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Abstract: This study’s objective was to develop desirable, safe, and nutritious
dairy-rich breakfasts and desserts for older adults while identifying the influ-
ence of comfort, nostalgia, and texture preferences. Participants (n = 81, mean
age = 71 ± 7.3 years) evaluated two breakfast meals (meat-containing, vegetar-
ian) and two desserts (chocolate, vanilla puddings) for acceptance; they also
answered inquiries concerning texture preferences and reported their feelings
of comfort and nostalgia experienced during evaluation. Mean participant lik-
ing was 6.2 for the meat breakfast, 5.7 for the vegetarian breakfast, 5.8 for the
chocolate pudding, and 4.3 for the vanilla dessert (along a 9-point scale). Meal
liking was mediated by flavor intensity, sweetness intensity, and texture pref-
erence. Texture preference results indicated that older adults both like and are
comfortable with orally handling textures typically deemed concerning for this
population. Liking of the meals also increased if a higher experience of comfort
was elicited during meal consumption (p < 0.05); perceived comfort decreased
if there was insufficient flavor. Increased nostalgia experienced during meal
consumption also increased overall liking. This study provided guidance on
acceptable textures for potential product development while highlighting the
importance of understanding the perception of nostalgia and comfort for older
adults’ meal acceptance.
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Practical Applications: Focusing on older adults, this study showed that nos-
talgia, comfort, and texture variety are all important elements of an older adult’s
diet. This research is useful for product developers who can use these elements
in designing and testing the acceptance and healthfulness of prepared meals by
older adults.

1 INTRODUCTION

The United States faces an exponential increase in older
adults (age = 60+) by the year 2030 (Centers for Dis-
ease Control & Prevention [CDC], 2022b). With aging

comes an increased risk for chronic diseases includ-
ing diabetes type II, cardiovascular diseases, and cancer
(CDC, 2022a; World Health Organization, 2022). This
risk can be mitigated by improving diet quality (i.e.,
the healthiness of dietary intake) through the intake
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of key nutrients (National Institute of Health [NIH],
2022).
Diet quality may be improved through nutrient supple-

mentation (Anders & Schroeter, 2017), moderating intake
of certain nutrients (Krebs-Smith et al., 2018), or directly
through the consumption of nutrient-dense meals. To pro-
vide these nutrient-dense meals, ready-to-eat (RTE) meals
have been shown as a promising approach for older adults
aged 60+ (Montero & Ross, 2022; Romaniw et al., 2022).
Due to the increased risk of older adults to foodborne ill-
nesses (Anderson et al., 2011), ensuring a safe product is
critical (Kendall et al., 2006). To accomplish this, steril-
ization is a food processing method that ensures that RTE
meals are safe for consumption.
One sterilization technique that has been examined

for processing RTE meals for older adults is microwave-
assisted thermal sterilization (MATS) (Barnett et al., 2019;
Chaffee & Ross, 2023a). This novel method has been
reported to retain a meal’s nutritional and sensory char-
acteristics better than more conventional retort, as well
as produce a shelf-stable and microbiologically safe final
product (Tang, 2015). Research in RTE meals produced
using MATS technology has focused on lunch and din-
ner meals (Chaffee & Ross, 2023a; Montero & Ross, 2022).
However, an analysis of the diets of 4035 older adults
(age = 65+) has also associated breakfast consumption
with higher quality of life and health outcomes (Kim,
2015). These outcomes include an improved weight status
(Purslow et al., 2007) and a reduced risk of cardiovascular
diseases (St-Onge et al., 2017; van der Heijden et al., 2007)
and type II diabetes (Mekary et al., 2013).
Additionally, research has shown that emotional sta-

tus has a significant influence over dietary intake among
older adults (age = 60+) (Walker- Clarke et al., 2022).
More specifically, an exploratory study conducted by Vig-
noles and Pichon (2014) found that the dietary intake
of their older adults (age = 60+, n = 104) was largely
driven by nostalgia. Fleury et al. (2022) theorize that
nostalgia and comfort are emotional responses to var-
ious psychological threats such as social, existential,
and self. Evocation of nostalgia has been evidenced to
increase food consumption by improving appetite and
mood among the older adult population (age = 61–87)
(Espinoza-Ortega, 2021). Desserts have been described as
a nostalgia/comfort-inducing food due to their ritualistic
inclusion in various life events (Ratcliffe et al., 2019). Per-
ceptions of comfort and nostalgia can be evoked through
carbohydrate-dense foods such as pastries, flavors such as
coconut and cinnamon, and dairy-based foods (Reid et al.,
2023).
Beyond conferring perceptions of comfort and nostalgia,

utilizing nutrient-dense ingredients such as dairy products
provides opportunities to introduce nutrients that are ben-

eficial to older adults such as protein, calcium, potassium,
and vitamin D (Rozenberg et al., 2016). These nutrients
are integral to reducing the risk for conditions such as
sarcopenia (Papadopoulou, 2020), osteoporosis (Bouvard
et al., 2021), and certain types of cancer, such as colorectal
(Lampe, 2011), as well as maintaining normal cell function
(Davitte et al., 2021).
Beyond these factors, there are extrinsic variables to

consider for developing meals suitable for older adults.
Some health claims, such as good source of fiber (10%–
19% of daily recommended fiber intake) (21 Code of
Federal Regulations § 101.54) or heart-healthy (<1 g satu-
rated fat/serving, <6.5 g total fats/serving, and <400 mg
sodium/serving) (American Dietetic Association, 2023),
can be viewed as desirable by individuals with specific
nutritional desires or dietary restrictions. In addition, older
adults are at increased risk for changes in eating capa-
bility due to changes in their mastication ability. These
changes include changes in dentition (Nomura et al.,
2020), reduced saliva secretion (Prakash et al., 2013),
and oral sarcopenia (Kobuchi et al., 2020). Changes in
mastication ability may influence oral comfort toward
specific food textures (Vandenberghe-Descamps et al.,
2018). A recent study reported that older adults (mean
age = 69.7, n = 79) with a lower salivary flow rate
had a higher liking for juicy and pureed food textures,
likely related to the inherent moisture that the foods pro-
vide (Chaffee et al., 2023b). In this same study, liking
of creamy, leafy, slippery, sticky, with skins, and com-
bination food textures was associated with higher oral
acuity or sensitivity. Oral comfort can then influence
texture preferences, further influencing dietary intake
(Sarkar, 2019). As a result, future development of prod-
ucts catered toward older adults should account for eating
capability.
RTE meals may help address these changes in eating

capability due to the ease of preparation and smaller serv-
ing sizes that are easier to manage (Mena et al., 2020). In
addition, utilization of retort techniques, including MATS
processing, has also been shown to decrease food firmness
(Jimenez et al., 2024), resulting in a softer texture that is
recommended for older adults (Liu et al., 2022).
Therefore, the overall goal of this project was to develop

desirable, safe, and nutritious dairy-rich breakfasts and
desserts for older adults utilizing MATS processing while
identifying how external variables such as comfort, nostal-
gia, and texture preferences influence overall liking. This
goal can be split into the following objectives:

1. To determine the acceptability of the MATS-processed
meals and the influence of sensory attributes on over-
all acceptance. We hypothesized that all meals would
have hedonic values above five, indicating liking, as
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these meals are based on previously identified concepts
(Pepito & Ross, 2024);

2. To assess the influence of comfort and nostalgia on
acceptance of breakfast meals and desserts designed
for older adults. We hypothesized that liking of meals
would be influenced by the perception intensity of com-
fort or nostalgia during the meal evaluation (Gibney
et al., 2018; Laureati et al., 2006);

3. To identify the relationship between acceptance of tex-
tures and acceptance of breakfast and dessert meals.
We hypothesized that textures identified as desirable
in Chaffee et al. (2023b), such as crispy, juicy, and
combination, would align with liking of specific tex-
tures within the meals. We also hypothesized that
food texture liking, texture consumption frequency,
and comfortability during consumption would all be
positively correlated.

