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ABSTRACT 
 
 

Preference and acceptability of protein-enhanced soups among an older adult population 

has not been well investigated. The purpose of this research was to examine the sensory 

attributes of aroma, texture, taste, overall acceptability, and preference of protein-enhanced 

soups (TRIO® Chicken Noodle and TRIO® Cheddar Broccoli) compared to flavor-matched 

institutional equivalents among older adults living in assisted living facilities. Sensory attributes 

were evaluated using sensory questionnaires with a modified paired preference test and 5-point 

facial hedonic scale. Results are based on data collected through sensory questionnaires 

completed by forty-four older adults in assisted living facilities in Jefferson and Tuscaloosa 

counties.  

Data was subjected to descriptive statistics, multivariable linear regression, independent t 

tests, and paired t tests for the purpose of determining acceptability and preference of tested 

soups. The sample was comprised of 32 women and 12 men of an average age of 81.4 ± 8.0 

years. Approximately 75% of the population were self-reported Caucasians, 20.4% were African 

American, and 4.5% were from other ethnic groups.  

No significant differences (P>.05) were noted between either of the TRIO® soups 

compared to its flavor-matched control soup for any of the sensory attributes evaluated. 

Statistically significant gender-specific differences were present for the acceptability (P=.009) of 

TRIO® Chicken Noodle as well as statistically significant age-related differences in aroma 

(P=.045), texture (P=.049), taste (P=.006), and acceptability (P=.0009) scores for the control 
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chicken noodle. For TRIO® Cheddar Broccoli, statistically significant gender-specific 

differences were present for texture (P=0.009) and significant age-specific differences were 

found for both taste (P=.03) and acceptability (P=.03). Although no significant differences in 

preference were found between either protein-enhanced soup and its flavor-matched control, the 

majority of participants (61.36%) preferred TRIO® Chicken Noodle Soup over the control. In 

contrast, only 38.63% of participants preferred the TRIO® Cheddar Broccoli Soup product over 

the control. Although preference was greater for the control cheddar broccoli soup, it is 

important to emphasize that no significant differences (P>.05) existed between the two cheddar 

broccoli soups for any sensory attribute evaluated.  

Results of this research suggest that the TRIO® Chicken Noodle product was well 

accepted and preferred by older adults. Thus, the use of this product may assist in optimizing 

nutritional status of older adults by assisting with protein consumption. This study highlights the 

need for future research to examine if protein-enhanced soup products succeed in increasing 

protein intake among older adults.  
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LIST OF ABBREVIATIONS AND SYMBOLS 

a  Value that defines the limits for rejecting a null hypothesis 

BC Control broccoli cheddar soup 

CN Control chicken noodle soup 

g  Gram, a unit of measure of mass 

Hyp Hypothesis  

kcal Kilocalories, a unit of measure of energy 

kg Kilogram, a unit of measure of mass 

mg Miligram, a unit of measure of mass 

mL Mililiter, a unit of measure of volume 

P  Probability associated with the occurrence under the null hypothesis of a value as 
significant compared to other observed values 

 
TCB TRIO® Cheddar Broccoli Soup 

TCN TRIO® Chicken Noodle Soup 

<  Less than 

> Greater than 

≥ Greater than or equal to 

=  Equal to 

± Plus or minus 

% Percent 
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CHAPTER 1 

INTRODUCTION 

In the United States, the older adult population is increasing each year. As the percentage 

of older adults continues to rise, maintaining good nutritional status can assist in increasing the 

quality of life and preserving the vitality of this population. For instance, aging is associated with 

numerous health-related changes including alterations in body composition.1 Age-related 

changes in body composition cause basal metabolic rate (BMR) to decline, thus, reducing energy 

requirements. Although energy requirements decline with age, the Dietary Guidelines for 

Americans 2010 recommends men and women age 51 years and older should consume between 

2,000-2,800 and 1,600-2,200 kcals/day, respectively.2 Despite these recommendations, the 

energy consumption of many older adults is less than optimal.3 Poor food consumption among 

older adults can lead to unintentional weight loss and an underweight body mass index (BMI), 

both of which subsequently increase mortality.4(p.249),5 Factors contributing to poor food 

consumption include loss of appetite, polypharmacy, and several oral heath disorders such as 

poor dentition, ill-fitting dentures, dry mouth, and dysphagia.4 (p.599), 6  

Adequate dietary protein is important for all ages, but it is especially important for older 

adults in preventing muscle loss, optimizing bone mass, and sustaining a healthy immune 

system.4 (p.602) Although protein recommendations are the same for all adults, dietary protein 

recommendations for older adults comprise of a higher percentage of daily energy needs as 

compared to younger adults due to the decline of both BMR and total energy requirements that 

occur in conjunction with aging.7 Unfortunately, many older adults are not meeting the current 
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protein recommendations. For example, research indicates that among adults aged 60 years and 

older, 24-38% of men and 32-41% of women have inadequate protein intakes.8 Despite these 

results, the adequacy of current protein recommendations for older adults is often questioned. 

For example, some researchers suggest protein recommendations for older adults should be 

increased above the current recommended dietary allowance (RDA) to assist in preventing the 

loss of lean body mass, frailty, and sarcopenia.9-11 Given that protein represents a greater 

proportion of energy for older adults, fortified foods are often used to help achieve adequate 

protein intake. Since older adults consume more soup than any other age group, an enhanced 

soup product may aid in increasing protein consumption among this population.12,13  

The purpose of this study was to evaluate the sensory acceptability and preference of 

protein-enhanced soups compared to institutional foodservice equivalent soups among older 

adults living in assisted living facilities. The research used the following hypotheses: 

Hyp 1: There is a significant difference (P<.05) in acceptability between the protein-

enhanced soup and its matched institutionalized food service equivalent soup. 

Hyp 2: There is a significant difference (P<.05) in preference between the protein-

enhanced soup and its matched institutionalized food service equivalent soup. 
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CHAPTER 2 

LITERATURE REVIEW 

The following literature review focuses on current research that characterizes the growing 

population of older adults in the U.S. and examines the effect of aging on energy and protein 

requirements and consumption, body composition, protein needs, nutritional supplement use, and 

sensory testing tools used among older adults. The adequacy of protein and energy intake in an 

older adult population is presented to highlight the potential need for nutritional supplements in 

optimizing the nutritional status of this population. Information regarding oral health status and 

food preference, both of which affect the nutritional status of older adults, is also included.  

