proper dentition is required. 
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3.1.2 The Teeth  

The teeth also play a vital role in food breakdown, as they are required for the 

crushing and grinding of food. However, with age, the teeth become flatter due to 

abrasive wear (d'Incau, et al., 2011). Increased rates of edentulism, or tooth loss, are 

also observed (Polzer, et al., 2010). Poor dentition as well as a low number of functional 

units (two opposing teeth), are common in older adult populations and are associated 

with increased complaints of difficulties chewing and swallowing (Hildebrandt, et al., 

1997).   Although teeth can be replaced with partial plates or dentures, chewing efficacy 

is not fully restored. Despite an even greater increase in both chewing strokes and 

duration, a coarser bolus is formed (Mishellany-Dutour, et al., 2008). Poor dentition, 

specifically a lack of functional units and post-canine teeth, has also been found to 

negatively impact bite force in older adults (Bakke, et al., 1990; Hatch, et al., 2001). 

3.1.3 The Tongue 

The tongue also plays an important role during food oral processing. It is needed 

for manipulation and when pushed against the palate, it creates pressure which propels 

the bolus into the pharynx to initiate swallowing (Chen, 2012; Pereira, 2012; Youmans & 

Stierwalt, 2006).  The tongue is a large mass of striated muscle which covers the floor 

of the mouth and continues into the oropharynx. It is made up of four pairs of intrinsic 

muscles: the superior longitudinal, the inferior longitudinal, the verticalis, and the 

transversus muscles, and it is held in placed by four pairs of extrinsic muscles: the 

genioglossus, the hypoglossus, the styloglossus, and the pallatoglossus muscles 
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(Hansen, 2010; Pereira, 2012). The shape of the tongue is controlled by the intrinsic 

muscles, while the extrinsic muscles position the tongue within the mouth. As seen with 

the muscles of the jaw, the muscles of the tongue can become weaker with age, 

resulting in decreased tongue strength and swallowing capability (Alsanei & Chen, 

2014; Fei, et al., 2013). The ability to detect the size and shape of an object in the 

mouth, which is an important part of bolus formation, is also reduced (Kawagishi, et al., 

2009).  

3.1.4 Saliva 

Saliva production is required for the formation of a bolus and to lubricate food for 

swallowing. Production of saliva comes primarily from the three major salivary glands in 

the mouth (Carpenter, 2013). The parotid, which is the largest salivary gland, produces 

the greatest stimulated salivary flow, while the submandibular (SM) and sublingual (SL) 

glands contribute to resting salivary flow. Saliva production is stimulated by tasting and 

chewing food, and to a lesser degree by the smell (Carpenter, 2013) and the 

appearance (Christense & Navazesh, 1984) of a food. Although some conflicting results 

are present, a recent meta-analysis determined that aging is associated with lower 

salivary flow (Affoo, et al., 2015). This decrease is associated with the reduction in bite 

force observed with aging, as bite force stimulates salivary release (Bourdiol, et al., 

2004; Yeh, et al., 2000). An increase in the prevalence of xerostomia (subjective feeling 

of dry mouth) has also been observed with aging, and is associated with chronic 

medical conditions and increased medication use (Locker, 1995; Nederfors, et al., 1997; 

Smidt, et al., 2011).  



12 

 

3.2 Sensory Perception  

When food is consumed, all of the senses are involved in perception of the 

sensory properties of that food. Even before consuming a food, judgements are made 

based on appearance and smell. Perception of food texture begins with the first bite and 

continues throughout mastication as food begins to breakdown, and even after 

swallowing. Throughout oral processing, the senses of taste and smell as well as the 

trigeminal senses are important contributors to flavour perception. The sense of taste 

(gustation) allows for the perception of the five basic tastes (sweet, salty, sour, bitter 

and umami), while the sense of smell (olfaction) is triggered by volatile compounds. 

Trigeminal sensations are responsible for the perception of temperature, feelings 

associated with heating and cooling, as well as the pain sensation associated with spicy 

foods (Green, 1996).  Changes in the way food sensory properties are perceived with 

aging will be discussed in this section.   

3.2.1 Appearance 

Our first impression of a food is often formed by its visual appearance. The 

appearance of a food can shape our expectations of a food, and even alter our 

perception of other sensory properties. Colour, for example, can influence our 

perception of flavour, as it provides cues about flavour identity and intensity (Du Bose, 

et al., 1980). The appearance of a food can also provide visual cues about the texture of 

a food. Texture terms associated with food appearance are often related to surface 
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properties (ie. smooth or rough), homogeneity (lumpiness) and characteristics related to 

oiliness or wetness (Szczesniak & Kahn, 1971). 

The appearance of a food is perceived by our sense of vision.  In order to see an 

image, light is reflected from a stimulus and travels into the eye through the cornea, the 

pupil, the vitreous humor and finally reaches the retina located at the back of the eye. 

Light is then converted into neural impulses by the photoreceptor cells (rods and cones) 

in the eye, and an image is perceived. The intensity of light that strikes the retina is 

controlled by the lens because of its ability to dilate and contract according to how much 

light is entering the eye. The lens allows the eye to focus on images at different 

distances.  With aging, a number of physiological changes occur to the eyes that can 

affect visual acuity. For example, changes to the shape of the cornea alter the way light 

is reflected which can lead to blurry vision (Houde, 2007). The lens of the eye can also 

become less transparent, making it more difficult to discriminate between certain 

colours (Houde, 2007). In some cases, cataracts, a clouding of the lens, may also 

develop as a result of protein buildup (Kalinga, 1997). These changes begin in the 

fourth decade of life and progress with age, such that visual acuity is reduced by 

approximately 80% by the age of 80 (Whitbourne, 2002).   

The influence of age-related changes in vision on food perception have not been 

studied directly, however many studies have evaluated the effects of masking visual 

cues of food products. Colour masking for example, has been found to decrease 

participants’ ability to correctly identify the flavour of fruit-flavoured drinks (Du Bose, et 

al., 1980; Levitan, et al., 2008; Shankar, et al., 2009; Zampini, et al., 2007). Colour can 
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also increase flavour intensity ratings (Du Bose, et al., 1980; Levitan, et al., 2008; Maga, 

1974) and affect acceptance ratings of a food, with liking scores increasing as colour 

intensity increases (Du Bose, et al., 1980; Wadhwani & McMahon, 2012). Changes in 

vision are not likely to impact texture perception to the same extent, as previous work 

has demonstrated that masking of visual cues does not alter perception of textural 

attributes (de Liz Pocztaruk, et al., 2011). 

3.2.2 Texture 

Texture can be defined as, “the sensory and functional manifestation of the 

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

vision, hearing, touch and kinesthetics” (Szczesniak, 2002, p. 215). The texture of a 

food is derived from its structure, and is detected primarily through kinesthetic 

sensations such as touch and pressure (Koç, et al., 2013). The texture of a food is not 

perceived as a single attribute, but rather as a combination of different attributes. 

Furthermore, food texture is perceived at various stages while we eat from the first bite 

we take, throughout mastication, as we swallow, as well as any residual feelings 

(Szczesniak, 2002). Auditory and visual cues can also influence our perception of 

texture (de Liz Pocztaruk, et al., 2011). 

Many of the physiological changes occurring with aging that affect food oral 

processing, such as reduced salivary flow,  poor dentition and decreased bite force, 

have the potential to alter the perception of food texture (Engelen & van der Bilt, 2008). 

However, there are few papers investigating the effects of aging on texture perception 
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directly. This is likely due to the large number of attributes that exist in food products, as 

well as the lack of appropriate tests to evaluate texture perception. However, some 

changes in texture perception of foods with aging have been observed. Research has 

shown that, in comparison to younger adults, older adults perceive creaminess of foods 

to be lower (Kremer, et al., 2005; Kremer, et al., 2007) and have a greater sensitivity for 

certain attributes, such as mouth drying (Withers, et al., 2013). Hardness is also 

perceived as a more dominant attribute in foods for older adults as compared to their 

younger counterparts (Hutchings, et al., 2014). More work is needed to fully understand 

the influence of age on changes in texture perception. 

 Although it is difficult to evaluate individual texture perception, changes in 

texture perception are evidenced by the role of texture properties in food avoidance and 

modification, which are common practices amongst older adults (Quandt, et al., 2010). 

Due to physiological changes and oral health issues, some foods may become more 

difficult to consume for some older adults (Quandt, et al., 2010). Foods that are 

considered difficult to consume are often associated with textural attributes. Stringy (ie. 

meat), hard or crunchy (ie. carrots and apples), sticky (ie. candy) and dry solid (ie. 

bread) foods are often avoided (Hildebrandt, et al., 1997; Quandt, et al., 2010). Food 

modification strategies, such as peeling fruits/vegetables, slicing/chopping foods into 

smaller pieces and cooking longer to soften foods are also commonly used to make 

foods easier to consume.  

Our sense of hearing is also involved in our perception of food texture. When 

food is consumed, different sounds are produced depending on the characteristics of 
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that food (Drake, 1963). For example, textural attributes such as crispness, crunchiness 

and hardness are all commonly associated with sounds generated during chewing 

(Szczesniak & Kahn, 1971; Vickers, 1981). Others have shown that perception of a 

food’s moistness is dependent on auditory cues as well (Masuda, et al., 2008). Hearing 

loss is common with aging, with an estimated 40% of adults over the age of 65 

experiencing some degree of hearing loss – the prevalence of which increases to 

approximately 80% by the age of 80 (Gates, et al., 1990). Although the effects of age-

related changes on hearing have not been evaluated directly, masking of auditory cues 

has been found to alter perception of certain textural attributes, such as moistness (de 

Liz Pocztaruk, et al., 2011). However, others found that perception of crispness was not 

affected by auditory masking (Christense & Vickers, 1981).  It has been suggested that 

hearing loss may affect the perception of those attributes directly associated with sound 

generation, while those which can be perceived with the help of bone-conduction will 

not be affected (Duizer, 2001).  

3.2.3 Taste  

Taste sensations are elicited by the interaction of specific tastants with their 

corresponding taste receptors. These receptors are located in taste buds within the 

papillae found inside the mouth, on the tongue and soft palate.  When a food is eaten, 

tastants dissolve in saliva and are carried to the taste receptor cells. The tastants then 

bind to their specific receptors to elicit a sensation (Scanlon & Sanders, 2010). Taste 

buds are continuously regenerated, with an average life span of 8-10 days. However, 

this process can become disrupted with age, leading to a loss in homeostasis 
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(Chandrashekar, et al., 2006). Inflammation, which is present with many forms of 

illness, can also disrupt regeneration (Feng, et al., 2014). Other conditions, such as 

increased bacterial growth in the mouth due to poor oral health (Solemdal, et al., 2012), 

and the use of certain medications (Frank & Hettinger, 1992) can also impact taste. 

Changes in taste perception with age are well documented. Methven et al. (2012) 

reviewed 69 articles evaluating the effects of ageing on taste perception. Detection 

thresholds were most often reported (40 studies), although identification thresholds (18 

studies) and perceived intensity at supra-threshold levels (18 studies) were also 

reported by many. The effects of age on perception of sweet, salty, sour, bitter and 

umami tastes were reviewed, and in all cases a loss in taste perception was reported. 

However, the degree to which this occurred varied greatly depending on taste modality 

as well as the specific tastants used. However, the relevance of these thresholds for 

food perception was questioned by the authors, as higher taste threshold do not 

necessarily translate to changes in food perception. For example, although thresholds 

for salt taste were twice as high for older versus younger adults, older adults were still 

able to detect salt at levels far below what is present in most foods. Furthermore, a 

previous study found no correlation between detection thresholds and preferred tastant 

concentrations (Mojet, et al., 2005). Perceived intensity of tastants at detectable levels 

may be more meaningful, as preferred tastant concentrations have been found to 

negatively correlate with intensity ratings for salty, bitter, sweet and umami tastes. As 

with taste thresholds, intensity ratings for bitter, salty, sour and umami were found to 

decrease with age, however this is not true for sweetness (Methven, et al., 2012). 
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3.2.4 Olfaction 

 Even before consuming a food, our sense of smell plays an important role in 

flavour perception. The smell, or odor, of a food is made up of volatile odor compounds. 

These compounds can enter the nose through the nostrils (orthonasally) or through the 

back of the nose during eating (retronasally). They then bind with the olfactory 

receptors, which are found in the olfactory epithelium, located anteriorly inside the nose. 

The olfactory receptors pass through the cribriform plate where they aggregate to form 

the olfactory bulb, which in turn sends a signal to the brain (Doty & Kamath, 2014). 

These receptors are selective, and can only bind with a specific range of odor 

compounds. Therefore, when an odor compound, or a combination of odor compounds, 

binds with these receptors, the pattern of binding leads to the perception of a specific 

smell (Johnson & Leon, 2007). 

Aging is primarily associated with a narrowing of the foramina in the cribriform 

plate, causing damage to the axons of the olfactory receptor cells (Kalmey & 

Thewissen, 1998). Changes to the olfactory tissue have also been observed, including 

reduced vascularization, a decrease in the number of olfactory receptors present, and a 

reduction in the size of the olfactory bulb. Although these changes may be associated 

with aging to some extent, they are believed to be primarily due to the cumulative 

exposure to environmental toxins throughout the lifespan. The increased prevalence of 

certain disease states with aging can also impact olfactory capabilities. Conditions 

affecting the nose and sinuses, such as rhinosinusitis and nasal polyposis, as well as 

cardiovascular disease and Alzheimer’s disease can reduce olfactory function 
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(Hüttenbrink, et al., 2013; Schubert, et al., 2012). Age-related decline in olfactory 

sensitivity is well documented (Doty, et al., 1984; Murphy, et al., 2002; Seligman, et al., 

2013), and it has been estimated that approximately 1 in 4 older adults experience this 

dysfunction (Karpa, et al., 2010; Sulmont-Rossé, et al., 2015).  Not surprisingly, older 

adults have been found to perceive food odors as being less intense (Schubert, et al., 

2012). 

3.2.5 Chemesthesis 

Chemesthesis refers to those sensations that are mediated by chemical 

compounds which activate receptors normally responsible for sensing pain, touch or 

temperature. In flavour perception, these sensations are primarily mediated by the 

trigeminal nerve. Trigeminal sensations in the mouth and nose are responsible for 

perceptions such as the chemical burn associated with chili peppers, and the cooling 

sensation associated with menthol (Green & Lawless, 1991). There is evidence of an 

age-associated loss in trigeminal sensitivity in the nose, with a greater loss observed in 

those with olfactory dysfunction (Frasnelli, et al., 2006; Hummel, et al., 2003). 

