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ABSTRACT 

SELENIUM AND VITAMIN C GUMMIES 

by 

Beth Harden  

Master of Science in  

Family and Consumer Science 

 The purpose of this research study was to develop a palatable source of delivery for 

selenium and vitamin C, key nutrients for renal patients.  Sensory analysis of selenium and 

vitamin C gummies was conducted, comparing them with vitamin C-only gummies and placebo 

gummies, in order to see if any differences in taste and preference were detected.  The sensory 

evaluation involved thirty- six (n=36) students and faculty members from California State 

University, Northridge.  The preference test indicated that for the berry flavored gummies the 

selenium and vitamin C gummies is preferred the most (53%).  The preference test results for the 

citrus gummy indicated that the vitamin C only gummy is preferred by the most participants 

(36%).  The placebo gummy is the second most preferred at 31%. The results of the Chi-Square 

frequencies indicate that for the berry flavored gummy the most preferred gummy is the 

selenium and vitamin C (53%).  For the citrus flavored gummy the vitamin C only gummy was 

the most preferred (36%).   
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CHAPTER 1 

INTRODUCTION 

 The prevalence of kidney disease is increasing in the United States, causing an increase 

in diabetes, dependence on dialysis, and even resulting in an increased risk of death.  Kidney 

disease kills more people per year than breast and prostate cancer combined (U.S. Renal Data 

System, 2013).  Over 400,000 people have kidney failure, which often leads to the need for 

transplants or kidney dialysis.  Cardiovascular disease (CVD) continues to be the primary cause 

of death for dialysis patients (U.S. Renal Data System, 2013). CVD can result from an imbalance 

between oxidants and antioxidants; this oxidant-antioxidant balance has shown to be impaired in 

dialysis patients (Loughrey, Young, Lightbody, McMaster, McNamee, Trimble 1994).     

 It is believed that oxidative damage contributes to kidney failure.  Thus, it is possible that 

antioxidants such as ascorbic acid, commonly known as vitamin C, and certain selenoproteins 

(proteins containing selenium), may help protect the kidneys from devastating damage.  Ascorbic 

acid is required for many functions in the body, most notably as an antioxidant (Kalantar-Zadeh 

and Kopple, 2003). Hemodialysis patients experience a low ascorbic acid level (Descombes et. 

al, 1993).  Two possible reasons for the low levels of ascorbic acid include the prescribed 

hemodialysis (HD) diet and the dialysis process itself. The low vitamin C levels could be a 

contributor to CVD mortality in HD patients.  

 Selenium is an important mineral in the antioxidant defense system. Similar to vitamin C 

concentrations, selenium is also decreased in hemodialysis patients (Koenig et al. 1997). 

Selenium is an integral component of glutathione peroxidase, an enzyme that aids in vitamin C 

regeneration. Very few studies have evaluated the effects of selenium supplementation on 

antioxidant status in hemodialysis patients, all with varying results (Richard et al., 1993). One 
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study found selenium supplementation did indicate improvement in the nutritional status of HD 

patients in a short-term study. The selenium supplementation helped in reducing oxidative stress 

and inflammation resulting (Salehi, Sohrabi, Ekramzadeh, Fallahzadeh, Ayatollahi, et al. 2013).  

To date, no study has evaluated the effect of selenium supplementation on quality of life in HD 

patients.   

Statement of the Problem 

 Obesity is on the rise in the United States. With this, there are many chronic conditions 

linked to obesity that are also on the rise, such as kidney disease, cardiovascular disease, 

diabetes, and gallbladder disease. One of the organs most affected by obesity, cardiovascular 

disease and diabetes is the kidney, which could lead to affected individuals having to undergo 

kidney dialysis.  Among dialysis patients, the balance in oxidants and antioxidants is 

significantly impaired.  While ascorbic acid and selenium contribute to antioxidant status in the 

body, these nutrients are decreased in renal patients due to dialysis and diet. Research has shown 

that gummy vitamins are easily digestible and more pleasing to consume compared to pill 

supplements (Making it easier to ingest supplements, 2013).   HD patients have a high pill 

burden along with fluid restrictions.  Ultimately, the development of gummy supplements for 

HD patients can take away some of the burden, and also provide vitamin C and selenium to the 

diet. A gummy vitamin containing only vitamin C and selenium has yet to be developed.  

Purpose 

 The purpose of this research study was to develop a palatable source of delivery for 

selenium and vitamin C, key nutrients for renal patients.  Sensory analysis of selenium and 

vitamin C gummies was conducted, comparing them with vitamin C-only gummies and placebo 

gummies, in order to see if any differences (taste, texture and appearance) were detected.  If the 
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gummies are found to be acceptable, they could possibly be used to help deliver these 

antioxidants to dialysis patients and may, thus, provide a method of helping to protect the 

kidneys.  

