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Workshop Summary
 

OVERVIEW 

With more than one-third of the U.S. adult population considered 
obese,

 For adults, obesity is defined as having a body mass index (BMI) of 30 or greater. For 
children, obesity is defined as a BMI at or above the 95th percentile for children of the same 
age and sex. For both adults and children, BMI is calculated from a person’s weight and height 

2(weight [kg] / height [m] ). 

1 a figure that has more than doubled since the mid-1970s (Flegal et 
al., 2010), obesity has emerged as a major public health challenge. Among 
children, obesity rates have more than tripled over the same period. Not 
only is obesity associated with numerous medical complications, but also it 
incurs significant economic cost. Although at its simplest, obesity is a result 
of an energy imbalance, with obese (and overweight2

 For adults, overweight is defined as having a BMI between 25 and 29.9. 

) people consuming 
more energy (calories3

 In this report, calorie (cal) is used synonymously with kilocalorie as a unit of measure 
for energy obtained from food and beverages. A kilocalorie (kcal) is defined as the amount 
of heat required to change the temperature of 1 g of water from 14.5°C (degrees Celsius) to 
15.5°C. 

) than they are expending, in reality it is very diffi
cult for many people to balance calories consumed with calories expended. 
Human eating behavior is inordinately complex, with multiple layers of 
influence. Eating is impacted not only by the biological responses that occur 
when the presence of food or even the smell of food triggers physiological 

2
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2 LEVERAGING FOOD TECHNOLOGY 

chain reactions but also by societal norms and values around portion size 
and other eating behaviors. 

Behavioral scientists have made significant progress over the last 10–20 
years toward building an evidence base for understanding what drives 
energy imbalance in overweight and obese individuals. Meanwhile, food 
scientists have been tapping into this growing evidence base to improve 
existing technologies and create new technologies that can be applied to 
alter the food supply in ways that reduce the obesity burden on the Ameri
can population. As just one example, chemists at the Agricultural Research 
Service (ARS) of the U.S. Department of Agriculture (USDA) developed a 
novel, low-oil-uptake rice batter that absorbs 50 percent less oil than regular 
wheat batter and can be used for coating chicken, fish, vegetables, and other 
foods. Food scientists have developed a range of other fat-reducing tech
nologies as well, including new processing technologies for multiple grain 
doughs, new baking technologies, and technologies that incorporate fiber as 
a fat replacement. Reducing fat content might seem like the most obvious 
way to reduce the energy density of a food, given the high caloric value of 
fat,

 Fat contains 9 cal/g, compared to alcohol (7 cal/g), protein and most carbohydrates 
(4 cal/g), fiber (1.5–2.5 cal/g), and water (0 cal/g). 

4 but there are other ways. For example, food scientists in the beverage 
industry have developed reduced-calorie sweetened beverages by replacing 
sucrose using various zero- and low-calorie sweetener technologies. 

Reducing the energy density of foods is by no means the only or best 
way to leverage food technologies in the effort to reduce and prevent obe
sity. Other technologies being leveraged for obesity prevention and reduc
tion efforts include ready-to-eat portion-controlled frozen meals, which 
have been shown to be associated with reduced energy intake and increased 
short-term weight loss; a variety of fruit- and vegetable-based technologies, 
based on the association between fruit and vegetable intake and mainte
nance of a healthy weight (when substituted for more energy dense foods) 
and reduced risk of many chronic diseases; and technologies that enhance 
micronutrient density, developed on evidence suggesting that micronutrient 
deficiencies may contribute to overeating. 

On November 2 and 3, 2010, the Institute of Medicine’s (IOM’s) Food 
Forum convened a public workshop in Washington, DC, to examine the 
complexity of human eating behavior and explore ways in which the food 
industry can continue to leverage modern food processing technologies 
to influence energy intake as one population-based change of the many 

4



 
         

 

 

 

           

 

3 WORKSHOP SUMMARY 

multifaceted societal changes that will help to reduce and prevent obesity. 
Through invited presentations and discussions, behavioral scientists, food 
scientists, and other experts from multiple sectors discussed evidence-based 
associations between various eating behaviors and weight gain and consid
ered the opportunities and challenges of altering the food supply—both at 
home and outside the home (e.g., in restaurants)—to alleviate overeating 
and help consumers with long-term weight maintenance. The workshop 
agenda and biographies for speakers and moderators are included in Appen
dixes A and B, respectively. 

This workshop summary was prepared by the rapporteurs for the 
Forum’s members and is organized into sections as a topic-by-topic 
description of the presentations and discussions that took place during 
the workshop. The main topics covered include, in order, the following: 
trends in overweight and obesity over the past 30 years; the complexity of 
eating behaviors; lessons learned and best practices; major challenges; and 
potential for innovation: next steps. These proceedings are not intended to 
be an exhaustive exploration of the subject matter. They summarize only 
statements made and information presented by participants at the work
shop. Although participants made several suggestions for moving forward 
with respect to leveraging technologies in obesity reduction and prevention 
efforts, the goal of this workshop was not to reach consensus on any issue(s). 
As such, the statements summarized here represent individual beliefs; they 
do not represent the findings, conclusions, or recommendations of a con
sensus committee process. 

5
TRENDS IN OVERWEIGHT AND OBESITY: 
FROM THE MID-1970s TO THE PRESENT 

This section summarizes the material presented during Gary Foster’s keynote 
presentation. 

In addition to 33.8 percent of the U.S. population aged 20 and over 
that is considered obese, another 34.2 percent is considered overweight, 
according to the most recently available National Health and Nutrition 
Examination Survey (NHANES) data (2007–2008) (Flegal et al., 2010). 
This makes for a staggering 68 percent of American adults who carry excess 
body weight, according to U.S. standards. Not only are all organ systems 
adversely affected by excess body weight, causing significant medical 
complications, but these medical complications in turn incur significant 
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4 LEVERAGING FOOD TECHNOLOGY 

economic cost. Between 1998 and 2006, the annual medical burden of 
obesity increased from 6.5 to 9.1 percent of annual medical spending,

The main driver of the increase in obesity-attributable costs was the 37 percent 
increase in obesity prevalence from 1998 to 2006, not increases in per capita costs. 