OLDER ADULTS 

The older adult population in the U.S. is continually growing. The increased growth of 

this population can be explained in part by the aging of the “Baby Boomer” generation, those 

Americans born between 1946 and 1964.14 For example, as of 2010, 40 million older adults, 

defined as persons over the age of 65, reside in the U.S. and comprise 13% of the entire 

population.14, 15 (p. 287) Furthermore, older adults are projected to account for 20% of the total U.S. 

population by year 2030.14 With life expectancy currently on the rise, men and women can 

expect to live 17.7 and 20.3 years longer, respectively, after age 65.16 Throughout the lifespan, 

not all older adults are able to live independently due to the development of chronic diseases, 

disability, or the need for assistance with activities of daily living (ADLs), such as eating, 

bathing, toileting, and dressing.17,18 Approximately 11.3 million older adults lived independently 

in 2011, while others required assistance provided by long-term care services.19 In 2009, long-
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term care facilities housed 3.3 million Americans, and estimations indicate that this number will 

increase to 12 million requiring long-term care services by 2020.17,18  

Of the numerous long-term care residents in the U.S., many do not consume all of each 

meal throughout the day, with estimates suggesting 50-70% leave at least 25% of most meals 

uneaten.20 Low consumption of meals among residents may lead to nutritional inadequacies 

prompting weight loss and malnutrition, both of which can be detrimental to the quality of life of 

older adults. As the population of older adults increases, approaches to optimize health and 

nutrition should be evaluated to improve the nutritional status and resulting quality of life of 

older Americans.  

ENERGY 

 Aging is associated with changes in body composition and physical inactivity, both of 

which can negatively affect energy requirements.21 To function at optimum capacity, the body 

must obtain appropriate amounts of macro- and micro-nutrients from the diet.4 (p.10) Energy to 

fuel body processes is acquired through the consumption of food via the energy-yielding 

nutrients: carbohydrates, fats, and proteins.4 (p.7) Although micronutrients (vitamins and minerals) 

do not provide energy, many serve as cofactors in assisting enzymes responsible for yielding 

energy.4 (p.323)  

Total energy expenditure (TEE) reflects the amount of energy expended by an individual 

in 24 hours and is comprised of BMR, physical activity, and the thermic effect of food.22 Among 

the factors contributing to TEE, physical activity is often the most variable.4(p.254) Although 

physical activity is positively correlated with TEE, physical activity typically declines with age, 

thereby negatively impacting energy expenditure.1,22 BMR, the largest component of TEE, is 

affected by numerous factors including age, sex, height, growth, and body composition.1,4 (p.255) 
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For example, it has been estimated that BMR, comprising 50-70% of TEE, decreases with age 

and is predicted to decline 1-2% each decade in men from age 20 to 70 years.1,23 Other studies 

suggest that between the ages of 20 and 96 years, BMR decreases 2.0% and 2.9%, respectively, 

each decade for men and women with a normal BMI.1 Declines in fat-free mass (FFM) followed 

by gains in fat mass may be contributing factors to age-related declines in BMR. Furthermore, 

the majority of FFM lost can be contributed to losses in muscle mass, with minor losses 

attributable to organs and bone.24 Such changes in body composition are supported by two recent 

longitudinal studies evaluating the effect of aging on fat mass and FFM. 24, 25 Results of one such 

study reported significant losses in FFM in healthy men and women ages 75 years and older after 

nine years of follow-up as compared to baseline and suggested the loss of FFM began around age 

70.25 The second study following a male cohort, reported non-linear declines in FFM after age 47 

and increases in both fat mass and BMI between the ages of 20-80.24  

Maintaining energy balance through adequate energy intake is crucial in maintaining 

weight.4 (p.251) Weight gain may occur if calories are consumed in excess. Conversely, inadequate 

energy intake can lead to unintentional weight loss or an underweight BMI, both of which are 

predictors of mortality in older adults.4 (p.249), 5 In addition to increased mortality, weight loss in 

older adults is associated with frailty, impaired mobility, pressure ulcers, hip fractures, and 

diminished quality of life.26 For this reason, the Dietary Guidelines for Americans 2010, 

recommends men and women ages 51 years and older should consume between 2,000-2,800 and 

1,600-2,200 kcals/day, respectively, depending on physical activity level.2 Nevertheless, over the 

lifespan, energy consumption is estimated to decline by 3% each decade.15 (p.299) For example, a 

review by Wakimoto et al. revealed 10% of men and women ages 70-79 consumed less than 

1044 kcal/day and 768 kcal/day, respectively.3 Additionally, the study indicated that men ages 
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80+ consumed an average of 1000-1200 kcals less per day than men ages 20-29. Using the same 

results, energy consumption among women ages 80+ was roughly 600-800 kcal/day less than the 

energy consumed by women ages 20-29. The widespread prevalence of under-nutrition among 

older adults is evidenced by data reporting that 23- 85% of long-term care residents are under-

nourished.26 Factors contributing to declines in energy intake and potential malnutrition among 

older adults include loss of appetite, dysphagia, polypharmacy, pressure ulcers, impaired 

dentition, and dry mouth.   

PROTEIN 

 The importance of protein throughout the lifespan is evidenced by the numerous and 

diverse roles of dietary protein within the body. Protein plays a role in growth and maintenance, 

enzyme synthesis and functionality, fluid balance, acid-base balance, facilitated transport, 

antibody production, energy balance, and wound healing.4 (p.193) Additionally, protein serves as a 

vital component in the structure, growth, and repair of muscle and most other body tissues. 

Furthermore, increased protein intake is optimal for individuals with severe injuries to provide 

enough protein to provide sufficient protein for injury repair and to account for the body’s 

catabolic response to stress, which can cause the breakdown of protein for energy. 27 Likewise, 

protein supports a healthy immune system by protecting the body from disease through the 

production of antibodies.4 (p.192) Given the vast functional roles of protein in the body, the 

consumption of high quality protein containing all eight essential amino acids is crucial in 

providing the body with adequate amino acids as substrates for protein synthesis and 

functionality.4 (p.195) Because essential amino acids cannot be synthesized by the body, if the diet 

does not supply the essential amino acids, protein synthesis will be affected and body proteins 

may be broken down, thereby inhibiting protein functionality. 4 (p.183,195)  
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 The adequacy of protein recommendations for the older adult population is often 

questioned due to the potential benefits of increased dietary protein in disease prevention. 