Definitions  

1. Cardiovascular Disease (CVD): Disease in which the heart and blood vessels are 

impaired.    

2. Dialysis: A treatment used to simulate healthy kidneys in individuals with failing or 

impaired kidneys, a process in which the blood is filtered externally, removing harmful 

waste that would normally be filtered through the functioning kidney (U.S. Renal Data 

System, 2013).  

3. Gummies: Gelatin-based food product (in this study are used to deliver vitamins and 

minerals)  

4. Renal patients: Individuals with impaired or failing kidneys needing medical assistance.   

5. Sensory Evaluation: Analysis of food through the senses (taste, smell, touch and sight).  

Hypotheses 

Null Hypotheses  

 The data analyses for this thesis was guided by the following null hypotheses: 

1. The sensory analysis of a selenium and vitamin C gummy will be identified as different 

when compared with a vitamin C and a placebo gummy. 

2. There will be no difference in preference among the selenium and vitamin C, vitamin C 

and placebo gummies.   
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Research Hypotheses 

1. The sensory analysis of a selenium and vitamin C gummy will not be identified as 

different when compared with a vitamin C and a placebo gummy.   

2. There will be a difference in preferences between the samples; selenium and vitamin C 

gummy will be preferred over the vitamin c gummy and placebo gummy.    

Assumptions 

 The research conducted is based on these assumptions: 

• Participants could read/understand English and read/understand the items on the sensory 

evaluation forms.   

• Participants completed the sensory evaluations forms completely and honestly.   

• The participants had the appropriate qualifications: being 18 years and older, CSUN 

student or faculty, diabetes-free, no dietary restriction of gelatin, and no allergy to food 

coloring.  

• The participants participated in the sensory evaluation with no outside sources 

influencing results.   

Limitations 

 This project will contribute to development of supplements for kidney dialysis patients, 

however, certain limitation to this exist:   

• The sensory evaluation was conducted only at California State University Northridge, a 

Los Angeles area university.  Therefore not generalized to the country as a whole.   

• The gummy supplements are designed for the purpose of helping kidney dialysis patients.  

This study was conducted on healthy individual and, therefore, cannot be generalized to 

the intended population.    



 5	  

• The sample size used to conduct the sensory evaluation was only 36 participants.   
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CHAPTER II 

REVIEW OF LITERATURE 

 The purpose of this chapter is to provide a review of the existing research about kidney 

disease, including management of the disease, to gain a better insight into this problem. The 

review of literature will facilitate the development of a gummy supplement for possible further 

use in kidney disease patients to better protect the kidneys.   

Incidence of Kidney Disease 

 The prevalence of kidney disease is increasing in the United States; this increase has been 

linked to an increase in diabetes, dependence on dialysis, and even resulting in an increased risk 

of death.  Kidney disease kills more people per year than breast and prostate cancer combined 

(U.S. Renal Data System, 2013).  The estimate is that in the US, over 400,000 people have 

kidney failure, which often leads to the need for transplants or kidney dialysis (U.S. Renal Data 

System, 2013).  The kidneys filter the blood, and as a result, urine is produced. In 2002, the 

National Kidney Foundation defined Chronic Kidney Disease (CKD) as a decrease in the 

kidney’s ability to function as a filter and/or markers of kidney damage that usually appear in the 

urine. Usually only when the kidneys fail do wastes build to high levels in the blood and make 

one feel sick. Kidney disease also increases the risk of having heart and blood vessel disease.  

 Chronic kidney disease includes conditions that damage the kidneys and decrease their 

ability to filter waste from the body. If kidney disease gets worse, waste can build to high levels 

in the blood resulting in the development of complications like high blood pressure, anemia, 

weak bones, poor nutritional health, and nerve damage. Also, kidney disease increases the risk of 

developing heart and blood vessel disease. These problems may happen slowly, over a long 

period of time. Chronic kidney disease (CKD) is a growing health problem in the United States. 
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 It is estimated that 26 million Americans have CKD (U.S. Renal Data System, 2013). 

According to the 2013 U.S. Renal Data System Annual Report, 15.1% of all adults above the age 

of 20 years have chronic kidney disease.  Further, it is estimated that more than 10% of adults in 

the United States may have CKD at varying levels of seriousness, and that there are 15,000 to 

18,000 kidney transplants per year.  

Kidney disease is more common among Hispanic, African American, Asian or Pacific 

Islander, and Native American people.  Older age, female gender, diabetes, hypertension, and 

cardiovascular disease are associated with a higher incidence of chronic kidney disease (U.S. 