Trigeminal sensations in the mouth appear to be relatively well preserved in older adults 

(Fukunaga, et al., 2005), although a modest decrease in sensitivity to menthol has been 

observed (Kremer, et al., 2007).  

3.3 Food Liking  

Because of the many changes in sensory perception observed with aging, it is 

often assumed that older adults will experience a decrease in food liking. As a result, 
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much work has been completed to evaluate the influence of age and sensory acuity on 

food liking. Most of the research regarding food liking in older adults completed to date 

has been focused on improving liking and/or intake by enhancing food sensory 

properties. Many conflicting results have been found, making it difficult to discern any 

clear pattern. For example, older adults have been found to prefer cereal products with 

higher levels of sweetness (De Jong, et al., 1996), and others have identified a 

significant increase in both food liking and intake with flavour enhancement (Pouyet, et 

al., 2015). However, most studies have observed no improvement in food liking with 

flavour enrichment and enhancement strategies (Essed, et al., 2009; Forde & 

Delahunty, 2004; Kälviäinen, et al., 2003; Koskinen, et al., 2003; Koskinen, et al., 2005; 

Kremer, et al., 2007; Laureati, et al., 2008), and some have actually observed a 

decrease in food liking and intake (Griep, et al., 1997; Koskinen, et al., 2003; Kremer, et 

al., 2007). In addition, a recent review found that younger and older individuals barely 

differ in their initial liking of a food (Doet & Kremer, 2016), further questioning the 

influence of age on food liking.  

Changes in preferences for food textures are more conclusive. Texture attributes 

considered ‘difficult’, including ‘rough’, ‘crispy’, ‘crunchy’ and ‘hard’, are preferred by 

younger adults, while older adults are more likely to prefer textures that are easy to eat 

(Roininen, et al., 2003). However, very smooth and soft textures are not well liked. The 

relative importance of different sensory modalities to overall liking of a food product may 

also change with age. Texture, for example, has been found to play a greater role in 

food liking in older compared to younger adults (Forde & Delahunty, 2002; Kälviäinen, 
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et al., 2003), Recent studies have also found that multi-modal sensory enhancement 

strategies which alter more than one sensory modality (ie. taste and texture) are more 

successful at improving liking in older adults (Kremer, 2014). 

Because of the high degree of variability surrounding age-related changes in 

sensory perception, many have also attempted to group older adults based on their 

chemosensory capabilities, but as with age the influence of sensory capabilities on food 

liking is unclear. Older adults with olfactory impairment have been found to consume the 

same meal more frequently and prefer different snacks compared to unimpaired 

individuals (Kremer, 2014). However, multiple studies have found no difference in liking 

between older adult subgroups separated based on their chemosensory capabilities 

(Forde & Delahunty, 2004; Koskinen, et al., 2003; Kremer, et al., 2007; Kremer, 2014), 

and in some instances, liking scores of the impaired group were more similar to the 

those of the young than were the scores of the unimpaired group (Kremer, 2014).  

In some studies, subgroups of older adults who respond positively to flavour 

enrichment/enhancement strategies have been identified, however these groups did not 

differ based on chemosensory sensitivity (Forde & Delahunty, 2002; Kremer, et al., 

2007). Further work is needed to understand the factors that differentiate these groups. 

Chewing capabilities may be one of these factors, as grouping of older adults based on 

their chewing efficacy revealed differences in perception of sweetness, with lower 

chewing efficacy associated with a decrease in ratings for sweetness intensity (Kremer, 

et al., 2007). One possible cause for this relationship is that tastants must be released 

from a food matrix and dissolved in the saliva before they can reach the taste receptors.  
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Although results are conflicting, most research to date provides little support for 

an effect of age-related changes in sensory perception on food liking (Doet & Kremer, 

2016). It has been suggested that this may be due to the fact that the relationship 

between sensory and hedonic judgement is not linear, meaning that a reduction in 

intensity does not necessarily predict a reduction in acceptability ratings (Kremer, 2014). 

It has also been hypothesized that because sensory capabilities diminish slowly and 

gradually throughout the life span, individuals become accustomed to these changes 

(Mojet, et al., 2003).  

However, most of the research to date has focused on taste and smell when 

evaluating food liking in older adults. Although taste and smell have been studied and 

reviewed in great detail, significant changes to all of the senses have been identified 

with aging. Texture, for example, is an increasingly vital sensory modality with age, yet 

very few studies have included texture when developing enrichment/enhancement 

strategies. Additionally, although many studies have evaluated the influence of taste 

and smell perception, the vast majority of foods evaluated in these studies have been 

enriched or enhanced in an attempt to improve food liking. Very little work has 

evaluated the importance of individual sensory performance when it would be 

advantageous to have lower sensory capabilities, and it has been suggested that this is 

an area for further work (Methven, et al., 2015).  
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3.4 Sensory Evaluation  

The use of sensory and consumer science methods with older adults were recently 

reviewed (Methven, et al., 2015).  When evaluating foods for frail older adults, Methven 

et al. (2015) identified a number of difficulties related to the large sample size and 

cognitive abilities required to obtain meaningful results. Fortunately, previous studies 

have found very little difference in liking between healthy and frail older adults (Dermiki, 

et al., 2013; Dermiki, et al., 2014).  As a result, it is suggested that initial hedonic testing 

be completed with healthy older adult populations. Hedonic testing can be completed 

with healthy older adults without issue, although category scaling may be easier to use 

for older populations versus unstructured line scales (Griep, et al., 1998). Although 

some studies have suggested the use of simpler methods, such as hedonic ranking and 

paired preference tests, when evaluating liking in older adult populations, category 

scaling has been found to provide reliable information (Barylko-Pikielna, et al., 2004). 

Furthermore, more simplified methods, such as paired preference tests and ranking 

tests, only provide information about the order of preference between samples, but do 

not indicate the magnitude of the liking of the products. 

Older adults are a particularly heterogeneous consumer group when it comes to 

food liking. Therefore, further consideration should be given differences in the way food 

sensory properties are perceived amongst older adults (Forde & Delahunty, 2004; 

Song, et al., 2014). The use of cluster analysis when completing consumer testing with 

older adults has been recommended (Methven, et al., 2015). Cluster analysis is often 

used during consumer testing to identify subgroups of the population with different 
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preferences, but has not been utilized when evaluating older adult populations, despite 

the increased variability often observed within this population (Methven, et al., 2015). 

Once subgroups have been identified, product characterization can then be completed 

separately for each subgroup using some form of consumer profiling, such as check-all-

that-apply (CATA) questions (Ares & Jaeger, 2015).  A number of studies have 

determined that CATA questions can be combined with hedonic judgements without 

introducing bias (Ares & Jaeger, 2015; Jaeger & Ares, 2014; Jaeger, et al., 2013). 
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Chapter 4 : Rationale and Research Objectives 

The objectives of this research were: 

1) To identify nutrient levels and foods that could be used to improve vitamin and 

mineral intake of older adults in LTC,  

2) To evaluate the sensory properties of select fortified foods,  

3) To understand the impact of fortification on consumer perception and liking of 

these foods,  

4) To investigate the role of aging and sensory capabilities on consumer 

perception and liking.  

Given the difficulties surrounding micronutrient intake in older adult populations, it 

is important to investigate strategies that have the potential to improve vitamin and 

mineral intake; fortification is one of these strategies. In order to ensure safety and 

provide the greatest nutritional benefit possible, vitamin and mineral levels will be 

selected specifically to meet the needs of the target population – older adults in LTC. In 

addition, as variety in the diet is important to maintain, a number of different foods will 

be evaluated as potential carriers.   

When determining feasibility, food sensory properties are a vital consideration as 

fortified foods can only be effective if they taste good and consumers are willing to eat 

them. However, the exclusion of nutrients to prevent sensory problems is not a decision 

that should be taken lightly, given the potential health benefits that may be lost. 

Previous fortification trials in similar populations have relied on incomplete sensory 

testing when making important decision about the acceptability of such foods. This 
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research will utilize a number of different sensory evaluation methodologies to ensure 

sensory changes and their consequences are fully understood. 

As older adults represent a diverse population with a wide range of sensory 

capabilities, individual sensory performance will also be taken into consideration. 

Although previous research suggests that sensory capabilities, namely taste and smell, 

have little impact on food liking, these studies have focused largely on enrichment and 

enhancement strategies that aim to increase food liking. The role of sensory capabilities 

on food liking when a negative change is present, is an area that has been recognized 

as requiring further investigation. To date, very little work has evaluated liking of foods 

with undesirable sensory changes. This research will evaluate taste and smell 

capabilities in older adult consumers to evaluate the role of sensory acuity in consumer 

liking of fortified foods. Younger adults will be included in all evaluations to allow for 

comparison with their older counterparts.   

Many previous studies have identified a greater amount of variability amongst 

older adult consumers when completing consumer testing, and others have identified 

subgroups of older adults that respond differently to product changes. The current 

research will identify subgroups of older adults with different patterns of liking, and will 

utilize a descriptive consumer method to interpret the specific attributes associated with 

changes in liking, as well as differences in perception of food sensory properties 

between subgroups.  
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Chapter 5 : Nutrient/Food Selection  

5.1 Micronutrient Levels 

Micronutrient malnutrition is prevalent in older adults, particularly those residing 

in LTC (Boström, et al., 2011; Furman, 2006). As this poses numerous health risks 

(Bartali, et al., 2006; Chandra, 1997; Keller, et al., 2004), it is important to evaluate 

strategies that can increase micronutrient intake in this population. Micronutrient 

fortification has been recognized as a viable strategy for improving micronutrient intake 

in older adults (Lam, et al., n.d.), and may prove to be particularly useful for this 

population as it does not require the use of ONS or pill supplements, which are 

associated with issues related to compliance and cost. In order to evaluate a possible 

micronutrient fortification strategy, the first step of this research was to select the 

appropriate micronutrient levels as well as possible food carriers for fortification. .  

To determine appropriate micronutrient levels for fortification, it was important to 

consider dietary reference intakes (DRI’s) for each micronutrient. DRI’s provide a set a 

reference values that indicate the amount of a specific nutrient that should be included 

in the diet (Health Canada, 2010). These values are set by Canadian and American 

scientists through review of the scientific literature. There are four types of reference 

values. The estimated average requirement (EAR) indicates the daily amount of a 

nutrient that would meet the needs of 50% of healthy individuals of a particular age and 

gender group. The EAR is used to calculate the recommended dietary allowance 

(RDA), and is equal to the EAR + 2 standard deviations. It refers to the average daily 
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amount required to meet the needs of nearly all healthy individuals (97.5%) of a specific 

age/gender group. When there is insufficient data to determine an EAR/RDA for a 

nutrient, an adequate intake (AI) amount is calculated. This amount is based on 

scientific information, though less conclusive than an RDA. The tolerable upper intake 

level (UL) indicates the highest daily amount that can be consumed without posing any 

adverse health risks for most individuals.  

Potential for micronutrient deficiencies of the target population were also taken 

into consideration. A recent study evaluating the micronutrient content of menus from 

selected LTC homes across Canada identified a number of vitamins and minerals 

frequently consumed below recommended levels (Lam, et al., 2015). Five LTC homes 

from across Canada were selected, and a full week of meals from each LTC home was 

evaluated and compared with RDA/AI values for those over the age of 70. Vitamins D 

and E were below recommended levels for all homes, and others, such as folate, 

magnesium and potassium, were also low in most cases. A scoping review conducted 

by the same authors identified several additional micronutrients with evidence of 

deficiency in this population (Lam, 2014).  

When determining fortification levels for the current research, the target daily 

amount for each micronutrient was set with the goal of increasing micronutrient intake 

while avoiding any potential adverse health effects due to excessive intake. These 

levels were set with consideration for the DRI values, as well as nutrient intake levels of 

this population. For example, the target daily amount for vitamin D, vitamin E and folic 

acid was set equal to the RDA. These micronutrients are commonly consumed at <50% 
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of the RDA in older adult populations (Lam, et al., 2015). In addition, each of these 

micronutrients has a tolerable upper limit far greater than their RDA, such that toxicity 

from overconsumption was not a risk. Calcium was also identified as commonly being 

consumed below recommended levels, however due to health concerns associated with 

high calcium intake, as well as frequent supplementation of this nutrient, the target daily 

amount was set at 25% of the RDA.  

Other micronutrients, such as vitamin C, vitamin B6 and vitamin B12 were set at 

levels greater than the RDA. These nutrients can safely be consumed at levels much 

greater than the RDA, as their tolerable upper limit is much higher. Additionally, there is 

strong evidence to suggest that the RDA for these micronutrients should be increased 

for older adults, due to increased requirements associated with aging (Linus Pauling 

Institute, 2016). A micronutrient powder, containing the nutrient levels outlined in Table 

5-1 in a maltodextrin carrier, was sourced from Calico Ingredients (Kingston, 

ON)(Appendix A).  This powder can be added to foods in varying amounts to achieve 

the desired fortification level (% daily dose), allowing for different levels of fortification to 

be evaluated in this research.  
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5.2 Food Carriers 

Multiple food carriers were desired to allow variety in the diet to be maintained, 

which has been identified as an important factor influencing food intake 

(Nieuwenhuizen, et al., 2010). Four foods were selected as potential carriers for the 

micronutrient powder: tomato soup, mushroom soup, oatmeal and mashed potatoes. 

These foods were selected based on a series of interviews conducted with nutrition 

managers and chefs working in LTC (Lam, 2014). The selected foods are commonly 

consumed by older adults residing in LTC facilities, can be eaten by individuals with a 

wide range of chewing and swallowing capabilities, and would be easy to add a 

powdered supplement to. Furthermore, a combination of foods was also selected so 

that the micronutrient powder could be provided at different meals of the day if desired. 

It was also noted that soup is considered a comfort food and is often consumed even by 

individuals with decreased food intake.  
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Table 5-1: Micronutrient levels for fortification. 