2 METHODS

2.1 Meal preparation and processing

2.1.1 Meal preparation

Breakfast meals and desserts were developed by the
researchers, with input from the staff at the Washington
State University (WSU) Sensory Science Center. Breakfast
meals (n = 2) included a meat-containing breakfast and
a vegetarian breakfast, while desserts (n = 2) included a
chocolate-flavored pudding and a vanilla pudding. Con-
cepts for meals were based on results obtained from a
previous study (Pepito & Ross, 2024). Ingredients for all
meals were purchased from a local supermarket in Pull-
man, Washington (USA) and the US Foods CHEF’STORE.
The meat-containing breakfast was a breakfast cottage

pie that contained cheese, breakfast sausage in place of the
typical ground meat, and potatoes as the primary ingre-
dient (Table S1). It also had a good source of fiber claim,
and to ensure that meat-containing breakfast contained
enough vegetables for a good source of fiber claim, blended
cauliflower was utilized in conjunction with Yukon pota-
toes for the potato layer. The vegetarian breakfast was a
breakfast potato casserole, with the same attributes as the
meat-containing breakfast butwithout any redmeat (Table
S2). Nonstarchy vegetables (110 g) were included in the for-
mulation to ensure the meal met the requirements for a
good source of fiber claim.
For desserts, the chocolate dessert was sweetened with

sugar, with cherry inclusions and a heart-healthy claim
(Table S3). The concept for the chocolate dessertwas a pud-
ding with silken tofu as an additional primary ingredient
to reduce the overall sodium and fat content of the prod-

uct while mimicking the creamy texture associated with
pudding. The vanilla dessert was sweetened with honey
and contained peach inclusions and a heart-healthy claim
(Table S4). This dessert also followed a pudding concept
with silken tofu as a primary ingredient. Due to the lack of
chocolate flavoring ingredients, the formulation was mod-
ified to contain less soy than the chocolate dessert, in order
to ensure that the soy flavor was masked and other flavors
were more prominent.
To ensure that meals met their required nutrient claims,

a nutrient analysis of ingredients was conducted. Nutrient
analysis through ESHA’s Food Processor Nutrition Analy-
sis software found that a 300-gmeal of themeat-containing
breakfast yielded approximately 12% of the daily recom-
mended fiber intake and the vegetarian breakfast yielded
13%. For desserts, a 300-g meal of the chocolate dessert
yielded approximately 0.2 g saturated fat, 4 g total fats, and
360mg NaCl; the vanilla dessert yielded 0.1 g saturated fat,
4 g total fats, and 340 mg NaCl. All four meals met the
requirements for their respective claims.

2.1.2 MATS processing

All meals were assembled in a sanitary food preparation
room at WSU’s Sensory Science Center. Prior to meal
assembly (24 h), ingredients to produce 60- to 300-g serv-
ings of each meal were prepared and weighed. Meals
(300 g) were portioned into rectangular trays (capacity of
310.5 mL) made of polypropylene and EVOH (Printpack).
A final count of 53 trays for each meal was prepared. After
assembly, trays were sealed with a lid film (Printpack;
Barnett et al., 2019) composed of polyethylene tereph-
thalate and polypropylene, using a MULTIVAC T200
(MULTIVAC).
All meals were processed on a pilot-scale MATS system

at WSU described in detail elsewhere (Barnett et al., 2019;
Tang, 2015). The meat-containing breakfast and chocolate
dessert were processed under the same parameters, with
a conveyor speed of 24.5 cm/min, microwave-heated in a
915-MHz heating system for 5.2 min, and held for 5.4 min.
The vegetarian breakfast and vanilla dessert were pro-
cessed under the same conditions, with a conveyor speed
of 26.5 cm/min, microwave heating for 4.5 min, and a hold
time of 4.9 min. These processing parameters yielded an
F0 value exceeding the minimum target. A total of 4 days
was needed to process all 212MATSmeals. Following ther-
mal processing, all meal trays were stored for 14 days at
17.2 ± 0.5◦C to allow for sodium equilibration prior to
microbial testing and sensory evaluation (Bornhorst et al.,
2016). Following equilibration, meals were stored at 4◦C.
To ensure meals were safe for consumption, three post-
equilibration trayswere randomly selected for each sample
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and analyzed for microorganism counts and the anaer-
obic pathogens Salmonella, Listeria monocytogenes, and
Escherichia coli 0157:H7. AOAC methodology (MICRO-
CHEM Laboratories) indicated <100 CFU/g for aerobic
organisms,<10 CFU/g for yeast/mold,<10 CFU/g for total
coliforms, and<10 CFU/g for Bacillus cereus, and negative
readings for the anaerobic pathogens. These meals were
deemed safe for sensory testing.

2.2 Participants

This studywas approved by the Institutional Review Board
of WSU (IRB 18,402-003).
Participants (n= 81) were recruited from the US areas of

Spokane, Washington and Pullman, Washington. To par-
ticipate, participants were required to be ≥60 years of age,
live independently, be able to understand and communi-
cate in English, and express a willingness to complete the
study on two nonconsecutive days. Written informed con-
sentwas obtained fromall participants, whowere provided
with a $25 gift card as compensation. To broaden access
to participation, evaluations were completed at the WSU
Sensory Science Center (n = 53), the Pullman Senior Cen-
ter (n = 15), and the Mid-City Concerns Senior Center
(n= 13). No statistically significant differences in collected
data were found among the locations.
Participants provided demographic information (age,

gender, and ethnicity), medication and supplement intake
(frequency of medication and types of medication), fre-
quency of loss of taste or smell within the last year on
a 5-point scale (1 = never, 3 = occasionally, 5 = always),
and anthropometric data (height [in.], weight [lbs.]). Med-
ication and supplement intake were determined using
a check-all-that-apply (CATA) list of daily medications
(Chaffee et al., 2023b). All study data were collected using
Compusense (Compusense Inc.).

2.3 Sensory evaluation

Evaluations took place over two nonconsecutive days, with
1 h of participation each day.
To prepare meals for evaluation, breakfast samples were

heated in their processing trays with four holes punctured
in the film. Trayswere heated in a 915-wattmicrowave to an
internal temperature of 57◦C. After heating, the breakfast
meals in the tray were divided into 100-g servings, ensur-
ing a consistent composition of each component. Dessert
trays required no heating and were divided into 75-g por-
tions. A prior study (Pepito & Ross, 2024) found that older
adults desired fruit inclusions in their desserts; hence,
25 g of cherries were mixed into the chocolate dessert
and 25 g of peaches into the vanilla dessert. Fruit was

added 30 min prior to evaluation, with dessert samples
stored at 4◦C until ready to be served to participants. The
size of each dessert sample evaluated by the panelist was
100 g.
At the beginning of evaluations each day, participants

were provided water and unsalted crackers as palate
cleansers to be used between samples. Participants were
told that the samples served were either breakfast or
desserts. For evaluating each meal, a 9-point hedonic scale
(1 = dislike extremely, 9 = like extremely) was utilized
to evaluate overall liking, as well as liking of appear-
ance, aroma, flavor, and texture (Meilgaard et al., 2015).
Just-about-right (JAR) questions were used to evaluate
specific attributes where 1 = too little, 3 = just about
right, and 5 = too much. Examined attributes were cho-
sen based on a preliminary evaluation conducted by the
WSU Sensory Science Center (n = 10). For the break-
fast meals, JAR questions included saltiness, potato flavor,
cheese flavor, vegetable flavor, and meat flavor (only the
meat-containing breakfast). For the dessert samples, JAR
questions included dairy flavor, fruit flavor, and chocolate
or vanilla, depending on the dessert. CATA questions were
utilized to determine flavor and texture perception during
meal consumption. Specific terms used to describe the fla-
vors and textures of the different components of eachmeal
are presented in Table S5.

