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The National Academy of Sciences defines precision medicine as “the use of genomic, 
epigenomic, exposure, and other data to define individual patterns of disease, potentially 
leading to better individual treatment.”1 When formulating disease prevention, diagno-
sis, and treatment recommendations, precision medicine requires health care providers 
to consider genetic differences and molecular gene interactions as well as exposure to 
environmental toxins and lifestyle choices that might disrupt those biochemical interac-
tions.2 Thus, this approach has the potential to shift current diagnostic techniques from 
assessment of physical signs and symptoms to deductions regarding potential molecular 
and environmental causes of various health and disease states.1,3

Some suggest that the roots of precision medicine date back to ancient times.4 Indeed, in 
AD 980, “The Canon of Medicine” advocated considering the impact of individual factors 
(gender, age, habits, occupation, physique) on health status.4 Others proposed that the 
ability to individualize healthcare solutions dates to the discovery of deoxyribonucleic 
acid (DNA) in the 1800s which spurred interest in the study of heredity and the varia-
tion of inherited characteristics. Understanding of human genetics, in turn, revealed that 
inherited genetic anomalies can influence the disease process. The classic dietetics ex-
ample is phenylalanine hydroxylase deficiency or PKD. It was in the 1930s that this intoler-
ance to the essential amino acid phenylalanine was found to be associated with an auto-
somal recessive genetic disorder.5 Sixty years later, an international collaborative initiated 
an effort to map the full sequence of the human genome; the project was completed in 
the spring of 2003.6  

Leveraging these advances in genomics coupled with emerging research on the molecu-
lar makeup of diseases, the U.S. government recently launched a large-scale, multi-year 
Precision Medicine Initiative, which is managed by the National Institutes of Health (NIH) 
in concert with other federal agencies/offices.3,7-8 An overview of NIH’s work on this proj-
ect, known as the All of Us Research Program, follows. Upon completion of this article, 
readers will be able to:

• Define precision medicine and state one nutrition-related example of this approach.

• Discuss the supporting legislation for the All of Us Research Program.
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• Explain the goals, values, and program 
components of the All of Us Research 
Program.

• State the potential research opportuni-
ties afforded by the All of Us Research 
Program to registered dietitian nutri-
tionists (RDNs) and other clinical scien-
tists/health researchers.

• List three ways RDNs might get in-
volved in this initiative.

THE ADVANCING PRECISION 
MEDICINE ACT

For over a decade, the U.S. Congress 
has discussed the allocation of funds for 
the exploration of precision medicine. 
In 2007, the merits of the Genomics and 
Personalized Medicine Act, which would 
have funded a national biobank of ge-
nomic data paired with environmental 
and clinical data, was debated on the 
Senate floor; the bill did not pass.9 Of 
note, one of the senators championing 
this legislation was then Senator Barack 
Obama and, during his time as president, 
he revived interest in personalized/preci-
sion medicine legislation. In the spring of 
2016, Senators Lamar Alexander (R-TN) 
and Patty Murray (D-WA) introduced the 
Advancing Precision Medicine Act.10  

Opponents of the Precision Medicine 
Initiative expressed concern that the 
research program is overestimating po-
tential outcomes.11 Others noted that the 
success of the Precision Medicine Initia-
tive is too reliant on public-private collab-
orations because past partnerships have 
not yielded the expected research find-
ings or outcomes.11 Some doubted the 
ability to meet the ambitious participant 
enrollment goals, noting that many indi-
viduals are reluctant to share health in-
formation, especially on web-based plat-
forms.11  Additional opponents advocated 
for diverting funding to other health pro-
grams. For example, in the New England 
Journal of Medicine, Bayer writes that, “…
there is now broad consensus that health 
differences between groups and within 
groups are not driven by clinical care but 
by social-structural factors that shape our 
lives.” Therefore, he advises the dollars al-
located to the Advancing Precision Medi-
cine Act are better spent on addressing 
underlying public health issues.12

Despite the disparate Congressional view-
points, the Senate passed the Advancing 
Precision Medicine Act. The legislation 

was then sent on to the House of Repre-
sentatives for review and approval. There 
it was incorporated into the 21st Century 
Cures Act and signed into law in late 2016 
(Public Law No: 114-255). To implement 
this initiative, Congress authorized $1.4 
billion dollars of funding across a ten-year 
period (fiscal years 2017 to 2026).10  

The U.S. Precision Medicine Initiative leg-
islation requires that NIH in collaboration 
with the Food and Drug Administration, 
the Office of the National Coordinator for 
Health Information Technology, and the 
Office for Civil Rights of the Department 
of Health and Human Services: 

• build a network of scientists to perform 
the required tasks of this monumental 
research program;

• develop new approaches for address-
ing scientific, medical, public health, 
and regulatory science issues;

• apply genomic technologies, such as 
whole genomic sequencing, to provide 
data on the molecular basis of disease;

• collect information voluntarily from a 
diverse cohort of individuals; and

• perform other activities to help opti-
mize outcomes of the initiative.8

Furthermore, the legislation emphasizes 
the need to ensure privacy and security 
protections for all participant data. Re-
searchers also are required to encourage 
active engagement by study enrollees. 
Furthermore, the legislation mandates 
the inclusion of colleagues from govern-
ment, nonprofit, and private sectors.8

ALL OF US GOALS, VALUES AND 
PROGRAM COMPONENTS

The Precision Medicine Initiative hopes 
“to enable a new era of medicine through 
research, technology, and policies that 
empower patients, researchers, and pro-
viders to work together toward develop-
ment of individualized care.”7 A snapshot 
of the goals, values, and program compo-
nents of NIH’s All of Us precision medicine 
project follows.