Among older adults, dietary protein represents a greater proportion of the daily energy 

requirements than younger adults due to the decline of both BMR and total energy requirements 

secondary to aging.7 According to the Institute of Medicine, daily protein consumption should 

represent 10-35% of total calories consumed.28 The current estimated average requirements 

(EAR) for protein, established to meet the requirements of half of all healthy individuals in a 

group, is set at 0.66 g/kg/d for all adults ages 19 years and older.29 In contrast, the RDA for 

protein is a more accurate recommendation of individual needs since the RDA is set to meet the 

requirements of 97-98% of all individuals in a group.28 According to the RDA, adult males and 

females, ages 19 years and older, are recommended to consume 56 and 46 grams, respectively, 

of protein daily, based on the calculation of 0.8 g/kg/d. The current recommendations establish 

the RDA for protein at 10%, the lower end of the acceptable macronutrient distribution range 

(AMDR), which recommends 10-35% of energy should come from protein. According to the 

National Health and Nutrition Examination Survey (NHANES) data (2003-2004), women ages 

51-70 years and women ages 71 years and older consumed protein levels 7.2% and 8.6% below 

the EAR, respectively, based on ideal body weight.30 Likewise, in an earlier study, 24-38% of 

men and 32-41% of women aged 60 years and older had protein intakes below the RDA.8  

For the older adult population, the sufficiency of the RDA for protein is often debated. 

The adequacy of the RDA for protein is supported by a trial conducted by Campbell et al. which 

used nitrogen balance as a means to assess the sufficiency of the EAR and RDA for protein 

intake among twenty-three younger adults (ages 21-46 years) and nineteen older adults (ages 63-

81 years).21 Study results suggest that dietary protein requirements did not differ between healthy 
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younger and older adults and that the current RDA appeared to adequately meet the minimum 

protein requirements of older adults. However, many studies suggest a higher intake of protein 

may be beneficial in optimizing the nutritional status of healthy older adults.9-11,31  For example, 

protein intake ranging from 1.0-1.8 g/kg/d may be more favorable in preventing loss of lean 

body mass, reducing frailty risk in older adults, and subsequently reducing sarcopenia risk while 

still maintaining protein intakes within the AMDR.9-11  

Sarcopenia, the loss of muscle mass, strength, and function in conjunction with aging, 

can considerably affect the mobility and, subsequently, diminish the quality of life of older 

adults.15 (p.291) Beginning at age 40, skeletal muscle mass is estimated to decrease 0.5 - 1.0% each 

year.31 Recently, sarcopenia has been estimated to affect 22.6% of women and 26.8% of men 

ages 64 and older.32 Furthermore, in older adults ≥ 80 years, estimates of sarcopenia prevalence 

are projected to affect as many as 31.0% of women and 52.9% of men. As older adults lose 

muscle, metabolic rate is altered, mobility is diminished, and balance is affected, thereby 

increasing risk of falls.4 (p.599), 15 (p.291) Fortunately, the progression of sarcopenia can be combated 

through optimum nutrition, including meeting dietary protein recommendations and increased 

physical activity.4 (p.599) For example, Houston et al. examined the relationship of dietary protein 

and its effect on lean body mass in older adults (N=2,066).10 Results of the study suggest that 

older adults whose protein consumption comprised 18.2% (1.1g/kg/d) of daily caloric intake lost 

40% less lean body mass than older adults whose protein consumption comprised 11.2% (0.7 

g/kg/d) of daily caloric intake. Similarly, Scott and colleagues examined the relationship between 

dietary intake, specifically protein, and appendicular muscle mass in older adults ages 50 to 79 

(N=112).33Among participants, older adults failing to meet the Australian and New Zealand 

recommended dietary intakes (RDI) for protein (64 g/d for men ages 51-70, 81 g/d for men ages  
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>70, 46 g/d for women ages 51-70, and 57 g/d for women ages  >70) experienced significantly 

lower (P=.01) appendicular muscle mass than older adults meeting the RDI, indicating protein 

may be beneficial in slowing the progression of muscle loss. In addition to maintaining muscle 

mass, increased protein intake among older adults may be beneficial in the prevention of frailty, 

a condition distinguished by weakness, fatigue, slowness, minimal physical activity, and 

unintentional weight loss.11 For example, the Women’s Health Initiative Study reported an 

association between frailty risk and protein intake, such that frailty risk declined by 12% with 

every 20% increase in protein consumption. Moreover, the results were strengthened after 

adjustment, suggesting a 32% decline in frailty risk with every 20% increase in protein 

consumption. Therefore, not only is protein crucial in maintaining muscle mass by assisting in 

the prevention of sarcopenia, but it may also assist in frailty prevention.  

PROTEIN SUPPLEMENTATION 

Several intervention studies have reported that protein supplements or protein-enriched 

foods can be beneficial for older adults.34-38 One such study sought to assess the relationship of 

food-based nutritional supplements and malnutrition among older adult nursing home residents 

(N=88).34 The prospective controlled trial separated participants into four groups based on mini-

nutrition assessment (MNA) scores. Group A included well-nourished participants who did not 

receive food-based supplements, while participants at risk of malnutrition were randomized to 

receive no supplements (Group B) or receive the food-based supplements (Group C). Lastly, 

Group D included malnourished participants who received food-based supplements. Four 

supplements, Clinutren Soup (200 kcal and 10g protein / 200 mL), Clinutren Fruit (120 kcal and 

7.5g protein / 200 mL), Clinutren Dessert (150 kcal and 12g protein / 150 mL), and Clinutren HP 

beverage (200 kcal and 15g protein / 200 mL) were offered. Each supplement was available in 
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three different flavors and was provided in addition to meals. Results of the study demonstrated 

significant improvements in energy consumption (P<.001) and protein intake (P<.001) after 60 

days among participants receiving the nutritional supplements in Groups C and D. Additionally, 

after 60 days, MNA scores increased among most participants in Groups C and D and body 

weight improved significantly in Group D (P<.05). In a similar study examining the effect of 

liquid nutritional supplements among older adults (N=83, mean age =80±7) at high risk of 

malnutrition receiving community home-care services, participants were randomized into either 

an experimental group receiving liquid nutritional supplements (Ensure: 106 kcal/100 mL, 4 g 

protein/100 mL or Ensure Plus: 151 kcal/100 mL, 5.7 g protein/100 mL) or a control group 

receiving no supplementation.35,39 Supplements were administered twice daily via two (235 ml) 

cans for a duration of 16 weeks.35 At study completion, the percentage of participants in the 

experimental group not meeting protein recommendations significantly (P<.05) decreased by 9% 

compared to baseline data. Additionally, a 9-month randomized clinical trail examined the effect 

of exercise and protein-energy supplementation on body composition and strength in older adult 

nursing home residents (N=57) using liquid nutritional supplements (200 kcal and 15 g of 

protein per 200 mL) provided twice daily in beverage form.36 Participants receiving the 

nutritional supplements exhibited a 57% improvement in muscle power at three months (P=.03) 

along with an increased BMI (P=.007) and a 54% supplement compliance rate at nine months. 