6 with 
per capita medical spending for obese persons being more than 40 percent 
greater than it is for persons of healthy weight (Finkelstein et al., 2009). 

Among adults, the prevalence of both overweight and obesity has been 
increasing steadily since the mid-1970s (Figure 1) (Flegal et al., 1998, 2010; 
Ogden et al., 2006). 

FIGURE 1 Prevalence of overweight and obesity in adults aged 20 years or older,
 
1976–2008. Among U.S. adults, the prevalence of both overweight and obesity has been
 
steadily increasing since the mid-1970s. Today, approximately 70 percent of American 

adults are either overweight or obese.
 
SOURCE: Data adapted from Flegal et al., 1998, 2010; Ogden et al., 2006.
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 Likewise among children, the prevalence of obesity 

more than tripled between the early 1970s and mid-2000s (Figure 2) 
(Ogden and Carroll, 2010). As Gary Foster, professor and director of the 
Center for Obesity Research and Education at Temple University, remarked, 
childhood obesity is especially worrisome because obese children risk devel
oping adult conditions such as hypertension, increased cholesterol, and type 
2 diabetes at a much younger age; also, obese children are more likely than 
normal-weight children to experience psychosocial complications such as 
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5 WORKSHOP SUMMARY 

peer rejection, bullying, and impaired academic performance. Additionally, 
obese adults who were overweight as children have a greater prevalence of 
medical conditions than obese adults who were not overweight as children 
(Baker et al., 2005; Must and Anderson, 2003; Wearing et al., 2006). 

FIGURE 2 Prevalence of obesity in children (6–11 years) and adolescents (12–19 years), 
1971–2008. The prevalence of obesity among children and adolescents has tripled since 
the mid-1970s, with an estimated 18 percent of today’s 6–19 year olds considered obese. 
SOURCE: Foster presentation (November 2, 2010); data adapted from Ogden and 
Carroll, 2010. 
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According to 2007–2008 NHANES data (Flegal et al., 2010), non-
Hispanic blacks are disproportionately burdened by obesity. Non-Hispanic 
blacks not only have a higher prevalence of obesity than other ethnic groups 
(i.e., non-Hispanic whites, Hispanics, and Mexican Americans), they also 
have a higher prevalence of class II and class III obesity.

There are three classes of obesity: class I (BMI of 30–34), class II (BMI of 35–39), 
and class III (BMI of 40 and greater).

7  Increasing trends 
in class II and III obesity are particularly alarming because they are associ
ated with greater impairment of quality of life, greater co-morbidity, and 
greater medical cost compared to the other classifications of overweight and 
obesity. Non-Hispanic blacks have also shown a slightly greater increase in 
the prevalence of obesity over time, since the mid-1970s, compared to non-
Hispanic whites and Mexican Americans (Flegal et al., 1998; Ogden et al., 
2006), with most of the divergence being among women. 

According to Foster, the fact that non-Hispanic blacks are dispropor
tionately impacted by obesity raises questions about the extent to which 
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6 LEVERAGING FOOD TECHNOLOGY 

variation among different segments of the American population should be 
considered when exploring ways to leverage food technology for obesity pre
vention and reduction efforts. For example, are there certain types of food 
products that non-Hispanic blacks buy more frequently? If so, are there 
ways to aim interventions toward those products? Later in the workshop, 
other participants identified poverty as another important socioeconomic 
factor to consider when exploring the possibilities for intervention. For 
example, speaker Brendan Boyle, partner and chief invention officer at 
IDEO, suggested that product distribution is as important to consider as 
product innovation when devising technology-based strategies for obesity 
intervention, with a major challenge being the distribution of novel food 
products to lower-income neighborhoods where people would otherwise 
not have access to such products. 

Arguably one of the first and most obvious variables to consider when 
exploring possible causes of the obesity crisis is the amount of energy in food 
available for human consumption, as measured by calories per capita per 
day. Indeed, available daily dietary energy in the U.S. food supply increased 
from about 3,300–3,400 calories per capita to more than 4,000 calories 
between 1980 and 2004 (Hiza and Bente, 2007). As Foster explained, by 
assuming that energy expenditure remained constant during that time, 
an increase in daily energy per capita of that magnitude would be enough 
to account for the increased prevalence of obesity in the U.S. population. 
However, on closer examination, macronutrient contribution to the dietary 
energy supply changed very little over the same time. Although the share of 
the daily energy supply coming from carbohydrates increased slightly in the 
1980s, it has since plateaued; none of the other macronutrient profiles have 
changed much. One might expect to see an increase in energy availability 
from fat, if anything, given the high caloric density of fat, but this is not the 
case. Nor has there been much change in the proportion of available energy 
coming from any particular major food group (i.e., grains; fats and oils; 
sugars; meat, poultry, fish; dairy; vegetable; fruit; eggs; nuts, soy; miscel
laneous). The only increases, and they have been slight (less than 5 percent 
change in share of total daily available calories derived from each), have been 
with grains and fats or oils, the latter slightly more than the former. In short, 
Foster concluded, while there have been slight increases in the proportion 
of available dietary energy coming from carbohydrates and fats or oils, the 
evidence does not implicate increased consumption of any particular mac
ronutrient or food group as a primary driver of the obesity crisis. 