Nutrient RDA/AI UL Rationale Daily Dose 

Vitamin D 20ug 100ug RDA 20ug 

Vitamin E 15mg 1000mg RDA 15mg 

Folic Acid 400ug 1000ug RDA 400ug 

Riboflavin 1.3mg (m) 

1.1mg (f) 

ND RDA 1.1mg 

Thiamin 1.2mg (m) 

1.1mg (f) 

ND RDA 1.1mg 

Zinc 11mg (m)  

8mg (f) 

40mg RDA 8mg 

Vitamin B6 1.7mg (m) 

1.5mg (f) 

100mg 2 x RDA 3mg 

Vitamin C 90mg (m) 

75mg (f) 

200mg 2 x RDA 150mg 

Vitamin B12 2.4ug ND 5 x RDA 12ug 

Calcium 1200g 2000mg 25% RDA 300mg 

Magnesium 420mg (m) 

320mg (f) 

320mg 25% RDA 80mg 

Niacin 16mg (m) 

14mg (f) 

35mg 25% RDA 3.5mg 

      *m (male), f (female), ND (not determined), RDA (recommended dietary allowance) 

  



32 

 

5.3 Discussion and Conclusion 

This research identified specific micronutrients and potential food carriers that 

can be used to target the needs of older adults in LTC. Although these foods have the 

potential to increase intake of the selected vitamins and minerals, they will not be 

effective unless people are willing to eat them. As such, the sensory properties and 

acceptability of these foods to older adult consumers must be considered. 

 Sensory properties play a vital role in food acceptance and liking, and previous 

studies have identified a number of changes to food sensory properties associated with 

the addition of vitamins and minerals. For example, the addition of vitamin A, vitamin D 

and iron to coffee was found to impart chemical aromas and an aftertaste (Benković, et 

al., 2015). Others observed a decrease in flavour scores of yogurt with the addition of 

folic acid (Boeneke & Aryana, 2008). Changes in texture and colour have also been 

observed with micronutrient fortification of tortillas (Burton, et al., 2008).  

Recent studies evaluating fortification strategies targeting the needs of older 

adults in LTC, similar to the one proposed in this research, have also identified 

differences in food sensory attributes, but have not completed sufficient testing to 

determine the relevance of these changes (Adolphe, et al., 2009; Tsikritzi , et al., 2014; 

Tsikritzi, et al., 2015). In addition, changes to food sensory properties will vary 

depending on the specific nutrients and foods selected. To ensure that the fortification 

program proposed in this research is feasible, the sensory attributes of these foods as 

well as their acceptability to older adult consumers must be evaluated. 



33 

 

Chapter 6 : Sensory Properties of Fortified Foods 

6.1 Introduction 

With age, older adults often experience a decrease in appetite and food intake 

(Hays & Roberts, 2006). Because of this, older adults often consume micronutrients 

(vitamins and minerals) below recommended levels (Ter Borg, et al., 2015), leading to 

high rates of micronutrient malnutrition in the older adult population, particularly those 

residing in LTC (Boström, et al., 2011; Carrier, et al., 2007; Woods, et al., 2009). This is 

of great concern, as micronutrient deficiencies can lead to numerous health 

consequences and decreased quality of life (Bartali, et al., 2006; Chandra, 1997; Keller, 

et al., 2004). Fortunately, with proper nutritional intervention these consequences can 

often be avoided (Babineau, et al., 2008). However, as malnutrition is largely due to a 

decrease in appetite that is observed with aging, it can be difficult to improve food intake 

in this population (Hays & Roberts, 2006). 

 A number of strategies have been utilized to prevent malnutrition in older adults. 

The use of ONS is common amongst older adults, but issues with poor compliance and 

high wastage are frequently reported (Remsburg, 2001; Wright, et al., 2005). Pill 

supplements are also available, but as with ONS compliance is a challenge, and 

administration of pill supplements within a LTC home can be time consuming and costly 

(Oakley, 2004). As a result, food fortification has been identified as an ideal strategy for 

improving nutrient intake in older adults, as it does not require additional food to be 

consumed or the use of supplements (Dunne & Dahl, 2007).  
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Although food fortification has been identified as a viable strategy for improving 

micronutrient intake in LTC populations, the need for further research has been 

acknowledged, particularly in regards to food sensory properties (Lam, et al., n.d.). 

Changes to food sensory properties as a result of micronutrient addition are well 

documented (Benković, et al., 2015; Boeneke & Aryana, 2008; Burton, et al., 2008), and 

recent studies evaluating fortification strategies for older adults have identified sensory 

differences in fortified foods. These studies have added combinations of micronutrients 

to different foods, such as sauces (Tsikritzi, et al., 2015), biscuits (Tsikritzi , et al., 2014) 

and pureed foods (Adolphe, et al., 2009). Although each of these studies has included 

some form of sensory testing, it has often not been sufficient to determine the specific 

sensory differences present in fortified foods. For example, Adolphe et al., (2009) 

identified significant sensory differences between fortified and unfortified samples using 

a triangle test. This test, however, only examines overall differences between two 

samples and does not provide any descriptive results regarding how attributes differ. 

Tsikritzi et al., (2015) on the other hand, evaluated sensory properties of 3 micronutrient 

enhanced sauces and identified significant differences in the sensory attributes of these 

foods compared to a control. In gravy, micronutrient enhancement was found to supress 

typical flavour attributes such as ‘beef’ and ‘red wine’ flavour, and a decrease in 

sourness and bitterness were also observed. With tomato sauce, a decrease in ‘tomato 

flavour’ was observed with fortification, while savoury flavours were enhanced. In white 

sauces, micronutrient enhancement led to a yellow colour and an off-flavour. Although 

several sensory changes were identified in each of these sauces, in many cases 

fortification was not the only difference between samples. Other recipe changes, such 
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as the addition of macronutrients or flavour enhancement were often included as well. 

This made it difficult to definitively determine which changes resulted from fortification.  

In order to accurately assess the sensory differences in fortified foods, 

appropriate sensory testing methods must be used. Furthermore, sensory changes 

resulting from fortification will vary depending on the specific nutrients and foods 

selected.  The purpose of this research was to investigate the effects of a proposed 

micronutrient fortification program, targeting the needs of older adults in LTC, on the 

sensory properties of four foods commonly served in these facilities: oatmeal, 

mushroom soup, tomato soup and mashed potatoes. The effect of holding these foods 

above 65 °C for 2hrs was also evaluated, as foods served in LTC are often held for up 

to 2 hours in a warming cart. Two sensory techniques were used to evaluate food 

sensory properties – Napping® and Descriptive Analysis. 

6.2 Materials  

Four foods were selected for evaluation. These were tomato soup (Campbell’s® 

condensed tomato soup), mushroom soup (Campbell’s® condensed cream of 

mushroom soup), instant mashed potatoes (Betty Crocker® creamy butter potatoes) 

and oatmeal (Quaker® quick oats). To fortify the foods, a micronutrient powder was 

sourced from Calico Ingredients (Kingston, ON, Canada) (Appendix A). The target daily 

dose of micronutrients (Table 5-1) was contained in 1.58g of the fortification powder.  
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6.3 Methods 

6.3.1 Sample Preparation 

Each type of food was evaluated during a separate Napping® session. For each 

food, three levels of fortification were evaluated: 0% (control), 50% and 100% of the 

desired daily dose of micronutrients (Table 5-1). For each level of fortification, a fresh 

and a held sample were evaluated, leading to a total of 6 treatments (3 fortification 

levels x 2 holding times) being prepared for each food.   

Based on the results from Napping®, only the oatmeal and tomato soup samples 

were evaluated using Descriptive Analysis. For the oatmeal, all 6 treatments (3 

fortification levels x 2 holding times) were evaluated. For the tomato soup, ‘held’ 

samples were not included, and additional levels of fortification were evaluated. This 

made for a total of five tomato soup samples: 0%, 25%, 50%, 75% and 100% 

fortification. ‘Held’ samples were not included for tomato soup as holding was not found 

to affect tomato soup sensory properties during Napping® 

 For all foods, a standard procedure was created based on the label instructions 

with all ingredient amounts converted to a weight for consistency. To accomplish this, all 

ingredients were measured and weighed three times, and the average weight was 

taken. Specific preparation methods used for each food are as follows: 
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 Tomato Soup 

To prepare tomato soup, the condensed soup and water were thoroughly mixed 

in a stainless steel bowl using a wire whisk. The soup was then heated in a large 

stainless steel pot on an electric element on a domestic coil cooktop at medium heat 

(setting 5-6) for ~8mins until it reached 65 C, stirring frequently to prevent scalding. 

 Oatmeal 

To prepare oatmeal, water was heated in a stainless steel pot on an electric 

element on a domestic coil cooktop on high heat (setting 9) until it reached a boil. The 

heat was reduced to med-low (3-4) and the oats were added while stirring with a metal 

spoon. The oatmeal was cooked for 4 mins, stirring occasionally to prevent scalding. 

 Mushroom Soup 

To prepare the mushroom soup, the condensed soup and water were added to a 

large mixing bowl and thoroughly mixed using a wire whisk. The soup was then heated 

in a stainless steel pot on a domestic coil cooktop on med-low heat (setting 4-5) for ~10 

mins until it reached 65 °C.  

 Instant Mashed Potatoes 

To prepare the instant mashed potatoes, water, butter and milk were heated on 

high heat (8-9) in a large stainless steel pot on a domestic coil cooktop until a rapid boil 

was reached. The pan was then removed from the heat and the instant potato flakes 

were added to the pot and stirred for 2mins. The pot was then covered and allowed to 

sit for 5mins. 
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After preparation, the food was divided into individual portions, one for each 

fortification level. The amount of fortification powder required for each sample was 

calculated depending on the size of the batch and the desired fortification level (% of 

daily dose) (Appendix B). The powder was weighed using a scientific scale – with 3 

decimal places. The appropriate amount of fortification powder was added to each 

portion, and all portions, including those with no fortification (0%), were mixed with a 

wire whisk (tomato soup and mushroom soup) or a metal spoon (instant mashed 

potatoes and oatmeal) for 90 seconds. 

‘Held’ samples were prepared 2hrs before the panel. After mixing, they were 

poured into metal chafing dishes and held in a buffet server at approximately 70 °C for 

90mins. The temperature of the food was taken every 15mins during holding and the 

heat was adjusted as necessary to maintain the temperature at 70 +/-5 °C. After this 

time, food samples were poured into sample cups. ‘Fresh’ samples were prepared 

30mins before the panel and were poured into sample cups immediately after mixing. 

For both, 60mL Styrofoam sample cups were used, and were filled to the 30mL mark. 

Sample cups were lidded and labeled using random 3-digit codes. Samples were kept 

warm for the remaining 30mins before the panel by placing in a warm oven (71 °C).  All 

food samples were prepared in the metabolic kitchen located in the Human 

Nutraceutical Research Unit, University of Guelph. 
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6.3.2 Sensory Evaluation 

Approval for this research was granted by the research ethics board at the 

University of Guelph (REB#14JA002). This research utilized two profiling methods to 

evaluate food sensory properties, Napping® with ultra-flash profiling (UFP) and 

Descriptive Analysis. Napping® is a rapid profiling method originally described by 

Pagès, (2005). It can be completed in a single session and provides a snapshot of how 

similar/different a group of samples are from one another (Holt & Pearson, 2014). 

Napping® can be combined with some form of descriptive profiling, such as UFP, to 

obtain information about the specific sensory properties of each sample (Perrin & 

Pagès, 2009). Descriptive Analysis requires 8-12 panelists who are trained to evaluate 

food sensory attributes on intensity scales (Lawless & Heymann, 2010). Training is 

usually completed in one-hour sessions over 10-15 days. When combined, Napping® 

can help identify samples from a larger set for evaluation with Descriptive Analysis (Holt 

& Pearson, 2014).  

In this research, Napping® with UFP was first used as a screening tool to gain an 

understanding of the overall impact of fortification and holding time on the sensory 

properties of the four selected foods: oatmeal, tomato soup, mushroom soup and 

mashed potatoes. Based on the Napping® results, two foods were selected for 

additional testing: oatmeal and tomato soup. Descriptive Analysis was then completed 

to quantify sensory attribute changes in these two foods.  
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 Napping®  

The 6 samples within each food type were evaluated during an individual session 

of Napping®, with each session held on a different day. Twelve panelists were recruited 

from the Food Science department at the University of Guelph for each session. All 

panelists were familiar with sensory evaluation as they had participated in descriptive 

sensory panels in the past.  To complete all sessions, a total of 15 participants were 

recruited. Most panelists completed multiple Napping® sessions, and nine completed all 

sessions.  

In each Napping® session, training was completed to familiarize panelists with 

the experimental method. A demonstration of the Napping® and UFP protocol was 

completed using dried fruit. No additional training was provided for the specific products 

to be tested. Participants were also provided with a list of instructions to assist them 

with completing the task (Appendix C).  

A 40cm x 60cm, blank sheet of paper was provided to each participant. All of the 

samples were presented simultaneously and participants were asked to taste and 

evaluate all of the samples. Participants were allowed to taste samples in any order and 

as many times as they wished to completed their evaluations. They were provided with 

apple slices and water to cleanse their pallet between samples.  

Participants were instructed to place the samples on the sheet of paper based on 

their similarities and differences, with similar samples placed closer together and 

different samples placed further apart. To complete this evaluation, participants were 
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told to use their own criteria, focusing on whichever attributes they found important. 

After all of the samples were placed, participants were asked to mark an ‘X’ under each 

sample to indicate its location on the sheet of paper. Finally, UFP was completed 

whereby participants characterized the sensory properties of each sample by listing 

three to five words describing each sample.  

 Descriptive Analysis   

Two trained panels were completed, one for oatmeal and one for tomato soup. The 

procedures used for training each panel were similar. For each panel, 10 panelists 

between the ages of 19-40 were selected. Only three panelists participated in both 

trained panels. All panelists had taken part in a trained panel in the previous 6 months.   

 Training was completed in a group setting. Panelists were exposed to the entire 

range of samples to be tested during training and attribute generation was completed 

with the panel through round table discussion to ensure that all relevant attributes were 

included. A 15-cm line scale was used to rate the intensity of each attribute (Lawless & 

Heymann, 2010). Appropriate reference standards were selected as necessary. 

Attributes evaluated during Descriptive Analysis of tomato soup can be found in Table 

6-1, and references in Table 6-2. For Descriptive Analysis of oatmeal the attributes and 

references can be found in Table 6-3 and Table 6-4 respectively.  

Once a consensus was reached on the attributes and their definitions, panelists 

continued to practice evaluating samples for the selected attributes. Once training was 

completed, participants evaluated all samples on three separate occasions. Testing was 
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completed in individual sensory booths with red lighting to mask any differences in 

appearance. Samples were presented in a randomized order with a 1 minute break 

between samples. Panelists used apple slices and water to cleanse their palate 

between samples. All data was collected using Compusense software, Compusense 5.0 

(Compusense, Guelph, ON, Canada). 