In addition to nutritional supplements, enriched foods represent another potential medium 

that may assist in improving protein and energy consumption among the older adult population. 

For instance, Smoliner et al. evaluated the effect of enriched food on nutrition and functional 

status among male and female nursing home residents ages 61-103 (N=65) at risk of malnutrition 

over 12 weeks.37 In this study, participants were randomized to a control group receiving a 
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standardized diet or an intervention group receiving a similar diet with enriched soups, sauces, 

and two additional high protein-high energy snacks. Protein powder from hydrolyzed milk was 

used to enrich soups (5 g protein/100 mL), sauces (5 g protein/100 mL) and snacks of milk (20 g 

protein [15 g from added protein powder]/150 mL). The caloric content of the sauces was 

enhanced through the addition of rapeseed oil (5 g oil/100 mL), whereas heavy cream was added 

to increase the caloric content of soups (10 mL cream/100 mL). While energy consumption did 

not differ between groups, participants receiving protein-energy enriched food products had 

significantly higher protein intakes (P<.05) such that the intervention group consumed 

approximately 12 g/d more protein than the control group. Similarly, a randomized crossover 

study design was conducted to evaluate the impact of enriched food products on energy and 

protein consumption among male and female nursing home residents (N=26).38 Two breakfast 

food items (hot cereal and juice) and two lunch items (soup and mashed potatoes) were chosen 

for nutritional enrichment based on the consumption patterns of residents. Food items, excluding 

juice, were enriched through the addition of fat to existing facility recipes, but some items were 

further enriched by the addition of sweeteners, protein (dairy or eggs), or carbohydrate-based 

ingredients. The juice was not enriched through recipe modification, but rather a commercial 

nutritional juice product (Lyons ReadyCare Nutritional Juice Drink) was provided to 

participants. The energy densities (kcal/g food) of the various food items are listed with the 

regular food item appearing first followed by the enriched food item and are as follows: orange 

and cranberry juice 0.461,1.045; oatmeal 0.578, 1.638; farina 0.763, 2.407; soup 0.429, 1.282; 

and mashed potatoes 0.716, 1.34. Protein densities (g protein/g food) of the food items are listed 

with the regular food item appearing first followed by the enriched food item and are as follows: 

orange and cranberry juice 0.006,0.032; oatmeal 0.023,0.043; farina 0.024, 0.041; soup 0.028, 
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0.041; and mashed potatoes 0.020, 0.031. Results indicate that older adults consumed more 

calories and grams of protein at lunch when the enriched soup was served, than with the control, 

however, the results were not statistically significant. Additionally, participants consuming ≥ 

1,150 kcal/day had greater energy consumption when breakfast foods were enriched. Whereas, 

participants consuming < 1,150 kcal per day had increased energy consumption when breakfast 

or lunch was enriched. As reported in this study, increases in energy consumption will, typically, 

have a positive influence on protein intake. Furthermore, participants consumed similar grams of 

both the enriched food items and non-enriched food items in this cross-over design, which 

supports the idea that the enrichment of foods will not cause a decline in the amount of food 

consumed. 

Beyond increasing energy intake, the incorporation of protein supplements into the diet 

has the potential to affect energy intake throughout the day and influence satiety. For example, 

Blatt et al. reported that increasing protein content of entrees at meals did not negatively impact 

daily caloric intake or affect satiety over a day.40 Similar results by Castellanos et al. revealed 

that the energy consumed from enriched foods was not compensated for at any meal or snack 

occasion that occurred throughout the day.38 Additionally, in a study conducted by Tieken et al., 

solid meal replacements were associated with greater satiety than liquid meal replacements.41 

Therefore, food enrichment may be an optimal medium for increasing energy and protein 

consumption among older adults without negatively affecting satiety. The results of the above 

studies indicate a food-based protein-energy supplement, such as an enriched soup, may increase 

protein consumption without negatively affecting daily caloric intake. 
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ORAL HEALTH AND ITS IMPACT ON PROTEIN INTAKE AND FOOD PREFERENCE 

In regards to older adults, oral health disorders such as poor dentition, ill-fitting dentures, 

dry mouth, and dysphagia can impact dietary intake and nutritional status among affected 

individuals.4 (p.599),6,42 For instance, among older adults in the U.S. in 2008, 18% had experienced 

complete loss of natural teeth.43 As such, this loss can greatly affect the nutritional status of older 

adults since tooth loss and impaired chewing ability often results in consumption of less calories 

and fewer grams of protein.26  

In addition to dentition issues, polypharmacy or the consumption of multiple medications 

is another potential contributor to the decline of nutritional status among older adults.26 Due to 

the ability of certain medications to diminish the amount of saliva in the mouth, the ability to 

chew and swallow may be altered.6 Xerostomia, also known as dry mouth, is another factor 

contributing to less than desirable intake among older adults.42 Dry mouth is estimated to affect 

20% of older adults, and can greatly influence food selection which may negatively impact 

caloric intake. For example, a cross-sectional study design was used to examine the relationship 

between weight status and oral health-related quality of life among older adults (N=291).42 

Results of the study indicated that among participants experiencing dry mouth, food avoidance 

was practiced more often by underweight older adults than older adults with a normal BMI. 

Furthermore, food avoidance has the potential to cause nutritional inadequacies, which may 

negatively impact nutritional status and overall health of older adults.  

Lastly, older adults with impaired oral health are more likely to avoid foods that require 

greater chewing and swallowing such as whole fruits, raw vegetables, and meats.44 According to 

current research, 24-68% of adults ≥ 60 years reported modifying certain fruits, vegetables, and 

meats through methods such as peeling, chopping, thinly slicing, tenderizing, and extending the 
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cook time to soften the texture of these foods. Older adults with missing teeth or periodontal 

disease were more likely to modify tougher foods, such as meats and apples while older adults 

experiencing dry mouth or oral pain were more likely to modify softer foods. Furthermore, food 

avoidance was reported among two-thirds of participants with fair or poor oral health status. 

FOOD PREFERENCES OF OLDER ADULTS 

Among foods frequently selected by older adults, soup is often one of the preferred 

choices. For instance, a study using NHANES data (2005-2006) sought to determine the 

percentage of energy provided by select foods with regard to total energy consumption.12 Study 

results indicated adults ages 50-71 and adults ages 71 and older consume more soup than any 

other age group with intakes of soup contributing 1.8% and 2.1% of energy, respectively. 

