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Abstract

Over the next 10 years, a generational group known as the Baby Boomers will become
America’s senior citizens and account for 22% of the country’s population but this demographic
is generally overlooked. This demographic largely wants to maintain a good quality of life and
age in a healthy manner, but aging comes with many challenges that may shade their
experiences. Sensory impairment is one of these challenges that changes their experience of food
products and may cause some older adults to develop eating habits that may not align with
developing medical conditions. This review addresses prevalence and severity of impairment for
each of the five senses and the role of texture as humans age, such as the decline of olfactory
acuity and the increase in basic taste thresholds.

Despite the heterogenous impact of sensory impairment on older adults and the
alterations to sensory perception of foods, it is not associated with reduced food liking.
Consumers’ opinions of foods and their choice of foods are based on a variety of information
beyond sensory attributes of products. It is the complex combination of expectations, context as
well as the sensory attributes perceived. The food industry can implement a combination of
intrinsic and extrinsic strategies to help older adults overcome age-related sensory decline to
make food choices that promote healthy aging. Additional research should focus on the influence
on context, such as health claims and eating situations, and understanding food textures that
benefit older adults with poor dental health. Food products should be evaluated holistically, from
packaging to last bite, to better guide and encourage food purchase, consumption, and liking

towards healthy aging among older adults.
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Chapter 1 -
Sensory Impairment as a Natural Result of Aging & Potential

Product Development Strategies

1. Introduction

Globally, senior citizens are defined as adults over the age of 65. In the U.S., this
demographic is increasing as the generational group known as the Baby Boomers age. Baby
Boomers are defined as adults born between 1946 and 1964. Over the next 10 years, all Baby
Boomers will be senior citizens. In Mintel’s 2019 report on Marketing to Baby Boomers, it was
stated that Americans over the age of 50 have a median net worth that is nearly twice as much as
Americans between the age of 18 and 49. This generational group accounts for 22% of the U.S.
population whereas the Millennial group accounts for 24% of the U.S. population (Mintel, 2019).
Baby Boomers are largely overlooked despite their wealth and comparable size to millennials.
As reported by the international communication organization Havas, roughly 5% of U.S.
advertising targets consumers over the age of 50 (Mintel, 2019). Baby boomers should not be
overlooked. This aging group has needs and wants that should be addressed to maintain a good
quality of life and support healthy aging.

There are several challenges that come with aging. The main concern for most is overall
health and maintaining it. Though most boomers do not consider themselves “seniors” nor
“dependent,” it is not uncommon that they are experiencing the effects of aging or have seen the
effects on their parents or peers. This could lead to fears of losing their independence, fears of
being a burden, and so on. From a medical perspective, frailty and sarcopenia are two of many

chronic conditions that impact seniors. Frailty is a multisystem disorder observed in the elderly,



which includes the decline in mental and physical abilities (Clegg et al., 2013). Sarcopenia is the
decline in skeletal muscle mass associated with aging which contributes to frailty (Marty et al.,
2017). Both conditions increase the risk of mortality. With frailty and sarcopenia, individuals are
more likely to suffer from accidental falls or other injuries that may result in decreased physical
mobility, loss of self-confidence, and diminished quality of life (Esquivel, 2017). A key predictor
of these conditions and overall quality of life is the nutritional status of the individuals (Artaza-
Artabe et al., 2016; Esquivel, 2017). Unfortunately, appetite loss in older citizens or the anorexia
of ageing is common (Cox et al. 2020). This appetite loss occurs regardless of medical condition.
The reduction of appetite occurs due to age-related changes of three main factors: physiological
signaling, hedonism, and external cues (Cox et al., 2020). There is an opportunity for the food
industry to address the hedonics and some external factors of food to overcome appetite loss,
improve the nutritional status of elders, and promote healthy aging.

Baby Boomers already have a large focus on health and wellness to sustain their quality
of life (Mintel, 2019). They want to maintain control and ownership over their own health and
are looking for food solutions that can provide health benefits (Mintel, 2019). Before the food
industry can provide these solutions, it is important to understand the consumer and the current
marketplace. Older adults experience some form of sensory impairment, but not all experience
the same sensory impairments nor same degree of impairment. It is individualized based on the
consumers’ age, sex, nutritional status, medical history, work history, education and social-
economic status. Since the health status of older adults varies, this review will focus on
independent consumers who are not in long-term care facilities or hospitalized. This paper will
cover the impact of aging on the senses, potential solutions to sensory impairment, external

factors that influence food choice, and what the current market for senior citizens looks like.



2. Changes in Sensory Perception of Food

It is commonly held that with old age comes some form of sensory decline, whether that
be sight, hearing, smell, taste, or touch. In 2018, Cavazzana et al. study on sensory impairment
demonstrated that age-related sensory decline is based on the specific factor theory. The specific
factor theory states that sensory decline in one sense is not correlated between the other senses.
Simply stated, a decline in vision does not equal the same decline in touch or smell. The degree
of impairment and prevalence in the senior population varies for each of the five senses.

2.1 Sight — Aging Vision

Through the eyes, humans gather a great deal of information about their surroundings and
about the food they are gathering or consuming. Around the age of 40, changes in sight start to
occur (Pathai et al. 2013). These changes result in the need for brighter lighting and stronger
contrast (Black, Kimlin, & Woods, 2014). In Cavazzana et al. study on sensory impairment,
participants were tested and self-reported on sensory impairment (2018). Vision was one of two
senses in which a high percentage of participants self-reported impairment. This demonstrates
that senior citizens may be more sensitive to changes in vision due to the impact on day-to-day
activities, such as reading and/or driving.