Goals

The initial goal of the All of Us Research 
Program is recruitment of at least one mil-
lion U.S. study participants, representing 
a diverse pool reflective of the country’s 
population.2 This huge dataset will then 
allow investigation of a wide range of 
disease and healthy states—both highly 

prevalent and rare.2  Of note, especially 
for RDNs practicing in the functional 
medicine realm, this sizable cohort will 
offer the statistical power requisite for de-
termining evidence-based associations 
between genetics and environmental 
exposures. Furthermore, of interest to all 
RDNs, the inclusivity of the cohort aims 
to address current gaps in understanding 
about health and disease among groups 
that have been historically underrepre-
sented in biomedical research studies.2  

Ultimately, the hope is that an enhanced 
understanding across disparate popula-
tion groups will yield “more rational dis-
ease prevention strategies, more accurate 
diagnoses, better treatment selection, 
and the development of novel thera-
pies.”2

Values

Another innovative aspect of the Preci-
sion Medicine Initiative is the level of 
involvement among study participants. 
The values of the All of Us Research Pro-
gram reflect this novel approach:

• Participation is open to all.

• Participants reflect the rich diversity of 
the U.S.

• Participants are partners.

• Participants have access to their infor-
mation.

• Data will be accessed broadly for re-
search purposes.

• Security and privacy will be of highest 
importance.

• The program will be a catalyst for posi-
tive change in research.2

Program Components

To recruit participants and manage study 
operations, NIH created five operational 
components and awarded grant funding 
to several universities, community organi-
zations, and private sector companies to 
manage these programmatic functions:

• Biobank to support the collection, anal-
ysis, storage, and distribution of bio-
specimens.

 Awardee: Mayo Clinic.

• Data and research support center to 
collect, organize, and provide secure 
access to datasets; in addition, the cen-
ter is tasked with providing research 
support.

 Awardees: Vanderbilt University 
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Medical Center (with the Broad Insti-
tute) and Verily Life Sciences.

 Sub-awardees: Columbia University 
Medical Center, Northwestern Uni-
versity Feinberg School of Medicine, 
University of Michigan School of 
Public Health, and University of Texas 
Health Science Center at Houston 
School of Biomedical Informatics.

• Community engagement program to 
actively engage diverse communities, 
raise awareness about the research 
study, and encourage enrollment in the 
program.

 Awardees: Community Engagement 
Partners - 35 nonprofit organizations 
including the American Medical As-
sociation, American Public Health As-
sociation, and American Association 
of Colleges of Nursing.

 Awardees: Champions - 26 nonprofit 
groups including the American Dia-
betes Association, National Kidney 
Foundation, and Personalized Medi-
cine Coalition.

• Recruitment arm to ensure geographic, 
ethnic, racial, and socioeconomic diver-
sity of study cohort.

 Awardees: Health care provider or-
ganizations, such as regional and 
national medical centers, community 
health centers, and medical centers 
operated by the U.S. Department of 
Veterans Affairs. 

 Awardees: Participant centers, in-
cluding insurance companies, blood 
banks, patient lab testing organiza-
tions, as well as Walgreens and Web-
MD.

 Awardee: Information Technology, 
Vibrent Health.

• Program communications to develop 
and design print/digital messaging and 
materials.

 Awardees: Wondross Media and HCM 
Strategies, L.L.C.2

IRB and Advisory Committees

Following the NIH Office for Human Re-
search Protections regulations and guid-
ance, the All of Us Research Program IRB 
reviews all protocols, informed consent 
documents, and participant-facing ma-
terials.2 In addition to establishing a dedi-
cated Institutional Review Board (IRB), a 
number of expert advisory committees 

have been formed to help guide this 
monumental research study, including:

• The PMI Working Group of the Advi-
sory Committee to the Director, which 

develops strategy on how to optimally 
employ technology, scientific under-
standing, and community engagement 
approaches for the research program.

• The All of Us Research Program Advi-
sory Panel, which provides external 
oversight and expert guidance on the 
study’s vision, goals, and operations. 

• The Trans-NIH Liaisons Coordinating 
Team, which offers input on scientific 
opportunities and keeps all of NIH in-
formed about the All of Us Research 
Program.2

Also of note, representatives of the 50+ 
community engagement partner orga-
nizations serve on various committees, 
contributing their insights to the design, 
implementation, and oversight of this 
research study. All of the committees re-
flect the diversity required to effectively 
achieve the All of Us program goals of cre-
ating a cohort of individuals from diverse 
backgrounds.2

POTENTIAL RESEARCH 
OPPORTUNITIES

The All of Us dataset promises to be in-
credibly robust. Of interest to RDNs, ge-
netic test data and laboratory analyses of 
biospecimens will be paired with a range 
of lifestyle and health information.  Thus, 
the opportunity for RDNs to glean signifi-
cant insights into nutritional genomics 
will be immense.  Furthermore, the pro-
gram goal of engaging researchers across 
the spectrum of health professions trans-
lates to exciting possibilities for RDNs and 
other nutrition researchers.  