2.4 Influencers of acceptability

2.4.1 Texture preferences

To evaluate food texture preferences, 16 textures were
presented to participants (Surette et al., 2022). These 16
textures included crispy, chewy, creamy, dissolvable, hard,
juicy, leafy, lumpy, pureed, rubbery, slippery, soft, sticky,
tough, with skins, and combination of textures. To aid
participants with comprehension, examples of foods that
exhibited each texture were provided (Surette et al., 2022).
Each texture was assessed for its liking, frequency of con-
sumption of that texture of foods, and the oral comfort
(i.e., ease of eating) associated with that texture. Liking
was evaluated on a 9-point hedonic scale (Meilgaard et al.,
2015), texture consumption frequency on a 5-point scale
(1 = never, 5 = every day), and oral comfort on a 5-point
scale (1 = very uncomfortable, 5 = very comfortable).

2.4.2 Perceptions of comfort and nostalgia

Inquiries into understanding perceptions of comfort foods
and food-related nostalgia were presented to participants
on day 1 of the evaluation, prior to sensory evaluation
(Table S6). To define these two concepts, participants
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were presented with the open-ended questions “When
you think of comfort foods, what specific emotions, feel-
ings, tastes/textures/smells come to mind?” and “When you
think of nostalgia (in terms of food), what specific emo-
tions, feelings, tastes/textures/smells come to mind?” For
comfort foods, participants were also provided a CATA of
comfort foods (Fleury et al., 2022) and asked to choose
foods that they considered to be comfort foods or provide
additional comfort foods that were not listed. For food-
related nostalgia, the importance of nostalgia during the
eating experience was queried utilizing four 5-point-scaled
questions (Wildschut et al., 2006).
After the sensory evaluation of each meal, participants

were further inquired to determine if any feelings of com-
fort or nostalgiawere evoked from the assessedmeal (Table
S6). These inquiries started with evaluating the intensity
of comfort and intensity of nostalgia evoked, using a 5-
point scale (1 = not at all comforting, 3 = neutral, 5 = very
comforting). Participants then classified the meal into a
comfort food category (nostalgic, indulgent, convenience,
and physically comforting) based on the work of Locher
et al. (2005). When nostalgia was rated greater than 1 on
the 5-point scale, participants were presented with a CATA
of emotions that have been previously associated with nos-
talgia (Reid et al., 2015). After evaluating for comfort and
nostalgia, participants were instructed to “Please provide
any additional comments about your experience with the
sample you have just evaluated.”

2.5 Statistical analysis

All statistical analyses were completed with XLSTAT
(Addinsoft). For the meals, statistical analyses were con-
ducted separately for breakfast and dessert. Student’s
t-tests were utilized to identify significant differences
between the two breakfast meals or desserts in overall
liking, liking of appearance, aroma, flavor, and texture.
Student’s t-test was also used to assess how mean over-
all liking changed if a specific attribute (e.g., creamy) was
present in the meal. Penalty analysis was utilized on JAR
data to determine the influence of each attribute on over-
all liking. To aid in result comprehension, responses to
the 5-point JAR scale were collapsed into three categories
(too little [1, 2], just about right [3], and too much [4, 5]).
Cochran’s Q test and McNemar’s test were conducted on
the CATA data (flavors, textures, and type of comfort food)
to determine which terms were most used to describe each
meal (p ≤ 0.05). Lastly, agglomerative hierarchical cluster-
ing (AHC) of the five liking variables (overall, appearance,
aroma, flavor, and texture) was used to cluster the 81
respondents using an automatic-entropy criterion for trun-
cation. Between-group t-tests were conducted between the
clusters of each individual AHC analysis.

For the texture data, one-way ANOVA and Tukey’s
HSD means separation assessed if any of the 16 textures
were more liked or more comfortably consumed. The
distribution of the texture frequency consumption data
was analyzed using Cochran’s Q and McNemar’s test.
Spearman’s correlation evaluated the relationship between
texture acceptance and texture frequency consumption.
Pearson’s correlation evaluated the relationship of texture
with the overall liking of each meal, the individual’s oral
texture comfortability, and the intensity of comfort and
intensity of nostalgia experienced during each meal.
From the open-ended comfort and nostalgia questions,

themes were identified based on the frequency of key
wordmentions, with words allocated to respective themes.
Cochran’s Q and McNemar’s analyses were then applied
to identify which terms were utilized significantly more
within each theme (p ≤ 0.05). These two tests were also
utilized to determine which specific foods were most
described as comfort foods using the CATA data.
For predicting sensory modality liking from the com-

fort and nostalgia data, two regression techniques were
utilized. Generalized linear regression was used for the
responses from the four 5-point-scaled questions pertain-
ing to food-related nostalgia, perceived comfort intensity,
and perceived nostalgia intensity. Each of these dependent
variables had their own separate regression model. The
second regression technique, partial least squares (PLS)
regression, assessed the influence of the JAR attributes of
each set of meals (Xiong & Meullenet, 2006).

3 RESULTS

Older adults (n = 81; age range = 60–91, mean = 71 ± 7.3)
were recruited to participate in this study. Of the partici-
pants, 67.7% identified as female, 90.1% identified asWhite,
and 87.7% used daily medication or supplements. Some
participants (14.8%) reported a self-perceived loss of smell
and 12.3% a loss of taste within the last year. All partici-
pants stated that medication intake was not related to a
loss of smell or taste. No significant differences in demo-
graphics were found between meal categories or within
clusters. However, within each meal category, differences
were observed in sensory modality liking, descriptors used
for eachmeal, JAR and penalty results, and cluster results.

3.1 MATS meal evaluations

3.1.1 Breakfast results

Breakfast meals were assessed by the participants, and
liking scores for multiple sensory modalities and fre-
quently selected descriptors were identified for both the
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TABLE 1 Mean acceptance scores (along a 9-point scale, ±standard deviation) and frequency of sensory descriptors (expressed as % of
participants) assigned by older adults (age = 60+, n = 81) in assessing MATS-processed meat-containing breakfast and vegetarian breakfast.

Attributes Meat-containing breakfast Vegetarian breakfast
Overall liking 6.2 ± 1.9 5.7 ± 1.9
Aroma liking 6.3 ± 1.7 5.9 ± 1.7
Appearance liking 5.3 ± 1.8 5.0 ± 2.0
Flavor liking*** 6.7 ± 1.6 5.6 ± 2.0
Texture liking 5.7 ± 1.9 5.4 ± 2.2

Flavor descriptorsa (% of respondents)
Cheesy*** 88.9 a 44.4
Salty** 51.9 b 76.5
Savory 91.3 a 91.3

Potato texture descriptorsa (% of participants)
Smooth*** 63.0 0
Creamy*** 61.7 3.7
Tender*** 30.9 79.0
Moist 58.0 45.7

Inclusion texture descriptorsa (% of participants)
Tender 71.6 62.9

Comfort food categoryab (% of participants)
Convenience 64.2 a 64.2 a
Physical comfort* 43.2 b 14.8 b

Note: Attributes denoted with an asterisk are significantly different between the two breakfasts. Within specific sensory categories of flavor, texture, or comfort
food, values in the same column that do not share a letter are significantly different from each other in citation frequency (p < 0.05).
aPercentage (%) of participants who selected that term to describe themeal within the category. Terms presentedwere thosemost selected for eithermeal (p< 0.05)
based on Cochran’s Q and McNemar analysis.
bComfort food category consisted of five options (indulgent, physical comfort, convenience, nostalgic, none) derived from Locher et al. (2005).
*p < 0.05, **p < 0.01, and ***p < 0.001, as determined by student’s t-tests.