 

       

 
 

 

 

 
 

            
 
 
 
 

 
 
 
 
 

 

77 WORKSHOP SUMMARWORKSHOP SUMMARYY 

Changes in Eating Behavior Since the 

Mid-1970s: Three Illustrative Trends
 

If it is not any particular macronutrient or major food group, then 
what is driving the increasing prevalence of obesity among U.S. adults and 
children? Rather than providing a comprehensive account of every change 
that has occurred in behavior over the past 30 years, Foster highlighted three 
trends by way of illustration: (1) increases in portion size; (2) increases in 
snacking frequency among adolescents; and (3) increases in meals eaten out
side the home (i.e., at restaurants). He identified portion size as a promising 
target for intervention, that is, through portion-controlled dieting, based 
on evidence from several studies comparing portion-controlled dieting to 
other diet methods. 

Portion Size 

The fact that available calories are increasing but without any major 
changes in the proportion of available energy coming from any particular 
macronutrient or major food group suggests that people are simply eat
ing more (of everything). Indeed, Nielsen and Popkin (2003) reported 
increases in portion sizes between 1977 and 1998 for many foods, includ
ing salty snacks, desserts, soft drinks, fruit drinks, French fries, hamburg
ers, cheeseburgers, pizza, and Mexican food. The most dramatic increases 
were with soft drinks and fruit drinks. In 1977–1978, the average por
tion size was 13.1 ounces (oz) for soft drinks and 11.3 ounces for fruit 
drinks; in 1989–1991, those figures jumped approximately 28 percent 
and 11 percent to 16.8 and 12.6 ounces, respectively; in 1994–1996, they 
jumped again by approximately 51 percent and 33 percent, to 19.9 and 
15.1 ounces, respectively (Figure 3). Foster remarked that these data point 
to beverage consumption as a possible target for intervention, a strategy 
that Marge Leahy, director of health and wellness at the Coca-Cola 
Company, revisited during her presentation on zero-calorie and reduced-
calorie sugar substitutes for beverages and other products. In another 
presentation, Jennifer Fisher, associate professor and research scientist at 
Temple University, explored in more detail the growing body of evidence 
showing that increased portion sizes are associated with increased energy 
intake. (Summaries of the information presented by Leahy and Fisher are 
provided later in this report.) 



 

 

 

 
 

8 

FIGURE 3 Changes in portion sizes, 1977–1998. Average portion sizes have increased 
since the mid-1970s, with the most dramatic increases for soft drinks and fruit drinks, 
pointing to beverage consumption as a possible target for obesity prevention and reduc
tion interventions. 

Note that no statistical inferences were drawn between 1989–1991 and 1994–1996 data.
 
SOURCE: Data adapted from Nielsen and Popkin, 2003.
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* Significant difference between 1977–1978 and 1989–1991 (p < 0.01). 
+ Significant difference between 1977–1978 and 1994–1996 (p < 0.01).
 

In Foster’s opinion, one of the most promising obesity treatments is 
portion control.

 Foster explained that there are several different approaches to obesity treatment, 
ranging from surgery (recommended for individuals with BMIs between 35 and 39.9 with 
co-morbidities and for individuals with BMIs greater than 39.9 regardless of co-morbidities), 
to pharmacotherapy (recommended for individuals with BMI between 27 and 29.9 with co
morbidities and for individuals with BMIs greater than 29.9 regardless of co-morbidities), to 
diet, exercise, and behavioral treatments (recommended for all individuals with BMIs of 25 
and above) (NHLBI, 2000). Foster said that although surgery is the most effective obesity 
treatment, less than 1 percent of individuals eligible for surgery actually undergo surgery. He 
pointed to the Diabetes Prevention Program and Look AHEAD as examples of effective diet, 
exercise, and behavioral modification (or “lifestyle intervention”) programs.

8  Several studies have shown that providing patients with 
portion-controlled meals is a more effective weight loss strategy than telling 
patients to maintain a restricted-energy diet by keeping track of calories. 
Ditschuneit and colleagues (1999) reported significantly greater weight loss 
among individuals who ate four portion-controlled meal or snack replace
ments daily, compared to individuals on an energy-restricted diet with 
conventional foods (with both diets totaling 1,200–1,500 calories daily). 

8
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The individuals were placed on their respective diets for three months and 
then placed on the same weight maintenance diet (energy restricted with 
two portion-controlled meals or snacks daily) for 24 months. Total weight 
loss over the entire 27 months, as a percentage of initial weight, was 5.9 
kg for the energy-restricted group and 11.3 kg for the portion-controlled 
group. Similar results were observed in a four-year study comparing energy 
restriction and portion control (Flechtner-Mors et al., 2000). Finally, a 
meta-analysis of reduced-calorie diets versus partial meal replacement 
diets concluded that partial meal replacement diets resulted in signifi
cantly greater mean weight loss over both 3-month and 12-month periods 
(Heymsfield et al., 2003). 

Foster opined that part of the reason portion control works is its sim
plicity. The mountain of evidence and advice on how to eat is overwhelm
ing. By cultivating a “one-and-done” way of thinking, portion-controlled 
meals with fixed calorie amounts reduce much of the cognitive burden that 
is often placed on patients in nutrition-based obesity treatment programs. 
People do not need to weigh, measure, or calculate calories, fat, or any 
other component of what they are eating because that information is read
ily available on the package. Fixed-portion meals also reduce contact with 
“problem” food and are convenient to use because of their ready-to-eat 
nature. Portion control as a potentially effective target for intervention was 
revisited several times during the course of the workshop. 