Similarly, a study examining consumption patterns in nursing home residents revealed a high 

acceptance among residents for stews and soups containing potatoes and vegetables.13 While the 

secondary purpose of this research is to improve protein intake among older adults in long-term 

care facilities, research suggests that an enhanced soup may be an optimal tool to increase dietary 

protein intake.38 Given the fixed place of soup on the menus of long-term care facilities and the 

high preference for soups by older adults, a protein-enhanced soup could potentially improve 

dietary protein intake in residents who consume soups.  

SENSORY TESTING 

The hedonic scale is a subjective test designed to measure an individual’s impression of a 

food item using the senses of sight, taste, touch, smell, and hearing; however, it can be used to 

objectively measure specific characteristics of the food by making inferences from participant 

responses.45,46,47 Since its development in 1952, the 9-point hedonic scale has been widely used 

in sensory evaluation due to its validity and reliability as a testing tool for accurately 
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discriminating between items.48,45 Moreover, hedonic scales are frequently used among 

individuals without prior experience in food testing due to ease of use and simple design.45 The 

5-point hedonic scale, a modified version of the original scale, is designed as a continuum of 

preference, emphasized by the succession of varying degrees of like and dislike. As with all 

subjective testing methods, it should be noted that participants’ responses can be affected by a 

variety of influences including mood, personality, alertness, physical well-being, and health 

status.45,46 All of which may positively or negatively impact test results and should be controlled 

for as much as possible in the study design. 

Assessing taste acceptability and preference in older adults is fraught with numerous 

challenges. For example, potential challenges in sensory testing using this population includes 

testing fatigue from multiple stimuli, impaired vision to accurately read the sensory 

questionnaire, and impaired cognitive ability.49 When conducting sensory analysis, testing 

fatigue could potentially influence participant selection and thus, should be factored into or 

accounted for in the study design. If participants are overwhelmed by multiple stimuli, many will 

lose attention, stop responding altogether, or only focus on a few choices, which can lead to 

inaccurate results.46,49 Therefore, to reduce the potential of test fatigue as a confounding variable, 

sensory testing should be conducted on different occasions or with fewer stimuli presented to 

participants.46Additionally, since the testing environment can impact participant responses, the 

lighting, temperature, noise, and smells within the testing room should be considered to 

minimize potential influences.47  

Another sensory testing challenge among older adults is visual acuity.46Age-associated 

vision changes may cause testing difficulty. The presentation of graphic images versus numbers 

or text corresponding to simple descriptive terminology may assist participants with minor visual 
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deficits in completing sensory questionnaires. For example, among older adults in a nursing 

home setting, facial hedonic scales have proven to be beneficial for sensory testing among 

vision-impaired and neurologically-impaired individuals and among those lacking the mental 

capacity to comprehend complex terminology or those with low literacy.49,50  

Another potential complication when conducting sensory analysis among older adults is 

cognitive ability. However, this challenge can be overcome through the use of screening 

methods.49,50 As such, research has shown that screening participants prior to sensory analysis 

ensures participants have the necessary cognitive skills to comprehend testing procedures and 

assessment scales. 

In order to limit potential confounding variables, study designs must be employed to 

ensure the reliability and precision of study results. For example, facial hedonic scales are often 

used to overcome obstacles and assist during the testing process for populations that may find 

sensory analysis challenging. Among the older adult population, the use of a 5-point facial 

hedonic scale, previously validated and widely accepted, can assist in overcoming many of the 

testing challenges discussed previously.45,49,51 Figure 2.1 illustrates the often utilized 5-point 

facial hedonic scale. 

 

Figure 2.1 5-point Facial Hedonic Scale used by Chen et al.51  
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CHAPTER 3 

METHODS 

INTRODUCTION 

 This study used sensory analysis data collected from residents in assisted living and long-

term care facilities to determine the acceptability and preference of protein-enhanced soups 

compared to flavor-matched institutional food service equivalent soups. This chapter will discuss 

the methodology used including participant recruitment and selection criteria, nutritional 

composition of the protein-enhanced soup products, and explanation of sensory questionnaires, 

sensory evaluation procedures, and data analysis methods. 

SUBJECTS 

Forty-four older adults (ages 65+) residing in assisted living facilities in Tuscaloosa and 

Jefferson counties in the state of Alabama completed sensory analysis. Recruitment of 

participants was conducted using flyers (Appendix A) posted around the dining room and 

common areas of each participating facility. Therefore, potential subjects were self-identified for 

participation based on response to the flyers, and nursing staff and/or facility personnel were not 

asked to refer individuals for participation in the study.  

To be included in the study, participants had to be able to communicate verbally, be 

willing and able to understand the screening questionnaire and study procedures, be willing to 

consume two soup samples at two testing periods, and provide informed consent (Appendix B). 

Exclusion criteria included inability to consume non-thickened liquids, ventilator dependence, 

placement of a feeding tube, and/or food allergies to any of the following: wheat, milk, egg, and 
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soy. Furthermore, potentially vulnerable subjects including decisionally-impaired subjects were 

not included in this study. Potential participants were screened for decisional impairment using 

an “explain and repeat back” procedure wherein the prospective participant must, after reviewing 

the protocol, accurately explain the goals of the study and the participant’s role in the study. 

Individuals who were unable to successfully repeat back these points were excluded from 

participation.  

To protect participant privacy and confidentiality, participants who met the study criteria 

and provided consent were given a unique identifier code upon entering the study. This code was 

noted on each participant’s consent form and was not related to the participant’s personal 

information. All data collected as part of this study were identified using this code. Additionally, 

signed consent forms and survey data were stored separately in locked file cabinets in the office 

of the Principal Investigators (PI). Upon completion of data collection, the data were entered into 

a password-protected laptop belonging to the PI and stored in the office of the PI.  

 Sample size calculations were based on expected largest difference in preference ratings 

between any two conditions. The sample size needed for this study was 32 adults based on a 

mean ± standard deviation (SD) effect size of 2.5 ± 3 using a 5-point facial hedonic scale and a 

power level of 90% and α = 0.05. The study was approved by the Institutional Review Board of 

the University of Alabama (Appendix C). 

SENSORY EVALUATION 

Once consent was provided, participants completed two testing sessions where at each 

session two soup samples were evaluated, one TRIO® soup product and its flavor-matched 

institutional food service equivalent soup.  