Flavor perception may be impacted by these changes since the consumer may not be able
to pick up on visual cues about food, such as the color, gloss, and shape (Zampini & Spence,
2012; Delwiche, 2012). Consumers may infer the flavor of a food product based on the color and
associate color intensity with flavor intensity. For example, an orange-colored beverage is
assumed to be orange-flavored and when that assumption is proven wrong, then the consumer’s

food liking is decreased due to the cognitive dissonance (Appleton & Smith, 2015).



The degree of vision impairment varies based on the individual and their medical
condition. According to the 2014 National Health Interview Survey (NHIS), which was
conducted by the Census Bureau for the National Center for Health Statistics, approximately
13.5% of seniors self-reported vision loss (CDC, 2015). This estimate may be lower than the
actual prevalence since NHIS interviewers asked, “Do you have any trouble seeing, even when
wearing glasses or contact lenses?”. This estimate of 13.5% of seniors covers the severe cases of
vision impairment that cannot be corrected. Since the visual cues are a consumers’ first
impression of food products, it is important to keep in mind that a percentage of senior
consumers may not be able to overcome their impairment.

2.2 Audition — Troubled Hearing

Hearing is important in day-to-day activities, from listening to music and conversations
to listening to our surroundings for potential dangers or alerts. With age, hearing is impaired by
the loss of hair cell in the inner ear, thickening of the eardrum, and/or damage in the auditory
nerve cells (Zampini & Spence, 2004). This could be the result of general aging or to repeated
exposure to loud sounds or music over a long period of time. In Cavazzana et al. study, hearing
was reported by 56% of participants as being impairment compared to their past selves (2018).
This is probably most noticeable along with vision because these two senses affect daily
interactions with the environment and other people.

For food perception, different auditory cues can be picked up from the crunch of food
while chewing to the sound of packaging (Spence & Shankar, 2010). Impaired hearing generally
results in reduced intensity of crispness or crunchiness which reduces the feeling of freshness of

food products (Zampini & Spence, 2004). Although these are the impacts of hearing impairment,



there are no reported negative effects on food texture perception and food liking (Doets &
Kremer, 2015). Auditory cues for texture may be compensated by a different sense.
2.3 Olfaction — Difficulty Smelling

The human sense of smell has an important role in detecting dangers in the environment,
such as spoiled food, natural gas leaks, and other unsavory smells. It is also linked with detecting
pleasurable scents from flowers to foods. Aromas are also closely linked with memories (Waskul
et al., 2009; Schab, 1990). In food perception, the aroma of food products is a key part of
building excitement towards consumption, tasting, and experiencing the flavors. Generally,
people are intrigued or start salivating based on the aroma of food. For example, Thanksgiving
dinner is hallmarked by the orchestra of aromas from the roasting turkey, stuffing, cranberry
sauce, green bean casserole, to many more items. The aroma of food could also be a key
indicator that the food is spoiled and would be harmful to eat, such as when milk spoils. In cases
of severe olfactory impairment such as anosmia, offending odors are undetected and potentially
result in the consumer ingesting spoiled food or signs of a life-threatening event such as smoke
from a fire (Doty, 2018). Unfortunately, olfactory impairment occurs with increased age, even in
healthy adults (Ship et al., 1996).

Olfactory impairment is the result of various cumulative changes and damages to the
nose, receptors, brain structure, and/or chemistry. There are six main causes for olfactory
impairment: environmental pollutants, age-related decline in receptor cell regeneration, age-
related decrease in neuropathways from olfactory receptors to the brain, decreased immune
resulting in decreased maintenance of the epithelium, compromised response in receptor cells,
and neurological diseases such as Alzheimer’s and Parkinson’s (Doty, 2018). In several studies,

brain activity was observed to compare olfactory processing in seniors and younger adults. It was



discovered that seniors demonstrate significantly less activation in brain regions involved with
olfactory processing compared to younger adults (Cerf-Ducastel & Murphy, 2009). Additionally,
seniors demonstrated more activation of the cerebellum which suggests that the act of smelling
requires greater attention or uses other neural pathways to compensate for any perceived gaps
(Cerf-Ducastel & Murphy, 2003, 2009). Severe olfactory impairment has been linked to
neurodegenerative diseases, specifically Parkinson’s disease and Alzheimer’s disease (Conti et
al., 2013; Braak et al., 1998). In a study done in the Netherlands, the general olfactory
impairment occurrence rate in the senior population is ~30% (Toussaint et al., 2015). According
to the U.S. National Social Life Health and Ageing Project, 2.7% of participants demonstrated
severe olfactory dysfunction (Boesveldt et al., 2011). These different values for the rate of
olfactory impairment prevalence demonstrates how olfactory impairment may be under-reported
or overlooked.