 

 

Table 6-1: Sensory attribute definitions and rating scales used for Descriptive 
Analysis of tomato soup. 

Attribute Description Rating Scale 

Sweet Basic taste stimulated by sugar 0 = Not Sweet 

15 = Very Sweet 

Sour Basic taste stimulated by acid 0 = Not Sour 

15 = Very Sour 

Tomato 

Flavour  

Aromatic associated with canned 

tomato soup. 

0 = No Tomato Flavour 

15 = High Tomato Flavour 

Off-flavour Indescribable off flavour, not typical 

of tomato soup 

0 = No Off-flavour 

15 = High Off-flavour 
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Table 6-2: Attribute references used for Descriptive Analysis of tomato soup. 

Attribute References 

Sweet Sucrose dissolved in water 

Low: 1% sucrose, rated 2 on scale 

High: 3% sucrose, rated 14 on scale 

Sour Citric acid dissolved in water 

Low: .05%  

High: 1% citric acid 

Tomato Flavour  Condensed tomato soup (no water added) 

Off-flavour No reference 

 
 

 

Table 6-3:  Sensory attribute definitions and rating scales used for Descriptive 
Analysis of oatmeal. 

Attribute Description Rating Scale 

Moist The amount of moisture present  0 = Not Moist 

15 = Very Moist 

Sticky The degree to which the sample sticks to 

the surfaces of the mouth 

0 = Not Sticky  

15 = Very Sticky 

Grainy The presence of medium sized particles 0 = Not Grainy 

15 = Very Grainy 

Sweet Basic taste stimulated by sugar 0 = Not Sweet 

15 = Very Sweet 

Oat-flavour Aromatic associated with cooked oats 0 = No Oat Flavour 

15 = High Oat Flavour 

Off-flavour Indescribable off flavour not typical of 

oatmeal 

0 = No Off-flavour 

15 = High Off-flavour 
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Table 6-4: Attribute references used for Descriptive Analysis of oatmeal. 

Attribute References 

Moist No reference 

Sticky No reference 

Grainy The presence of oat flakes detectable in the 

texture of a sample 

Sweet Sucrose dissolved in water 

Low: 1% sucrose (rated as 2) 

High: 2% sucrose (rated as 14) 

Oat-flavour Cooked rolled oats 

Off-flavour No reference 

 

6.4 Data Analysis 

To analyze the collected Napping® and UFP data, x and y-coordinates of each 

sample were determined by measuring (mm) from the bottom left corner of the sheet of 

paper. Sample co-ordinates were entered into a separate table for each participant. The 

total number of times an attribute was used to describe a sample by all participants was 

recorded in a separate table. As each participant generated their own attribute list, 

many synonymous terms were used. Synonymous terms were combined only when a 

clear meaning was present (ie. sour/acidic, medium/moderate). If the meaning was 

ambiguous, the original terms were kept separate. For attributes where intensity was 

indicated (ie. low sweetness, medium sweetness, high sweetness) each combination of 

attribute + intensity was considered as a separate attribute.  Terms used by only one 

participant were removed.   
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All data was analyzed using XLSTAT Version 2014.4.09 (Addinsoft 1995-2014 ©).  

Data was analyzed as described previously (Delholm, et al., 2012). The data consisted 

of the X and Y coordinates for each judge, as well as the descriptors generated from 

UFP. A multiple factor analysis (MFA) was carried out with the X and Y coordinate from 

each judge treated as a group of two unstandardized variables. The descriptors were 

treated as a single group of supplementary variables, meaning they were given very low 

weights in the MFA during construction of the axes. The correlation coefficient of each 

term with each factor produced by the MFA was calculated and projected onto the 

product map, allowing for an interpretation of product differences based on these 

descriptors. 

The data collected from the trained panels was analyzed using analysis of variance 

(ANOVA), with all two-way interactions included in the evaluation.  For the tomato soup, 

the main effects of judge (J), sample (S) and replication (R) were evaluated, and all two-

way interactions were included in the analysis (J X S, J X R, S X R). Tukey’s post-hoc 

was used to identify significant (p<0.05) attribute differences between samples. For the 

oatmeal trained panel, judge (J) and replicate (R) effects were again included, but 

fortification (F) and the holding (H) were treated as separate factors rather than having 

one sample (S) effect. All two-way interactions were included in the analysis (J X F, J X 

H, J X R, F X R, H X R, F X H). Tukey’s post-hoc was used to identify significant (p < 

0.05) differences between fortification levels (0%, 50% and 100%), and holding 

conditions (fresh and held).  
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6.5 Results and Discussion 

6.5.1 Napping®  

The product map produced from the Napping® results for tomato soup is shown in 

Figure 6-1. The first two factors explained 79.9% of the variation between samples. 

Differences in perceived sensory properties appeared to be more related to fortification 

than to holding time, with the two  0% fortified samples (fresh and held) close together 

on the product map, as well as the two 50% and two 100% samples, and this appeared 

to be due to changes in both taste and aroma attributes. For example, the 0% samples 

were associated with the attributes, ‘high tomato’, ‘high sour’, and ‘low sweet’. The two 

50% fortified samples were associated with the attributes ‘medium sweet’, and ‘medium 

sour’. The two 100% fortified samples were associated with the attributes ‘low tomato’, 

‘bland’, ‘high sweet’, and attributes not typical of tomato soup such as ‘earthy’, ‘peppery’ 

and ‘carrot’.  
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Figure 6-1: Tomato Soup Napping® Results 
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With mushroom soup, 61.86% of the variability was explained by the first two 

factors. Similar to the tomato soup, perceived sensory differences  were related to 

fortification (Figure 6-2). In addition to taste and aroma attributes, changes in colour and 

texture were also present. The two 0% samples, the two 50% samples and the two 

100% were close together on the product map.  The two 0% samples were associated 

with attributes such as ‘not earthy’, ‘low thick’, ‘low sour’ and ‘medium sweet’. The two 

50% samples were associated with attributes such as ‘high thick’, ‘low flavour’ and 

‘medium earthy’. The two 100% samples were associated with the attributes ‘yellow’ 

and ‘high earthy’. 

Figure 6-2: Mushroom Soup Napping® Results 
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Mashed potato samples were also grouped based on fortification level and not 

holding, with 70.66% of the variation explained by the first two factors (Figure 6-3). For 

this food, changes in colour, texture and flavour were present. The two 0% samples 

were associated with the attributes ‘white’, ‘thick’, ‘high smooth’, and ‘high potato 

flavour’. The two 50% samples were associated with ‘smooth’, ‘yellow-green’, and 

‘medium sweet’. The two 100% samples were associated with terms like ‘dark colour’, 

‘green’, ‘high thick’, ‘low smooth’ and ‘earthy’. 

Figure 6-3: Mashed Potatoes Napping® Results 
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With oatmeal, 77.05% of the variation was explained by the first two factors. 

Unlike the other foods, perceived sensory differences were related to both fortification 

and holding time ods, sensory changes in oatmeal were related to both fortification and 

holding time (Figure 6-4). Changes in colour, texture and appearance were all present. 

The two 0% samples were associated with the attributes ‘white’ and ‘low sweet’. The 

50% and 100% fresh samples were grouped together and were associated with the 

attributes ‘medium yellow’ and  ‘medium sweet’. The 50% and 100% held samples were 

associated with the attributes ‘high yellow’, ‘high sticky’, ‘high starchy’ and ‘dry’. 

 

 

 

 

 

 

  

Figure 6-4: Oatmeal Napping® Results 
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The Napping® results from this research indicate that the addition of a 

micronutrient powder altered the sensory properties of each of the four foods evaluated. 

This is similar to previous studies that have observed changes in sensory properties of 

foods with the addition of micronutrients (Adolphe, et al., 2009; Benković, et al., 2015; 

Boeneke & Aryana, 2008; Burton, et al., 2008; Tsikritzi , et al., 2014; Tsikritzi, et al., 

2015). Holding time, on the other hand, only led to perceived sensory differences for 

oatmeal, with little effect on sample placement for tomato soup, mushroom soup and 

mashed potatoes. For these three foods, samples were grouped based on the level of 

fortification regardless of holding time.  

With oatmeal, the two plain samples were placed close together, the 50% 

fortified and 100% fortified fresh samples were placed together, and the 50% fortified 

and 100% fortified held samples were placed together, indicating that both fortification 

and holding altered the sensory properties of this food. It was unclear whether 

fortification and holding affected sensory properties independently or whether an 

interaction between these factors was present, as attribute intensities cannot be 

analyzed statistically with Napping® results.  This is a well-known limitation of Napping® 

and the reason why Descriptive Analysis should also be conducted.  

Based on the Napping® results obtained for each food, tomato soup and oatmeal 

were selected for further evaluation with Descriptive Analysis. Tomato soup was one of 

the three foods where sensory attributes were altered only by fortification, while 

oatmeal’s sensory properties were altered by both fortification and holding. 

Furthermore, the sensory attributes generated during Napping® suggest that sensory 



52 

 

differences in tomato soup samples were primarily related to taste/flavour (e.g., sweet, 

sour, tomato flavour), while differences in oatmeal were related to flavour (e.g, oat/off 

flavours) as well as texture (e.g., thick, sticky), and colour (e.g., yellow, white). These 

foods were selected for further analysis with a trained sensory panel in order to gain a 

better understanding of the differences observed in regards to the sensory changes 

identified with Napping®.  

6.5.2 Trained panel  

Tomato Soup 

A significant sample effect was found for all of the sensory attributes evaluated 

by the tomato soup trained panel: tomato flavour, sweet, sour and off-flavour (Appendix 

D.2). A significant judge effect was present for two attributes: tomato flavour and sour. It 

is not uncommon for a judge effect to be observed, due to natural variation in the way 

humans perceive and rate sensory attributes (Cliff, et al., 2015). There were no 

significant rep effects, and no significant interactions present. Results are summarized 

in Table 6-5 

For tomato soup, the trained panel evaluated 5 different levels of fortification, and 

although significance was not observed among all levels, overall, increased fortification 

resulted in an increase in sweetness and off-flavour ratings, and a reduction in ratings 

for sourness and tomato flavour. These results correspond well with the attribute 

differences observed with Napping®.  
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The off-flavour observed with fortification may have been a direct result of the 

micronutrients, as previous studies have identified off flavours such as ‘fishy’, ‘metallic’ 

and ‘chemical’ with fortification (Tsikritzi, et al., 2015). Decreased ratings for tomato 

flavour and sour, as well as the increased ratings for sweet were likely a result of the 

maltodextrin portion of the micronutrient powder. Tomato flavour intensity likely 

decreased as a result of the addition of maltodextrin, as starch has been found to alter 

the release of volatile flavour compounds from a food (Kersiene, et al., 2008; Tietz, et 

al., 2008). The observed changes in the intensities of sweetness and sourness were 

also likely caused by the starch, as food hydrocolloids can reduce the perception of all 

taste attributes, particularly sourness (Pangborn & Trabue, 1973). In addition, sweet 

and sour taste attributes modulate the perceived intensity of one another, such that a 

decrease in one leads to a perceived increase in the other (Pelletier, et al., 2004).  

Table 6-5: Effect of fortification on tomato soup sensory properties. 

 0% 25% 50% 75% 100% 

 Mean SD Mean SD Mean SD Mean SD Mean SD 

Tomato Flavour 12.6a123 1.94 10.1b 2.69 7.9c 2.69 5.3d 3.22 4.0d 3.00 

Sweet 2.8a 1.81 5.3b 2.60 8.1c 2.15 10.7d 1.83 11.7d 1.91 

Sour 12.6a 1.81 9.9b 3.26 7.1c 2.84 3.5d 1.92 2.4d 1.71 

Off-flavour 3.3a 3.67 4.6ab 3.20 6.4b 2.94 9.5c 3.24 11.7c 3.14 

1 Means with a different letter within a row are significantly different at the 95% confidence level  
2 Sensory attributes were scored on a 15cm line scale 
3 n=30 (10 panelists x 3 reps) 
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 Oatmeal 

A significant fortification effect was found for five of the six attributes evaluated by 

the oatmeal trained panel: moist, sticky, grainy, oat flavour and off-flavour (Appendix 

D.1). For holding, a significant effect was found for moist, sticky, grainy, and oat flavour. 

A significant judge effect was found for off-flavour.  As mentioned with tomato soup, this 

is common and is due to natural variation in the way humans perceive and rate sensory 

attributes (Cliff, et al., 2015). 

With the oatmeal results, a number of interactions were also identified: moist (R*F), 

grainy (R*H), sticky (J*H, F*R, H*R), oat flavour (J*H), and off-flavour (J*H). In each 

case the interaction was plotted and visual inspection of the graphs was used to 

determine the nature of the interaction. All interactions identified in this panel were 

magnitude interactions (Appendix E). This type of interaction occurs due to differences 

in scale use, meaning that differences in scores between samples will be greater for 

some panelists compared to others, however the overall trend of the data is the same 

(Lawless & Heymann, 2010). As such, it was not necessary to exclude these results.   

For oatmeal, samples differing in both fortification level and holding time were 

evaluated by the trained panel, and the results show that both factors were responsible 

for sensory changes. With fortification, significant differences were identified for five 

attributes: moist, sticky, grainy, oat flavour and off flavour (Table 6-6). Similar to the 

Napping results, sensory attribute differences were present between the unfortified (0%) 

and fortified samples, however no difference was present between the two levels of 
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fortification (50% and 100%). Overall, fortification was associated with a decrease in 

ratings for moist, grainy and oat flavour, and an increase in ratings for sticky and off 

flavour.  With holding, differences in moist, sticky, grainy and oat flavour were identified 

(Table 6-7).  Holding led to a decrease in ratings for moist, grainy and oat flavour and 

an increase in ratings for sticky.  

For both variables, standard deviations were relatively high. This was because of the 

combination of variables. For holding, fresh and held samples were compared, but for 

each one there were three levels of fortification (0%, 50% and 100%). Similarly, for 

fortification a fresh and held sample were included for each of the three levels 

compared.  None the less, many significant differences were observed. 

 

Table 6-6: Effect of fortification on oatmeal sensory properties. 