According to the All of Us website, this re-
search program affords several scientific 
opportunities, including the ability to: 

• develop ways to measure risk for a 
range of diseases based on environ-
mental exposures, genetic factors, and 
interactions between the two;

• identify the causes of individual differ-
ences in response to commonly used 
drugs (commonly referred to as phar-
macogenomics);

• discover biological markers that signal 
increased or decreased risk of develop-
ing common diseases;

• use mobile health technologies to cor-
relate activity, physiological measures, 
and environmental exposures with 
health outcomes;

• develop new disease classifications and 
relationships;

• empower study participants with data 
and information to improve their own 
health; and

• create a platform to enable trials of tar-
geted therapies.2

Leveraging All of Us for Optimizing 
Nutrition interventions

The All of Us database holds great prom-
ise for the field of dietetics. Indeed, RDNs 
already employ understanding of the 
impacts of molecular and environmen-
tal influences when administering a va-
riety of nutrition interventions. Armed 
with the understanding of how a genetic 
mutation causes phenylketonuria, RDNs 
counsel parents and clients/patients on 
low phenylalanine diets.5,13 More complex 
associations among genetics and lifestyle 
choices support nutrition prescriptions 
for preventive and therapeutic care for 
clients/patients with cardiovascular con-
ditions.13 We have initial understanding 
about other triangulations in genetics, 
lifestyle, and dietary intake; however, 
more research is needed before translat-
ing most of those insights into clinical 
practice.13

A review of the All of Us website suggests 
that RDNs and other nutrition profession-
als could add unique insights for this re-
search team. The Data and Research Sup-
port Center, among other tasks, is build-
ing a “community of researchers from 
community colleges to top healthcare re-
search institutions and industries.”2 By en-
gaging with this Center, they will be able 
to gain access to the All of Us dataset and 
receive guidance on data analysis tools. 
In addition, the Center is seeking input on 
potential study proposals.2

Other Ways to Engage with the All of 
Us Research Program

The All of Us Research Program is currently 
recruiting participants. One way to get in-
volved with the study is to enroll as a par-
ticipant. Anyone 18 years of age or older 
is eligible to enroll; the research team 
hopes to expand recruitment to children 
within the next year or two. Enrollees are 
required to provide both medical his-
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tory and lifestyle information. In addition, 
some participants will be asked to visit a 
study partner organization in their local 
area for the collection of biometric data 
(blood pressure, height and weight, etc.).2 
To sign up directly, go to the JoinAllofUs.
org website or contact a participating 
healthcare provider organization about 
how to enroll. Other ways to get involved, 
include:

• Staying up to date on study activities 
by signing up to receive email updates. 
The link is on front page of the website, 
JoinAllofUs.org. 

• Sharing information about the program 
with your clients/patients. NIH provides 
free downloadable materials under the 
“Community” tab on the website. 

• Reaching out to engaged universities 
and other organizations to discuss po-
tential opportunities to partner on re-
search studies. 

• Advocating for Congress to continue 
funding of the program. Let your con-
gressional representatives know how 
important the program is to the field of 
nutrition and dietetics and encourage 
them to provide the needed funding 
to ensure this 10-year research study is 
able to achieve program goals.

CONCLUSION

The Academy of Nutrition and Dietet-
ics’ Council on Future Practice analysis, 
“Change Drivers and Trends Driving the 
Profession: A Prelude to the Visioning Re-
port”, reflects on the value of participat-
ing in this novel research program. The 
authors state that “RDNs can assume an 
increasingly important role in the emerg-
ing health care system which focuses on 
a genetic predisposition model of health 
and disease, disease prevention, and inte-
grative health care with the possibility of 
receiving reimbursement for lifestyle and 

nutrition interventions and counseling.”14 
Given the goal of forging strong partner-
ships, the Precision Medicine Initiative of-
fers a unique opportunity for RDNs to be-
come such change drivers. Furthermore, 
by engaging with the All of Us Research 
Program, dietitians can hone their knowl-
edge of molecular and environmental 
influences on nutritional status and meta-
bolic disorders.
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Chris Taylor presents at the RDPG Workshop on NHANES

RDPG Executive Committee Meeting and Dinner         Annual RDPG Membership Breakfast

Recipients of the RDPG student awards50-Year Member, Bernestine McGee, sharing words of wisdom 
at the member breakfast



The Digest | Fall 2018    6

Meera Penumetcha, recipient of the Sugar 
Association/RDPG Pilot Grant Award

Mary-Jon Ludy, RDPG Member of the 
Year

Ashley Vargas, RDPG Chair, and 
Barb Gordon, Chair-elect

Research DPG Members,

Research was everywhere throughout FNCE® this year. The Research DPG had at least one event every 
day, and many Research DPG members spoke throughout the conference. Some highlights included 
the Academy President speaking at the Research DPG member breakfast about the new, more rigor-
ous process for the Evidence Analysis Library and the USDA-sponsored workshop on analyzing the 
National Health and Examination Survey data. We are looking forward to seeing you next year at 
FNCE® in Philadelphia! If you have any ideas for FNCE® events, please reach out to me at researchdp-
gchair@gmail.com.

Our next big effort within the Research DPG is updating our strategic plan. We hope to provide a draft 
for your review in the first half of 2019. This process will help guide the Research DPG until 2025. We 
look forward to your input. 

Stay nerdy, my friends.