Snacking Behavior Among Adolescents 

According to USDA data, snacking behavior among adolescents 
(12–19 years old) has changed dramatically over the past 30 years (ARS, 
2010a; Hiza and Bente, 2007). In 1977, 40 percent of adolescents were 
not consuming any snacks at all. By 2005–2006, that figure had decreased 
by more than 50 percent, with only less than 20 percent of adolescents not 
consuming any snacks. Conversely, the percentage of adolescents consum
ing two or more snacks a day increased. About 15–17 percent of adolescents 
consumed two snacks a day in 1977, compared to nearly 30 percent in 
2005–2006, and about 5 percent of adolescents consumed three snacks a 
day in 1977, compared to about 17 percent in 2005–2006. Not only has 
snacking frequency increased, but adolescents are also obtaining a greater 
percentage of their daily nutrients from snacks than they did in the past. 
In 1977–1978, adolescents obtained 14 percent of their daily nutrients 
(300 calories) from snacks, compared to 23 percent (a little more than 500 
calories) in 2005–2006. In sum, Foster explained, adolescents are snacking 
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* indicates a statistically significant trend. 

more frequently and obtaining more absolute calories and a greater percent
9

 According to a recent study by Piernas and colleagues (2010b) on snacking trends from 
1977–2006 among U.S. children, the largest increases in consumption have been in salty 
snacks and candy. The primary contributors of snacking calories are desserts and sweetened 
beverages. 

age of their daily calories from snacks. 
Foster remarked that increases in snacking frequency and snacking-

related energy intake do not reveal much about obesity unless they are 
associated with increases in total energy intake. If adolescents are simply 
distributing the same number of calories throughout the day in the form of 
snacks instead of meals, an increase in snacking frequency would not have 
an impact on obesity, but this is not the case. The same USDA data indicate 
that adolescents who consume more snacks also have higher total energy 

10

 Although the data indicate no significant variation in mean BMI among adolescents 
who snack more or less frequently, or not at all, Foster suggested that the self-reported 
nature of the data could be creating a bias in the results; the stigma of being obese may have 
prevented obese adolescents from being forthright about the number of times they snack.

intakes (Figure 4).  Although adolescents comprise only a small proportion 
of the population, these data point to snacking as another potential target 
for intervention. 

FIGURE 4 Mean calorie intake by snacking frequency, adolescents aged 12–19, 
2005–2006. 

SOURCE: ARS, 2010a. 

Food Consumption Outside the Home 

Foster observed that often when people think about the products 
that the food industry manufactures they have in mind foods that are 
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being purchased in grocery stores and consumed in the home. In fact, 
a significant portion of the food supply is consumed outside the home. 
Kant and Graubard (2004) reported that the percentage of adults not eat
ing out decreased from 28 percent in 1987 to 24 percent in 1999–2000 
(p < 0.0001). Not only are more people eating outside the home, but also 
they are eating outside the home more frequently. Kant and colleagues 
(2004) also reported that the percentage of adults eating three or more 
meals per week outside the home increased from 36 percent in 1987 to 41 
percent in 1999–2000 (p < 0.0005). Even more compelling, Foster noted, 
are data showing that restaurant sales increased from $42.8 billion in 1970 
to a forecasted $580.1 billion in 2010 (National Restaurant Association, 
2010). Foster remarked that while these data do not in any way point to eat
ing outside the home as the primary driver of the obesity crisis in America, 
they do suggest that commercially prepared meals that are eaten outside the 
home serve as another potential target for intervention. 

IDENTIFICATION OF TARGETS FOR INTERVENTION: 
EVIDENCE FROM BEHAVIOR STUDIES 

Individuals make 200 to 300 food-related decisions a day (Wansink 
and Sobal, 2007). Multiple factors come into play when these decisions 
are made, creating several behavioral challenges for food scientists to tease 
apart when innovating technologies for the purpose of obesity prevention 
and reduction. This section summarizes the workshop presentations and 
discussions that revolved around those behavioral challenges, with a focus 
on portion size (and the challenge of moving the public toward eating 
more healthful portions); energy density (and the challenge of providing 
the public with less energy dense foods that taste as good or better than 
their counterparts); satiety (and the challenge of providing consumers 
with less energy dense foods that satisfy the appetite as much as their 
more energy dense counterparts do); and consumer perception of labels 
and pricing (and the challenge of providing the food industry with incen
tives to develop innovative technologies when faced with unpredictable 
consumer response). 

As much progress as behavioral scientists have made over the past 
10–20 years toward building an evidence base for understanding what 
drives energy imbalance in overweight and obese individuals, there is still 
a great deal to learn. Richard Mattes, distinguished professor at Purdue 
University, argued that it is not even clear, at a fundamental level, whether 
eating is controlled by an internal biological system (i.e., homeostatically) 
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or by external environmental factors (i.e., non-homeostatically), or both. 
This section begins with a summary of Mattes’ reflections on regulation of 
eating behavior—what is known and what is not known—and implications 
for intervention. Understanding what drives dysfunctional energy balance 
is critical to developing effective strategies to prevent or reduce overweight 
and obesity. 

Regulation of Eating Behavior: Theoretical Considerations 

Mattes proposed four theoretical scenarios, or hypotheses, to explain 
why people are consuming more energy than they are expending. He 
then suggested the potential target of intervention for each theoretical 
scenario: 

1. Eating is regulated through external environmental (non-homeostatic) 
factors, with meal patterning (e.g., how frequently and when people 
eat) being the most appropriate target of intervention. Obesity is not a 
new problem. There are data indicating that body mass index (BMI) 
has been steadily increasing in a French cohort for about 300 years 
(Fogel, 1994); in U.S. artisans, laborers, farmers, and proprietors 
since the mid-1800s (Costa and Steckel, 1997); and in Danish chil
dren born between 1930 and 1980 (Bua et al., 2007). According to 
Mattes, these and similar historic trends suggest that weight stabil
ity may be neither common, necessary, nor desirable for optimal 
health and longevity (Dugdale and Payne, 1987). Instead, eating 
behavior may be guided primarily through external environmental 
mechanisms, with the amount of food being eaten having less to do 
with short-term bodily energy requirements and more to do with 
altered eating patterns. Indeed, accumulating evidence suggests that 
eating patterns, such as holiday eating, can play a significant role in 
cumulative weight gain (Yanovski et al., 2000). Mattes stated that if 
this is the case—that is, if overeating is regulated through external 
environmental mechanisms—then meal patterns would be the most 
appropriate target for intervention (e.g., how frequently people eat, 
when they eat). 