 

 0% 50% 100% 

 Mean SD Mean SD Mean SD 

Moist 7.7 a123 4.52 6.8ab 4.63 6.5b 4.71 

Sticky 6.6b 4.06 8.8a 4.15 9.0a 4.32 

Grainy 8.9a 3.69 7.1b 3.63 6.7b 4.15 

Sweet 6.2a 3.50 5.8a 3.61 5.3a 3.18 

Oat Flavour 10.6a 3.07 7.3b 3.30 6.9b 3.27 

Off-Flavour 2.1b 3.14 7.0a 4.75 7.2a 4.59 
1 Means with a different letter within a column are significantly different at 95% confidence level  
2 Sensory attributes were scored on a 15cm line scale 
3 n=30 (10 panelists x 2 holding times x 3 reps) 
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Table 6-7: Effect of holding on oatmeal sensory properties. 

 Fresh Held 

 Mean SD Mean SD 

Moist 10.9a123 2.92 3.0b 2.36 

Sticky 5.0b 2.53 11.3a 2.98 

Grainy 10.6a 3.39 4.4b 2.58 

Sweet 6.0a 3.36 5.5a 3.44 

Oat Flavour 9.3a 3.32 7.1b 3.36 

Off-Flavour 4.9a 4.68 6.0a 4.92 

1 Means with a different letter within a column are significantly different at 95% confidence level  
2 Sensory attributes were scored on a 15cm line scale 
3 n=90 (10 panelists x 3 fortification levels x 3 reps) 

 

 

As with the tomato soup, the presence of an off-flavour in fortified oatmeal 

samples was likely a direct result of the micronutrients. Changes in texture attributes 

resulting from fortification were likely more a result of the maltodextrin carrier than the 

nutrients themselves. Maltodextrin is hygroscopic in nature, meaning that it can absorb 

and hold water, and can cause rheological changes in a food, such as increased 

thickness and adhesiveness (stickiness) (Domagala, et al., 2006). Changes in texture 

observed in the held samples likely resulted from the evaporation of water while holding 

samples at 70°C. 
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6.6 Conclusion 

The objective of this research was to evaluate the effects of fortification and holding 

on the sensory properties of selected foods. This was accomplished with the use of two 

sensory profiling methods. Napping® with UFP was first used to screen four types of 

food with varying levels of fortification, with and without holding. For three foods (tomato 

soup, mushroom soup and mashed potatoes) sensory changes were associated with 

fortification but not holding. While for oatmeal both fortification and holding were 

associated with sensory changes.  

Descriptive Analysis revealed the specific sensory attribute differences in tomato 

soup and oatmeal. With tomato soup, fortification was associated with a decrease in 

sourness and tomato flavour, and an increase in sweetness and off-flavour. Oatmeal 

was affected by both fortification and holding and sensory changes were mainly related 

to texture changes, such as moistness, stickiness and graininess, while fortification 

reduced oat-flavour intensity and imparted an off-flavour. While it is now known how the 

sensory properties of these foods are affected by fortification, what is not known is what 

effect these changes will have on consumer liking of these foods. Consumer testing 

should be completed to determine the acceptability of the selected foods. 
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Chapter 7 : Consumer Perception and Liking of Fortified Foods 

Food fortification has been proposed as a strategy to increase micronutrient 

intake in older adults residing in LTC (Lam, et al., n.d.). However, further work is needed 

to ensure the sensory properties of these foods will be acceptable to older adult 

consumers. This is important as fortified foods can only be effective if consumed in 

adequate amounts to deliver the desired nutrients, and food sensory properties play a 

vital role in food choice and acceptance (Clark, 1998).   

As described in Chapter 6, micronutrient fortification has been found to alter food 

sensory properties (Adolphe, et al., 2009; Tsikritzi , et al., 2014; Tsikritzi, et al., 2015). 

However this does not necessarily mean that food liking will be affected, as consumer 

acceptance cannot be accurately predicted from quantitative results obtained by a 

trained panel (Ares, et al., 2011). This may be especially true in older adults who often 

experience significant changes in their sensory capabilities (Doty & Kamath, 2014; 

Methven, et al., 2012). An increase in an undesirable flavour attribute, such as a slight 

off taste, may not be perceived by consumers, or simply may not impact their liking of a 

food. For example, previous work evaluating micronutrient fortification, specifically 

fortified biscuits, observed no change in liking by older adult consumers despite 

changes in taste, texture and flavour attributes as identified by a trained sensory panel 

(Tsikritzi , et al., 2014). As such, it is important to evaluate food liking directly and in the 

consumer group of interest – older adults. 
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Although older adults are often considered a distinct consumer groupt, they are a 

very heterogeneous population. With age, changes to the senses occur, such as taste 

(Methven, et al., 2012), and smell (Doty & Kamath, 2014), and this can alter perception 

of food sensory properties. Although previous research has identified little influence of 

sensory perception on food liking, the role of taste and smell sensitivity in the perception 

of undesirable sensory changes requires further work (Methven, et al., 2015).  

The goal of this research was to determine the impact of micronutrient 

fortification on consumer perception and liking of selected foods. In order to study the 

influence of age-related changes in sensory perception on liking and perception of these 

foods, a group of older and younger adults were both included in the testing, and all 

participants underwent sensory screening to determine their taste and smell 

capabilities.  
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7.1 Methods 

7.1.1 Participant Recruitment and Screening 

Older adult (age 60+, n=64) participants were recruited from the City of Guelph. 

This age cut-off was used as significant changes in sensory perception begin to occur 

over the age of 60 (Mojet, et al., 2003; Sorokowska, et al., 2015). Posters were placed 

at bus stops, on public bulletin boards, and at community centres and libraries. An ad 

was also placed in senior’s newspaper. Younger adults (age 18 – 40, n=64) were 

recruited from the University of Guelph and surrounding areas. Posters were placed 

around campus and an e-mail was sent out to departments surrounding the Food 

Science building. Approval for this research was granted by the research ethics board at 

the University of Guelph (REB#15JA001). 

Before participants were admitted to the study, they were asked to complete a 

screening questionnaire to determine their suitability for the study. To participate, 

participants had to fall into one of the two age groups, have no allergies to any of the 

foods or ingredients used in the study, and must have not been previously told by a 

medical professional to limit their intake of any of the micronutrients included in the 

fortification. Participants taking nutritional supplements were admitted to the study, but 

were informed that they should not take any supplements on the date of their second 

study visit, when evaluation of the fortified foods took place. As older adults recruited in 

this study were living independently in the community, and were able to schedule and 
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attend the study visits without assistance, it was assumed that cognitive function was 

not impaired.   

7.1.2 Study Design 

 All participants attended two study visits, which were completed on separate 

days. On the first visit, sensory screening was completed to evaluate participants’ taste 

and smell capabilities. On the second visit, sensory evaluation of fortified oatmeal and 

tomato soup was completed. All testing was completed at the Human Nutraceutical 

Research Unit at the University of Guelph. 

7.1.3 Visit 1: Sensory Screening 

Odor identification was evaluated using Sniffin’ Sticks® test (Burghart, Wedel, 

Germany)(Appendix F). This test consists of 12 odor sticks, similar in appearance to a 

felt-tip pen. Each stick was presented to participants by removing the cap and holding 

the stick a few inches in front of the participant’s nose for 3-5 seconds. Along with each 

stick, participants were given a card with a list of four possible options, and were asked 

to identify the correct odor. A minimum 30-second washout period between sticks was 

utilized. Participants received one point for each correct response, for a total score out 

of 12.  

To evaluate taste perception, sensitivity to sweet, salty, sour and bitter tastes were 

evaluated using solutions of tastants dissolved in water (Kremer, et al., 2007).  Four 

concentrations were evaluated for each taste attribute: sweet (sucrose: 1.1, 3.5, 10.9 



62 

 

and 34.6 g/l), salty (NaCl: 0.19, 0.59, 1.9, and 5.9 g/l), sour (citric acid: 0.13, 0.26, 0.52 

and 1.1 g/l) and bitter (quinine: 1.84 x 10-3, 3.97 x 10-3, 8.55 x 10-3, and 1.84 x 10-2 g/l).  

Solutions were prepared up to 24 hours in advance and were placed in the fridge (4°C) 

until two hours prior to testing. They remained at room temperature (21°C) at the time of 

testing.  

Solutions were presented in 10mL portions and were served in 30mL plastic sample 

cups labelled with a random 3-digit code. Solutions were presented to participants in a 

semi-randomized order, with the lowest concentration for each taste attribute presented 

in a randomized order, before proceeding to the next level. Participants were instructed 

to take all 10mL of the solution into their mouth and hold it for a few seconds before 

expectorating into a Styrofoam cup. Participants were then asked to identify whether the 

solution was sweet, salty, sour or bitter. Participants received a point for each correct 

response for a total score out of 16. Participants took a sip of water to rinse their mouth 

out between samples. 

7.1.4 Visit 2: Sensory Evaluation of Food Products 

During the second visit, participants evaluated samples of oatmeal and tomato 

soup. Three samples of each food were evaluated: 0% (control), 50% and 100% 

fortification. For both the oatmeal and the tomato soup, only fresh samples were 

included. Food samples were prepared as described in Chapter 6. Samples were 

placed in 60mL Styrofoam cups filled to the 30mL mark and labeled with random three-

digit codes. Cups were lidded and placed in a warm oven (71°C) prior to serving.  
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All participants evaluated the oatmeal samples first, and were required to wait a 

minimum of five minutes before evaluating the tomato soup samples.  Samples were 

presented to participants one at a time, with a 90s washout period between samples. 

Participants were provided with apple slices and water to cleanse their pallet between 

samples.  

Participants were instructed to taste and evaluate each sample for their overall 

liking, as well as their liking of its appearance, texture and flavour. To evaluate liking, 

acceptance testing was completed using a 9-point Quartermaster hedonic scale (Jones, 

et al., 1955) (Appendix G). This scale consists of 9-points evenly spaced across a line, 

with verbal anchors at each point. These anchors range from ‘Dislike Extremely’ at one 

end, to ‘Like Extremely’ at the other end.  This scale is a labeled, categorical scale, and 

was selected, as this type of scale is easier for older adults to use as compared to an 

unstructured line scale (Griep, et al., 1998).  

After liking of a sample was evaluated, participants were asked to answer a 

CATA question by selecting all attributes from a list that described that sample 

(Appendix A). The attributes included in the list for each food were selected based on 

the Napping® and Descriptive Analysis results. All data was entered into a computer 

using Compusense software, Compusense 5.0 (Compusense, Guelph, ON, Canada). 
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7.2 Data Analysis 

All data was analyzed using XLSTAT Version 2014.4.09 (Addinsoft 1995-2014 

©). Taste and olfaction scores were not normally distributed, and had to be evaluated 

using a non-parametric test. The Mann-Whitney test was used to determine whether 

scores differed between younger (n=64) and older (n=65) adults (p<0.05). Two-way 

ANOVA with interactions was used to evaluate the main effects of fortification and age 

on liking scores, and Tukey’s post hoc was used to identify significant differences. 

 To examine the heterogeneity in the population, participants were clustered 

based on their overall liking scores for each sample. Agglomerative hierarchical cluster 

analysis (AHC) was completed using Ward’s method. This was completed separately 

for older and younger adults, and for each food evaluated. Therefore, clustering was 

completed four times (older adult - tomato soup, younger adult - tomato soup, older 

adult - oatmeal, older adult - tomato soup).  

CATA data was then analyzed separately for each subgroup. In each case, a 

contingency table was created to tally the frequency of use of each term for the different 

samples, and Cochran’s Q test was used to identify significant differences among the 

samples for each attribute. Correspondence analysis was then carried out and the first 

two dimensions were plotted to obtain the sample and attribute configurations for each 

group. Non-significant (p < 0.2) attributes were filtered out for each subgroup. Sample 

and attribute configurations were then compared by visual inspection.  
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Hedonic scores for overall liking and CATA data were then used to calculate the 

mean impact on overall liking associated with each attribute. Once again, this was 

completed separately for each subgroup. These values were then plotted against the 

percentage of consumers who used the attribute. Only those attributes used by at least 

20% of participants were considered relevant. Finally, taste and olfaction scores of liking 

subgroups were compared. As taste and olfaction scores were not normally distributed, 

the Mann-Whitney test was used to identify significant differences between subgroups. 

7.3 Results and Discussion 

7.3.1 Sensory Acuity of Younger vs. Older Adults 

Sensory screening was completed with all participants to evaluate their taste and 

smell (olfactory) capabilities. Smell was evaluated using the Sniffin Sticks® test 

(Burghart, Wedel, Germany). The validity of this test has previously been demonstrated 

(Eibenstein, et al., 2005), and it has been used to evaluate olfactory sensitivity in more 

than 500 studies to date (Sorokowska, et al., 2015). Taste sensitivity was evaluated 

using solutions of tastants dissolved in water (Kremer, et al., 2007). This is a rapid 

method used to evaluate taste acuity that was developed as part of the Health-Sense 

project, a large, European study investigating sensory acuity and its role in food 

perception in older adults. Internal validation of this test across different age groups was 

completed as part of this process. Although more extensive threshold tests can be used 

to evaluate taste perception, these tests can be problematic as they require good 
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memory and can increase fatigue due to the large number of samples required to 

complete the test (Allen, et al., 2014).  

Sensory sensitivity test results were compared between younger and older 

adults. Overall, the mean taste score of the older adult group (20 men, 45 women; 

mean age=71, age range = 60-88) was 9.9 (SD = 1.92), which was significantly lower 

than the mean score of 11.3 (SD = 1.94) for the younger adult group (21 men and 43 

women, mean age=23, age range=18-39) (p<.0001). When looking at individual taste 

attributes, the mean score for bitter was significantly lower for the older group in 

comparison to the younger group (p<.001) (Figure 7-1). No significant differences in 

scores for the tastes of sweet, salt and sour were observed. Olfactory scores were not 

significantly different between age groups, although the scatterplot shown in Figure 7-2 

shows greater variability and greater number of low scores within the older adult group.  

Kremer et al. (2007) also evaluated sensory acuity in independently living older 

adults (33 females, 13 males, mean age =71, age range= 61-86 years) and a group of 

younger subjects (24 females, 12 males, mean age 22, range 18-25). Similar to the 

current research, the authors observed significantly lower scores for overall taste 

sensitivity in older vs. younger adults. However they also observed lower scores for salt 

and sour tastes, and no difference in scores for bitter and sweet tastes. Older adults in 

their study also had significantly lower olfactory scores compared to younger adults. 

 The current research did not identify a significant difference in olfactory scores 

between younger and older adults, but like Kremer et al. (2007), greater inter-individual 
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variability was observed withholder adults. It is important to note that Kremer et al. 