Renal Data System, 2013). 

Risk Factors for Kidney Disease 

Obesity 

 The Centers for Disease Control and Prevention (CDC) has found that one-third or 78.6 

million U.S. adults are obese (2014).  According to the Obesity and Overweight 2014), being 

overweight or obese leads to a greater chance of developing diabetes or high blood pressure, 

which are the leading causes of kidney disease and kidney failure.  As an indirect cause, obesity 

increases the risk of the major CKD risk factors such as type 2 diabetes and high blood pressure 

(Obesity and Overweight, 2014). A direct cause would be when the kidneys have to work harder, 

filtering above the normal level, to meet the metabolic demands of the increased body mass 

index (BMI) in individuals affected by obesity. This increase in normal function is also 

associated with a higher risk of developing CKD in the long term. 

 Obesity can cause kidney disease both directly and indirectly, and therefore, the obesity 

epidemic in America is expected to increase rates of chronic kidney disease (CKD) in the U.S 

(Obesity and Overweight: What You Should Know, 2014). Obesity directly causes kidney 
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disease, because the kidneys have to work harder to filter out toxins and to meet the metabolic 

demands of the increased body mass index (BMI) in obese individuals. This is called 

hyperfiltration and in the long term, it is associated with increased risk of developing kidney 

disease. As an indirect cause, obesity increases the major CKD risk factors, type-2 diabetes and 

high blood pressure (Cignarelli, 2007).  

Cardiovascular Disease 

 Cardiovascular disease (CVD) continues to be the primary cause of death for dialysis 

patients (U.S. Renal Data System, 2013). CVD can result from an imbalance between oxidants 

and antioxidants; the oxidant-antioxidant balance can be impaired in dialysis patients (Loughrey 

et al., 1994). Cardiovascular disease (CVD) has been implicated in 34% of hemodialysis (HD) 

patient deaths (Coombes, 2012).  High blood pressure, or hypertension, occurs when the pressure 

of your blood against the walls of your blood vessels increases. If uncontrolled, or poorly 

controlled, high blood pressure can be a leading cause of heart attacks, strokes and chronic 

kidney disease. Also, chronic kidney disease can cause high blood pressure.  

 Cardiovascular disease is common in people with chronic kidney disease (CKD) 

regardless of age, stage of kidney disease, or if they’ve had a transplant. In addition, underlying 

conditions that cause renal disease, such as high blood pressure and diabetes, put people at risk 

for cardiovascular disease. The heart pumps oxygen and nutrient-rich blood through the arteries 

to vital organs, including your brain and tissues. Cardiovascular disease (CVD) is an umbrella 

term used to describe conditions that affect the heart and blood vessels. 

 The kidneys help to control and maintain your body’s chemical balance. For example, the 

kidneys make hormones that regulate the electrolytes and fluid balance. Hormones such as renin 

and angiotensin control how well the blood vessels expand and contract, so the kidneys play an 
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important role in maintaining healthy blood pressure.  Improperly working kidneys may raise 

blood pressure. Unchecked high blood pressure leads to thickening of the blood vessel walls, 

which can cause the blood vessels to narrow. High blood pressure can also damage the small 

blood vessels taking blood to the kidney filters, and in turn, damaging the kidney themselves. 

Severe, uncontrolled blood pressure weakens the heart muscle, enlarges the heart and can cause 

kidney failure. Kidney damage that is caused by diabetes leads to a higher risk of cardiovascular 

disease because diabetes also affects the heart and blood vessels.  

Diabetes 

 Diabetes occurs when your blood glucose concentration is too high (hyperglycemia), 

causing damage to many organs in your body, including the kidneys and heart, as well as blood 

vessels, nerves, and eyes. High blood pressure, or hypertension, occurs when the pressure of 

your blood against the walls of your blood vessels increases. If uncontrolled, or poorly 

controlled, high blood pressure can be a leading cause of heart attacks, strokes and chronic 

kidney disease. Chronic kidney disease can cause high blood pressure. 

 According to the CDC, diabetes was listed as the primary cause kidney disease; it was the 

primary cause of kidney failure in 44% of all new cases in 2011. Also in 2011, 49,677 people 

began treatment for kidney failure due to diabetes; and 228,924 people diagnosed with diabetes-

related kidney failure were living on chronic dialysis or with a kidney transplant (National 

Diabetes Statistics Report, 2014).  

 The epidemics of type 2 diabetes and obesity, as well as the aging of the population, are 

expected to contribute to an increase in CKD (National Diabetes Statistics Report, 2014). When 

most people think of kidney disease, they think of dialysis or kidney transplantation. They do not 
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understand that CKD is a spectrum and that the majority of people are unaware they have the 

condition. 