 

19 
 

 To control variability, participants were seated individually at a table where sensory test 

administrators presented participants with a cup of distilled water, tasting spoons, and a pen. In 

order to limit bias and comply with standardized sensory testing procedures, participants were 

randomized to one of six testing tables and the order in which participants received the samples 

were randomized according to the testing table. Samples were introduced individually in a 

testing bowl, which provided approximately one-fourth cup soup. Sample serving size was 

determined based on providing an amount appropriate for sensory evaluation without providing a 

serving large enough to possibly induce sensory fatigue. A sensory questionnaire (Appendix D) 

bearing the appropriate sample code was presented along with each testing sample to assess 

taste, aroma, texture, and overall acceptability. Each participant had a maximum of 5 minutes, if 

needed, to fill out the questionnaire. After each sample was tested, any remaining soup and its 

associated bowl were removed before introduction of the next sample. Between samples, 

participants were asked to cleanse the palate with distilled water provided. The sensory 

questionnaire provided to the participants with the second sample included one additional 

question to assess preference between the two samples. In addition to the sensory results 

recorded on the questionnaires, the questionnaire also had three demographic questions to 

ascertain the age, ethnicity, and gender of study participants.  

Participants evaluated each sample using sensory questionnaires based on a modified 

paired preference test and the validated and widely accepted 5-point facial hedonic scale in 

which 5=like very much, 4=like slightly, 3=neither like nor dislike, 2=dislike slightly, and 

1=dislike very much.45,49,51 
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SAMPLE PREPARATION AND PERSONNEL TRAINING 

 Prior to sensory testing, all study personnel were trained on preparation of testing 

samples, protection of human subjects including how to maintain the privacy and confidentiality 

of participants, and administration of consent, screening, and sensory questionnaires. All samples 

were prepared according to package directions in the Food Science Lab at the University of 

Alabama and ladled into an appropriately labeled, insulated thermal carafe for transportation to 

each facility. For personnel identification purposes, each carafe had a corresponding color-coded 

label as well as a lettered code identifying its contents. Four Copco® 2 quart insulated thermal 

carafes, one for each soup, were used during each testing day. Since the product specifications 

assured each carafe would maintain temperature for 8 hours, temperature of each carafe was 

recorded hourly to ensure appropriate soup temperature was maintained throughout the 

evaluation period.  

NUTRITIONAL COMPOSTION 

Tables 3.1 and 3.2 detail the nutritional composition of the protein-enhanced soups 

compared to the flavor-matched institutional food service equivalent soup. The protein content of 

the soups is of particular importance since the TRIO® soups supply an additional 7.5-8.5 g 

protein per one-half cup serving versus the flavor-matched food service equivalent soups. 

STATISTICAL ANALYSIS 

All data collected from the sensory questionnaires were statistically analyzed to assess 

differences in acceptability and preference between the protein enhanced-soups and flavor-

matched institutional food service equivalent soups. Descriptive statistics were used to calculate 

means, SD, and frequencies. Two-tailed independent t tests were used to assess differences in 

participant sensory attribute scores between each TRIO® soup and its flavor-matched control for 
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the sensory attributes of aroma, texture, taste, overall acceptability, and preference. Analysis of 

variance (ANOVA) was used to assess differences among aroma, texture, taste, and overall 

acceptability within each soup. Further analysis was conducted using multivariable linear 

regression to examine the associations of gender, age, and ethnicity on sensory attribute scores. 

Independent t tests were used to assess gender differences for the attributes identified in the 

regression analysis as statistically different (P <.05). Paired t tests compared associations of 

gender and sensory attribute scores between each TRIO® soup and its flavor-matched control. 

Results were considered significant at P <.05. Statistical analyses were performed using Systat 

Analytical Software, version 11.0 (Chicago, IL) and Statistical Analysis Software, version 9.2 

(SAS Institute, Cary, NC).  

DELIVERABLES 

The protein enhanced soups, either TRIO® Chicken Noodle Soup or TRIO® Cheddar 

Broccoli Soup, were comparatively evaluated to flavor-matched institutional food service 

equivalent soups, chicken noodle or cheddar broccoli. The flavor-matched institutional food 

service equivalent soups, Knorr® Soup Du Jour Chicken Noodle and Knorr® Soup Du Jour 

Broccoli Cheese, served as controls. 
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Table 3.1 Nutritional Facts of Selected Chicken Noodle Soups  
(Serving Size: ½ c) 
 TRIO® Chicken Noodle Knorr® Soup Du Jour Chicken 

Noodle 
Calories 200.00 40.00 
Calories from Fat 70.00 6.75 
Total fat (g) 8.00 0.75 
Saturated Fat (g) 1.00 0.25 
Trans Fat (g) 0 0 
Cholesterol (mg) 20.00 7.50 
Sodium (mg) 470.00 325.00 
Total Carbohydrates (g) 24.00 6.50 
Dietary Fiber (g) 3.00 0.50 
Sugars (g) 2.00 - 
Protein (g) 10.00 1.50 
Vitamin A 35%* 5%* 
Vitamin C 2%* 1%* 
Calcium 2%* 1%* 
Iron 6%* 2%* 
* Indicate the percent Daily Value (based on a 2,000 kcal diet) 

 

 

 

Table 3.2 Nutritional Facts of Selected Cheddar Broccoli Soups 
 (Serving Size: ½ c) 
 TRIO® Cheddar Broccoli Knorr® Soup Du Jour 

Broccoli Cheese 
Calories 200.00 85.00 
Calories from Fat 50.00 31.50 
Total fat (g) 5.00 3.50 
Saturated Fat (g) 1.00 3.00 
Trans Fat (g) 0 0 
Cholesterol (mg) 10.00 2.50 
Sodium (mg) 450.00 340.00 
Total Carbohydrates (g) 26.00 11.00 
Dietary Fiber (g) 1.00 0.50 
Sugars (g) 9.00 - 
Protein (g) 10.00 2.50 
Vitamin A 10%* 5%* 
Vitamin C 15%* 10%* 
Calcium 20%* 5%* 
Iron 9%* 5%* 
* Indicate the percent Daily Value (based on a 2,000 kcal diet)  
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CHAPTER 4 

RESULTS 

The results of the study were generated from sensory questionnaire data collected from 

forty-four older adults in assisted living facilities in Jefferson and Tuscaloosa counties in 

Alabama. Demographic information for the participants is shown in Table 4.1. The sample was 

comprised of 32 women and 12 men with a mean age of 81.4 ± 8.0 years. Approximately 75% of 

the population were self-reported Caucasian, 20.4% were African American, and 4.5% were 

from other ethnic backgrounds. Soup temperature data is represented as the mean temperature of 

each soup over the 12 testing days and is presented in Table 4.2. 