Although olfactory impairment prevalence is variable, it seems to be a common
occurrence that is not generally noticed when compared to visual and/or auditory impairment.
The degree of olfactory impairment is dependent on the type of odorant (Doets & Kremer, 2016).
According to Joussain et al. (2013) and Konstantinidis et al. (2006), the identification of
unpleasant odors was the same between young adults and seniors, whereas identification of
pleasant odors was decreased among seniors when compared to young adults. This indicates that
danger identification and avoidance is the key feature of the sense of smell. For food, this results
in a lower intensity score from seniors, but offending odors would be scored similarly when
comparing results from seniors to younger adults. Mojet, Heidema, & Christ-Hazelhof tested the
role of olfaction on taste perception on foods with and without a nose clip on healthy

independent seniors and young adults (2004). It was discovered that the perceived intensity



rating among seniors was similar between the two conditions: nose clip on and nose clip off.
Whereas young adults showed a greater difference in perceived intensity rating under the two
conditions. This clearly demonstrates the importance of olfaction on food perception.

2.4 Gustation — Tasting Troubles

Taste is key for all food products. Most people confuse taste with flavor. Flavor is the
combined experience of aromas and tastants. There are five basic tastes: sweet, sour, bitter, salty,
and umami. There are various causes for the change in taste perception because of the different
biochemical pathways for tastant detection on taste buds.

Taste starts with the taste buds that are contained in the various types of papillae located
on the tongue. These taste buds contain different taste cells that have an average lifespan of 8-12
days (Doets & Kremer, 2016). Despite cell regeneration, sensory perception of the basic taste
attributes changes over a lifetime with no conclusive cause. Some studies show that aging may
reduce the number of taste buds, papillae, or the density of taste buds on the tongue (Fischer et
al., 2013; Shimiza et al., 2007). Other studies show little to no changes in the number of taste
buds (Seiberling & Conley, 2004). Another study indicates that the regeneration of taste buds
decreases or changes with time (Feng, Huang, & Wang, 2014). Additionally, seniors with poor
dental health are not able to masticate food as efficiently which results in less tastants released
for taste cells to detect along with the changes in taste receptors. There is no simple explanation
since each of the basic tastes are impacted differently (Doets & Kremer, 2016). Additionally,
some medications may impair or alter taste perception.

Multiple studies have explored taste perception between young and older adults. There
are three main focuses to examine taste impairment: taste detection thresholds,

identification/recognition thresholds, and taste intensity perceptions (Methven et al., 2012).



Participants evaluated aqueous solutions with a single tastant at varying concentrations
(Schiffman et al., 1990; Schiffman et al., 1994; Kaneda et al., 2000; Fukunaga et al., 2005; Mojet
et al., 2005; Kremer et al., 2007; Methven et al., 2012; Doets & Kremer, 2016; Boesveldt et al.,
2018). Additionally, multiple compounds were used for each of the basic tastes, such as sodium
chloride and potassium chloride for salty, citric acid, tartaric acid, and acetic acid for sour,
quinine and caffeine for bitter, monosodium glutamate and inosine monophosphate for umami,
and sucrose and aspartame for sweet. Analysis of these studies showed a significant difference in
basic taste detection threshold of salty, sour, bitter, and umami of older adults in comparison to
younger adults (p <0.05) (Schiffman et al., 1990; Schiffman et al., 1994; Kaneda et al., 2000;
Fukunaga et al., 2005; Mojet et al., 2005; Kremer et al., 2007; Methven et al., 2012; Doets &
Kremer, 2016; Boesveldt et al., 2018). Exact detection threshold value increases varied based on
the methodology, the tastants used, and the participants.

For salty taste, NaCl was a commonly used tastant. The mean salt detection threshold
among younger adults was 0.06% w/w whereas older adults was 0.12% w/w. This is a two-fold
mean salt detection threshold increase among older adult (Methven et al., 2012). For sour taste,
citric, tartaric, and acetic acids were commonly used tastants. The mean sour detection threshold
increased by 1.5-fold (Methven et al., 2012). For bitter taste, quinine and caffeine were the
commonly used tastants. The mean bitter detection threshold increased by 1.2-fold for caffeine
and 4-fold for quinine (Methven et al., 2012; Doets & Kremer, 2016). For umami, monosodium
glutamate was commonly used as the tastant. The mean umami detection threshold increased by
2.2-fold (Methven et al., 2012; Doets & Kremer, 2016). Sucrose was the commonly used tastant
for sweetness. Results varied in multiple studies. For example, Kaneda et al. reported there was

no significant difference in detection thresholds from young to elderly (2000). But a couple years



later, Fukunaga et al. reported that there was a significant increase (p < 0.0001) in the
recognition threshold for sucrose (2005). Overall, the observation was that there is no increase in
detection threshold for sweetness with increased age (Methven et al., 2012; Doets & Kremer,
2016). Though these results vary in terms of the exact degree of impairment, they show us that
there is an impact of age on the tastant detection and recognition thresholds in aqueous solutions.

Though these taste impairments are observed and can be quantified with some
consistency, the prevalence varies based on the individual and their experiences. Boesveldt et al.
found that severe cases of taste impairment, defined as <25% accuracy in gustatory tests,
occurred in approximately 10-15% of the senior participants (n=3005, mean age of 69) (2011).
As demonstrated by the varying degrees of taste impairment on each of the basic tastes, there is
no scientifically agreed cause. Each of the basic tastes are involved with different chemical
receptor mechanisms which explains the variability of detection threshold increases for different
tastants.