Oxidant-Antioxidant Imbalance 

 Free radicals are highly unstable molecules containing one or more unpaired electrons in 

atomic or molecular orbitals. These are known as reactive oxygen species (ROS). ROS are 

constantly being produced in the body and are part of the defense mechanisms against invading 

microorganisms, malignant cells, and tissue healing. An improper activation of oxidative 

processes may be chronically present in pathological situations, such as uremia, contributing to 

cell and tissue injury. Oxidative stress is defined as the tissue damage resulting from an 

imbalance between an excessive generation of oxidant compounds and insufficient antioxidant 

defense mechanisms (Del Vecchio, Locatelli, & Carini, 2011).   

Oxidative Stress 

 An imbalance between oxidants and antioxidants in favor of the oxidants, potentially 

leading to cellular damage, is termed oxidative stress (Sies,1997). Oxidants are formed as a 

normal by-product of aerobic metabolism, but can be produced at elevated rates in certain 

diseases (Sies, 1997). Intrinsic characteristics of patients with chronic kidney disease (CKD), 

such as advanced age, diabetes, and hypertension, may increase oxidative stress compared to 

what is noted in the general population. Obesity, often affecting patients with CKD, may amplify 

inflammation and oxidative stress.  

  Oxidative stress has been reported in patients on hemodialysis (HD), and is linked to an 

overproduction of reactive oxygen species (ROS).  Additional risk factors for HD patients 

include chronic inflammatory state  and uremic syndrome. Oxidative stress in HD patients has 
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also been associated with reduced antioxidants, including vitamin C, vitamin E, decreased 

activity of the glutathione, and lack of selenium (Stockler-Pinto et.al, 2014).  

The Role of Dialysis in Oxidative Stress 

 Oxygen free radicals have been implicated in the long-term complications due to 

maintenance dialysis. Oxidative stress in these patients has been noted after a single dialysis 

session (Del Vecchio, 2011). Mekki (2010) noted that during dialysis, the oxidative stress hazard 

increased as a result of the activation of inflammatory mediators, elimination of low molecular 

antioxidants, and the contact of blood with different types of dialysis membranes.   

Preventing Oxidative Stress 

 Antioxidants are a class of chemicals that can provide protection against the damaging 

effects of free radicals, molecules that can cause damage to cells, within the body. Without 

antioxidants, most of the body would be affected: DNA will be damaged, cells will be attacked 

by the free radicals, and the aging process will accelerate (Munzel, 2010).   

 Antioxidants work to protect the kidneys and slow down the progression of kidney 

disease. Since the antioxidants protect the kidney cells, they decrease the amount of 

inflammation caused by damaging free radicals. These antioxidants also work to lessen the 

effects of CVD by destroying the free radicals that cause such disease (Coombes and 

Fassett, 2012).   

 In renal failure patients on dialysis, enhanced ROS production can be from the dialysis 

procedure itself. Ascorbic acid represents one of the most prominent antioxidants, exerting 

beneficial effects by an inhibition of lipid peroxidation, as well as a reduction of endothelial 

dysfunction. Selenium deficiency, frequently observed in chronic renal failure patients, may 

contribute to the impairment of activity of glutathione peroxidase (Jun, 2013).   
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Antioxidant Nutrients 

Vitamin C 

Vitamin C, as an antioxidant, could help reduce oxidative stress in these CKD patients by 

scavenging free radicals and inhibiting lipid peroxidation. Due to vitamin C’s  solubility in water 

and lack of any carrier protein needed to bind to, vitamin C can pass easily through the dialysis 

membrane.  This causes HD pateints to lose about 200 mg of their vitamin C every week. 

Insuffiecient intake through diet and the adverse side effects of medications on vitamin C 

metabolism in CKD pateints make HD patients very susceptible to vitamin C deficiency.  

Research has shown serum levels of vitamin C increased in patients receiving vitamin C 

supplements after dialysis treatment.  In a 12 week study serum vitamin C levels significantly 

increased amongst hemodialysis patients receiveing vitamin C supplementation (Abdollahzad et. 

al, 2009). 

 The susceptibility to oxidative stress in HD patients is caused by abnormal oxidant and 

antioxidant production. In unsupplemented HD patients, several deficiencies in various 

components of the antioxidant defence mechanisms have been demonstrated, including reduced 

plasma total vitamin C concentration (Fumeron, 2005). Vitamin C deficiency in dialysis patients 

is primarily due to a dialysis-prescribed dietary restriction of fresh fruits and vegetables to avoid 

hyperkalaemia, and to an incidental loss of the vitamin during dialysis sessions (Raimann et al., 

2013). It is recommended that dialysis patients receive supplemental vitamin C because of 

common dietary restrictions and losses during dialysis treatment.  
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Selenium 

 Selenium (Se) is an essential trace element for the body, exerting its effects mainly 

through the enzyme glutathione peroxidase. In patients with CDK, the blood Se concentration is 

generally decreased (Adamowicz, Trafikowska, Trafikowska, Zachara, & Manitius, 2002). The 

antioxidant benefits of selenium occur during the up regulation of the activity of glutathione 

peroxidase (Coombes, 2012).   