meat-containing and vegetarian breakfasts. Overall liking
did not significantly differ between the breakfast meals,
with both meals corresponding to “like slightly” on a
9-point hedonic scale (Table 1). However, flavor liking sig-
nificantly differed between the breakfastmeals (p< 0.001),
with the meat-containing breakfast liked significantly
more than the vegetarian breakfast. Distinct descriptors
for the meat-containing breakfast were cheesy flavor, with
smooth and creamy potatoes (p < 0.001). The vegetarian
breakfast was described as having a salty taste (p < 0.01)
and tender potatoes (p < 0.001). Both breakfasts were also
described as the same type of comfort food (convenience
and physical comfort), but the meat-containing breakfast
had a significantly higher proportion of participants who
described the meal as a physical comfort food (p < 0.05)
when compared to the vegetarian breakfast.
In terms of JAR results, most participants perceived that

the potato and cheese flavors of themeat-containing break-
fast were either too low in intensity or just about right
(Figure 1). These JAR attributes did not influence overall
liking (p> 0.05). For the vegetarian breakfast,many partic-
ipants (∼50%) found the meal to be too salty. Additionally,
overall liking of the vegetarian breakfast decreased if there

was too little aroma (mean drop of 1.03 along a 9-point
scale), excessive saltiness (drop of 0.97), too little potato fla-
vor (drop of 1.70), or too little cheese flavor (drop of 0.85)
(Figure 2).
Some texture CATA variables that were selected dur-

ing meal evaluation significantly influenced overall liking
for each breakfast. Overall liking (along a 9-point scale)
for the meat-containing breakfast increased in the pres-
ence of a creamy texture (increase of 0.78, p < 0.05) and
tender texture (increase of 1.36, p < 0.05). Overall liking
for the vegetarian breakfast significantly decreased in the
presence of a gritty texture (decrease of −1.79, p < 0.05).
Cluster analysis was then applied to the overall liking

results and identified the presence of two clusters of partic-
ipants (Table 2). Cluster 2 (n = 64) showed higher overall
acceptance for the meat-containing breakfast compared
to Cluster 1 (n = 17) (p < 0.05); a similar trend was noted
for flavor liking (p < 0.01). For the vegetarian breakfast,
Cluster 2 had a higher overall acceptance compared to
Cluster 1 (p < 0.001). These results were also reflected in
the higher acceptance of Cluster 2 for appearance, aroma,
flavor, and texture of the vegetarian breakfast (p < 0.001).
Additional analysis found that Cluster 1 participants
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OLDER ADULTS ANDMEAL PROPERTIES. . . 7 of 20

F IGURE 1 Percentage of responses from older adults (n = 81) in each category of the just-about-right (JAR) scale in the sensory
evaluation of different components for MATS-processed meat-containing breakfast and vegetarian breakfast.

F IGURE 2 Influence of just-about-right (JAR) attributes on mean overall liking (along a 9-point scale) of vegetarian breakfast, as
estimated by penalty analysis of 5-point-scaled JAR data and assessed by older adults (n = 81).

significantly preferred the meat-containing breakfast
(mean liking = 5.41) over the vegetarian breakfast (mean
liking = 2.65) (p < 0.001). However, Cluster 2 did not
significantly prefer either breakfast (p > 0.05).
The perception of each breakfast as a comfort food

also differed between the two clusters. The proportion
of Cluster 1 participants who found the meat-containing
breakfast to not be comforting (64.71% of participants) was
significantly higher (p < 0.001) than Cluster 2 (15.63%).
Furthermore, Cluster 2 included a significantly higher pro-
portion of participants who found the meat-containing
breakfast to be mildly comforting (23.44%) than Cluster 1
(0%) (p < 0.05). No significant differences were detected
in the intensity of comfort of the vegetarian breakfast. No
significant differences in the perceptions of nostalgia were
found for either breakfast.

3.1.2 Dessert results

The chocolate dessert was significantly preferred over the
vanilla dessert (p < 0.001; Table 3). This trend was also
observed for the acceptance of aroma, appearance, flavor,
and texture (all p < 0.001). The chocolate dessert was also
described as smooth and creamy compared to the vanilla
dessert (p < 0.001). While both desserts were described as
convenient, the chocolate dessert was expressed as provid-
ingmore physical comfort and indulgence compared to the
vanilla dessert (p < 0.001).
For the JAR results, most attributes of the chocolate

dessert were found in the JAR response area (Figure 3).
However, overall liking decreased if there was too little
sweetness (mean drop of 2.28 along a 9-point scale), too
much chocolate flavor (mean drop of 1.68), and too little or
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8 of 20 OLDER ADULTS ANDMEAL PROPERTIES. . .

TABLE 2 Mean acceptance scores (along a 9-point scale, ±standard deviation) and intensity for comfort and nostalgia (5-point scale,
expressed as percentage of participants for each scale category) assigned by older adults (age = 60+) during their evaluations of breakfast
meals.

Meal Variable Cluster 1 (n = 17) Cluster 2 (n = 64)
Meat-containing
breakfast

Liking (9-point scale)
Overall liking* 5.4 ± 2.0 6.4 ± 1.7
Appearance liking 6.2 ± 2.2 6.3 ± 1.8
Aroma liking 5.2 ± 1.1 5.3 ± 1.8
Flavor liking** 5.7 ± 1.3 7.0 ± 1.7
Texture liking 4.9 ± 1.9 5.9 ± 1.9

Intensity of comfort (% of respondents)
Not comforting*** 64.7 15.6
Mildly uncomforting 17.6 12.5
Neutral 17.6 35.9
Mildly comforting* 0 23.4
Very comforting 0 12.5

Intensity of nostalgia (frequency %)
Not nostalgic 58.8 54.7
Mildly nostalgic 23.5 14.1
Neutral 5.9 17.2
Mildly nostalgic 5.9 9.4
Very nostalgic 5.9 4.7

Vegetarian
breakfast

Liking
Overall liking*** 2.7 ± 1.7 6.5 ± 2.1
Appearance liking*** 3.3 ± 1.7 5.9 ± 1.9
Aroma liking*** 4.1 ± 1.8 6.4 ± 1.7
Flavor liking*** 2.7 ± 1.9 6.4 ± 2.0
Texture liking*** 2.0 ± 1.9 6.1 ± 2.3

Intensity of comfort (frequency %)
Not comforting 23.5 7.8
Mildly uncomforting 0 3.1
Neutral 35.3 23.4
Mildly comforting 29.4 42.2
Very comforting 11.8 23.4

Intensity of nostalgia (frequency %)
Not nostalgic 100.0 75.0
Mildly nostalgic 0 12.5
Neutral 0 10.9
Mildly nostalgic 0 1.6
Very nostalgic 0 0

Note: Clusters were identified via agglomerative hierarchical clustering analysis of breakfast liking data.
*p < 0.05, **p < 0.01, and ***p < 0.001, as determined by student’s t-tests or McNemar.

too much fruit flavor (mean drop of 2.02 and 1.59, respec-
tively) (Figure 4). In contrast to the chocolate dessert,
JAR results showed that aroma and flavors of the vanilla
dessert, including vanilla, dairy, and fruit, were generally
too low. The overall liking score decreased if there was too

little vanilla flavor (mean drop of 1.91) or too little fruit
flavor (mean drop of 1.23).
Some texture CATA variables that were selected during

meal evaluation significantly influenced overall liking for
each dessert, as determined by t-tests (data not shown).
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OLDER ADULTS ANDMEAL PROPERTIES. . . 9 of 20

TABLE 3 Mean acceptance scores (along a 9-point scale, ±standard deviation) and frequency of sensory descriptors (expressed as % of
participants) assigned by older adults (age = 60+, n = 81) in assessing MATS-processed chocolate dessert and vanilla dessert.