2.5 Food Texture and Mouthfeel

Texture is a critical component that is commonly overlooked in favor of taste and aroma.
But some food products are defined by their texture, whether it is creamy ice cream or crispy and
crunchy chips. Previously mentioned, the dental health of seniors is variable to individual life
experiences. Some boomers may have retained all their teeth, missing some of their teeth, or are
already using dentures. Seniors with poor dentition have found masticating cereal products and
meat products more painful (Vandenberghe-Descamps et al., 2016). Not only is chewing more
difficult, but some may suffer from difficulty swallowing or dysphagia. Among seniors, there are

two main type of dysphagia: oropharyngeal and esophageal (Aslan & Vaezi, 2013).



Oropharyngeal dysphagia commonly is caused by strokes, occurring in approximately a
third of stroke patients. Whereas esophageal dysphagia is caused by various
mechanical/muscular causes, such a head or neck injuries, Parkinson disease, Huntington
disease, multiple sclerosis, dementia, and side-effects of medical prescriptions. Both medical
conditions, poor dental health, and dysphagia would very likely reduce food liking, appetite, and
food consumption.

The prevalence of poor dental health is highly variable based on social-economical status.
In industrialized societies like America, more than 50% of seniors lack teeth to some degree
(Razak et al., 2014). Dysphagia generally has a prevalence of 6-9% of the US population (Aslan
& Vaezi, 2013). For seniors, the prevalence of dysphagia increases to 15-22% (Aslan & Vaezi,
2013). The increased prevalence of poor dental health and dysphagia with age reflects the
cumulation of the impact of individuals’ social-economic status, pre-existing medical conditions,
and/or injuries throughout their lives.

For independent seniors, not living in long-term care facilities or hospitalized, these
impairments are things they have adapted to by avoiding certain foods, preparing foods in a way
to ease consumption, and/or eating with more care. A lot of responsibility and pressure is placed
on the consumer, who may be managing more than one medical condition. There is great
variability in dental health and swallowing ability, it is very important that texture and mouthfeel
is considered in food products for seniors. This attribute could be considered critical since it is
unlikely for consumers to purchase and consume products that are difficult to eat.

2.6 Sensory Perception, Expectations, Mental Health & Food Liking

Despite lowered sensory abilities, these impairments are not associated with reduced food

liking (Kremer et al., 2007). Food liking is based on more than just sensory perception.
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Consumer develop their opinion of foods based on a variety of information that builds their
expectations and how those expectations may or may not be met. These expectations are formed
based on accumulated experiences from previous sensory experiences, consumption contexts as
well as other associated learnings (Mela, 1999). The context of food consumption can be related
to the product brand, the images and the claims, consumers’ psychological and physiological
state, as well as the situation and frequency of consumption (Mela, 1999; 2000; 2006; Reis,
Alcaire, Deliza, & Ares, 2017; Lidon et al., 2018; Morris, Beresford, & Hirst, 2018;
Santagiuliana et al., 2019; Nguyen & Wismer, 2019; Torrico et al., 2019). Some of these
consumer food experiences are associated with their cultural background or accessibility to try
other cultural cuisines which results in product familiarity (Torrico et al., 2018; Mela, 2000). The
resulting differences between expectation and actual sensory experience are psychologically
resolved by the consumer. There are some theoretical models (assimilation, contrast, generalized
negativity, and assimilation-contrast) that explain the impact of the differences between
expectation and actual experience (Piqueras-Fiszman & Spence, 2015).

The assimilation model depicts consumers resolving differences by shifting sensory
perception ratings to meet expectations set, whereas the contrast model depicts differences being
magnified and not meeting expectations (Piqueras-Fiszman & Spence, 2015). Generalized
negativity model suggests that any differences between expectation and experience result in a
negative opinion regardless of how the actual experience was (Piqueras-Fiszman & Spence,
2015). For example, a consumer that has a generalized food aversion will generally dislike food
products that contain their aversion. Assimilation-contrast model suggests that assimilation or
contrast could occur based on how big the difference is (Piqueras-Fiszman & Spence, 2015). For

example, pink-colored ice cream. Pink-colored ice cream is generally expected to taste like
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strawberry based on consumer food memory, but if the ice cream was raspberry then consumers
may assimilate the experience and still have a favorable impression of the product. But if the
pink-colored ice cream is salmon flavored or bubblegum flavored, then consumers may follow
the contrast model since the difference between expectation and experience is too great, which
would result in an unfavorable impression of the product.

Beyond the psychological resolution of expectations and reality is the consumers’ mental
health or state-of-mind. Seniors face a lot of changes and need to overcome personal hurdles,
such as coming to terms with physical limitations, medical conditions, and eventually mortality.
It may not even be their own mortality; it could be the death of friends or even their spouse. All
these changes may leave these seniors feeling helpless and may lead to depression. Who
wouldn’t feel helpless and depressed if you had reduced capabilities compared to younger years,
potential diet changes or additional medication for medical conditions, or a shrinking group of
friends? Depression is a real issue that impacts at least 2 — 10% of older adults living in
retirement communities and at least 30% of nursing home residents (Evers & Marin, 2002).
What does this have to do with food though? With depression in older adults, they may exhibit a
loss of interest or pleasure in once enjoyable activities, such as eating. For older adults in nursing
homes, this loss of interest in food has resulted in a 30-36% loss of weight (Morely & Kraenzle,
1994). In case of a spouse’s death, the psychological impact of bereavement on the widowed is
profound. Rosenbloom and Whittington (1993) noted that 73% of widows (n= 44) commented
on loneliness and diminished enjoyment at mealtimes and that eating became a chore. Along
with a grim outlook on food is weight loss, 84% of the widows in the study reported weight loss
which averaged to 7.6 pounds (Rosenbloom & Whittington, 1993). The mental health of senior

consumers has a serious impact on their appetite and changes how they view food.
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Food liking is complex. It is based on consumers’ mental state, preferences, previous
experiences, sensory abilities, intrinsic factors, and extrinsic factors of the product itself. Sensory
perception is one component that forms the bigger picture of food choice and want. For senior
citizens with impaired senses, the intrinsic strategies and extrinsic strategies should be
implemented in tandem to manage consumer expectations and food hedonics to promote
nutritional health and healthy aging.