 The antioxidants, vitamin C and selenium, act as antioxidants but can be lost in 

individuals with chronic kidney disease.  Vitamin C is contained in foods like citrus fruits, bell 

peppers and berries.  Selenium is contained in foods such as tuna, shrimp and mushrooms.  Not 

only are vitamin C and selenium contained in these foods, but they are often received through 

supplementation as well.  Supplementation can be found in the form of pills, powders and 

gummies.  Gummies have been used as a means of delivering micronutrient supplementation, 

including a variety of multivitamins.  

Benefits of Gummies  

 Research has shown that gummy vitamins are easily digestible and more pleasing to 

consume compared to pill supplements (Making it easier to ingest supplements, 2013).  Gummy 

vitamins may provide a beneficial mode of delivering needed nutrients. A gummy vitamin can be 

an acceptable alternative for someone who cannot swallow pills or whose dietary choices are less 

than healthy.  Gummy vitamins have pleasing sensory properties, including their sweet taste. 

Ingredients like glucose, corn syrup, and sucrose are first on the ingredient list, and while the two 

or three grams of sugar found in most gummy vitamins is a relatively small (What Are the 

Benefits of Taking Gummy Vitamins, 2015).  Pleasant tasting gummy vitamins may be an 
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acceptable way to deliver the necessary antioxidant nutrients to CKD patients without adding to 

the patients’ pill burden.  

 Acceptable vitamin C and selenium gummies could be developed and assessed with the 

use of scientific sensory evaluation methods.  

Sensory Evaluation 

 Sensory evaluation is traditionally defined as a scientific method used to evoke, measure, 

analyze, and interpret responses to food products through the senses of sight, smell, touch, taste 

and hearing (Stone and Sidel, 1993). Sensory evaluation includes assessing product profiles 

through objective (analytic) and subjective (hedonic) tests. In objective testing, the sensory 

attributes of a product are evaluated. In subjective testing, tasters’ reactions or opinions to a 

product are measured and acceptability is gauged. Linking sensory properties to physical, 

chemical and formulation enables the product to be designed to deliver optimum or appropriate 

consumer quality and functionality (Kemp, 2008). 
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Chapter III 

METHODOLOGY 

 The purpose of this chapter is to provide a review of the materials and methods used in 

the development of the gummies. The materials and methods will specify the development 

process.  The participation eligibilities will be discussed and various sensory evaluation tests will 

be explained     

Materials 

Food and Food Ingredients 

 The gummies were developed and made at Flavor Producers Inc. in Valencia, California. 

Selenium was purchased through Kelatron, a company that specializes in bioactive mineral 

nutrients.  Vitamin C, ascorbic acid, was purchased through Prinova a pharmaceutical company.  

The High Fructose Corn Syrup was purchased through Sweetener Products Co.  The gelatin was 

purchased through Gelita, a company that specializes in gelatin.  Citric Acid was purchased 

through Batory Foods.  The Extra Fine Granulated Sugar was purchased though Domino Foods, 

Inc.;  Arrowhead® water was used.  Natural Mixed Berry Flavor WONF #501446H was made at 

Flavor Producers, Inc.; Natural Flavor Blend (Citrus Type) #501445H was made at Flavor 

Producers Inc. EXBERRY® Organics "Fruit & Veg Orange" was purchased through GNT.  

EXBERRY® Organics "Fruit & Veg Bordeaux” was purchased through GNT. See Appendix I 

for documentation of the ingredients.       

Equipment 

 The equipment used to make thesis gummies were:  

 Scale: Intell-Lab PD-3000 Top-loading Balance, 3000g Capacity 

 Beakers: Pyrex 2000mL  
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 Hotplate: Thermo Scientific HP130915Q Cimarec Digital Hot Plate with 4.25" x 4.25"  

      Ceramic Heating Plate 

 Gummy molds: Cubette Mini Ice Cube Trays 

Methods 

Development of Gummies 

 Three different types of gummies were developed: vitamin C, selenium and vitamin C 

and a placebo.  Two different flavors were used to flavor the gummies: citrus and berry.  The 

Vitamin C gummies contains 250 mg of vitamin C per serving (two gummies).  See Table 1 and 

Table 2 for vitamin C gummy formulation.  The selenium and vitamin C gummies contain 250 

mcg of selenium (as selenomethionine) and 250 mg vitamin C per serving (two gummies).  See 

Table 3 and Table 4 for selenium and vitamin C gummies formulation.  In the placebo gummies, 

the acidity of the vitamin C was replaced by using citric acid.  See Table 5 and Table 6 for 

placebo gummies formulation.   