Mean sensory scores for aroma, texture, taste, and overall acceptability of TRIO® 

Chicken Noodle Soup (TCN) and its flavor-matched control (CN) are shown in Table 4.3. For 

aroma, texture, taste, overall acceptability, and preference, no significant differences (P >.05) 

were noted between the TCN and its flavor-matched control soup for each tested variable. 

Likewise, no significant differences were reported among sensory scores of tested attributes 

within either TCN or CN. Results of linear regression analysis revealed statistically significant 

gender-specific differences in acceptability (P=.009) for TCN as well as statistically significant 

age-related differences in aroma (P=.045), texture (P=.049), taste (P=.006), and acceptability 

(P=.0009) scores for CN. Table 4.4 depicts mean sensory scores by age groupings. Among 

males, mean acceptability scores for TCN were significantly lower (P=.02) than the scores 

reported by females for acceptability; however, among males, no significant differences (P>.05) 

were reported between the two chicken noodle soup brands for any of the sensory attributes 
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evaluated. Likewise, among females, no significant differences (P>.05) were reported for aroma, 

taste, texture, and acceptability between TCN and CN. Overall, despite significant gender-

specific differences, all sensory attributes were evenly scored by each gender.  

Table 4.5 depicts mean sensory scores for TRIO® Cheddar Broccoli Soup (TCB) and its 

flavor-matched control (BC). Among participants, there were no significant differences (P >.05) 

in aroma, texture, taste, overall acceptability, and preference between TCB and BC. Likewise, 

within either cheddar broccoli soup, there were no significant differences (P >.05) reported 

among any of the sensory attributes evaluated. Similar to sensory testing of chicken noodle soup, 

gender-specific differences were significantly different for the texture (P=.009) of TCB. In 

addition, significant age-specific differences were reported for taste (P=.03) and acceptability 

(P=.03) for TCB. Sensory attribute mean scores by age group are shown in Table 4.6. Further 

statistical analysis revealed significantly lower (P=.045) mean texture scores among males for 

TCB than among females. Additionally, females ranked the taste and acceptability of TCB soup 

significantly lower (taste (P=.01) and acceptability (P=.03)) than the control soup. In contrast, 

among males, there were no significant differences (P >.05) between the TRIO® or control 

cheddar broccoli soups for any of the sensory attributes tested. 

Although no significant differences (P >.05) in preference were reported between either 

protein-enhanced soup and its flavor-matched control, the majority of participants (61.36%) 

preferred TRIO® Chicken Noodle Soup over the control. In contrast, only 38.63% of 

participants preferred the TRIO® Cheddar Broccoli Soup over the control. Upon assessment of 

preference by gender, results revealed 58.33% of males and 62.5% of females preferred TRIO® 

Chicken Noodle Soup over the control, whereas, only 25% of males and 43.75% of females 
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preferred TRIO® Cheddar Broccoli Soup over the control. Analysis of preference by gender did 

not depict any significant differences (P >.05). 

Table 4.1 Demographic Data (n=44) 

Variable % Total Range 
Mean±Standard 

Deviation 

Age  65-96 81.4 ± 8.0 years 
Gender 

Male 
Female 

 
27.27% 
72.72% 

  

Self-Reported Ethnicity 
Caucasian 
African American 
Other 

 
75.00% 
20.40% 
4.50% 

 
 

 
 

 
 

 
 
 
 
 
 

 
 
Table 4.3 Comparative Analysis of Mean Sensory Attribute Scores for 
Chicken Noodle Soups 

Sensory Attribute 
All Participants 
(n=44) Males Only (n=12) 

Females Only 
(n=32) 

Aroma TCN 3.89±1.06 3.75±0.87 3.94±1.13 
Aroma CN 4.16±1.01 3.92±0.90 4.25±1.05 
Texture TCN 3.95±1.16 3.67±1.07 4.06±1.19 
Texture CN 4.02±1.09 3.75±1.14 4.13±1.07 
Taste TCN 3.73±1.35 3.42±1.38 3.84±1.35 
Taste CN 4.14±0.98 3.83±1.19 4.25±0.88 
Acceptability TCN 3.84±1.31 3.08±1.24 4.13±1.24 
Acceptability CN 4.02±1.11 3.75±1.36 4.13±1.01 
*P<.05 
Mean values vary between 1 (=dislike very much) and 5 (=like very much) 
 

 

Table 4.2 Mean Soup Temperatures during Sensory Testing 
 Mean±SD 

TCN 174.3±5.7 
CN 170.8±4.9 
TCB 174.1±6.9 
BC 170.8±7.7 
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Table 4.4 Mean Sensory Attribute Scores of Chicken Noodle Soups by Age  
Sensory Attribute Ages 65-74 (n=10) Ages 75-84  (n=17) Ages 85+ (n=17) 
Aroma TCN 3.90±1.20 3.94±1.25 3.82±0.81 
Aroma CN 4.50±0.52 4.06±1.09 4.06±1.14 
Texture TCN 4.10±1.10 3.82±1.24 4.00±1.17 
Texture CN 4.40±1.08 4.00±1.00 3.82±1.19 
Taste TCN 3.80±1.40 3.41±1.42 4.00±1.27 
Taste CN 4.40±0.84 4.24±0.83 3.88±1.17 
Acceptability TCN 3.70±1.34 3.71±1.40 4.06±1.25 
Acceptability CN 4.50±0.85 4.24±0.83 3.53±1.33 
Mean values vary between 1 (=dislike very much) and 5 (=like very much) 
 
 
 
Table 4.5 Comparative Analysis of Mean Sensory Attribute Scores for 
Cheddar Broccoli Soups 

Sensory Attribute Participant Scores 
(n=44) 

Males Only (n=12) Females Only 
(n=32) 

Aroma TCB 3.93±1.04 3.92±1.00 3.94±1.08 
Aroma BC 4.00±0.94 3.58±1.24 4.16±0.77 
Texture TCB 3.91±1.18 3.33±1.15 4.13±1.13 
Texture BC 4.11±1.04 3.75±1.36 4.25±0.88 
Taste TCB 3.86±1.17 3.75±1.29 3.91±1.15 
Taste BC 4.30±0.95 3.83±1.27 4.47±0.76 
Acceptability TCB 3.93±1.04 3.67±1.30 4.03±0.93 
Acceptability BC 4.14±1.00 3.58±1.24 4.34±0.83 
*P<.05 
Mean values vary between 1 (=dislike very much) and 5 (=like very much) 
 