Attributes Chocolate dessert Vanilla dessert
Overall liking*** 5.8 ± 1.4 4.3 ± 1.7
Aroma liking*** 7.4 ± 1.5 5.8 ± 1.6
Appearance liking*** 7.1 ± 2.1 4.4 ± 2.2
Flavor liking*** 5.7 ± 2.1 4.5 ± 2.0
Texture liking*** 5.8 ± 2.1 3.8 ± 2.1

Flavor descriptorsa

Sweet 87.7 85.1
Pudding texture descriptorsa (% of respondents)
Thick 49.4 b 43.2 a
Smooth*** 61.7 a 23.5 b
Creamy*** 56.8 ab 27.2 b

Fruit texture descriptora (% of respondents)
Chewy 88.9 79.0

Comfort food categorya,b (% of respondents)
Convenience 46.9 a 61.7 a
Physical comfort*** 32.1 a 8.6 b
Indulgent*** 51.9 a 13.6 b

Note: Attributes denoted with an asterisk are significantly different between the two desserts. Within specific sensory categories of flavor, texture, or comfort food,
values in the same column that do not share a letter are significantly different from each other in citation frequency (p < 0.05).
aPercentage (%) of participants who selected that term to describe themeal within the category. Terms presentedwere thosemost selected for eithermeal (p< 0.05)
based on Cochran’s Q and McNemar analysis.
bComfort food category consisted of five options (indulgent, physical comfort, convenience, nostalgic, none) derived from Locher et al. (2005).
*p < 0.05, **p < 0.01, and ***p < 0.001, as determined by student’s t-tests.

F IGURE 3 Percentage of responses from older adults (n = 81) in each category of the just-about-right (JAR) scale in the sensory
evaluation of different components for MATS-processed chocolate desserts (D1) and vanilla desserts (D2).

The vanilla dessert had increased overall liking in the pres-
ence of a creamy texture (change of 0.79 along a 9-point
scale, p < 0.001). The chocolate dessert had significantly
decreased liking in the presence of a gritty texture (mean
change of −0.94, p < 0.05).

AHC clustering based on liking results for both desserts
identified two clusters of participants (Table 4). Cluster 1
was composed of 39 participants, while Cluster 2 included
42 participants. Cluster membership was not predicted by
any demographic variables, rather by participants’ liking
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10 of 20 OLDER ADULTS ANDMEAL PROPERTIES. . .

F IGURE 4 Influence of just-about-right (JAR) attributes on mean overall liking of the chocolate dessert and vanilla dessert, as estimated
by penalty analysis of 5-point scaled JAR data and assessed by older adults (n = 81).

of the desserts. Cluster 2 participants did not have a signif-
icant preference between either dessert. However, Cluster
2 displayed significantly higher mean liking scores across
most liking attributes than Cluster 1; this included includ-
ing overall liking (p < 0.001) and liking of appearance
(p<0.001), flavor (p<0.001), and texture (p<0.001). Addi-
tionally, Cluster 1 had a significantly higher preference for
the chocolate dessert than the vanilla dessert (p < 0.001).
Differences between the two clusters in the experience

of comfort and nostalgia were also observed through t-
tests. For the chocolate and vanilla desserts, a significantly
higher proportion of Cluster 1 participants found that nei-
ther dessert was comforting. Cluster 2 showed a higher
number of participants who found the chocolate dessert
to be mildly comforting or neutral regarding comfort.
For nostalgia, Cluster 1 found the chocolate and vanilla
desserts to be much less nostalgic compared to Cluster 2
(p < 0.05). For the vanilla dessert, a higher number of par-
ticipants in Cluster 2 found it to be mildly not nostalgic
compared to Cluster 1 (p < 0.01).

3.2 Texture results

A list of 16 food textures was presented to the participants
regarding their liking and comfortability with consuming
each texture, with Tukey’s HSD determining significant
differences (Table 5). Crispy and juicy textures were liked
significantly more than chewy, dissolvable, lumpy, rub-
bery, slippery, sticky, and tough textures (all p < 0.05).
Participants reported higher comfort when consuming
crispy and juicy textures, compared to dissolvable, sticky,
and tough textures (all p < 0.05).
Consumption frequency for each of the 16 food tex-

tures was also collected (Table 6). Most food textures were
consumed at least once a week. Spearman’s correlation
indicated that mean texture acceptance was positively cor-

relatedwith texture consumption frequency for each of the
16 textures (p < 0.001).
Furthermore, Pearson’s correlation found additional

correlations between texture acceptance and other vari-
ables. Mean texture acceptance (from the list of 16 food
textures) was significantly correlated with consumption
comfortability (p < 0.001). Liking of specific textures was
also correlated to meal liking (data not shown). Overall
liking for the meat-containing breakfast was significantly
correlated with liking for crispy (r = 0.26, p = 0.02),
dissolvable (r = 0.23, p = 0.04), juicy (r = 0.25, p = 0.23),
lumpy (r = 0.23 p = 0.04), and combination textures
(r = 0.22, p = 0.04). Liking of the vegetarian breakfast
was significantly correlated with liking of chewy (r = 0.28,
p= 0.01) and lumpy (r= 0.27, p= 0.01) textures. The liking
of the chocolate dessert was only significantly correlated
with liking of a chewy texture (r = 0.43, p < 0.001), while
the vanilla dessert displayed no significant correlations

3.3 Perceptions of comfort and nostalgia

Results from the comfort assessment (Table 7) indi-
cated that participants most frequently identified comfort
through themes of specific foods including dairy desserts,
pasta, and pastries. Emotion terms related to comfort foods
included warmth, pleasurable, happy, and relaxed. Sen-
sory characteristics of warm (temperature) and sweet were
also identified as associated with comfort foods. Food-
related nostalgia was defined by terms linked to specific
foods (BBQ, pastries, and dairy desserts) and family mem-
bers, with mothers and grandmothers most frequently
mentioned.
The idea of comfort foods and food-related nostalgia was

further explored (Table 8). Ice cream, chocolate, cookies,
and snack chips were the foods most frequently consid-
ered comfort foods by this study’s participants (p < 0.05).
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OLDER ADULTS ANDMEAL PROPERTIES. . . 11 of 20

TABLE 4 Mean acceptance scores (along a 9-point scale, ±standard deviation) and intensity for comfort and nostalgia (5-point scale,
expressed as percentage of participants for each scale category) assigned by older adults (age = 60+) during their evaluations of desserts.

Meal Variable Cluster 1 (n = 39) Cluster 2 (n = 42)
Chocolate dessert Liking (9-point scale)

Overall liking*** 5.0 ± 2.3 6.5 ± 1.5
Appearance liking*** 6.6 ± 1.5 7.6 ± 1.2
Aroma liking 6.9 ± 1.6 7.4 ± 1.4
Flavor liking*** 4.8 ± 2.2 6.5 ± 1.5
Texture liking*** 5.1 ± 2.2 6.4 ± 1.8

Intensity of comfort (frequency %)
Not comforting*** 89.7 28.6
Mildly uncomforting 7.7 7.1
Neutral*** 2.6 33.3
Mildly comforting*** 0 28.6
Very comforting 0 2.4

Intensity of nostalgia (frequency %)
Not nostalgic* 41.0 16.7
Mildly not nostalgic 10.3 7.1
Neutral 10.3 21.4
Mildly nostalgic 33.3 47.6
Very nostalgic 5.1 7.2

Vanilla dessert Liking
Overall liking*** 2.4 ± 1.0 6.0 ± 1.6
Appearance liking*** 3.6 ± 1.5 5.1 ± 1.3
Aroma liking*** 4.9 ± 1.6 6.5 ± 1.4
Flavor liking*** 3.0 ± 1.5 5.8 ± 1.5
Texture liking*** 2.3 ± 1.0 5.3 ± 1.7

Intensity of comfort (frequency %)
Not comforting* 92.3 69.1
Mildly uncomforting 2.6 9.5
Neutral 2.6 14.3
Mildly comforting 2.6 7.1
Very comforting 0 0

Intensity of nostalgia (frequency %)
Not nostalgic* 69.2 42.9
Mildly not nostalgic** 7.7 33.3
Neutral 17.9 19.1
Mildly nostalgic 5.1 2.4
Very nostalgic 0 2.4

Note: Clusters were identified via agglomerative hierarchical clustering analysis of dessert liking data.
*p < 0.05, **p < 0.01, and ***p < 0.001, as determined by student’s t-tests or McNemar.