2. Eating is regulated through a functional internal (homeostatic) control 
mechanism, with accessibility to food being the most appropriate target 
for intervention. If, on the other hand, eating behavior is internal and 
functioning appropriately under evolutionary precedent, Mattes 
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stated that it would make more sense to target food accessibility (i.e., 
access to a superabundant food supply, not access to nutritious and 
affordable foods). In traditional agricultural populations, cyclical 
patterns in weight gain and loss are clearly documented that offset 
each other, leading to stable body weight over the long term. For 
example, Prentice and Jebb (2004) reported a cyclical pattern in 
Gambian women, with annual cycles of weight loss and regain; the 
severity of weight loss depended on the adequacy of the previous 
year’s harvest. Over time, the women maintained stable weights. 
As another example, Corvalan and colleagues (2008) showed sig
nificant seasonal fluctuations in obesity among children (i.e., higher 
during fall and winter than spring and summer). Again, weight 
status remained the same over time. These cyclical patterns suggest 
that there is a functional role for eating in excess of need for a period 
of time because this would provide an energy reserve when external 
energy resources may be scarce. If this is true, Mattes remarked, the 
reason we have an obesity epidemic is that excess intake has not 
been balanced by an externally imposed food restriction (e.g., food 
shortage, famine). If this is the case, then according to Mattes, food 
accessibility (again, access to overconsumption, not access to nutri
tious and affordable foods) would be the most appropriate target for 
intervention. 

3. Eating is regulated through a dysfunctional internal control mechanism, 
with diet and lifestyle being the most appropriate target for intervention. 
Alternatively, eating behavior could be internally regulated but with 
something having become dysfunctional in the United States in the 
1970s such that people’s internal biological systems are no longer 
sensitive enough to monitor, or strong enough to modify, energy 
intake in order to achieve energy balance. For example, perhaps 
changes in the proportion of energy from different macronutrients 
or food sources (e.g., beverages vs. solid foods) or decreases in daily 
energy expenditure have altered the functionality of regulatory sys
tems for energy balance. Regarding the latter, studies have shown 
that exercise is an effective way to control appetite. Racette and 
colleagues (1995) reported that individuals who exercised demon
strated better compliance to an energy-restricted diet and took in 
less excess energy than individuals who did not exercise. If this is the 
case—that is, if a dysfunctional internal biological regulatory system 
is driving the current obesity epidemic in the United States—then 
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according to Mattes, the most appropriate target for intervention 
would be diet and lifestyle. 

4. Eating is regulated through both internal and external mechanisms, 
with palatability being the most appropriate target for intervention. A 
fourth scenario and one receiving considerable attention in the cur
rent scientific literature (Zheng et al., 2009) is that eating behavior 
is regulated by both internal and external systems. That is, appetite is 
internally controlled, but the body’s reward (hedonic) system is not; 
foods available today are so palatable that the positive feedback indi
viduals receive from eating those foods overwhelms any biologically 
based appetite control. According to Mattes, if this is the case, then 
palatability would be the most appropriate target for intervention. 

Mattes remarked that it is not clear which of these four theoretical eat
ing regulation scenarios most accurately explains what is driving the current 
obesity epidemic in the United States. Thus, it is not clear where interven
tions to reduce obesity should be targeted—meal patterning, accessibility, 
diet and lifestyle, or palatability. In Mattes’ opinion, until such clarity is 
reached, it is difficult to know how best to intervene to effectively stop 
the spread of the obesity epidemic in the United States. Moreover, Mattes 
argued that fixing the magnitude of overconsumption that is driving the 
increase in overweight and obesity prevalence in the United States will 
require more than minor interventions. He pointed out the logical error in 
the often-cited example where a 10-calorie daily increase in energy intake 
over a five-year period should lead to a weight gain of 2.37 kg (Veerman 
et al., 2007). This would hold only if 10 calories more than needed was 
consumed every day, not just a fixed 10-calorie increment relative to the 
first day of the theoretical experiment. Thus, as weight is gained, the incre
ment would continually rise and after five years, the required increase in 
energy intake to maintain body weight would be substantive. Note that the 
population is consuming several hundred calories more daily compared to 
the late 1970s, not 10 calories more. Small increments in energy will lead 
to small increases in body weight (other factors being held constant), and 
small decreases in energy intake will lead to small reductions of body weight 
before a new plateau is reached. Incremental reductions of energy intake 
may be a useful approach for some individuals, but to achieve marked 
weight reduction will require multiple successive adjustments. 

Although there may be no “best” intervention, this does not mean that 
there are no known effective interventions to reduce overeating. As already 



 

 

 

 
 

 

 

 

15 WORKSHOP SUMMARY 

mentioned, in Foster’s opinion, one of the most promising obesity treat
ments is portion control, based on available evidence comparing portion 
control to other diet plans. As discussed in a later section of this report, 
Al Bolles, executive vice president of research, quality, and innovation at 
ConAgra Foods, effectively concurred, arguing that ready-to-eat, frozen, 
portion-controlled meals in particular are an underutilized resource in 
obesity reduction and prevention efforts. The remainder of this section 
explores the behavioral science evidence base from which these and similar 
claims are drawn. 

Portion Size, Energy Intake, and Obesity 

Fisher reviewed evidence on the relationship between portion size, 
energy intake, and overweight and obesity; identified major challenges to 
reversing the recent trend in increasing portion size; and suggested poten
tial solutions to “normalizing” portion sizes in a way that promotes more 
healthful eating. This section summarizes Fisher’s presentation and the 
discussion that followed. 