 The gelatin must first me hydrated in the water for 1 hour before being heated to 60°C.  

The remaining ingredients, excluding the food coloring and flavoring, were heated to 220°C.  

This mixture was then cooled to 190°C.  Once cooled, the gelatin was added and stirred.  This 

mixture was then cooled overnight. The resultant product formed the base of the gummies.  The 

base was heated back into a liquid in order to add the food coloring and flavor.  The mixture was 

then added to the gummy molds and left overnight to solidify.  Once the mixture was solidified, 

it was taken out of the mold, thus forming the gummies.  
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Participants 

 The study involved recruiting California State University, Northridge students and 

faculty, at least 18 years of age. Recruitment involved posting flyers in Sequoia Hall, emails 

from the Student Dietetic and Food Science Association and word of mouth.  

 Exclusion criteria included having diabetes, being allergic to food coloring, dietary 

restriction of pork and trouble chewing or swallowing.  Once interested participants inquired 

about study participation, they were asked to complete an online survey to confirm they met the 

inclusion and exclusion criteria. If appropriate, the participant was then asked to participate in 

the study. Based on interest, and the inclusion and exclusion criterion, thirty-six participants 

were enrolled in the study.  
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Sensory Evaluation 

 The Sensory Evaluation was held on February 23rd in Sequoia Hall room 112.  Once 

participants arrived, a study investigator went over the Human Consent Form, explaining the 

study and answering any questions.  Along with signing the Human Consent Form, the 

participant was asked to fill out a Health History Questionnaire.   

 The Sensory Evaluation included a Triangle Test in which participants were given 3 

randomly numbered gummies: 2 of the placebo gummies and 1 selenium and vitamin C gummy.  

Participants were asked to circle the number of the gummy that they thought was different.  This 

was done for both the citrus and berry gummy types.   

For the Descriptive Analysis, participants were given 3 randomly numbered gummies: 1 

placebo, 1 vitamin C-only, and 1 selenium and vitamin C.  Descriptors were given for each 

flavor.  The citrus descriptors were: acidic, bitter, juicy, peely, overall citrus flavor and off-notes.  

The berry descriptors were: fruity, tart, sweet, candy-like, overall berry flavor and off-notes.  

These were evaluated on a 1 to 5 scale, 1 being low and 5 being the highest.  The final question 

on the Descriptive Analysis asked participants which gummy they preferred out of the three.  

Please see Appendix II for sensory evaluation documentation.     

Statistical Analyses 

 Data is expressed as percentages and frequencies. Comparisons between groups were 

made using chi-square test. Analysis was performed using SPSS statistical software (SPSS Inc., 

Chicago, IL, USA Significance level was set at P < 0.05.  
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CHAPTER IV 

RESULTS 

 The general characteristics of the participants are represented in Table 7.  A majority of 

participants were female (80.6%).  The average age of the participants was 26.14+/-7.24.  The 

ethnicities of the participants can also be seen in Table 7, 50% of the participants were Non-

Hispanic White.   

  

Triangle Test 

 In the triangle test for the berry-flavored gummies, participants were given two placebo 

gummies and one selenium and vitamin C gummy.  They were asked to determine which gummy 

was different.  The results indicate that out of the 36 participants 53% identified a placebo as 

different.  This shows that the berry-flavored selenium and vitamin C gummy could be 
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distinguished by 17 out of the 36 participants (47%). A majority of participants were unable to 

identify the selenium and vitamin C gummy from the placebo (Table 8).  

 

 

 

 For the Citrus Triangle Test participants were given two placebo gummies and one 

selenium and vitamin C.  Out of 36 participants 19(53%) were able to distinguish the selenium 

and vitamin C gummy from the placebo.  This shows that a majority of participants were able to 

taste the difference between the selenium and vitamin C gummy (Table 9).     
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 Table 10 indicates the results from the berry descriptive analysis test.  The values 

presented on the chart are the mode for each descriptor given.  The descriptors were rated on a 

scale of one to five; one being none and five being extreme. It can be seen that the five 

descriptors fruity, tart, sweet, candy-like and intensity have the mode of three.  Indicating that 

when asked to describe those attributes the most often chose answer was a three out of five.  