3. Impact on Food Products: Solutions to Improve Nutritional Intake

The prevalence and severity of sensory impairment in the senior demographic results in a
very heterogeneous market segment. As established by Kremer et al. (2007), sensory impairment
is not associated with reduced food liking. This information is not enough to understand why
older adults demonstrate lower rating for liking in comparison to younger adults, and why this
demographic is at-risk for malnutrition (Appleton & Smith, 2015; Methven et al., 2012; Doets &
Kremer, 2014). Nutritional status is a key predictor of frailty and additional medical issues
relating to physical and mental health (Doets & Kremer, 2014; Esquivel, 2017; Artaza-Artabe L.
et al, 2016). All compounded medical issues would lead to a poorer quality of life. It is critical
that food development strategies are implemented to help improve the nutritional status of
seniors and to promote healthy aging. These strategies can utilize intrinsic manipulations of food
to improve liking and intake and/or extrinsic methods to entice or improve or inform the
consumption expectation and experience. A combination of intrinsic and extrinsic strategies
should be used to maximize the desired effect.

3.1 Intrinsic Strategies

13



There are three main intrinsic strategies to overcome age-related sensory decline: flavor
enhancement, texture modification, and increased visual identification (Doets & Kremer, 2016;
Abdel-Moemin et al., 2019).

Flavor enhancement is a straight-forward strategy to address olfactory and gustatory
impairment (Abdel-Moemin et al., 2018). Based on the literature, this strategy has mixed results
(Schiffman et al., 1994; Griep, Mets, & Meassart, 1997; Koskinen, Kalviainen, Tuorila, 2003;
Kremer, Mojet, & Kroeze, 2005; Essed et al., 2007; Essed et al., 2009; Doets & Kremer, 2016).
For instance, Schiffman’s 1993 study on the taste perception of monosodium glutamate (MSG)
established that senior participants (n=10) required approximately three times more MSG in
various food matrices to recognize the taste of umami as compared to younger participants. In
1997, Griep, Mets, and Massart performed a study which demonstrated seniors preferred highly
flavored soups with increased MSG. A decade later, Essed (2007) tested the theory in their study
to see if increased MSG in foods served to seniors in nursing homes would improve their food
liking, intake, and/or nutritional status. In both Essed’s 2007 and 2009 study, increased MSG in
animal protein meals and tomato soups demonstrated no increase in food liking, food intake, and

improved nutritional status among seniors with taste and smell impairments (Figure 1, 2, 3).
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divided into four groups of olfactory and gustatory performance (Essed et al., 2009)

The effectiveness of flavor enhancement is dependent on many variables, such as the
product category, the desired flavor, and tastant being enhanced. Each of the basic tastes are
negatively impacted at different rates as seen by the varying detection threshold increases.
Additionally, it would not be beneficial to increase the tastant if there would be negative health
consequences. For example, increasing the sucrose or sodium chloride content in a food product
to increase perceived sweetness or saltiness may exacerbate existing health conditions or
increase the risk of getting diabetes or hypertension. If increasing the tastant is not an option,
then increasing the aromatic flavor compounds may be viable. But this idea was disproven by
Koskinen, Kalviainen, and Tuorila’s (2003) study, which revealed aroma increase did not
significantly increase intake among seniors and negatively impacted younger consumers by
decreasing their willingness to buy, to eat the product again, and to recommend the product to a
friend. Based on Forde and Delahunty’s 2003 study on orange juices for young and senior

consumers, senior consumers are including textural influences into their liking evaluation
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whereas young consumers primarily base their liking evaluation on taste and smell. Instead of
focusing on overcoming chemosensory impairment, it would be best to diversify.

Texture modification, such as minced, pureed, increased viscosity, aids seniors with
impaired mastication and/or gustatory abilities to improve liking and intake. Dental health
among seniors varies. In cases of poor dental health, food perception may be impacted by the
change in flavor release or texture. Impairment may cause the experience to be discomforting or
painful. By modifying the texture of food products, mastication would be easier and the amount
of tastants released would be increased (Abdel-Moemin et al., 2019). By improving food
comfortability, the perceived ease of eating also improves (Lorieau et al., 2018). Additionally,
texture modification would aid older consumers with difficulty swallowing or dysphagia. These
textural improvements to the eating experience would improve food likeability and consumption.
But it is important to note that minced, pureed, and liquidized foods are not visually appealing
which would potentially decrease consumption and would have lower nutritional content
compared to solid forms (Stahlman et al., 2000; 2001). But not all food products can be minced,
pureed, and/or liquefied. Some foods can be softened due to the cooking process, such as soups
and stews. These products can contain meat and vegetable pieces that are softened, which
implies ease in mastication and swallowing (Strangierski & Kawecka, 2019). Some of these
products may also have a high viscosity, which is beneficial to seniors with swallowing problems
(Stelt et al., 2020). But in the case of hard or solid foods, what may be more important is the ease
of forming a food bolus and the final texture of the food bolus. This is what was explored in
Lorieau et al. (2018) study on the bolus quality and food comfortability of four model cheese for
seniors. Cheeses that required more saliva or liquids resulted in a harder bolus and was described