(2007) used an extended version of the Sniffin’ Sticks® test (16 odors), and thus likely 

had greater discriminatory capabilities. Other studies using similar measures of sensory 

acuity have also identified significantly lower taste and olfactory acuity in older vs. 

younger adults (Forde & Delahunty, 2004; Koskinen, et al., 2003; Laureati, et al., 2008). 

 

 

Figure 7-1: Taste scores for older (n=65) and younger (n=64) adults.  
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Figure 7-2: Olfactory scores for older (n=65) and younger (n=64) adults.  

7.3.2 Hedonic Liking: Younger vs. Older Adults 

To evaluate the effects of both age and fortification on liking, the main effects of 
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Table 7-1: Oatmeal hedonic liking scores. 

  0% 50% 100% 

Attribute  Mean123 SD Mean SD Mean SD 

Overall Older 5.1a 1.86 5.4a 1.89 4.9a 1.84 

 Younger 5.1a 1.73 5.6a 1.69 4.8a 1.81 

Appearance Older 5.7a 1.70 5.6a 1.70 5.2a 1.91 

 Younger 5.6a 1.60 5.6a 1.85 4.8a 2.11 

Texture Older 5.7a 1.87 5.7a 1.77 5.2a 1.95 

 Younger 5.7a 1.76 6.0a 1.82 5.5a 1.94 

Flavour Older  4.9a 1.95 5.2a 1.89 4.8a 1.84 

 Younger 4.9a 1.84 5.5a 1.69 4.8a 1.74 

1 Means with a different letter within an attribute by age group row are significantly different (p<0.05) 
2 Liking was scored on a 9-point hedonic scale 
3 n=65 (older adults) and n=64 (younger adults) 

 

ANOVA results for tomato soup revealed a main effect of both age and 

fortification on liking scores (Appendix D.4). The main effect of age was present for 

liking of both texture and flavour, however no significant differences in liking scores for 

any of the samples were observed between the two age groups when post-hoc analysis 

was completed. Fortification had an effect on both overall liking and liking of flavour, 

with liking scores for both variables significantly lower for the 100% fortified sample 

compared to the 0% sample (Table 7-2).  
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Table 7-2: Tomato soup hedonic liking scores. 

  0% 50% 100% 

  Mean123 SD Mean SD Mean SD 

Overall Older 6.4a 1.72 6.2a 1.65 5.7b 1.71 

 Younger 6.5a 1.73 6.8a 1.51 6.0b 1.83 

Appearance Older 6.8a 1.09 6.5a 1.37 6.4a 1.33 

 Younger 6.8a 1.44 6.7a 1.43 6.6a 1.57 

Texture Older 6.6a 1.39 6.2a 1.56 6.2a 1.58 

 Younger 6.9a 1.34 6.6a 1.55 6.5a 1.64 

Flavour Older 6.4a 1.78 6.1ab 1.83 5.4b 2.01 

 Younger 6.5a 1.89 6.8a 1.68 5.8b 2.00 

1 Means with a different letter within an attribute by age group row are significantly different (p<0.05) 
2 Liking was scored on a 9-point hedonic scale 
3 n=65 (older adults) and n=64 (younger adults) 

Overall, fortification had very little impact on hedonic scores for overall liking, 

appearance, texture and flavour. Although fortification had a significant effect on tomato 

soup scores, this was only observed with the highest level of fortification, with no 

differences observed between the 0% and 50% sample. Furthermore, the difference in 

liking between these samples was less than 1 point on the 9-point scale, with all scores 

translating to ‘Like Slightly’. However, differences in sensory perception amongst older 

adults have previously been discussed (Chapter 3). In order to fully understand the 

influence of fortification on hedonic liking, consumers should be grouped based on their 

overall pattern of liking scores.  
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7.3.3 Identification of Liking Subgroups 

Older adults are often viewed as a distinct consumer group. However, they often 

exhibit a high amount of variability in their liking responses, and averaging the scores of 

all participants may mask individual preferences. As such, it is recommended that 

consumers be separated into groups with similar liking patterns using cluster analysis 

(Meilgaard, et al., 2007; Methven, et al., 2015).  

In this research, older and younger adults were clustered based on their overall 

liking scores for different levels of fortification. This was completed separately for each 

age group and for each food. For both oatmeal and tomato soup, cluster analysis 

resulted in the formation of three distinct groups, and this was observed for both 

younger and older adults. These groups responded differently to fortification; increasing 

fortification levels resulted in NO IMPACT, a DECREASE or an INCREASE in liking.  

For older adult oatmeal liking groups (Figure 7-3), the NO IMPACT (n=23) and 

DECREASE (n=28) groups were similar in size, while the INCREASE group (n=14) was 

much smaller. A similar trend was observed for the older adult tomato soup groups 

(Figure 7-4), with the similar sized NO IMPACT (n=28) and DECREASE (n=25) groups 

and a smaller INCREASE (n=12) group.  

Clustering of younger adults resulted in the formation of similar groups. For 

oatmeal (Figure 7-5), a NO IMPACT (n=31), a DECREASE (n=24) and an INCREASE 

(n=9) group were present. Likewise, for tomato soup (Figure 7-6), a NO IMPACT 

(n=31), a DECREASE (n=24) and an INCREASE (n=9) group were present. 
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Figure 7-3: Older adult oatmeal liking groups. 

 

 

Figure 7-4: Older adult tomato soup liking groups. 
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1Participants (n=65) were grouped using agglomerative hierarchical cluster analysis (Ward’s method), based on their 
overall liking scores for each of the three samples. Liking was rated on a 9-point hedonic scale, ranging from ‘Dislike 
Extremely’ (1) at one end to ‘Like Extremely’ (9) at the other.  

1Participants were grouped using agglomerative hierarchical cluster analysis (Ward’s method), based on their overall 
liking scores for each of the three samples. Liking was rated on a 9-point hedonic scale, ranging from ‘Dislike 
Extremely’ (1) at one end to ‘Like Extremely’ (9) at the other.  
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Figure 7-5: Younger adult oatmeal liking groups. 

 

 

Figure 7-6: Younger adult tomato soup liking groups. 
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7.3.4 Product Characterization by Liking Subgroup 

Tomato Soup 

Older Adults 

Tomato soup results for the older adults are displayed in Figure 7-7. The NO 

IMPACT group differentiated samples using five attributes. The 0% and 50% samples 

were associated with the attributes ‘sour’, ‘strong tomato flavour’ and ‘spicy’, while the 

100% fortification sample was associated with ‘bland’ and ‘weak tomato flavour’. Three 

of these attributes impacted liking for at least 20% of participants: ‘strong tomato flavour’ 

(+0.75), ‘weak tomato flavour’ (-0.50) and ‘bland’ (-0.87).   

The DECREASE group differentiate samples using six attributes. The 0% sample 

was associated with ‘strong tomato flavour’ and ‘sweet’. The attributes, ‘very sweet’, 

‘weak tomato flavour’, ‘off-flavour’ and ‘bland’ were associated with the 100% and to a 

lesser extent with the 50% samples.   All except ‘very sweet’ impacted liking for at least 

20% of participants: ‘strong tomato flavour’ (+2.62), ‘sweet’ (+1.35), ‘very sweet’ (-1.37), 

bland (-1.52), ‘weak tomato flavour’ (-2.20) and ‘off-flavour’ (-1.71).  

The INCREASE group differentiate samples with four attributes. The 0% sample 

was associated with the attributes ‘sour’ and ‘off-flavour’, the 50% sample with ‘fruity’ 

and the 100% sample with ‘sweet’. All but ‘fruity’ impacted liking for at least 20% of 

participant: ‘sweet’ (+1.69), ‘sour’ (-2.01) and ‘off-flavour’ (-2.32).  
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Younger Adults 

The tomato soup results for the younger adults are displayed in Figure 7-8. The 

NO IMPACT group differentiate samples using eight attributes. The 0% sample was 

associated with ‘spicy’, ‘sour’ and ‘strong tomato’. The 50% and 100% samples were 

associated with, ‘not sour’, ‘weak tomato’ and ‘bland’. The 50% sample was also 

associated with ‘sweet’, and the 100% sample with ‘very sweet’. Five attributes 

impacted liking for at least 20% of participants: ‘not sour’ (+0.25), ‘sweet’ (+0.31), 

‘strong tomato’ (+0.387), ‘sour’ (-0.26), and ‘weak tomato’ (-0.29). 

The DECREASE group differentiated samples using seven attributes. The 0% 

sample was associated with ‘sour’ and ‘strong tomato’. The 100% sample was 

associated with ‘very sweet’, ‘weak tomato’, ‘bland’ ‘and off-flavour’. The 50% sample 

was approximately midway between these samples, and was associated with the 

attribute ‘sweet’. All attributes except ‘spicy’ impacted liking for at least 20% of 

participants: ‘strong tomato’ (+1.36), ‘sweet’ (+1.31), ‘sour’ (+1.18), ‘weak tomato’ (-

1.73), ‘bland’ (-1.53), ‘off flavour’ (-1.52), ‘very sweet’ (-1.5). 

The INCREASE group differentiated samples using five attributes. The 0% 

sample was associated with ‘sour’ and ‘weak tomato’, the 50% with ‘fruity’ and ‘sweet’ 

and the 100% with ‘not sour’. All attributes impacted liking for at least 20% of 

participants: ‘sweet’ (+2.48), ‘not sour’ (+1.72), ‘fruity’ (+1.33), ‘sour’ (-2.43) and ‘weak 

tomato’ (-1.28). 
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Figure 7-7: Tomato Soup CATA results for older adults by liking group. 
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Figure 7-8: Tomato soup CATA results for younger adults by liking group. 
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Oatmeal 

Older Adults 

Results are depicted in Figure 7-9.  The NO IMPACT group used only 3 

attributes to differentiate samples: ‘bland’, ‘yellow’ and ‘creamy’. Furthermore, those 

attributes that were used did not have a large mean impact on liking scores. Only 

the attribute ‘bland’ had an impact on liking for at least 20% of participants, and its 

effect was relatively small (-0.59).   

The DECREASE group used six attributes to differentiate samples. The 0% 

sample was associated with ‘white’, ‘oat flavour’ and ‘moist’. The 50% and 100% 

samples were associated with ‘sticky’, ‘off-flavour’ and ‘yellow’. With the exception of 

‘white’, all of the attributes had an impact on liking for at least 20% of participants: 

‘oat flavour’ (+1.6), ‘off-flavour’ (-1.6), ‘sticky’ (-0.93) ‘moist’ (+.62) and’ yellow’ (-

0.53). 

The INCREASE group differentiated samples using three attributes. The 0% 

sample was associated with ‘off-flavour’ and ‘white’, while the 100% sample was 

associated with ‘oat flavour’. The 50% sample was not associated with any 

attributes.  
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Younger Adults 

Results are depicted in Figure 7-10. The NO IMPACT group differentiated 

samples using five attributes. The 0% sample was associated with the attributes 

‘white’, and ‘off-flavour’. The 50% and 100% samples were associated with ‘yellow’ 

and ‘sticky’. ‘Grainy’ was also associated with the 50% sample. Three of the 

attributes impacted liking for >20% of participants: ‘sticky’ (+0.17), ‘yellow’ (-0.92) 

and ‘grainy’ (-0.12).  

The DECREASE group differentiated samples using six attributes. The 0% 

and 50% samples were associated with ‘moist’ and ‘oat flavour’, and the 0% sample 

was also associated with ‘white’. The 100% sample was associated with ‘off-flavour’, 

‘yellow’ and ‘sticky’. All attributes except ‘white’ impacted liking for at least 20% of 

participants: ‘oat flavour’ (+1.13), ‘moist’ (+0.93), ‘off-flavour’ (-1.34), ‘yellow’ (-1.07), 

and ‘sticky’ (-0.49). 

The INCREASE group differentiated samples with four attributes. The 0% 

sample was associated with the attributes ‘white’, and ‘off-flavour’, while the 50% 

and 100% samples were associated with ‘oat flavour’ and ‘thick;. All attributes 

impacted liking for at least 20% of participants: ‘oat flavour’ (+0.18), ‘thick’ (+0.12), 

‘off-flavour’ (-0.61) and ‘white’ (-0.07). 
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Figure 7-9: Oatmeal CATA results for older adults by liking group. 
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Figure 7-10: Oatmeal CATA results for younger adults by liking group. 
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Overall Liking Trends 

For both foods and for both age groups, similar liking groups were identified, one 

for which liking was not affected by fortification (NO IMPACT), one that experienced a 

decrease in liking with fortification (DECREASE), and one that experienced an increase 

in liking with fortification (INCREASE). However, it should be noted that in all cases the 

INCREASE group was small (n=9-14), and as such results of this group should be taken 

with caution.   

When comparing the CATA results for tomato soup for older adults, the NO 

IMPACT and DECREASE groups both differentiated samples based on flavour 

intensity. However the DECREASE group used a greater number of attributes to 

differentiate samples. In addition to lower tomato flavour intensity, fortified samples 

were also perceived as having higher sweetness and the presence of an off-flavour. 

However it is not clear whether the term ‘off-flavour’ was used to describe a specific off-

flavour, or used in a more general way to describe a dislike for the fortified samples, as 

this has been observed in the past (Ares & Jaeger, 2015). In addition, for the NO 

IMPACT group, the mean impact of each attribute was relatively small for all attributes 

(<0.8), while for DECREASE group several attributes were associated with an impact of 

1-2 points on the 9 point hedonic scale.  

With younger adults, a greater number of attributes were used to differentiate 

tomato soup samples, and this was true for both the NO IMPACT and DECREASE 
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groups. Both groups appeared to perceive a decrease in sourness and flavour intensity, 

and an increase in sweetness. However as with older adults, the DECREASE group 

also described the highest level of fortification with the term ‘off-flavour’. Despite off-

flavour being the only difference between groups, attributes were associated with 

greater changes in liking for the DECREASE group.  

Results observed in the tomato soup INCREASE groups for both age groups 

were similar. Dislike for the unfortified sample (0%) appeared to be related to its 

sourness. For this group, the perceived decrease in sourness and increase in 

sweetness associated with fortification were associated with an increase in liking. The 

mean impact of these attributes was considerably large, with sour having a mean 

impact of approximately -2.5, and sweet having a mean impact of approximately +2. 

Thus, although the results differed substantially from the NO IMPACT and DECREASE 

groups, this appears to be explained by personal preference. However, as mentioned 

the small sample size of the INCREASE group made it difficult to draw conclusions with 

any confidence.  