Best,

Ashley

Ashley J. Vargas, PhD, MPH, RDN, FAND
researchdpgchair@gmail.com

Chair’s Message
Ashley Vargas, PhD, MPH, RDN, FAND
RDPG Chair

mailto:researchdpgchair@gmail.com
mailto:researchdpgchair@gmail.com
mailto:researchdpgchair@gmail.com
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Student Article:  
The Formulation and Sensory Evaluation of a Whey Permeate-
Based Hydration Beverage

permeate-based hydration beverage can 
be assessed. 

INTRODUCTION 

Maintaining adequate hydration is critical 
for optimal body functioning.1 Dehydra-
tion is associated with mental fatigue, lack 
of alertness, and confusion.2 Though wa-
ter is essential for replenishing body fluid 
losses following exercise, the addition of 
electrolytes, particularly sodium and po-
tassium, can increase the amount of fluid 
retained.3 Sports drinks and milk are com-
mon fluid replacements since they con-
tain electrolytes (i.e. potassium, sodium, 
etc.) and carbohydrates such as sucrose 
and/or lactose.3,4 Sports drinks and non-
fat milk have been recommended as re-
hydration beverages due to the nutrient 
contents that assist in the absorption and 
retention of fluids.5 Carbohydrates in re-
hydration beverages provide fast-acting 
energy and can increase fluid retention 
following exercise.5-7 The protein in non-
fat milk, which is not found in current 
sports drinks promotes muscle building 
and may also contribute to rehydration 
as it decreases the loss of body fluid while 
maintaining plasma osmolality.6 

Whey permeate is a powder that is cre-
ated as a co-product with whey protein 
concentration and whey protein isolate 
from the liquid whey byproduct that is 
expressed during processing of Greek yo-
gurt and many cheeses.10 Whey permeate 
is rich in electrolytes, lactose,  and whey 
proteins, including branched-chain ami-
no acids, which can increase hydration.5 
Beverages containing these nutrients, 
such as non-fat milk, are considered high 
on the beverage hydration index (BHI).4 In 

addition, the micronutrients within whey 
permeate beverages provide other health 
benefits which may further enhance the 
value of this product.9 However, whey 
permeate often contributes off-flavor, 
-odor, and -texture characteristics in food 
and beverage products, limiting its appli-
cation. Therefore, the goal of this project 
was to formulate a whey permeate-based 
beverage for use in a hydration study. The 
first objective of this investigation was to 
formulate whey permeate-based bever-
ages to promote hydration. The second 
objective was to evaluate the formulated 
products using validated sensory analy-
sis methods for potential use in a clinical 
trial.  

METHODS

Sample Preparation

A base beverage formulation was de-
veloped using 84% (by weight) water 
(Kroger Brand, Cincinnati, OH), 12.6% 
whey permeate powder (Agri-Mark Inc., 
Methuen, MA), 3.4% powdered whey 
isolate (Heat Stable; (Agri-Mark Inc., 
Methuen, MA), and 0.15% stabilizer (Tica-
loid Pro 192 AGD High Viscosity, TIC GUM, 
Belcamp, MD). Whey isolate was used to 
increase the protein content of the bever-
age to more closely mimic that of non-fat 
milk. Ingredients were mixed together, 
heated to 80°C to activate the stabilizer 
with stirring, and then cooled to ambient 
temperature (21°C). 

Four formulations were designed, target-
ing sweetness (2 levels of sucrose: 3%, 5% 
by weight) and flavoring (2 lemon-based 
flavors) for masking the whey protein 
and high salt tastes in the whey perme-

Samantha Kostelnik1, Elizabeth Clark, MS2, Susan E. Duncan, PhD, RD2, Brenda M. Davy, PhD, RDN1

1 Department of Human Nutrition, Foods and Exercise, Virginia Tech, Blacksburg, VA
2 Department of Food Science and Technology, Virginia Tech, Blacksburg, VA

Corresponding Author: Address correspondence to: Samantha Kostelnik, Department of Human Nutrition, Foods and Exercise, 229C Wallace 
Hall, Virginia Tech, Blacksburg, VA 24061. E-mail: samak94@vt.edu

Keywords: hydration, sensory evalua-
tion, dairy, whey permeate 

ABSTRACT 

Whey permeate, a byproduct of cheese 
and Greek yogurt manufacturing, boasts 
a hydration-promoting nutrient profile, 
suggesting value as an ingredient for 
functional beverages. However, there 
are currently no whey permeate-based 
beverages on the market. Functional in-
gredients often contribute sensory char-
acteristics that require masking or modifi-
cation for product success. The objectives 
of this research were to formulate a whey 
permeate-based hydration beverage and 
assess its overall acceptability (9-Point 
Likert Scale) and sensory attributes (Just 
About Right Scale (JAR) for formulation 
guidance. Healthy adults (n=58; mean 
age between 31-35 years, 56% female) 
were recruited from a university campus. 
Participants provided basic demographic 
information and completed a question-
naire to assess habitual beverage intake. 
Participants evaluated four experimental 
beverage formulas in a randomly assigned 
order in comparison with a control hydra-
tion beverage (lemon-lime Gatorade®). 
Experimental variables included two fla-
vors (lemon lavender, lemon punch) and 
sugar content (3%, 5% by weight). Overall, 
acceptability of experimental beverages 
was significantly lower to neutral (x = 4.5 
– 4.9; p < 0.05) compared to the control 
beverage (6.7, “slightly” to “moderately” 
liked). Just About Right data combined 
with overall acceptability scores suggest-
ed how attributes influenced acceptabil-
ity. Formulation adjustments are needed 
before the market potential of a whey 
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ate product. Whey masking agent (0.5% 
by weight; Gold Coast Ingredients Inc., 
Commerce, CA) and citric acid (0.33% by 
weight) were also added to help mini-
mize the salt and whey protein influence 
on flavor. The two flavors were lemon 
punch (LP) and lemon lavender (LL) (Gold 
Coast Ingredients Inc., Commerce, CA), 
added at 0.5% by weight. These flavors 
were selected from a variety of flavor 
options that the research team believed 
might provide complementary or mask-
ing benefit to the whey permeate and 
those which might be similar to commer-
cially available sports drinks.  Samples 
for sensory testing included the whey 
permeate-based beverages (LL3%; LL5%; 
LP3%; LP5%) and a commercial sports 
drink (Lemon-Lime Gatorade®, PepsiCo, 
Purchase, NY). Aliquots of each solution 
(1 oz., 15 g) were poured into disposable 
plastic cups (2 oz.; Monogram Company, 
Columbia, MD) coded with 3-digit identi-
fication numbers and sealed with a plas-
tic cap. Samples were stored at a refrig-
erated temperature (4 °C) until sensory 
testing. 