by participants as least comfortable. The unfavorable texture attributes were identified as dry and
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sticky. Favorable texture attributes were soft, fatty, and melty. This resulted in a more easily
formed bolus and was more comfortable to senior, which had a positive impact on food liking
and comfort (Figure 4). A “mouthfeel wheel” of texture attribute terms was developed by van der
Stelt et al. (2020) for medical nutritional products. The developed terms echo the desirable and
undesirable attributes discovered by Lorieau et al. (2018). But there are some key texture
attributes not captured by Lorieau et al. For example, mouthfeel attributes pertaining to “mouth
effect” or “throat effect after swallowing” were not captured by Lorieau et al. Some pleasant

99 ¢¢ 2% ¢¢

mouthfeel attributes were “mouth tingle”, “cooling in the throat”, “smooth” whereas some
unpleasant mouthfeel attributes were ““ metallic effect”, “throat irritation”, “mouth coating”,
“gagging reflex” (van der Stelt et al., 2020). The use of a mouthfeel wheel of texture attribute
terms would be beneficial to developing food products for independent senior consumers that are
not in long term care facilities nor need to consume medical nutritional products. Overall, texture

modification methods should be considered carefully based on the product category to improve

food liking and food intake.
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Figure 4: Results from questionnaire on perception of food comfortability (Lorieau et al.,
2018)

Finally, the visual identification cues could be increased for better identification or
contrast. All consumers “eat with their eyes” and set the food consumption expectations based on
visual cues. Older adults are no different. Increased visual cues help with cognitive associations
with food and can compensate for flavor impairment and texture modified foods (Appleton &
Smith, 2015; Doets & Kremer, 2016; Stahlman et al. 2000; 2001). Santagiuliana et al. (2019)
study on consumer expectation of chicken soups with vegetable pieces at three different sizes
(3mm?3, 7mm?, and 10mm?), model carrot pieces (carrot-flavored agar gels at 7mm?) and model
chicken pieces (chicken-flavored agar gels at 7mm?®) demonstrated the influence of visual interest
on expected textural attributes as well as flavor perception. The model chicken pieces were not
visually aligned with consumer expectations and resulted in a significant decrease in liking, but
model carrot pieces visually aligned with expectations of real carrots. The size of the carrot
pieces influenced texture expectations from consumers, with larger pieces increasing the
perception of crunchy, chewy, or hard carrot pieces whereas medium to small pieces were

perceived to be softer and better aligned with expectations developed from previous chicken
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soup consumption experiences. Samples developed in the study that closely resembled consumer
expectations of the product improved sensory perception and liking of the soups. This can be
easily applied to other food products. The more identifiable and familiar the food item is, the
more likely the product can be perceived as pleasant or likeable.

Flavor enhancement, texture modification and increased visual identification are
strategies that should be used in tandem to develop food products with intrinsic characteristics
that appeal to seniors as well improve their experience.

3.2 Extrinsic Strategies

There are three extrinsic strategies that help seniors with their food choice, intake
decisions, and improve product liking: packaging, labeling, and the evocation of memories and
emotions (Doets & Kremer, 2016; Abdel-Moemin et al., 2019).

Packaging is an important element of food products. It is the delivery system as well as
the protectant. But sometimes packaging can be cumbersome and difficult to open, which could
have a negative impact on the product experience. For seniors, difficult packaging can especially
frustrating if they suffer from osteoarthritis in their hands. Osteoarthritis is the most common
form of arthritis that affects approximately 15% of the general population, with age and gender
as a strong predictor of osteoarthritis and is commonly associated with the hand, knee, and hip
joints (Johnson & Hunter, 2014). Women are associated with higher prevalence and severity as
compared to men. Though there is no reported prevalence among the senior population, it is easy
to imagine the prevalence is high when the lifetime risk is 40-47% (Johnson & Hunter, 2014).
The best way to increase accessibility is to make food packaging easy-to-open and easy-to-
reclose. This type of packaging promotes a feeling of independence and improves food product

liking (Abdel-Moemin et al., 2018). Increased color contrast, such as dark text on a white
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background, on packaging would allow for greater accessibility to consumers with visual
impairment (Abdel-Moemin et al., 2018; Doets & Kremer, 2016). Additionally, individual
portion-sizing would be helpful for independent-living seniors that no longer need to prepare
family-sized meals (Abdel-Moemin et al., 2018; Doets & Kremer, 2016). In general, consumers
of all ages can benefit from packaging improvements for increased accessibility and
individualization.

Labeling is another aspect that influences product likability (Doets & Kremer, 2016).
Based on the labeling, the product likability and perceived healthiness of food are impacted
(Ekelund et al., 2007; Faulkner et al., 2013; Johansen et al., 2010). Branding of products generate
different expectations from consumers regarding the quality (Morris, Beresford, & Hirst, 2017).
Specialty product brands and/or premium brands were regarded as high quality with product
expectations being high, while private label (everyday retailer) brands and/or discount (retailer)
brands were regarded as lower quality with product expectations being lower. With private label
and discount brands, consumers assimilated any intrinsic flaws of the product to expected lower
quality based on the brand. This would not be true of specialty product brands or premium
brands. It could be inferred that a reduction of quality in specialty and premium brands would
result in dissonance and may negatively impact consumer liking of the product. But branding has
a limited impact on sensory evaluation and product liking but is a factor that influences
consumer expectations and purchase intent (Morris, Beresford, & Hirst, 2017). Health claims or
ingredient claims, such as reduced sodium or reduced sugar, also influence consumers and
product expectations. There are various food products on the market with such claims or labels,

but the question is, what do consumers think of these.