Coffee, sandwiches, fried foods, sugary beverages, and
alcohol were least frequently considered comfort foods
(p < 0.05). Regarding nostalgia, 79% of the participants
reported that they generally experience some degree of
food-related nostalgia and 72.8% reported being sensitive
to experiencing food-related nostalgia. However, nostalgia
experiencedwhile eatingwas not considered to be valuable
by 44.4% of the participants, or important by 53.1% of the

participants. The responses to these questions did not sig-
nificantly influence the overall liking for breakfast meals
or desserts (p > 0.05).
However, responses to the pre-evaluation question,

“How often do you experience food-related nostalgia?”,
were related to nostalgia perceived during the assessment
of meals. Many participants (44.4%) experienced some
degree of nostalgia toward the meat-containing breakfast,
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12 of 20 OLDER ADULTS ANDMEAL PROPERTIES. . .

TABLE 5 Mean values (± standard deviations) of food texture (n = 16) acceptance and comfortability of consumption by the older adult
participants (n = 81).

Texture
Example provided to
participants Mean acceptance Mean comfortability Correlation coefficient

Juicy Watermelon 7.7 ± 1.7 a 3.4 ± 1.0 a 0.72***

Crispy Potato chips 7.6 ± 1.6 a 3.4 ± 1.0 a 0.70***

Creamy Pudding 7.4 ± 1.5 ab 3.3 ± 0.9 ab 0.59***

Pureed Mashed potatoes 7.3 ± 2.0 ab 3.4 ± 1.1 ab 0.73***

Combination textures Deli sandwich 7.3 ± 2.1 abc 3.3 ± 1.2 ab 0.80***

With Skins Grapes 7.2 ± 1.5 abc 3.3 ± 0.8 ab 0.78***

Soft Bananas 7.2 ± 1.9 abcd 3.1 ± 1.0 abcd 0.68***

Hard Nuts 7.0 ± 1.9 abcde 3.1 ± 1.0 abcd 0.82***

Leafy Lettuce 6.9 ± 1.8 abcdef 3.2 ± 0.9 abc 0.71***

Chewy Raisins 6.5 ± 1.8 bcdef 2.9 ± 1.0 abcd 0.59***

Slippery Hard-boiled eggs 6.4 ± 2.1 bcdef 3.0 ± 0.9 abcd 0.71***

Lumpy Oatmeal 6.3 ± 1.8 cdef 3.0 ± 1.0 abcd 0.59***

Rubbery String cheese 6.2 ± 2.1 def 2.9 ± 0.8 abcd 0.69***

Sticky Honey 6.1 ± 1.6 ef 2.8 ± 1.1 bcd 0.73***

Dissolvable Cheeto puffs 6.0 ± 2.5 ef 2.7 ± 1.2 cd 0.70***

Tough Jerky 5.9 ± 1.4 f 2.6 ± 0.8 d 0.68***

Note: Texture acceptance was expressed along a 9-point hedonic scale, while comfortability was assessed along a 5-point scale. Values in the same column that do
not share a letter are significantly different from each other (p< 0.05) as determined using ANOVA and Tukey’s HSD. For each food texture, correlation coefficients
represent the strength of correlation between acceptance and comfortability, with level of significance indicated by an asterisk.
*p < 0.05, **p < 0.01, and ***p < 0.001, as determined by ANOVA and Tukey’s HSD post hoc.

TABLE 6 Frequency of consumption of 16 food textures by the older adults (age = 60+, n = 81), with results expressed as percentage of
participants within each consumption category.

Consumption frequency (% of participants)
Food texture Never <1/week 1–3/week 4–6/week Dailya

Dissolvable 17.3 ab 61.7 ab 19.8 ab 0.0 e 1.2 a
Rubbery 9.9 ab 66.7 a 22.2 ab 1.2 de 0.0 a
Tough 22.2 a 54.3 abc 16.1 b 7.4 cde 0.0 a
Sticky 16.1 ab 50.6 abcde 24.7 ab 8.6 bcde 0.0 a
Lumpy 4.9 ab 46.9 abcde 37.0 ab 8.7 bcde 2.5 a
Slippery 7.4 ab 48.2 abcde 30.9 ab 12.4 bcde 1.2 a
Pureed 4.9 ab 34.6 bcde 46.9 a 12.4 bcde 1.2 a
Chewy 6.2 ab 33.3 bcde 33.3 ab 16.1 bcde 11.1 a
Combination 2.5 b 35.8 bcde 39.5 ab 16.1 bcde 6.2 a
Juicy 1.2 b 37.1 bcde 35.8 ab 18.5 bcd 7.4 a
Creamy 3.7 ab 34.6 bcde 38.3 ab 18.5 abcd 4.9 a
Soft 4.9 ab 39.5 abcde 29.6 ab 21.0 abc 4.9 a
Hard 4.9 ab 23.5 def 41.9 ab 23.5 abc 6.2 a
Crispy 2.5 b 21.0 ef 46.9 a 23.5 abc 6.2 a
With skins 0.0 b 29.6 cdef 38.3 ab 29.6 ab 2.5 a
Leafy 3.7 ab 8.7 f 32.1 ab 46.9 a 8.7 a

Note: Values in the same column that do not share a letter are significantly different from each other (p < 0.05) as determined using Cochran’s Q and McNemar’s
test.
aCochran’s Q detected a significant difference (p < 0.001) but McNemar’s test did not detect a difference.
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OLDER ADULTS ANDMEAL PROPERTIES. . . 13 of 20

TABLE 7 Older adult responses (age = 60+, n = 81) to two open-ended questions asking for their definition of comfort foods and
food-related nostalgia.

Question Categories (number of mentions) Reoccurring terms (number of mentions)
When you think of comfort foods, what
specific emotions, foods, feelings,
tastes/textures/smells come to mind?

Emotions (34) Warmth (9)

Pleasurable (7)
Happy (6)
Relaxed (5)

Sensory characteristic (14) Warm (14)
Sweet (12)

Specific Foods (40) Dairy Desserts (19)
Pasta (16)
Pastries (12)

When you think of nostalgia in terms of
food, what specific emotions, foods, feelings,
tastes/textures/smells come to mind?

Specific Foods (57) BBQ Foods (21)

Pastries (20)
Dairy Desserts (12)

Family Member (28) Mother (24)
Grandmother (23)

Note: Responses were categorized into broad categories and then within each broad category, into reoccurring terms. Results are expressed as the number of
mentions by the participants.