Trends in Portion Size 

Fisher reiterated what Foster had mentioned in his keynote 
presentation—that Americans have been consuming increasingly larger 
portions over the past several decades, with the introduction of larger por
tions into the marketplace coinciding with increases in overweight and 
obesity in the United States (Young and Nestle, 2002, 2007). Portion size 
increases have been observed over a range of food types, particularly bever
ages, and portion size increases have been observed both inside and outside 
the home (Nielsen and Popkin, 2003) and among both children and adults 
(Popkin and Duffey, 2010). Moreover, people are eating larger portions 
more frequently, and snacking has increased in recent decades with increases 
seen in both grams and calories per snacking occasion (Piernas and Popkin, 
2010a,b). 

Relationship Between Portion Size and Energy Intake 

Most of the research on the effects of portion size on energy intake has 
been conducted only since the early 2000s. Fisher highlighted the most 
salient evidence, with studies on both amorphous and unit foods (i.e., 
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foods with distinct shapes) showing a strong association between increasing 
portion size and increasing energy intake among both adults and children. 
For example, in a study of 51 adults who were served a range of amorphous 
portion sizes of macaroni and cheese (500–1,000 g), Rolls and colleagues 
(2002) demonstrated a 30 percent increase in energy intake (cal/g) from the 
smallest to the largest portion sizes, with no observed differences in hunger 
or fullness. The same is true of children, with studies showing that food 
intake increases by about 25–60 percent, depending on the study, when 
children are served larger portions (2–2.5 times larger) of macaroni and 
cheese; energy intake of other foods served alongside the larger portions 
does not compensate for the extra energy intake associated with the larger 
portions, leading to an overall increased energy intake of 13–39 percent, 
again depending on the study (Fisher, 2007; Fisher et al., 2003, 2007c; 
Rolls et al., 2000). 

The effect of portion size on energy intake is independent of the effects 
of energy density on energy intake, in both adults and children, with the 
effects of portion size exacerbated when the foods are energy dense. For 
example, Fisher and colleagues (2007c) reported that serving children larger 
portion sizes of macaroni and cheese (within the 250–500 g range) led to a 
30 percent increase in energy or calorie intake on average; serving portions 
with increased energy density (within the 1.3 to 1.8 cal/g range) led to a 
40 percent increase in energy intake; and serving larger portions of more 
energy dense macaroni and cheese led to a 75 percent increase in energy 
intake from the entrée. Again, the children did not compensate for their 
increased energy intake of macaroni and cheese with other foods served as 
part of the same meal, leading to an overall increased energy intake of about 
30 percent on average. 

Similar effects have been seen when either adults or children are served 
larger portions of unit foods (Fisher et al., 2007c; Geier et al., 2006; Rolls 
et al., 2004a,c), beverages (Flood et al., 2006; Rolls et al., 2007), snacks 
(Raynor and Wing, 2007; Rolls et al., 2004a; Wansink and Kim, 2005; 
Wansink et al., 2006), and fruits and vegetables (Kral et al., 2010; Mathias 
et al., 2009; Rolls et al., 2004b, 2010). 

These data raise the question: Why do people eat more food when 
served larger portions? Fisher observed that the answer is unclear. Data 
have shown that among both children and adults, large portions lead to 
larger bite sizes (Fisher, 2007; Fisher et al., 2003). Bite size even increases 
when participants are blindfolded during eating, provided the participants 
are allowed to see the meal portions before the blindfold is put in place. In 
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a study of 30 adults, 14 of whom were overweight, Burger and colleagues 
(2011) reported that bite size increased by 2.4 g per bite—a small but sig
nificant amount—when the participants were blindfolded and served larger 
portions of macaroni and cheese (820 g compared to 410 g). Bite size and 
energy intake similarly increased when participants were allowed to view 
the food while eating. A study with children yielded similar findings: when 
served larger portions, the children took larger spoonfuls of food (Mathias 
et al., 2009). Fisher explained that although it is difficult to fully interpret 
the findings, given that adults normally do not eat when blindfolded, these 
data suggest that visual cues may trigger the increase in bite size. However, 
it is still unclear which particular visual elements impact behavior. 

Although most of the portion size studies over the past 10 years 
have been laboratory studies, data collected in more naturalistic settings 
(e.g., child care setting, movie theater) show the same effects, with some 
research indicating an even greater magnitude outside of controlled settings 
(Diliberti et al., 2004; Fisher et al., 2003; Wansink, 2004; Wansink and 
Kim, 2005). 

Long-Term Effects of Portion Size on Energy Intake and Weight Status 

A recurring theme throughout the course of the two-day workshop was 
the need for more long-term studies on the effects of various eating behav
iors and interventions targeting those behaviors in terms of cumulative 
energy intake and, more importantly, weight status. Regarding cumulative 
energy intake, Fisher noted that one of the longest studies conducted to 
date examining the impact of portion size on energy intake was an 11-day 
crossover study showing that the effect of portion size on energy intake was 
sustained over the entire study period (Figure 5), with adults served 150 
percent portion sizes daily demonstrating a significantly greater cumulative 
energy intake (4,928 calories) compared to the same adult participants 
when they were served 100 percent portions daily (Rolls et al., 2007). The 
4,928 calories hypothetically translates into a weight gain of about 1.25 
pounds. 

A handful of cross-sectional studies have evaluated associations between 
portion sizes consumed and actual weight status (Burger et al., 2007), but it 
is unclear whether trends in increasing portion size are contributing to the 
increasing prevalence of overweight and obesity in the United States. For 
example, in one of the largest studies on the association between portion 
and weight status, involving 3,610 Swedish adults, participants were asked 
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to identify what they considered to be a typical portion size from a set of 
nine different sizes (Berg et al., 2009). The researchers observed a 13 percent 
increased risk of obesity for each increase in typical portion size—that is, 
participants who perceived increasingly larger portion sizes as being typical 
were increasingly more likely to be obese. Fisher emphasized that these and 
similar data are associational only, with no clarity around whether there is 
any causal relationship. Additionally, if there is direct causation, it is unclear 
which factor is driving the other—that is, whether larger individuals are 
drawn to larger portion sizes or larger portions are driving weight gain. The 
same is true of children. Although data show that heavier toddlers consume 
larger portions, the relationship is associational only (McConahy et al., 
2002). Most experimental studies of child and adult portion sizes have not 
found evidence of an association between the susceptibility to overconsume 
large portions and weight status (Fisher, 2007; Fisher et al., 2007a,b,c; 
Flood et al., 2006; Rolls et al., 2000, 2004c, 2006a,b, 2007). These studies 
suggest that the intake-promoting effects of large portions are not specific 
to overweight individuals. 