21



In the case of products with declared reduced sodium, the products were perceived as less
salty but other product sensory attributes were also impacted (Nguyen & Wismer, 2019). Some
reduced sodium food products were liked better than their “regular” sodium products, such as
pickles. But for other products, such as ham, sodium reduction resulted in less juicy texture
characteristic since sodium helps with the water binding capacity of meat proteins. Despite
divergent impacts on products, these sensory changes were rated as acceptable to consumers
(Table 1) (Nguyen & Wismer, 2019).

Table 1: Overall liking of regular and sodium-reduced food products (Nguyen & Wismer,
2019)

Food Product Regular Sodium-Reduced
Chips 6.8+14 6.8+14
Pickles 53+19 58+20
Ham 6.1+x14 6.0+ 1.7
Soup 6.6+14 6.1+1.6

9-Point scale of 1 (Dislike extremely) to 9 (Like extremely)

The same could be said with sugar reduced products. In a case study about orange
pomegranate juice, researchers developed five samples of orange pomegranate juice using no
added sugar, added sugar, and sweetened with other sweeteners such as sucralose, stevia, and
monk fruit extract (Reis, Alcaire, Deliza, & Ares, 2017). The samples were presented under two
conditions: blind and informed. The results demonstrate, on average, that information generally
increased overall liking scores of the various orange pomegranate juice blends; looking at
individual variables, the sample with no added sugar had a significant difference (Table 2). This
study also demonstrated that information pertaining to certain ingredients, such as stevia, would
affect sensory and hedonic perception through the assimilation model. The non-characteristic
flavor of stevia would be assimilated into consumer’s expectation and perception based on the

product labeling. But some natural sweeteners, like monk fruit extract, the non-characteristic
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flavor diverged too much from a “regular” product which results in a negative perception of the

product through the contrast model. This demonstrates the positive impact of nutritional

characteristic labeling on consumer perception of products through the management of

expectation.

Table 2: Average overall liking scores of orange/pomegranate juice under blind and

informed conditions (Reis, Alcaire, Deliza, & Ares, 2017)

Score

Sample Blind Informed Significantly Different?
Sugar 58+£22 6.4+19 NS
No Added Sugar 34+£19 40+£21 SD
Sucralose 59+22 6.2+2.1 NS
Stevia 58+22 55+2.3 NS
Monk Fruit Extract 41+24 44+£24 NS
Average Overall Liking 50+19 53+19 SD

NS = Not Significantly Different

SD = Significantly Different (p < 0.05)

9-Point scale of 1 (Dislike extremely) to 9 (Like extremely)

Additionally, consumers are willing to pay more for products with front-of-pack labeling

that indicates a “healthier choice”, reduced sugar/MSG/sodium, other health benefits, or locally

sourced ingredients (Bugera, Lengyel, Utioh, & Arntfield, 2013; McCrickerd, Tang, & Forde,

2020). For example, Bugera (2013) developed a tomato lentil pasta sauce with functional food

properties utilizing locally sourced ingredients to understand consumer acceptability among baby

boomers and how much they were willing to pay the product. Based on the participant suggested

pricing, on average, they were willing to pay $0.34 more compared to commercially available

products (Bugera, Lengyel, Utioh, & Arntfield, 2013). Labeling plays a role of informing

consumers and managing their expectations which ultimately influences the consumers’

perception and liking of a product. With seniors placing more emphasis on health food products,
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they would want to see labeling that guides them to the right foods that align with their goals and
proper labeling would help mitigate some sensory impairment with psychological influence.

The last extrinsic strategy to help seniors with food choice and intake decision is to evoke
positive memories or emotions associated with food. Evoking memories is favorable to product
liking and consumption (Doets & Kremer, 2015). It is the mental-emotional factor that should
not be ignored for any consumer experience. By evoking positive memories or emotions, the
food product is facilitating cognitive associations to previous favorable food experiences that can
compensate for sensory perception gaps. This would also include product familiarity. The
consumers’ familiarity to a product, a type of product, or an ingredient plays an important role in
liking (Torrico et al., 2019). For example, monk fruit, or luo han guo, is a familiar ingredient in
Chinese culture since the plant is native to southern China and is used in traditional Chinese
medicine as a treatment for coughs and sore throats (Li et al., 2014). In America, this fruit is
processed and used as a sweetening agent. Most Americans are not familiar with the flavors
associated with monk fruit, which generally results in a negative perception of food products
sweetened with monk fruit. On the other hand, mac and cheese and apple pies are well-known
food dishes or products in America which allows the American market to accept and like these
products more readily. This familiarity to ingredients and/or products allows seniors to feel
comfortable with their decisions and allows for previous food experiences to become a reference
point of cognitive assimilation to overcome sensory perception gaps.