Fewer similarities were observed between age groups with oatmeal for the NO 

IMPACT groups. Older and younger adults used different attributes to describe the 

samples. However in both cases none of these attributes were associated with a mean 

impact of more than +/-0.6. As with tomato soup, the DECREASE groups described 

attributes in a similar way across age groups, with changes in appearance, texture and 
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flavour all identified. Results indicated that fortification was associated with a change in 

colour from ‘white’ to ‘yellow’, with samples becoming less ‘moist’ and more ‘sticky’, and 

with a decrease in ‘oat flavour’ and an increase in ‘off-flavour’. The mean impact of 

these attributes varied between age groups, but for both older and younger adults, 

several attributes were associated with a mean impact of at least +/- 1. 

Interestingly, both oatmeal INCREASE groups (younger and older) had similar 

results. In contrast to the other liking groups, the attribute ‘off-flavour’ was associated 

with the unfortified (0%) sample and had a negative impact on liking, while ‘oat-flavour’ 

was associated with the fortified samples and had a positive impact. This may be 

explained by the fact that liking of the unfortified sample for both INCREASE groups 

was quite low (<3). Consumers who are not used to eating plain oatmeal may have 

disliked the lack of flavour, and thus liking could have been improved due to the 

additional flavour provided by the fortification powder. Previous work comparing CATA 

attribute configurations between consumer groups with different patterns of liking has 

shown that sensory attributes that are not easily explained, and which imply liking, have 

been found in the past to be less reproducible and associated with hedonic scores. 

Thus participants may have used the term ‘off-flavour’ in a more general sense to 

indicate dislike rather than the actual presence of an off-flavour (Ares & Jaeger, 2015).  
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7.3.5 Sensory Acuity of Liking Subgroups 

Taste (total score only) and olfaction scores for the oatmeal and tomato soup 

liking groups are depicted in Figure 7-11 and Figure 7-12 respectively. The figures 

include data for each of the three subgroups, however only the NO IMPACT and 

DECREASE results were analyzed statistically. The INCREASE groups were not 

included in this analysis due to the small sample sizes (n=9-14). For older adults, a 

significant difference in mean olfaction score was identified between the tomato soup 

NO IMPACT (Mean=9.6, SD=1.77) and DECREASE (Mean=10.6, SD=1.23) groups 

(p=.028). No other significant differences were observed between any of the subgroups. 

However, a trend of higher liking scores in the DECREASE vs. the NO IMPACT tomato 

soup liking groups was also observed for younger adults.  
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Figure 7-11: Taste and olfaction scores by oatmeal liking group for older (n=65) and younger (n=64) adults. 
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Figure 7-12: Taste and olfaction scores by tomato soup liking group for older (n=65) and younger (n=64) adults. 
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With older adults, a significant difference in mean olfaction scores was identified 

between the tomato soup NO IMPACT and DECREASE groups. Participants in these 

groups described samples using similar terms, but in the NO IMPACT group none of the 

attributes were associated with a mean impact on liking greater than +/-0.4, whereas the 

DECREASE group had several attributes associated with a mean impact of at least +/- 

1. Furthermore, the attributes with the greatest impact on liking were all associated with 

flavour intensity, such as ‘strong tomato’, ‘weak tomato’ and ‘bland’. Thus it would seem 

plausible that participants in the DECREASE group were more sensitive to these 

changes due to their greater olfactory capabilities.  

At first glance this would appear to be contradicted by the fact that similar sample 

and attribute configurations were observed with the NO IMPACT and DECREASE 

groups for the younger adults, despite no significant difference in olfactory scores. 

However, a similar trend in olfactory scores was observed between the younger adult 

tomato soup NO IMPACT (10.8, SD 1.33) and DECREASE (10.3, SD 1.01) groups, 

although significance was not reached (p=.069). The most frequent olfaction scores for 

the NO IMPACT and DECREASE groups were 10 and 11 respectively.  

Many previous studies have failed to identify a link between olfactory capabilities 

and food liking. However, nearly all of this work has been completed with foods that 

have undergone sensory enhancement with the intent of increasing consumer liking. 

The role of sensory acuity in the presence of undesirable sensory changes has 
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previously been identified as an area requiring further investigation (Methven, et al., 

2015). The results of this research indicate that in the presence of undesirable sensory 

changes, lower olfactory sensitivity may be associated with a lesser decline in liking 

scores. 

Differences in sensory capabilities were not identified among the different 

subgroups of consumers for oatmeal. One reason for this may be that many of the 

sensory difference identified in oatmeal were related to its texture. With age, changes in 

texture perception related to moisture and mouth coating have previously been 

identified (Kremer, et al., 2005; Kremer, et al., 2007; Withers, et al., 2013). These 

changes may be related to the decrease in saliva production that can occur with aging 

(Affoo, et al., 2015). Differences in  texture perception amongst older adults were not 

evaluated in this research, but may have influenced food liking, as the older adult 

DECREASE group used terms such as ‘moist’ and ‘sticky’ to describe differences 

between samples, while the older adult NO IMPACT group did not. In addition, for older 

adults the DECREASE group was the largest liking group, while for younger adults the 

largest group was the NO IMPACT group. This is not surprising, as texture has been 

found to play a more important role in food liking for older vs younger adults, due at 

least in part to the physiological changes observed with aging (Forde & Delahunty, 

2002; Kälviäinen, et al., 2003).  Finally, although subgroups of participants that disliked 

each type of fortified food were identified, only 10 of the 65 older adult participants 
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(15%) were in the DECREASE liking group for both foods, meaning that most 

consumers liked at least one type of fortified foods. 

  

7.4 Conclusion 

The objective of this research was to evaluate liking of selected fortified foods 

amongst younger and older adult consumers, and to determine what effect, if any, age 

and sensory capabilities had on liking and perception of fortified foods. Overall, liking 

was relatively unaffected, as no difference in liking scores was observed for oatmeal, 

and only a slight decrease was observed for tomato soup. However, when participants 

were grouped based on their overall patterns of liking, subgroups were identified for 

each food that differed in their liking and perception of these foods. Furthermore, for one 

of these foods (tomato soup), olfactory capabilities differed between liking subgroups, 

such that the consumer subgroup that experienced a decrease in liking with fortification 

had a higher mean olfactory score than the group that did not.   



91 

 

  

Chapter 8 : Overall Discussion and Conclusion 

8.1 Discussion 

The objectives of this research were to evaluate the sensory properties of 

selected fortified foods, as well as their acceptability to older adult consumers. In 

addition, the influence of age and sensory acuity on liking of these foods was also 

investigated. Although previous studies have evaluated similar fortification strategies 

that would target the needs of older adults in LTC, these studies have often lacked 

appropriate sensory testing to provide definitive results. This research evaluated two 

foods, oatmeal and tomato soup, using Descriptive Analysis to quantify sensory 

changes associated with fortification. Consumer testing was then completed to 

determine the acceptability of these foods to older adults. Finally, as older adults vary 

greatly in their sensory capabilities and hedonic response, consumer segmentation was 

completed using cluster analysis. Taste and olfactory capabilities, as well as product 

profiling information, were then compared between subgroups to identify reasons for 

differences in liking.  

 A number of sensory differences were identified in the selected fortified foods. 

With tomato soup, sensory differences were mainly associated with changes in taste 

and flavour intensity, while with oatmeal changes in colour and texture were also 

observed. Previous work has also identified sensory changes associated with 

micronutrient fortification. Similarities with previous research were observed, such as 
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the decrease in flavour intensity and the presence of an off-flavour in fortified tomato 

soup (Benković, et al., 2015; Boeneke & Aryana, 2008; Tsikritzi, et al., 2015)  and the 

changes in appearance and texture in fortified oatmeal (Burton, et al., 2008; Tsikritzi , et 

al., 2014). However, overall sensory changes vary depending on the specific nutrients 

and foods selected. As such, future studies must complete sensory testing with the 

specific nutrients and foods selected rather than relying on these results. 

Although a number of sensory differences were identified in the selected fortified 

foods, overall these changes had very little impact on food liking. However, subgroups 

of consumers that experienced a decrease in liking were present with both foods. For 

these groups, changes in liking scores were relatively small with 50% fortification, 

ranging from 0.5 - 1.5 points on a 9-point scale. However, with 100% fortification, 

subgroups of consumers were identified that would experience a more substantial 

decrease in liking, ranging from 2-3 points on a 9-point scale. Interestingly, the 

consumers that disliked fortified samples differed for each food evaluated. As such, 

having multiple fortified foods available would ensure that nearly all consumers would 

find at least one type of fortified food acceptable. The results of this research support 

the feasibility of food fortification. However, a variety of foods should be used to ensure 

consumers like at least one type of fortified food. Changes in liking could also be 

minimized by spreading the daily fortification amount over 2 or more servings of food, as 

changes in liking were relatively small with 50% fortification, even for the subgroups of 

consumers that experienced a decrease in liking.  
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Furthermore, when completing consumer testing, segmentation should be used 

to ensure that subgroups of participants that dislike a food are not masked by looking at 

the mean for all participants. This research utilized cluster analysis to identify consumer 

groups with different patterns of liking. By doing so, subgroups were identified for each 

food that experienced a decrease in liking with fortification. Had overall liking only been 

evaluated for all participants, these subgroups would not have been identified, and the 

conclusion that fortification did not alter liking would have been made. Previous work 

has identified subgroups of older adults that respond differently to sensory attribute 

changes, however the factors contributing to differences in liking between these groups 

were not identified as consumer profiling was not completed (Kremer, et al., 2007). In 

this research, product profiling was completed by consumers using CATA questions. 

CATA data provided information about the way food samples were perceived by each 

subgroup, and when combined with liking data the specific sensory attributes 

responsible for differences in liking could be identified.  

This research also identified differences in olfactory perception in consumer 

groups with different patterns of liking, in that higher olfactory capabilities were 

associated with a decrease in liking of fortified tomato soup samples. A number of 

studies have attempted to identify differences in liking amongst older adults based on 

sensory acuity in the past (Forde & Delahunty, 2002; Koskinen, et al., 2003; Kremer, 

2014; Kremer, et al., 2007). The vast majority of this work has failed to identify an effect 

of olfactory capabilities on food liking (Doet & Kremer, 2016). However, most of the 
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work completed to date has utilized various compensatory strategies, such as flavour 

enhancement, in an attempt to increase food liking in older adults, while the influence of 

sensory capabilities on liking of foods with undesirable sensory changes has been 

identified as an area requiring further investigation (Methven, et al., 2015). The results 

of this research suggest that in the presence of undesirable sensory changes, older 

adults with lower olfactory capabilities may be less sensitive to these changes. 

Furthermore, it was identified that individual sensory capabilities may influence 

consumer perception in younger subjects as well. Although significance was not 

reached, a trend was observed suggesting that younger adults that did not decrease 

liking as a result of fortification had lower olfactory sensitivity than those who did. It is 

unlikely that minor differences in olfactory sensitivity would influence liking of 

conventional foods for younger adults. However, in a situation such as this where it is 

desirable for a sensory change to go unnoticed, sensory capabilities may play a larger 

role. 

 Finally, CATA results indicated that differences in liking between oatmeal groups 

appeared to be related to texture perception. This was not surprising as fortified oatmeal 

had a number of textural changes, and food texture has been found to play an 

increasingly important role in food liking and perception with aging (Forde & Delahunty, 

2002; Kälviäinen, et al., 2003). However, very little work has evaluated the role of 

individual differences in texture perception on food liking in older adults. This is in spite 

of the fact that numerous physiological changes associated with aging have been found 
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to influence texture perception, such as dentition, chewing capabilities and salivary flow 

(Affoo, et al., 2015; Mishellany-Dutour, et al., 2008), and older adults have been found 

to differ in their perception of food texture properties (Hutchings, et al., 2014; Kremer, et 

al., 2007; Kremer, et al., 2005; Withers, et al., 2013). Individual variability amongst older 

adults has also been demonstrated. For example, differences in chewing capabilities 

have been found to influence sweetness perception (Kremer, et al., 2007), and dentition 

and oral health are the main contributors to food avoidance and modification, strategies 

that are mainly related to difficult food textures (Quandt, et al., 2010). Despite the 

obvious importance of texture perception amongst older adults, its role in food liking has 

not been evaluated. The results of this research suggest that individual differences in 

texture perception contribute to food liking.  
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8.2 Strengths and Limitations 

Previous work evaluating similar fortification strategies has included minimal 

sensory testing, making it difficult to determine the feasibility of such strategies. This 

research provided detailed information about the specific sensory changes associated 

with fortification of selected foods, as well as the acceptability of these foods to older 

adult consumers. In addition, by clustering consumers based on their overall liking 

scores, subgroups with different patterns in liking were identified. Although consumer 

segmentation is often utilized during consumer testing, older adults are often thought of 

as a distinct consumer group. However, the results of this research demonstrate that by 

looking only at mean liking scores for all consumers, subgroups of individuals that 

experience a change in liking can be missed.  

Although identification of these subgroups provided valuable insight regarding 

differences in liking amongst older adults, a limitation of this research was the relatively 

small number of participants (older adults: n=65, younger adults: n=64). For both foods, 

small subgroups (<20% of participants) were identified that experienced an increase in 

liking with fortification. However, due to the small sample size of these groups, their 

results could not be interpreted with confidence. To verify that the groups observed in 

this research extend to the population at large, and to allow for better interpretation of 

the smallest subgroups, a much larger samples size would be needed.  
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By completing this testing with more than one type of food, it could also be 

observed that consumers who disliked one type of fortified food often liked the other. 

This provided additional support for the feasibility of food fortification, as it can be 

ensured that with the use of multiple fortified foods nearly all consumers will find at least 

one of them acceptable.  Additionally, by evaluating varying levels of fortification, it was 

determined that using a lower level of fortification (50%) resulted in smaller change in 

liking. Thus, if the desired daily dose is provided over 2 or more servings of food, 

changes in liking can be further minimized.   