FIGURE 5 Mean cumulative energy intake for 10 women and 13 men served baseline 

portions (100 percent) and large portions (150 percent) of all foods over 11 days. Serving
 
large portion sizes led to a significant increase in cumulative energy intake (p < 0.0001) 

for both sexes.
 
SOURCE: Fisher presentation (November 2, 2010); data adapted from Rolls et al., 

2007.
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Opportunities to Reverse the Negative Effect of Increasing Portion Sizes 

Given that portion sizes are increasing and that increased portion 
sizes are associated with increased energy intake, the question becomes: 
How can the trend in increasing portion size be reversed? Steenhuis and 
Vermeer (2009) identified seven ways that technology can potentially be 
used to reverse the negative influence of increasing portion size: (1) improve 
front-of-package labeling; (2) improve point-of-purchase labeling; (3) use 
proportional pricing; (4) reduce energy density; (5) offer a wider range of 
sizes; (6) decrease portion sizes; and (7) use portion-controlled packaging. 
Fisher elaborated on three of these strategies (1, 2, and 7). 

Fisher remarked that there are a number of opportunities to improve 
front-of-package labeling such that the labels provide consumers with 
clearer guidance on portion size, including both calories per serving and 
servings per package (Kessler et al., 2003; Lupton et al., 2010). Likewise, 
point-of-purchase labeling, such as menu labeling in restaurants, is another 
area in which portion size information could be communicated to consum
ers in a useful way. The question is: What is useful? According to Fisher, 
part of the challenge with providing serving size information on labels is 
the lack of a standard definition of serving size (Ball and Friedman, 2010). 
Many adults generally have a difficult time estimating portion size based 
on the numerical information provided. The requirement for abstract rea
soning can be difficult for low-literacy populations in particular (Jae and 
Delvecchio, 2004). Fisher opined that it would be helpful to move away 
from numbers and toward visual cues that help consumers see how large 
a portion size is on a plate and in a package to be able to clearly delineate 
portion size with minimal cognition. Studies have shown that portion size 
aids (e.g., communicating to consumers that a portion of meat is similar 
in size to a deck of cards) can improve estimation (Byrd-Bredbenner and 
Schwartz, 2004). 

With respect to leveraging technology to provide portion-controlled 
packaging, single-serving portion-controlled foods have been shown to aid 
in weight loss (Hannum et al., 2004; Jeffery et al., 1993), with 100-calorie 
snack packs reducing daily energy intake among frequent snackers (Raynor 
et al., 2009). Other types of unit reductions include separating multiple 
servings into single-serve packages (Vermeer et al., 2010a) and reducing 
the size of unit foods (Geier et al., 2006). Fisher also pointed to the work 
of Brian Wansink (Bruton et al., 2010) and her own work on children’s 
eating behavior showing that the size of eating implements can influence 
the amount of food requested and consumed by young children as well as 
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the amount adults serve to themselves. Smaller bowls and dishes may, there
fore, help consumers select smaller portions in situations where portion-
controlled packaging is not an option, such as when families are eating at 
home (Wansink et al., 2006, 2008). 

As far as which of the seven technology-based intervention strategies 
identified by Steenhuis and Vermeer (2009) are most likely to be effective in 
“real-world” settings, data on merchant and consumer perspectives indicate 
that of the seven technology opportunities identified above, only improved 
labeling and reduced energy density are viewed as win-win strategies (i.e., 
win-win for both merchants and consumers) (Vermeer et al., 2009, 2010b). 
Improved labeling is viewed by merchants as a way to provide valuable 
information, despite difficulties with definitions, and is viewed by consum
ers as a way to obtain readable, visible information. Reduced energy density 
is viewed by both merchants and consumers as a potential strategy for 
addressing price value issues. The other strategies are viewed as potentially 
not being as helpful. For example, simply reducing portion size is viewed as 
patronizing and freedom-limiting. 

However, implementing even the interventions considered most desir
able from both a consumer and a merchant perspective in a way that results 
in positive change will not be an easy task. Fisher described four major 
challenges to reducing portion size: 

1. Portion size norms are inflated. In a survey of 300 chefs, while 76 
percent surveyed said that they served “regular” portions, in actual
ity 83 percent served portion sizes exceeding the USDA standard 
(Condrasky et al., 2007). Interestingly, Fisher said, the larger por
tions were more likely to be served by younger chefs (under the age 
of 51 years), with 90 percent of chefs aged 50 or younger serving 
portions that exceeded the USDA standard. Fisher remarked that 
these findings are consistent with other findings showing genera
tional shifts in perception of overweight status, with younger indi
viduals less likely to perceive themselves as overweight (Burke et al., 
2010). 

3. Consumer information on portion size is difficult to understand. The 
most recently available NHANES data (2005–2006) show that only 
47.2 percent of Americans use serving size information on labels 
(Ollberding et al., 2010), with those using the information consum
ing less energy, sugar, and fat. A significant portion of the popula
tion has difficulty interpreting consumer information on portion 
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size (Rothman et al., 2006). Although individuals with low literacy 
or numeracy appear to have the most trouble, even individuals with 
higher literacy or numeracy sometimes find the information difficult 
to interpret. Anecdotally, Fisher remarked that about 19 percent of 
students failed to correctly answer test questions on portion and 
serving size in one of her university courses. 