19.75% for the vegetarian, 71.6% for the chocolate dessert,
and 44.4% for the vanilla dessert.
The influence of comfort and nostalgia on the overall lik-

ing of breakfast meals and desserts was further explored
(Table 9). Results showed that liking for both breakfast
meals changed (p < 0.05) as the intensity of comfort
shifted away from a neutral stance to “not comforting” or
“very comforting.” Similarly, liking for the vanilla dessert
also changed (p < 0.05) as feelings of nostalgia shifted
away from a neutral stance with a greater decrease in lik-
ing observed with decreased comfort. Predicted liking of
the chocolate dessert was lower when no nostalgia was
experienced.
For both breakfast meals, PLS regression results indi-

cated which JAR attributes influenced the intensity of
comfort experienced (data not shown). The intensity of
the comfort for both the meat-containing breakfast and
vegetarian breakfast significantly decreased if there was
insufficient cheese flavor (mean change in comfort inten-
sity on a 3-point scale=−0.69 and−0.61, respectively). For
the vanilla desserts, the intensity of comfort was signifi-
cantly influenced if there was an insufficient or excessive
vanilla flavor intensity (−0.49 and −0.58, respectively).
No influences of perceived comfort ratings were found on
liking of the chocolate dessert.

4 DISCUSSION

4.1 Breakfast meals

The present study builds upon results from a previous
online survey of older adults that identified two clusters of
participants regarding desired breakfastmeals: those desir-
ing red meat as a protein source or those preferring no
meat (Pepito & Ross, 2024). In contrast to these two clus-
ters, the present study identified a cluster that preferred a
meat-containing breakfast with the other cluster express-
ing positive responses to both breakfasts. This suggests
that cluster membership was determined by acceptance
of the vegetarian breakfast. Acceptance of vegetarian or
plant-based meals has been explored in prior studies
among older adults. A European Union study involving
older adults (age = 65+, n = 1825) from five countries
(the United Kingdom, the Netherlands, Poland, Spain, and
Finland) found that culture, area of residence, and gen-
der influenced the acceptance of alternative plant proteins
(Grasso et al., 2019). In the context of the present study, our
results may have differed from the prior due to the sam-
pling pool; the prior study recruited from a national pool
of older adults (age = 65+, n = 212), whereas this study
recruited locally.
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14 of 20 OLDER ADULTS ANDMEAL PROPERTIES. . .

TABLE 8 Older adult responses (age = 60+, n = 81) to questions pertaining to comfort foods and food-related nostalgia.

Options % of participants
Which of the following do you consider “comfort foods?”

Ice cream 69.1 a
Chocolate 64.2 ab
Cookies 55.6 abc
Snack chips 46.9 abcd
Pasta 40.7 bcd
Cake 38.3 cde
Candies 35.8 cde
Coffee 32.1 cdef
Sandwiches 25.9 def
Fried food 23.5 def
Sugary beverage 14.8 ef
Alcohol 9.9 f

How often do you experience food-related nostalgia?
Not at all (1) 21.0
Slightly (2) 30.9
Moderately (3) 27.2
Somewhat (4) 11.1
Very much (5) 9.9

How sensitive are you to feeling food-related nostalgia?
Not at all (1) 27.2
Slightly (2) 34.6
Moderately (3) 17.3
Somewhat (4) 7.4
Very much (5) 13.6

How valuable is nostalgia for you when eating?
Not at all (1) 44.4
Slightly (2) 16.1
Moderately (3) 16.1
Somewhat (4) 8.6
Very much (5) 14.8

How important is it for you to experience nostalgia when eating?
Not at all (1) 53.1
Slightly (2) 16.1
Moderately (3) 13.6
Somewhat (4) 7.4
Very much (5) 9.9

Note: For the question, “Which of the following do you consider ‘comfort foods?’”, participants could select more than one response; values that do not share a
letter are significantly different as analyzed using Cochran’s Q and McNemar (p < 0.05). For the food-related nostalgia questions, participants were required to
select one response representing their agreement with the statement; data are presented as percentage of respondents selecting a given option.

For describing the meals’ sensory characteristics, only
the vegetarian breakfast was described as salty despite
both breakfast meals having the same salt content. Penalty
analysis further indicated that excessive saltiness had
a slight influence on overall liking. This difference in
saltiness perception suggests other ingredients of the vege-
tarian breakfast, including paprika and black pepper, may

have had a saltiness-enhancing effect. Previous research in
MATS-processed pasta meals found that the salt content
of the meal could be reduced by 50% while maintain-
ing overall acceptance by adding herbs (Barnett et al.,
2019).Within older adults specifically, another study found
that the salt content of white sauce could be reduced
by 50% without impacting overall liking, saltiness, and
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flavor liking if herb seasonings were added (Montero &
Ross, 2022). In the present study, including paprika in
the meal may have enhanced odors and flavors, increas-
ing salt perception. Paprika contains low concentrations
of capsaicin (Kirschbaum-Titze et al., 2002); it has been
hypothesized that low concentrations of pungent com-
pounds such as capsaicin can enhance saltiness intensity
by activating areas of the brain associated with the plea-
surable experience of salty taste (He et al., 2023).

4.2 Dessert meals

A vanilla and chocolate dessert was assessed in this
study. From the previous online survey, desirable attributes
included chocolate flavor, sweetened with sugar, fruit
inclusions, and aheart-healthy claim (Pepito&Ross, 2024).
This survey also identified two clusters of older adults—
one cluster that desired chocolate desserts sweetened with
sugar and the other cluster that desired vanilla desserts
sweetened with honey. The present study also identified
two clusters of participants. One cluster did not prefer a
dessert, and a second cluster had a higher preference for
the chocolate dessert than the vanilla dessert, supporting
the previous survey results (Pepito & Ross, 2024).
While the mean liking values indicated that the choco-

late dessert was generally favorable, penalty analysis indi-
cated that too much chocolate flavor negatively impacted
mean overall liking. Pure chocolate flavor, that is, cacao
flavor, is inherently bitter (McClure et al., 2022). Hence,
it may be inferred that as chocolate flavor intensity
increased, so toomay have the perception of bitterness and
dislike for the chocolate dessert.
Differences in liking between the desserts may stem

from the usage of honey as the primary sweetener. The lik-
ing of honey in the older adult population (age = 51–72,
n = 350) was found to be more associated with poten-
tial health benefits rather than sensory attributes (Šedík
et al., 2023). Honey also contains other phenolic flavor
compounds that may have influenced the overall flavor of
a product (Kozłowicz et al., 2020). Additionally, the inclu-
sion of honey may have served as a reactant for Maillard
reactions, contributing to off-odors, flavors, and changes
in the appearance of the final product (Kamal & Klein,
2011). Hence, the inclusion of honey duringMATS process-
ing may have resulted in the presence of off-flavors; these
off-flavors may have contributed to the JAR results where
vanilla, dairy, and fruit flavors were found to be lacking.
Dessert acceptance may be affected by MATS process-

ing, particularly in dairy products where the temperature
can lead to increased release of κ-casein, causing coa-
lescence and syneresis (Deeth, 2021). Despite its shorter
processing time compared to conventional retort methods
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(Soni et al., 2020), MATS exposes products to high tem-
peratures. The addition of low-fat dry milk powder to the
vanilla dessert likely amplified the effect of MATS process-
ing, resulting in excessive gelation. This is supported by
CATA results, where the vanilla dessert was described as
thick but lacking smoothness or creaminess compared to
the chocolate dessert.
These results indicate a need for further optimization

of MATS-processed meals. While prior studies utilizing
MATS have been published (Barnett et al., 2019; Chaffee
et al., 2023a; Montero & Ross, 2022), few have examined
how MATS influences the characteristics of underutilized
food groups such as fruits. To better develop MATS-
processed dairy meals, it is also important to understand
the effect ofMATSprocessing onmeal quality (Damodaran
& Parkin, 2017).
Furthermore, it is difficult to establish causation of the

preference results for the breakfast and dessert meals in
the context of this study’s design; follow-up studies may
seek to incorporate more exploratory questions while also
increasing the number of participants. The lower number
of participants resulted in limited cluster analyses due to
the low participant countwithin clusters. However, several
key barriers have been identified for older adult participa-
tion, including deteriorating health, lack of social support,
lack of accessible transportation, and fatigue (Liljas et al.,
2017). Notably, the present study did have a similar or
higher number of participants (n = 81) when compared to
other older adult studies with a similar goal, such as Chaf-
fee and Ross (2023a) or Romaniw et al. (2022), which had
52 and 76 older adult participants, respectively.