Study Protocol

This investigation consisted of one study 
session which included completion of a 
demographic questionnaire, a beverage 
intake questionnaire, and a sensory pan-
el. The protocol was approved by the In-
stitutional Review Board (IRB) of Virginia 
Tech, and all participants were requested 
to review the written consent form and 

provide consent prior to enrollment. In-
dividuals aged 18-65 years, with activity 
levels ranging from sedentary to active, 
were recruited from a university campus 
using email listservs and social media 
advertisements. The population was se-
lected to assess beverage acceptability in 
a general adult sample. Individuals who 
were lactose intolerant or allergic to milk 
proteins were excluded from participa-
tion.

The demographic questionnaire captured 
information on gender, age, ethnicity/
race, socioeconomic status, and activity 
level. Usual beverage intake habits were 
determined using the 15 category Bever-
age Intake Questionnaire (BEVQ-15). This 
validated questionnaire consists of 15 
beverage categories and was developed 
to quantitatively assess habitual bever-
age consumption over the past 30 days.7 

Sensory Protocols

Participants completed testing at the 
Virginia Tech Sensory Evaluation Labo-
ratory in the Department of Food Sci-
ence and Technology. Participants were 
seated in individual sensory evaluation 
booths; each booth was equipped with 
a sliding hatch to receive and return bev-
erage samples. Participants were given 
printed forms (scorecards: acceptability, 
Just about Right (JAR) scale) to complete 
for each sample (n=5) they tasted. Prod-
uct acceptability was assessed using a 
9-point Likert-type scale (1=dislike ex-
tremely; 5= neither like nor dislike; 9=like 

extremely) as well as the JAR 
scale8 and given to participants 
in a randomly assigned order. 
The JAR scale (1 = “too thin/too 
light/too little”, 3= “just about 
right”, 5 = “too thick/too dark/
too much”) was used to evalu-
ate levels of a specific attribute 
of the product against partici-
pant’s self-perception of the 
ideal.8 Attributes evaluated on 
the JAR scale included appear-
ance, smell, taste, mouthfeel, 
and aftertaste.

Mineral Analysis

Sodium, magnesium, inorganic 
phosphorus, sulfur, chlorine, 
potassium, and calcium con-
centrations of each whey per-
meate-based beverage as well 
as the commercial sports drink 

were measured by emission spectros-
copy using Inductively Coupled Plasma 
(ICP) technique (Thermo Electronic Cor-
poration, X-Series ICP-MS, Waltham, MA).9 
Each whey permeate-based beverage 
and the commercial sports drink were 
centrifuged at 18500 ×g for 15 minutes 
to reduce viscosity and remove debris. 
Sample digestion was modified from the 
previous studies by diluting each sample 
at 1:10 (v/v) with 4% nitric acid and mixed 
well by vortex in order to decompose the 
sample for the release of minerals and ac-
curate analysis.9,10

Statistical Analysis

Descriptive statistics were used to char-
acterize study participant demographics 
and to describe acceptability data (mean 
± SD). One participant was excluded 
from analysis due to incomplete demo-
graphic questionnaire data and JAR data. 
Independent sample t-test was used to 
evaluate gender differences. Paired, two-
sample t-tests (one-tail) were completed 
between each formulation and each for-
mulation to the commercial control bev-
erage; alpha was preset at 5%. Indepen-
dent sample t-test was used to evaluate 
differences in major electrolyte composi-
tion. Statistical analyses were performed 
using Microsoft Excel 2010 and IBM SPSS 
Statistics statistical analysis software (Ver-
sion 24). Analysis of JAR data, in combina-
tion with acceptability scores for overall 
acceptability, was completed using XL-
STAT Sensory (Microsoft Excel).11 Penalty 
analysis and mean drop were calculated 
to determine guidance for potential im-
provements that might positively affect 
acceptability scores.

RESULTS

Participants’ ages ranged from 18-65 
years of age (n=58; 55.2% female) (Table 
1). The majority (93%) of the participants 
considered themselves healthy (subjec-
tive yes/no response), and most (79%) 
reported that they were moderately ac-
tive and incorporated hydration strate-
gies into their daily life. Daily hydration 
strategies included selecting water (44%), 
milk or other dairy products (28%), sports 
drinks (12%), energy drinks (4%), pop/
soda (7%), and/or other beverages (12%). 
“Other” beverages included: tea, coffee, 
lemonade, and seltzer water. 