The role of sensory capabilities in the presence of undesirable sensory changes 

has previously been identified as an area requiring further work. This research 

investigated the role of both taste and olfactory capabilities on the perception and liking 

of selected fortified foods, and an association between olfactory capabilities and liking of 

tomato soup, in which fortification mainly influenced taste and flavour attributes, was 

identified. The results of this research suggest that in the presence of undesirable 

flavour changes, older adults with greater olfactory capabilities are more sensitive to 

undesirable changes in flavour attributes. Differences in texture perception were also 

observed between liking subgroups oatmeal, suggesting that individual variability in 

texture perception amongst older adults influences food perception and liking. However 

individual differences in texture perception, or the factors that influence it, were not 

evaluated in this research.  
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8.3 Future Directions 

This research has provided detailed information regarding the sensory attributes 

of selected fortified foods, and their acceptability to older adult consumers. Although 

these results support the feasibility of micronutrient fortification, future studies 

evaluating different types of fortified foods will need to complete similar testing, as 

sensory attribute changes are specific the type of food evaluated. In addition, when 

evaluating food liking in older adults, consumer segmentation should be used to avoid 

masking differences in liking that affect only a subset of consumers. Consumer profiling 

methods, such as CATA, should also be utilized to provide insight about the specific 

sensory attributes responsible for changes in liking, as well as differences between 

subgroups of participants with different patterns in liking. Additional information, such as 

sensory acuity, can also be compared between these subgroups.  

Finally, many opportunities exist to expand on our knowledge surrounding the 

role of texture perception on food liking in older adults. Although this research identified 

differences in texture perception of oatmeal between subgroups of consumers with 

different patterns of liking, individual differences in the physiological factors that 

influence texture perception, such as salivary flow, dentition and oral health, and 

chewing capabilities, were not evaluated. Future studies can expand on our knowledge 

of texture perception by evaluating these factors and the differences that exist between 

consumer liking subgroups.  
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8.4 Final Summary 

This research evaluated a potential micronutrient fortification program targeting 

the needs of older adults in LTC. Previous work evaluating similar fortification strategies 

for older adults in LTC has included minimal sensory testing. A rapid profiling method 

known as Napping® was used to determine the overall impact of both fortification and 

holding conditions on the sensory properties of four potential food carriers. Descriptive 

Analysis was then utilized to provide quantitative information about the sensory 

attributes of two selected foods. Finally, consumer testing was completed to evaluate 

the acceptability of the two selected foods. The results of this work have provided 

extensive information about the sensory properties of the selected fortified foods, as 

well as the acceptability of these foods to older adult consumers.  

By clustering consumers based on their liking scores, subgroups of consumers 

that responded differently to fortification were also identified. In doing so, it was 

observed that consumers who experienced a decrease in liking differed for each food, 

indicating that with a selection of fortified foods nearly all consumers would find at least 

one type of fortified food acceptable. Finally, although previous work has often failed to 

identify a link between age-related changes in sensory perception and food liking, this 

research observed differences in olfactory capabilities between liking subgroups for one 

of the selected foods, suggesting that in the presence of undesirable sensory changes 

olfactory capabilities may influence liking.  
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Appendix A Micronutrient Powder  Spec. Sheet 
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Appendix B Dose Calculation for Fortification 

 

 
Batch 

Size 

Serving 

Size 

Servings/  

Batch 

Desired 

Fortification 

Level 

Amount of Fortification Powder (g) 

= svgs x fortification level x 1.58(g/dose) 

Ex. Oatmeal 
3 cups ¾ cup 4 50% 

= 4 x .50 x 1.58 

= 3.16 
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Appendix C Napping Instructions 

Napping® Instructions 

 You have been provided six samples, and a blank sheet of paper. 

 Please taste each of the samples and evaluate the similarities (or differences) 

between them.  

 Place the samples on the sheet of paper in such a way that the more similar 

samples are, the closer they are placed to one another. 

 You may use any criteria you choose to place your samples.  

 Once you have placed all of the samples, record the sample number and an X-

mark underneath each sample cup. 

 Then add 2-5 words describing each sample.  

o Please do not use comparative terminology such as: ‘sweeter than’, ‘not 

as sweet as’, etc.  

o Instead, you can use terms such as: ‘not sweet’, ‘low sweet’, ‘medium 

sweet’, or ‘high sweet’ if you wish to indicate the intensity of an attribute 
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Appendix D ANOVA Tables 

Appendix D.1 ANOVA Tables for Oatmeal Descriptive Analysis 

Type II Sum of Squares analysis (Variable Moist): 
 

      

Source DF 
Sum of 
squares Mean squares F Pr > F 

Judge 9 67.490 7.499 1.376 0.207 

Rep 2 17.011 8.506 1.560 0.215 

Fortification 2 49.415 24.708 4.533 0.013 

Holding 1 2802.134 2802.134 514.064 < 0.0001 

Judge*Rep 18 37.981 2.110 0.387 0.988 

Judge*Fortification 18 99.837 5.547 1.018 0.446 

Judge*Holding 9 92.623 10.291 1.888 0.061 

Rep*Fortification 4 80.903 20.226 3.711 0.007 

Rep*Holding 2 13.995 6.998 1.284 0.281 

Fortification*Holding 2 18.667 9.334 1.712 0.185 

 
 
 
 
Type II Sum of Squares analysis (Variable Sticky): 

 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Judge 9 197.173 21.908 3.162 0.002 

Rep 2 18.427 9.214 1.330 0.269 

Fortification 2 222.603 111.301 16.063 < 0.0001 

Holding 1 1761.565 1761.565 254.225 < 0.0001 

Judge*Rep 18 86.215 4.790 0.691 0.814 

Judge*Fortification 18 90.319 5.018 0.724 0.780 

Judge*Holding 9 132.197 14.689 2.120 0.033 

Rep*Fortification 4 88.807 22.202 3.204 0.016 

Rep*Holding 2 53.249 26.625 3.842 0.024 

Fortification*Holding 2 4.789 2.394 0.346 0.709 
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Type II Sum of Squares analysis (Variable Grainy): 
 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Judge 9 90.372 10.041 2.074 0.038 

Rep 2 5.041 2.520 0.521 0.596 

Fortification 2 166.809 83.405 17.227 < 0.0001 

Holding 1 1725.463 1725.463 356.382 < 0.0001 

Judge*Rep 18 88.845 4.936 1.019 0.444 

Judge*Fortification 18 100.447 5.580 1.153 0.313 

Judge*Holding 9 24.203 2.689 0.555 0.831 

Rep*Fortification 4 39.232 9.808 2.026 0.096 

Rep*Holding 2 66.711 33.356 6.889 0.002 

Fortification*Holding 2 11.386 5.693 1.176 0.312 

 

Type II Sum of Squares analysis (Variable Sweet): 
 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Judge 9 843.538 93.726 15.469 < 0.0001 

Rep 2 8.172 4.086 0.674 0.512 

Fortification 2 22.363 11.182 1.846 0.163 

Holding 1 13.014 13.014 2.148 0.146 

Judge*Rep 18 89.467 4.970 0.820 0.673 

Judge*Fortification 18 247.436 13.746 2.269 0.005 

Judge*Holding 9 175.075 19.453 3.211 0.002 

Rep*Fortification 4 10.372 2.593 0.428 0.788 

Rep*Holding 2 2.324 1.162 0.192 0.826 

Fortification*Holding 2 20.040 10.020 1.654 0.196 
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Type II Sum of Squares analysis (Variable Oat Flavour): 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Judge 9 135.047 15.005 1.821 0.072 

Rep 2 19.708 9.854 1.196 0.306 

Fortification 2 503.582 251.791 30.553 < 0.0001 

Holding 1 231.427 231.427 28.082 < 0.0001 

Judge*Rep 18 94.162 5.231 0.635 0.865 

Judge*Fortification 18 294.354 16.353 1.984 0.016 

Judge*Holding 9 234.658 26.073 3.164 0.002 

Rep*Fortification 4 14.208 3.552 0.431 0.786 

Rep*Holding 2 11.256 5.628 0.683 0.507 

Fortification*Holding 2 1.083 0.542 0.066 0.936 

 

Type II Sum of Squares analysis (Variable Off-Flavour): 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Judge 9 772.056 85.784 6.864 < 0.0001 

Rep 2 0.025 0.013 0.001 0.999 

Fortification 2 986.349 493.174 39.462 < 0.0001 

Holding 1 46.716 46.716 3.738 0.056 

Judge*Rep 18 121.759 6.764 0.541 0.932 

Judge*Fortification 18 377.426 20.968 1.678 0.054 

Judge*Holding 9 332.077 36.897 2.952 0.003 

Rep*Fortification 4 25.693 6.423 0.514 0.726 

Rep*Holding 2 10.469 5.235 0.419 0.659 

Fortification*Holding 2 64.701 32.351 2.589 0.080 
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Appendix D.2 ANOVA Tables for Tomato Soup Descriptive Analysis 

Type II Sum of Squares analysis (Variable Tomato Flavour): 

Source DF Sum of squares Mean squares F Pr > F 

Rep 2 0.106 0.053 0.007 0.993 

Judge 9 201.333 22.370 2.983 0.004 

Sample 4 1472.323 368.081 49.086 < 0.0001 

Rep*Judge 18 75.705 4.206 0.561 0.916 

Rep*Sample 8 109.995 13.749 1.834 0.085 

Judge*Sample 36 200.398 5.567 0.742 0.836 

 
 
 
Type II Sum of Squares analysis (Variable Sweet): 

Source DF Sum of squares Mean squares F Pr > F 

Rep 2 5.933 2.967 0.666 0.517 

Judge 9 15.433 1.715 0.385 0.939 

Sample 4 1633.605 408.401 91.686 < 0.0001 

Rep*Judge 18 77.047 4.280 0.961 0.512 

Rep*Sample 8 22.052 2.757 0.619 0.759 
Judge*Sample 36 208.736 5.798 1.302 0.170 

 
 
 
 
Type II Sum of Squares analysis (Variable Sour): 

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Rep 2 2.871 1.435 0.281 0.756 

Judge 9 119.157 13.240 2.593 0.012 

Sample 4 2180.960 545.240 106.785 < 0.0001 

Rep*Judge 18 79.029 4.391 0.860 0.626 

Rep*Sample 8 13.509 1.689 0.331 0.951 
Judge*Sample 36 274.900 7.636 1.496 0.074 
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Type II Sum of Squares analysis (Variable Off-flavour): 

      Source DF Sum of squares Mean squares F Pr > F 

Rep 2 0.188 0.094 0.009 0.991 

Judge 9 58.369 6.485 0.618 0.778 

Sample 4 1445.680 361.420 34.418 < 0.0001 

Rep*Judge 18 148.776 8.265 0.787 0.708 

Rep*Sample 8 69.928 8.741 0.832 0.577 

Judge*Sample 36 547.981 15.222 1.450 0.091 
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Appendix D.3 ANOVA Tables for Consumer Testing of Oatmeal  

Type II Sum of Squares analysis for Oatmeal (Variable Overall Liking): 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 12.884 6.442 1.847 0.159 

Age 1 1.409 1.409 0.404 0.525 

Fortification*Age 2 4.903 2.451 0.703 0.496 

 
 
Type II Sum of Squares analysis for Oatmeal (Variable Appearance): 

      

Source DF 
Sum of 
squares Mean squares F Pr > F 

Fortification 2 16.594 8.297 2.643 0.072 

Age 1 5.866 5.866 1.869 0.172 

Fortification*Age 2 7.486 3.743 1.192 0.305 

 
 
Type II Sum of Squares analysis for Oatmeal (Variable Texture): 

 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 3.245 1.623 0.469 0.626 

Age 1 6.167 6.167 1.782 0.183 

Fortification*Age 2 7.574 3.787 1.094 0.336 

 
 
Type II Sum of Squares analysis for Oatmeal (Variable Flavour): 

      

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 9.132 4.566 1.269 0.282 

Age 1 2.802 2.802 0.779 0.378 

Fortification*Age 2 6.365 3.182 0.885 0.414 
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Appendix D.4 ANOVA Tables for Consumer Testing of Tomato Soup 

Type II Sum of Squares analysis for Tomato Soup (Variable Overall liking): 

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 38.362 19.181 6.692 0.001 

Age 1 8.330 8.330 2.906 0.089 

Fortification*Age 2 3.509 1.754 0.612 0.543 

 
 
Type II Sum of Squares analysis for Tomato Soup (Variable Appearance): 

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 6.532 3.266 1.717 0.181 

Age 1 1.872 1.872 0.984 0.322 

Fortification*Age 2 2.078 1.039 0.546 0.580 

 
 
Type II Sum of Squares analysis for Tomato Soup (Variable Texture): 

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 13.307 6.654 2.900 0.056 

Age 1 12.820 12.820 5.588 0.019 

Fortification*Age 2 0.288 0.144 0.063 0.939 

Type II Sum of Squares analysis for Tomato Soup (Variable Flavour): 

Source DF 
Sum of 
squares 

Mean 
squares F Pr > F 

Fortification 2 62.672 31.336 8.993 0.000 

Age 1 13.932 13.932 3.998 0.046 

Fortification*Age 2 5.037 2.518 0.723 0.486 
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Appendix E Oatmeal Descriptive Analysis Interaction Plots 
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Appendix F Olfactory Test (Sniffin’ Sticks®) 

Multiple choices for the 12 Sniffin’ sticks 

1 Orange, blackberry, strawberry, pineapple 

2 Smoke, glue, leather, grass 

3 Honey, vanilla, chocolate, cinnamon 

4 Chive, peppermint, fir, onion 

5 Coconut, banana, walnut, cherry 

6 Peach, apple, lemon, grapefruit 

7 Liquorice, gum, spearmint, cookies 

8 Cigarette, coffee, wine, smoke 

9 Cloves, pepper, cinnamon, mustard 

10 Pear, plum, peach, pineapple 

11 Camomille, raspberry, rose, cherry 

12 Bread, fish, cheese, ham 

Correct answers in bold 

Adapted from Eibenstein et al., (2005) 
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Appendix G 9-point Quartermaster Hedonic Scale 

1 Dislike Extremely 

2 Dislike Very Much 

3 Dislike Moderately 

4 Dislike Slightly 

5 Neither Like nor Dislike 

6 Like Slightly 

7 Like Moderately 

8 Like Very Much 

9 Like Extremely 

(Peryam & Pilgrim, 1957) 
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Appendix H CATA Attribute Lists 

Oatmeal CATA Attributes 

Attributes1 

moist 

sticky 

grainy 

thick 

off-flavour 
oat 
flavour 

yellow 

bland 

white 

creamy 

1 Attribute order was randomized across samples and participants 

 

Tomato Soup CATA Attributes 

Attributes1 

sour 

not sour 

sweet 

very sweet 

bland 
strong tomato 
flavour 
weak tomato 
flavour 

off-flavour 

spicy 

fruity 

1 Attribute order was randomized across samples and participants 