4.3 Food textures

Food texture acceptance was significantly associated with
the liking of three meals, oral comfortability, and texture
consumption frequency. The textures that were correlated
with overall liking ofmeals were physically present in each
meal, for example, chewy and lumpy textures were present
in the vegetarian breakfast. However, liking for the vanilla
dessert was not significantly correlated with any texture
preferences, unlike its chocolate counterpart that corre-
lated with liking of chewy textures. The chewy texture that
was present in the chocolate dessert originated from the
fruit component of the dessert, which was also present in
the vanilla dessert. The lack of a correlation is likely due to
the presence of undesirable textures in the vanilla dessert,
as supported by its lower texture acceptance.
Furthermore, food texture acceptance was associated

with an older adult’s oral comfortability with consuming
that texture; this texture preference then explains how fre-
quently they consume that texture. The oral comfortability

results indicate that independently living older adults are
comfortable with orally handling a variety of textures,
including crispy, leafy, or with skins among the most
comfortable textures for this population to consume. The
oral comfortability in older adults is important to con-
sider due to its association with eating capability. Poor
eating capability has been associated with an accelerated
decline in cognitive capacity (Dintica et al., 2020), further
resulting in decreased dietary intake and adverse health
outcomes (Wright et al., 2017). Future studies may seek
to elaborate on these results by evaluating eating capa-
bility through the Eating Capability Score (Sarkar, 2019),
thus providing additional information for the considera-
tion of texture in product development of foods for older
adults.

4.4 Food comfort perceptions in older
adults

For characterizing comfort foods, participants indicated
they associated comfort foods with warm (temperature)
and sweet. Sweetness has been described as universally
palatablewhen compared to other basic tastes (Meier et al.,
2012). Neurological research attributes this palatability to
stimulation of endogenous opioid receptor agonists when
sucrose is consumed, resulting in “positive addictive”
responses such as feelings of happiness and pleasure (Bod-
nar, 2019; Jacques et al., 2019). In terms of physical warmth,
sensory input from the tongue to the brain is greater when
tasting solutions are warm (30–37◦C), suggesting that
temperature has an influential effect on sweetness per-
ception (Lemon et al., 2016). Cognitive lingual research
has indicated that emotional warmth is typically an anal-
ogy that refers to memories relating to trust or comfort
(Williams & Bargh, 2008).
The characteristics of warmth and sweetness supported

the specific foods frequently identified as “comfort foods”
by this study’s population (chocolate, dairy desserts, and
pastries).
The identification of specific comfort foods in US older

adults has largely been underresearched, despite stud-
ies showcasing the benefits of comfort food consumption
by the older adult population (Reynolds et al., 2019;
Spence, 2017). A consumer analysis report found that 81%
of the participating adults (age = 65+, n = 371) cited
familiar, comfortable flavors as their primary motivator
for food selection (Mintel, 2023). In addition to aiding
overall consumption, eating comfort foods may also alle-
viate feelings of social isolation (Reynolds et al., 2019).
National estimates suggest that 10%–43% of older adults in
the United States suffer from social isolation (Nicholson,
2012).
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The results from the present study showcase how the
level of comfort provided by the meal also influencedmeal
desirability. For breakfast meals and desserts, the higher
the comfort provided by the meal, the higher the liking of
the meal. The level of comfort toward the meat-containing
breakfast was the only significant cluster membership pre-
dictor. For the desserts, those who experienced no comfort
toward either dessert fell into the cluster with lower mean
liking scores, while those who experienced some com-
fort typically fell into the cluster with higher mean liking
scores.
Among the general population, liking of comfort foods

has been linked with other positive emotions (Spence,
2017). Rather than emotions, this study indicated that fla-
vor intensity influenced the intensity of comfort. In the
breakfast meals, an inadequate cheesy flavor decreased
perceived comfort. In the vanilla dessert, inadequate or
excessive vanilla flavor decreased comfort. While food’s
ability to evoke emotions has been an area of research
interest (Prinyawiwatkul, 2023), no previous studies were
found that cite-specific flavors better suited to evoke
feelings of comfort. However, meals that contain high
intensities of umami or rich flavors such as sharp-aged
cheeses, mushrooms, and garlic onion have been reported
to increasemeal desirability in older adults (Baugreet et al.,
2017). With cheese flavor being a significant influence on
the intensity of comfort, it may be beneficial to research
if these other unfeatured flavors can elicit a similar effect.
Such research may also seek to elaborate on how vanilla
flavor elicits feelings of comfort, as this has also not been
previously examined.

4.5 Food nostalgia in older adults

Reid et al. (2023) suggested that food-related nostalgia is
largely dependent on the individual’s familiarity andmem-
ories related to the food, rather than any meal attributes.
The results from the present study reflect this hypoth-
esis, with definitions of nostalgia often involving family
members and/or foods frequently featured at momentous
life events. Furthermore, no meal attributes were corre-
lated with the intensity of nostalgia, unlike the feelings of
comfort.
The breakfast concepts used in this study, breakfast

shepherd’s pie and Spanish tortilla, were largely reported
to not provide any level of nostalgia. While both meals had
familiar ingredients, their overall concepts and appearance
were novel breakfast concepts, resulting inmeals that were
likely unfamiliar and therefore nonnostalgic. Providing the
context that these meals were breakfasts or desserts may
have resulted in some expectation bias. A repeat of this
study without providing the context of a breakfast concept

may yield different results in terms of nostalgia, as potato
dishes have previously been described as nostalgic dishes
(Reid et al., 2023).
In contrast, nostalgia intensity was a significant pre-

dictor for liking both desserts. Overall liking decreased
if nostalgia was not experienced toward the chocolate
or vanilla dessert. Additionally, those who experienced
higher intensities of nostalgia typically belonged to the
dessert cluster that exhibited positive acceptability toward
both desserts. Nostalgia has been shown to increase feel-
ings of positive emotions (Vignolles&Pichon, 2014) and, in
turn, overall liking (Fuente González et al., 2022). Hence,
it is reasonable that thosewho did not experience nostalgia
would have decreased liking toward both desserts. Regres-
sion results indicated liking was even higher by those
participants who found the vanilla dessert to be very nos-
talgic, but not the chocolate dessert. These results suggest
that the effect of nostalgia on food liking may be more pro-
nounced in a less preferred food over a food that is already
liked.
There is no known literature that discusses how these

feelings of nostalgia influencemeal liking in an older adult
population. This gap in the literature is examined through
this study by providing context on what terms are used by
older adults to describe nostalgia and how this nostalgia
influences meal liking.

5 CONCLUSION

This study developed desirable, safe, and nutritious dairy-
rich breakfasts and desserts for older adults. Results
showed thatMATS can be used to process acceptablemeals
for the independently living older adult population and
highlighted key formulation considerations that could neg-
atively impact desirability. This study suggested that older
adults enjoyed texture variation within their diets. Addi-
tionally, results demonstrated that the intensity of comfort
and nostalgia influenced meal acceptance, with variations
between meals. Further inquiries into the oral comforta-
bility toward textures could aid in expanding the types of
foods catered toward older adult needs and allow for more
desirable textures. Future studies may benefit from further
inquiry into what specific meal attributes, starting with
flavor, will increase comfort intensity. The development
of such meals provides a potential solution to increasing
diet quality among older adults and improving their health
status.
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