Five participants did not provide com-
plete data for the BEVQ-15 and thus were 

Table 1. Demographic Characteristics
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excluded from BEVQ analysis (n=53). 
Mean total daily beverage intake was 62.3 
± 32.2 fl oz. and 328 ± 586 kcal/day (from 
beverages). Most participants reported 
consuming water (81%) and milk (89%) in 
varying quantities. Mean water and milk 
intake were 33.2 ± 18.3 fl oz. and 5.6 ± 7.4 
fl oz., respectively. Female participants 
consumed 34.27 ± 19.07 fl oz. water and 
5.75 ± 8.68 fl oz. milk per day, and male 
participants consumed 31.8 ± 17.55 fl oz. 
water and 5.55 ± 5.72 fl oz. milk per day 
with no significant differences by gender 
(p > 0.05).  However, male participants 
consumed significantly (p < 0.005) more 
energy/sports drinks than female par-
ticipants (males 1.58 ± 3.72 fl oz.; females 
0.30 ± 0.77 fl oz.). Only16% of participants 
reported consuming these beverages; 
thus mean consumption levels were low 
for this beverage category.  

Acceptability of the four formulated whey 
permeate beverages approached the 
neutral score (5=neither like nor dislike) 
(Figure 1). The commercial sports drink 
(control) had a mean of 6.7, correspond-
ing to “slightly” to “moderately” accept-
able. There was a significant difference 
(p < 0.0001) between each test beverage 
compared to the commercial beverage 
but no differences among mean accept-
ability scores for experimental beverages. 
For the tested population, responses did 
not follow a normal distribution, and his-
tograms illustrate the distribution was 
typically bi-modal for the experimental 
beverages. The experimental LL formula-
tion with 5% sucrose (LL5%) had 58% of 
respondents selecting ‘neutral’ or higher 
on the acceptability scale.

Just About Right (JAR) scores were used 
to further clarify how respondents com-
pared the prototype formulations to their 
‘ideal’ hydration beverage concept (Fig-
ure 2). For each attribute, we identified 
significant differences (p<0.05) in JAR val-
ues between the means of each experi-
mental formulation and the commercial 
beverage. No beverage, including the 
commercial beverage, received the ideal 
JAR score for all attributes. 

The distribution of JAR responses for each 
attribute within each formulation helps 
assess the impact of the non-JAR ratings 
(JAR=3.0 value) on overall acceptability 
of the product. A large change in mean 
value (mean drop) and a large percentage 
of the population indicates a potential 
for formulation modification to improve 

acceptability (Figure 3). The commercial 
beverage and two experimental formu-
lations (LP3%, LL5%) had no attributes 
that significantly influenced the overall 
mean acceptability score. Significant dif-
ferences (p<0.05) between the too light/
too dark (non-JAR) proportions of the 
population were noted for appearance 
(LL3%, LP5%) with the ‘too dark’ response 
creating a positive influence (>1.3) on ac-
ceptability score. Mouthfeel (too thick) 
was detrimental to acceptability score 
for LL3% (p<0.05). In Figure 3, note that 
mouthfeel (in the lower right quadrant 
LL3%) depresses the acceptability score 
for a large proportion (33%) of the popu-
lation. Mean drop values near 0 (-1 to 1) 
and/or with small proportion of the pop-
ulation (<20%) indicate small penalties 
and are not actionable (LL5%).

The formulated beverage delivered a 
combination of nutrients valuable for hy-
dration, including whey proteins, carbo-
hydrates (lactose, sucrose), minerals, and 
electrolytes common in milk (Table 2). For 
major electrolytes (sodium, magnesium, 
inorganic phosphorus, potassium, and 

calcium), the whey permeate beverage 
was found to have significantly higher (p 
≤ 0.05) electrolyte composition than the 
commercially available hydration bever-
age.

DISCUSSION

To our knowledge, this is the first inves-
tigation to formulate a whey permeate-
based beverage for the general adult 
population with the intention to promote 
hydration. The beverage formulations 
did not meet the targeted mean accept-
ability score goal of 6 or higher. Typically, 
product developers strive for a mean 
acceptability score close to the market 
leader, which typically is at or above the 
‘like moderately’ category (mean of 7 or 
higher on a 9-point scale) to suggest a 
potential for commercial success17; this in-
dicates that additional formulation modi-
fications are needed to improve accept-
ability for potential commercial success. 
If targeted for a clinical trial, formulation 
improvement would promote partici-
pant compliance. JAR data provides some 
guidance for improving the formulation. 

Figure 1. Histograms of acceptability ratings (Mean ± SD; n=58; 1 = Dislike Extremely, 5=nei-
ther like nor dislike, 9= Like Extremely) of experimental and control beverages. LL = Lemon 
Lavender; LP = Lemon Punch; 3%, 5%: sucrose by weight; Commercial sports drink (Lemon-
Lime Gatorade, PepsiCo™, Chicago, IL).
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It is difficult to interpret the exact influ-
ence on JAR responses which may be at-
tributed to flavors in the whey permeate 
or isolate, amount of flavoring added, the 
lavender or punch influence on the flavor-
ing, or the combination. In general, of the 
whey permeate formulations tested, the 
LL5% had the best potential for further 
development. 