When asked to describe off-notes the selenium and vitamin C as well as the vitamin C only 

gummy received a mode of two.  The placebo gummy received a mode of three, indicating that 

more participants found the placebo to have detectable off-notes.     
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 Table 11 depicts the results from the citrus descriptive analysis test.  The values 

presented on the chart are the mode for each descriptor given.  The descriptors were rated on a 

scale of one to five; one being none and five being extreme.  For the descriptors acidic, bitter, 

juicy and intensity each berry type (selenium and vitamin C, vitamin C, and placebo) received 

the same mode.  Acidity getting a mode of three, bitter getting a mode of two, juicy getting a 

mode of three and intensity getting a mode of four.  For the descriptor peely the selenium and 

vitamin C gummy received a two while the vitamin C only and placebo gummy received a three.  

When participants were about the off-notes the selenium and vitamin C and vitamin C only 
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gummies received a mode of one, while the placebo received a mode of 2.  This indicates that 

more participants chose a 2 to describe the off-note in the placebo gummy.       

 

 

  

 Table 12 shows the overall preference of the berry flavored gummies.  Out of the 36 

participants 19(53%) preferred the selenium and vitamin C gummy.  Twelve participants  (33%) 

preferred the vitamin C only gummy.  The placebo gummy was preferred by 2 participants (6%) 

and 3 participants (8%) had no preference.   
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 Table 13 indicates the overall preference for the citrus flavored gummies.  Ten 

participants (28%) preferred the selenium and vitamin C gummy.  Out of the 36 participants 13 

(36%) preferred the vitamin C only gummy.  Eleven participants (31%) preferred the placebo 

gummy and 2 participants (5%) indicated no preference.   
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 Table 14 indicates the frequencies of preference for the berry flavor gummy.  Due to the 

fact that some of the cells have fewer than 5 observations (placebo and no preference) reporting 

p values would violate test requirements and thus, cannot be reported. The berry flavored 

selenium and vitamin C gummy is preferred by 58% of participants.  It was found that 33% of 

participants preferred the vitamin C only gummy.  The placebo was only preferred by 6% of 

participants and 8% indicated no preference.    
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 Table 15 indicates the frequencies found in Chi-square analysis for citrus flavored 

gummy preference using SPSS software.  Due to the fact that some of the cells have fewer than 5 

observations, no preference, p values cannot be reported.  The results indicate that the most 

preferred gummy is the vitamin C only gummy with 36% of participants.  The placebo is the 

next preferred gummy with 31% of participants.  This is followed by the selenium and vitamin C 

only gummy with 28% of participants.  Six percent of participants indicated no preference.           
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CHAPTER V 

DISCUSSION 

 The purpose of this study was to develop a palatable gummy supplement containing 

selenium and vitamin C.  Selenium and vitamin C are key nutrients needed as antioxidants for 

renal failure patients.  The purpose of the development of the gummies is to help deliver these 

antioxidants to dialysis patients in future studies and may provide a method of helping to protect 

the kidneys prior to complete kidney failure.  The gummies were subjected to a sensory 

evaluation by 36 students and faculty members at California State University, Northridge.  

Sensory analysis of selenium and vitamin C gummies was conducted, comparing them with 

vitamin C-only gummies and placebo gummies, in order to see if any differences in taste and 

preference were detected.  

 The results of the triangle test concluded that the berry flavored selenium and vitamin C 

gummy could only be distinguished by 17 out of 36 participants.  This shows that a majority of 

participants 19 (53%) could not tell a noticeable difference between the placebo gummy and 

selenium and vitamin C gummy.  The results of the citrus triangle test concluded that 19 

participants out of the 36 could distinguish the selenium and vitamin C from the placebo gummy.  

The citric acid used in the placebo gummy produced a darker color that was not as easily covered 

by Fruit and Veg Orange food coloring.  The ascorbic acid used in the selenium and vitamin C 

gummy did not produce as dark of a color and was easily colored with the Fruit and Veg Orange.  

The color difference is what could have lead participants to distinguish the selenium and vitamin 

C gummy from the placebo and not just the flavor alone.  More progress will need to be made in 

making the colors of each gummy type the same.   
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 The sensory evaluation was conducted under normal lighting conditions, with no special 

sensory lighting to mask the colors of the gummies.  Since individuals eat first with their eyes, 

followed then by the sense of smell and taste, results may have been different if the proper 

sensory evaluation lighting had been used.  Also, the oxidation of the gummies may influence 

color change.  The gummies that contain vitamin C would likely be less susceptible to oxidation, 

but the placebo, containing citric acid, may be more susceptible to oxidation and therefore color 

change.    