These extrinsic strategies improve accessibility, inform consumers, manage expectations,
and leverage familiarity of food products to potentially improve product liking. This is especially

important when intrinsic strategies are not the cure-all to overcoming sensory impairment and
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improving nutritional health. Healthy aging involves consumers to make the conscious choice to
select products that align with their health and diet goals.
4. The Current Market for Baby Boomers and Seniors

Retail food products are generally not marketed “for seniors” because it is not appealing
to the target consumer. It is not desirable to ostracize a specific demographic for age-related
changes. But Boomers will be and are the seniors of the American population. Their needs
should be addressed, but should their products be age-specific?

When age-specific products are mentioned the general population probably thinks of
children. In the case of foods, it is very easy to notice what products are targeting children. There
is bright bold packaging with cartoon characters or iconic role models. The food product is
generally colorful with novel shapes and/or sizes. Maybe the product is marketing a toy inside to
encourage the child to ask for their parent to purchase it. What would older adult foods look like
on the shelf without making the consumer feel ashamed or outraged? It is likely due to these
negative feelings that many food products are not senior specific.

As older consumers, this group is looking for health and wellness (Mintel, 2019). The
main drivers of food purchases are health benefits, taste, and price (Bugera et al., 2013). Bugera
noted that local sourcing of familiar ingredients improved consumer’s purchase intent. But how
is this any different from a regular consumer? To this point, there is some distinction on what
health claims catches the senior consumer’s eye.

There are a variety of health claims and benefits on the current market, from no added
sugar, low sugar, heart healthy, whole grain, low sodium, low fat, immune boosting, and so on.
But what are the key concerns of Baby Boomers? According to Krystallis et al. (2008) and Urala

& Lahteenmaki, (2004; 2007), Boomers associate the following label statements as healthy:
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whole grain, high fiber, free of trans fats, low sodium, fresh, heart healthy, and low fat. More
specially, seniors look for food products that help with disease prevention. Food products that
state they are high in antioxidants, vitamins, and minerals with a specific health purposes would
likely catch their attention.

Though these are the claims older consumers are looking for, there are certain nutrients
that shouldn’t be ignored. As mentioned, frailty and sarcopenia are two of many chronic
conditions that older adults are at risk of. Both conditions are preventable through proper
nutrition. What is missing from the health claims seniors are looking at? Protein, calcium, and
vitamin D might be some of the nutrients missing. The decline in muscle mass of elderly
individuals has been attributed to the low consumption of protein in their diets (Stenholm et al.,
2008). According to World Health Organization (2007), the recommended daily protein intake of
0.8g/kg is not enough for the maintenance of muscle mass. According to Valenzuela et al.
(2013), one-third of elderly women and one-quarter of elderly men consume less than the
recommended amount of protein. Artaza-Artabe et al. (2016) recommend that older adults should
consume 25-30g of protein per meal, 1000-1200mg of calcium per day, and more than 800Ul of
vitamin D per day to improve bone and muscle health and reduce the risk of falls and accidents.
As the current market stands, most high protein products are marketed toward muscle builders
and fitness enthusiasts.

High protein products generally come in the form of concentrated powders for consumers
to incorporate into their diet, or nutritional beverages for direct consumption as meal
replacements or supplement. Other high protein products are ready-to-eat/drink bars and
beverages. The protein source for these products are generally whey or soy. Other plant-based

proteins have been commercialized such as pea protein and hemp protein but are uncommon.
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Unfortunately, most consumers do not like commercially available protein beverages (Childs et
al., 2008). A focus group study was conducted to understand the consumer perception of protein
beverages and bars, consumers stated the top three factors that influence purchase was nutritional
content, flavor, and price (Childs et al. 2008). These are the same drivers that influence older
adults in their purchases. Additionally, most consumers in the focus group favored heart health
claims and low-fat labels. Both claims align with what older adults seek. It would not be hard to
imagine with some changes to product positioning that these high protein products would be
beneficial to seniors’ health goals.
5. Conclusion

Older adults experience sensory impairment as part of the natural process of aging, but
impairment does not mean these consumers cannot appreciate foods as they did before. These
consumers rely more on additional information to guide their decisions on food purchases,
intake, and liking. The current market may understand this based on the lack of age-specific
product and general trend towards health claims that seniors also look for to achieve their health
goals. But there are some overlooked claims that should be elevated to address the two chronic
conditions of frailty and sarcopenia: high in protein, calcium, and vitamin D. These nutrients are
critical to maintaining healthy lean muscle mass and strong bones which are important to
mobility. Without the ability to move about independently, seniors lose self-confidence and their
quality of life may start to diminish and increase their risk of mortality.

To better food products and promote healthy food choice and consumption among older
adults, future research should be explored in two directions: expanding our knowledge and
communication of food texture and the influence of context (claims, environment, eating

occasions, etc). A better understanding of food texture and additional communication tools
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would help with the development of food products that are better suited for older adults with
poor dental health. The context in which food products are presented would provide a broader
picture of what drives consumers’ food choice and consumption. The current industry focuses
heavily on the sensory hedonics of a product, but rarely do they capture the big picture of how a
product would fit into a consumer’s lifestyle and health goals. A better understanding of the
influence of context not only helps the food industry promote healthy among older adults, but
with the formation of healthy diets among all consumers.

Though there is no panacea to address the heterogenous mix of impairments and
severities of this demographic, but it is possible for the industry to be more cognizant and
implement a variety of methods, beginning at the packaging and ending with the last bite, to
better guide and encourage food consumption and liking towards healthy aging among

independent older adults.
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