In order to efficiently retain and replen-
ish the fluids lost through exercise, bev-
erages that contain electrolytes, such 
as sports drinks and dairy products, are 
recommended.12-14 The inclusion of elec-
trolytes in this study’s whey permeate 
beverage is consistent with a high BHI 
because it contains greater amounts of 
macro- and micronutrients than non-

fat milk. In comparison to sports drinks, 
the whey permeate beverage contains 
branched-chain amino acids necessary 
for muscle rebuilding and thought to pro-
mote hydration by maintaining plasma 
osmolality.4,6 Therefore, this formulation 
may be useful for increasing hydration 
status more than the current rehydration 
beverages that are on the market. Spe-

Figure 2. Just About Right (JAR) (Mean ± SD; n=58) ratings for experimental and commercial beverages. LL = Lemon Lavender; LP = Lemon 
Punch; 3%, 5%: sucrose by weight; commercial sports drink (Lemon-Lime Gatorade, PepsiCo™, Chicago, IL). JAR scale for attributes included 
Appearance: 1=too light, 5=too dark; Mouthfeel: 1=too thin, 5=too thick; Smell, Taste, Aftertaste: 1=too little, 5=too much; 3=Just about 
Right for all attributes.

Figure 3. Illustration of penalty analysis and mean drop for lemon lavender (LL) whey-based hydration beverage at two sucrose levels (3% 
sucrose, 5% sucrose).
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cifically, sodium intake increases plasma 
volume, promotes voluntary thirst, and 
increases glucose absorption in the small 
intestine.14,15 However, due to the high 
content of salt in whey permeate, Beucler 
et al.18 found that lower concentrations of 
the by-product, incorporated into a com-
mercial beverage for their experimental 
study, were more acceptable.16 Together 
with our findings, this suggests that the 
amount of whey permeate and whey iso-
late should be reduced or masked with a 
higher concentration of sugar, flavoring, 
or an effective masking ingredient. 

This study had several strengths. First, the 
use of whey permeate as a hydration bev-
erage ingredient is novel due to the use 
of an undervalued by-product of dairy 
processing. Second, the study population 
consisted of individuals who were aware 
of the importance of consuming bever-
ages for hydration purposes and who 
regularly consumed water and milk mak-
ing them ideal participants for testing the 
whey-based formulas. The study utilized 
validated food sensory evaluation meth-
odologies commonly used in commercial 
development of food products. We ac-
knowledge the limitation of a small sam-
ple size (n=58) that did not represent the 
general population at large. 

Future efforts should evaluate further 
modifications to the formulation before 
market potential can be assessed. The 
flavor selection could better complement 
the beverage as a dairy product, such as 
vanilla or caramel to improve coloration 

(appearance). Particular attention should 
be focused upon factors that affect 
mouthfeel, especially as integrated with 
taste and aftertaste. This could be accom-
plished by reducing the concentration 
of whey permeate or isolate to slightly 
reduce the mineral, protein, and lactose 
(carbohydrate) composition.
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formulation.

Component Whey Permeate Beverage
(Per 8 Fl Oz, 238.72 g )

Nonfat Milk
(Per 8 Fl Oz, 244.8 g)

ENERGY 133.52 kcal 83.00 kcal
WATER 198.95 g 222.38 g

PROTEIN 7.81 g 8.25 g

LIPID (TOTAL) 0.40 g 0.20 g

CARBOHYDRATE
(BY DIFFERENCE)* 25.48 g 12.14 g

CALCIUM 181 mg 299 mg

MAGNESIUM 40 mg 27 mg

PHOSPHORUS 296 mg 247 mg

POTASSIUM 693 mg 382 mg

SODIUM 211 mg 103 mg

https://www.adpi.org/Portals/0/Standards/DairyPermeateStandard_book.pdf
https://www.adpi.org/Portals/0/Standards/DairyPermeateStandard_book.pdf
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As researchers, development is vital for our continued growth 
and success. As such, I find myself considering professional de-
velopment activities that relate to developing knowledge in my 
research focus area or gaining a deeper understanding of ways 
to expand the impact of my work. Yet personal effectiveness 
is arguably just as important to being a successful researcher 
as research-focused knowledge. As I reflect on my career, I can 
attest that I sometimes have compartmentalized personal ef-
fectiveness into another aspect of my development, divorcing 
it from research expertise. Perhaps this was an error.

With these notions in mind, I recently sat at my desk contem-
plating the next steps for my professional development. Here 
are a few questions that came to mind: 1) How can I increase 
my effectiveness in leading my research team so that we can 
impact the profession more profoundly? 2) Where do I see my-
self in five years? and 3) Do I want to continue to develop only 
my research program, or do I want to pursue a higher academic 
position, e.g. associate dean for research or another administra-
tive position? These were all worthwhile questions for me to ask 
myself.

After some thought, I decided that whatever course of action I 
take, the best plan would be one that not only positions me to 
grow professionally and personally but also one that positions 
my entire research team for success.  I ultimately made the deci-
sion to move forward with leadership training.