 The results of the descriptive analysis indicate that the placebo gummies have a slight 

off-note that can be detected compared with the selenium and vitamin C and vitamin C only 

gummies.  The citric acid use in making the placebo gummies has a stronger acidity level 

compared with ascorbic acid (vitamin C).  Less citric acid or substituting with malic acid may be 

used in future studies to disguise the noticeable off-notes.   

 The preference test indicated that for the berry flavored gummies the selenium and 

vitamin C gummies is preferred the most (53%).  It is shown that together the selenium and 

vitamin C and vitamin C only gummy are preferred over the placebo, indicating that the 

supplemented gummies are favored over the placebo.  

 The preference test results for the citrus flavored gummy indicate that the vitamin C only 

gummy is preferred by the most participants (36%).  The placebo gummy is the second most 

preferred at 31%.  This shows that the selenium and vitamin C gummy is not the most favored 

gummy.  However together the selenium and vitamin C and vitamin C only gummy account for 

64% of the participants’ preference.  There was a slight difference in color amongst the three 

citrus flavored gummies.  This could have influenced preference, as appearance plays a role in 
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how people eat.  Future studies should focus on matching the colors among the three gummies so 

that it does not have an influence on the participant’s preference.       

 The results of the Chi-Square frequencies indicate that for the berry flavored gummy the 

most preferred gummy is the selenium and vitamin C (53%).  For the citrus flavored gummy the 

vitamin C only gummy was the most preferred (36%).  Though the selenium and vitamin C 

gummy is not preferred in both flavors, the results indicate that a supplemented gummy, either 

selenium and vitamin C or vitamin C only, are preferred within both flavors.  Renal failure 

patients have an altered taste, possibly due to mineral deficiency and uremia. This could also 

change the outcome of the study if renal failure patients were the participants.        

 As reported by Jun 2013, ascorbic acid represents one of the most prominent 

antioxidants. Selenium deficiency, frequently observed in chronic renal failure patients, may 

contribute to the impairment of activity of glutathione peroxidase.  The development of the 

selenium and vitamin C gummies is needed in helping renal failure patients received needed 

antioxidants.  Abdollahzad et al. (2009) reported that serum levels of vitamin C increased in 

patients receiving vitamin C supplements.  In patients with CKD, the blood Se concentration is 

generally decreased (Adamowicz, Trafikowska, Trafikowska, Zachara, & Manitius, 2002).  With 

this knowledge, the development of a selenium and vitamin C gummy is important in 

replenishing the essential antioxidants, vitamin C and selenium, in renal failure patients. 

 Research has shown that gummy vitamins are easily digestible and more pleasing to 

consume compared to pill supplements (Making it easier to ingest supplements, 2013).  A 

gummy vitamin can be an acceptable alternative for someone who cannot swallow pills (What 

Are the Benefits of Taking Gummy Vitamins, 2015).  HD patients have a high pill burden along 

with fluid restrictions, which makes providing an alternative to pills important.          
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Summary and Conclusions 

The development of the selenium and vitamin C gummies is needed in helping renal 

failure patients received needed antioxidants with increasing fluid intake with pill consumption.  

The sensory evaluation conducted concluded that berry flavored selenium and vitamin C 

gummies were preferred the most, while the citrus flavored selenium and vitamin C gummy is 

not preferred over the vitamin C only and placebo gummies.  However, future research should be 

conducted on renal failure patients instead of healthy individuals to conclude a more accurate 

likeability and preference. Follow up studies need to be done on the placebo gummies to make 

the color and taste even more similar.  Future research involving renal failure patients would be 

an ideal way to test not only the likeability of the gummies, but on the possible affect they may 

have on delivering these needed antioxidants.    
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Appendix A 
 

MATERIALS USED IN GUMMIES 
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Appendix B 
 
 

DOCUMENTATION FOR SENSORY EVALUATION
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Triangle	  Test-‐	  Berry	  

	  
Please	  evaluate	  all	  three	  samples,	  in	  order	  from	  left	  to	  right.	  	  Then	  select	  the	  one	  sample	  

which	  is	  DIFFERENT	  from	  the	  other	  two.	  
	  
	  
o	  	  Sample	  #	  	   490	   	   o	  	  Sample	  #	  	   761	   	   o	  	  Sample	  #	  	   239	   	  
	  
	  
Comments:	  	  
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Triangle	  Test-‐	  Citrus	  
	  

Please	  evaluate	  all	  three	  samples,	  in	  order	  from	  left	  to	  right.	  	  Then	  select	  the	  one	  sample	  
which	  is	  DIFFERENT	  from	  the	  other	  two.	  

	  
	  
o	  	  Sample	  #	  	   367	   	   o	  	  Sample	  #	  	   189	   	   o	  	  Sample	  #	  	   524	   	  
	  
	  
Comments:  