 
 
Table 4.6 Mean Sensory Attribute Scores of Cheddar Broccoli Soups by Age 

 

 

 

 

 

 

Sensory Attribute Ages 65-74 (n=10) Ages 75-84  (n=17) Ages 85+ (n=17) 
Aroma TCB 4.30±1.06 3.71±1.26 3.94±0.75 
Aroma BC 4.10±0.99 4.06±0.97 3.88±0.93 
Texture TCB 3.80±1.23 4.29±0.92 3.59±1.33 
Texture BC 4.30±1.06 4.24±1.09 3.88±0.99 
Taste TCB 4.30±1.25 3.88±1.11 3.59±1.18 
Taste BC 4.40±1.08 4.47±0.80 4.06±1.03 
Acceptability TCB 4.20±1.32 4.00±1.00 3.71±0.92 
Acceptability BC 4.20±1.14 4.24±1.03 4.00±0.94 
Mean values vary between 1 (=dislike very much) and 5 (=like very much) 
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CHAPTER 5 

DISCUSSION 

The purpose of this research was to examine the sensory attributes of aroma, texture, 

taste, overall acceptability, and preference of protein-enhanced soups compared to flavor-

matched institutional equivalents among older adults living in assisted living facilities. The 

results of the investigation provided evidence to reject both study hypotheses which were: 

Hyp 1: There is a significant difference in acceptability between the protein-enhanced 

soup and its matched institutionalized food service equivalent soup. 

Hyp 2: There is a significant difference in preference between the protein-enhanced soup 

and its matched institutionalized food service equivalent soup. 

For aroma, texture, taste, overall acceptability, and preference, no significant differences were 

noted between either of the TRIO® soups and its flavor-matched control soup. A strength of this 

study design was the use of a similar dehydrated soup as a control. For example, both the 

TRIO® and the control soups required reconstitution. Therefore, since in this study a similar 

well-established soup product was used as the control, the results suggest TRIO® soup products 

are as acceptable as the control soup for the sensory attributes tested.  

A review of the literature did not uncover previous research on the sensory analysis of 

protein-enhanced soups, but did reveal a few studies evaluating protein-enhanced soups on 

protein consumption within an older adult population. 37,38 One such study examined the effect of 

enriched soups, sauces, and snacks of milk on nutrition and functional status among male and 

female nursing home residents over a 12 week period.37 Results of the study revealed 
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participants who received the protein-energy enriched food products had significantly higher 

protein intakes (P<.05) than participants receiving a standardized diet. Furthermore, enriched 

soups and sauces were consumed by the randomized participants for the entire 12 weeks. This 

suggests that the enriched items not only increased protein intake, but also were well accepted by 

participants. Likewise, results from a food enrichment study among male and female nursing 

home residents revealed older adults consumed more calories and grams of protein at lunch when 

an enriched soup was served than with the control.38 Additionally, although sensory testing of 

protein-enriched soups among older adults is understudied, previous sensory research on other 

protein-enriched foods such as grain52,53 and meat54 products have shown to be well accepted 

among participants. Furthermore, prior research on nutritional supplements has shown a high 

compliance rate for both food-based and liquid nutritional supplements among an older adult 

population.34,37 These findings corroborate study results in that enriched-soups, such as TRIO® 

soups, are well-accepted among older adults.  

 In the present study, significant gender-specific differences in acceptability for TCN were 

present with males scoring acceptability less favorably than females. However, since mean 

acceptability scores among males and females were 3.08±1.24 and 4.13±1.24, respectively, the 

results suggest both gender groups find TCN an acceptable product based on the fact that both 

groups scored the protein-enriched products >2.5, indicating neither prefer or dislike. 

Additionally, age-specific differences in aroma, texture, taste, and acceptability were present for 

CN, with mean attribute scores declining with age. The high preference for TRIO® Chicken 

Noodle Soup by both males and females is encouraging due to the products’ potential to improve 

the nutritional health of older adults by assisting in increasing protein consumption. In contrast, 

for TRIO® Cheddar Broccoli Soup, only 38.63% of all participants preferred this soup over the 
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flavor-matched control.  Furthermore, female scores for taste (P=.01) and acceptability (P=.03) 

for TCB were significantly lower than the control soup and less than half of all female 

participants preferred TCB to the control. In addition, only one-fourth of male participants 

preferred TCB to BC. Low preference for TCB by males could be due to the texture of the soup, 

since male scores for texture were significantly lower (P=.045) than female texture scores. 

Additionally, age-related differences in taste and acceptability were present for TCB with the 

mean score for both taste and acceptability of TBC declining with increasing age. However, 

mean scores for all TBC attributes evaluated remained greater than a three, thus, indicating mean 

participant scores favored the preference end of the scale (>3.7; 3=neither like nor dislike, 4=like 

slightly, 5=like very much). However, there is the potential that TCB will not be well accepted 

amongst an older adult population especially males and, thus, may need reformulation in order to 

assist in improving dietary protein intake among older adults. However, despite low preference 

scores for TCB no significant differences (P >.05) existed between TCB and BC for any sensory 

attribute evaluated.  

Like all studies, the current study had some limitations. The study sample was relatively 

small with only forty-four participants with disproportionate groupings based on ethnicity and 

gender. The majority of our study participants were of self-reported Caucasian descent (75%) 

and of female gender (72.72%). Also, the use of paired preference testing may be a potential 

limitation since participants had a 50% chance of preferring the experimental soup over the 

control.47 However, although the use of three samples test would decrease the probability of 

choosing the experimental soup to 33.3%, the presentation of three samples to older adults may 

induce sensory fatigue and reduce their sensory sensitivity. Therefore, for this purpose, a paired 

preference test was chosen to be most suitable for our study design and population.   
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In conclusion, the results of this thesis research provide interesting insight into the 

preferences of older adults for protein-enhanced soups. Both TRIO® soup products were found 

to be as acceptable as the well-established flavor-matched control soups. Therefore, since the 

TRIO® soup products supply 10 g protein per one-half cup serving versus 2.5-3.5 g protein for 

the flavor-matched institutional food service equivalent soups and given the fact that older adults 

consume more soup than any other age group12, the TRIO® soup products may indeed be an 

ideal product for providing additional protein to older adults without sacrificing taste, texture, 

aroma, or acceptability. The results of this study support the need for future research that 

examines if, in fact, TRIO® soup products increase protein consumption within an older adult 

population.  
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