Like any research project, high-quality professional develop-
ment requires funding.  Fortunately, our profession has mem-
bers who are strategic and visionary. As such, the Academy 
of Nutrition and Dietetics Foundation (Foundation) filled the 
funding gap through their CDR Leadership Grant, an award 
established by CDR, the Commission on Dietetic Registration. 
The purpose of this fund is to provide financial support to RDs 
and DTRs to obtain leadership training to prepare individuals to 
move into leadership positions within their organization. This 
article summarizes the executive leadership training I complet-
ed with funding from the Foundation’s 2017 CDR Leadership 
Grant. This article is also meant to encourage you to pursue 
leadership training and to explore the Foundation’s CDR Lead-
ership Grant as a means to fund your training.

To meet my professional development goals, I chose to com-
plete the American Management Association’s Developing 
Executive Leadership seminar, an intensive three-day execu-
tive leadership training program. Why did I choose this course? 
As a researcher in academia leading a team, I need to focus on 
the big picture and uphold high standards while wearing many 

Enhancing Your Research Practice Through 
Leadership Training
David H. Holben, PhD, RDN, LD, FAND
Professor and Gillespie Distinguished Scholar, University of Mississippi;  
Research DPG Delegate, HOD

hats. Depending upon the day, I am sometimes a visionary and 
other times a strategist. My roles are not limited to those two 
areas, however. I am also a coach, communicator, diplomat, and 
politician.

During the seminar, I learned four aspects of leadership – lead-
ing with the head, leading with the hands, leading with the feet, 
and leading with the heart. These four aspects of leadership re-
late to strategic direction and vision for my team, coaching and 
building a capable team, ethically leading my team, and moti-
vating my team, respectively. Specifically, over the three days of 
leadership training, I:

• learned how to build an executive leadership style that cre-
ates trust, sets a clear vision, and guides my entire team to-
ward greater performance;

• gained insights into the key executive leadership skills and 
techniques needed to create a winning strategy;

• learned what real “coaching” consisted of and how to build 
an extraordinary team that works together to deliver results;

• developed heightened “emotional intelligence” for greater 
professional achievement and satisfaction;

• identified the characteristics of effective leadership and the 
most common saboteur;

• developed an executive leadership style that adapts to the 
person and situation;

• learned how to better communicate mission, vision, and val-
ue statements; and

• applied my executive leadership training to continue my 
growth as a leader through a self-development plan.

As a fellow researcher and RDPG member, I hope that as you 
plan your professional development activities, you will consider 
ones related to leadership development. My view is that in or-
der to achieve the Academy’s vision of ‘a world where all people 
thrive through the transformative power of food and nutrition,’ 
our RDPG members, including me, need to develop all of the 
skills necessary to carry out our mission effectively. 
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On behalf of the Research DPG, the awards sponsors, and the 
awards committee, we would like to thank everyone who sub-
mitted an award application this year. We received an outstand-
ing pool of applications, and the reviewers were impressed by 
the overall quality of the work submitted. We are pleased to an-
nounce the following award winners:

THE SUGAR ASSOCIATION/RESEARCH DPG  
PILOT GRANT AWARD

The awardee of this $10,000 pilot grant is Meera Penumetcha, 
University of Central Missouri, for the project titled Develop-
ment and validation of a lipid oxidation index (LOI) for commonly 
consumed foods. 

THE MEAD JOHNSON NUTRITION/RESEARCH DPG 
STUDENT PILOT GRANT AWARD

The following are the two awardees of this $1,200 student pilot 
grant:  

•	 Lisa M. Lanza, Drexel University, for the project titled Regional 
prefrontal cortex activation to potentially rewarding activities in 
postpartum women with and without depression compared to 
nulligravida women.

•	 Megan Elaine Larson, Bowling Green State University, for the 
project titled Comparison of body composition assessment 
techniques in collegiate and masters level swimmers. 

THE MEAD JOHNSON NUTRITION/RDPG STUDENT 
RESEARCH AWARD

The following are the three awardees of this $300 award:  

•	 Matthew Landry, The University of Texas at Austin, for the 
abstract titled National School Lunch Program associated with 
higher dietary quality.

• Laura Niederer, Marywood University, for the abstract titled 
Identifying primary care providers to increase dietitian referrals.

• Prabhdeep Sandha, University of Mississippi, for the abstract 
titled Impact of a produce intervention on parental produce in-
take and behaviors.

Congratulations to the Research DPG 2018 Award Winners
Jennifer Hanson and Joann McDermid
RPDG Awards Committee Co-Chairs

THE RESEARCH DPG FIRST AUTHOR AWARD

Susan E. Steck, University of South Carolina, for the paper “Cal-
cium, magnesium, and whole-milk intakes and high-aggressive 
prostate cancer in the North Carolina-Louisiana Prostate Cancer 
Project (PCaP).”  Co-authors include Omonefe O. Omofuma, L. 
Joseph Su, Amanda A. Maise, Anna Woloszynska-Read, Can-
dace S. Johnson, Hongmei Zhang, Jeannette T. Bensen, Eliza-
beth T.H. Fontham, James L. Mohler, and Lenore Arab. 

THE RESEARCH DPG EMERGING RESEARCHER  
AUTHOR AWARD

Kate Gardner Burt, Lehman College, for the paper “Development 
of the GREEN (Garden Resources, Education, and Environment Nex-
us) Tool: An evidence-based model for school garden integration.” 
Co-authors include Pamela Koch and Isobel Contento. 

We would like to extend a special thank you to the Sugar As-
sociation and Mead Johnson Nutrition for their generous spon-
sorship of the awards and also thank all who conducted the ap-
plication reviews.
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