4. Asking consumers to exert self-control is not enough. Along the lines of 
the fourth hypothesis that Mattes put forth during his presentation 
to explain the current dysregulation of energy balance that seems to 
be driving the increasing prevalence of obesity in the United States 
(see discussion in preceding section of this report), Fisher remarked 
that humans have a relatively weak defense against energy surfeit. 
Accumulating evidence suggests that environmental cues (e.g., 
portion size, dishware size) can overwhelm the internal biological 
signals that indicate nutrient sufficiency (Lowe, 2003; Zheng et 
al., 2009). Given that this may be the case—environmental cues 
may overwhelm internal hunger or satiety signals—an audience 
member questioned whether an intuitive eating approach to weight 
loss, whereby individuals are taught to use hunger and full signals 
to guide them in consuming the appropriate amounts of food, 
is therefore an ineffective strategy. Mattes replied that relying on 
these internal signals is probably the worst way to regulate energy 
intake; the data show that if food is available and palatable, people 
will eat more of it than they should based on their energy needs. 
Barbara Rolls, professor and chair of the nutrition department at 
the Pennsylvania State University, added that there has been limited 
research to evaluate whether children can be taught to be more in 
tune with their satiety cues but that similar studies have not been 
conducted in adults and more data have to be collected before it can 
be determined whether the intuitive eating approach is effective or 
not (Johnson, 2000). 

Energy Density, Energy Intake, and Obesity 

Although portion size clearly has a powerful effect on energy intake, 
Rolls put forth the argument that energy density has an even greater 
effect. In fact, several recent U.S. policy documents, such as the Report 
of the Dietary Guidelines Advisory Committee on the Dietary Guidelines 
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11for Americans 2010 

 Available online: http://www.cnpp.usda.gov/DGAs2010-DGACReport.htm 
(accessed May 13, 2011).

and The Surgeon General’s Vision for a Healthy and 
12Fit Nation, 

 Available online: http://www.surgeongeneral.gov/library/obesityvision/obesity 
vision2010.pdf (accessed May 13, 2011).

 emphasize the importance of energy density. Additionally, 
the American Institute for Cancer Research, the U.S. Centers for Disease 
Control and Prevention (CDC), and other organizations have published 
materials noting the importance of energy density and its role in weight 
management. Rolls highlighted key evidence serving as the basis for these 
and other policy claims around energy density, and she discussed strategies 
for reducing energy density. This section summarizes her presentation and 
the discussion that followed. 

Effect of Energy Density on Energy Intake 

There are two general approaches to studying the effects of energy den
sity manipulation on energy intake: (1) satiety studies involve giving study 
participants a compulsory first course with a fixed amount of food (the 
“preload”) and then evaluating the impact on subsequent hunger or fullness 
and food intake in the next course (the “test meal”); and (2) satiation stud
ies involve evaluating food intake when participants eat as little or as much 
as they want of the offered foods. Rolls discussed how evidence from both 
types of studies demonstrates that when palatability is controlled, people 
tend to eat a similar weight of food regardless of energy density; therefore, 
when energy density is reduced, for example by incorporating water into 
a food, energy intake decreases. This is true for both children and adults. 

Satiety Studies on the Effect on Energy Intake of Reducing Energy Density 

One of the first studies conducted on the effect of reduced energy den
sity on energy intake involved simply increasing the water content of foods. 
Specifically, Rolls and colleagues (1999) reported that adding water to a 
casserole preload to make a soup significantly reduced energy intake dur
ing a test meal served 17 minutes later. Not only did individuals consume 
fewer calories after eating the soup preload than after the casserole preload, 
but they also consumed fewer calories than when they drank 10 ounces of 
water with their casserole. Rolls explained that it was not just the water that 
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reduced subsequent intake; rather it was the incorporation of water into the 
food that made a difference. 

In addition to water incorporation, another way to reduce energy den
sity is through aeration. Rolls and colleagues (2000) examined the effect of 
aerating the preload on subsequent intake and found that increased aeration 
of blended smoothies (ranging from 300 to 600 mL) was correlated with 
decreased energy intake in the test meal. In a subsequent study, Bell and 
colleagues (2003) compared the effects of volume versus calories in order to 
determine which factor had a greater impact on what is known as sensory-
specific satiety, that is, the termination of a meal as a result of food tasting 
less pleasant as more of it is consumed. When individuals consumed shakes 
that were increased in volume by the incorporation of water (600 mL), they 
reported greater reductions in sensory-specific satiety regardless of energy 
content (either 494 calories or 988 calories) than when they consumed 
smaller-volume shakes (300 mL, 494 calories). In other words, it was the 
larger size of the shake—not its calorie content—that made a difference. 

An audience member asked about the role of aeration in decreasing the 
energy density of snacks in particular. Rolls reiterated that several studies 
with different types of snacks, such as cheese puffs, have shown that aeration 
leads to lower energy intake. Consumers often adjust their intake somewhat 
to make up for the aeration but not to a point where they are consuming 
the same number of calories. However, there are not enough long-term 
data indicating whether increasing the volume of snacks or any other 
foods via aeration has any effect on body weight. Mattes added that when 
manipulating for volume, there may be a potential benefit to simultaneously 
manipulating foods in ways that affect gastric distention. Otherwise, what 
looks big on the plate is not so big after it is swallowed. He speculated that 
if the cognitive response to a larger volume of food could be coupled with 
the biological volume detector in the body, the effect on energy intake (and 
possibly long-term body weight) might be more pronounced. 

To gain a better understanding of how reductions in energy density 
impact energy intake in typical eating situations, Rolls and colleagues 
(2004b) examined the combined effect of reducing energy density and 
decreasing portion size by serving a salad preload in three different energy 
densities (0.33 cal/g, 0.67 cal/g, 1.33 cal/g) and two different portion sizes 
(150 g, or about 1.5 cups; 300 g, or about 3 cups). All combinations of 
energy density and portion size were tested, enabling the researchers to 
examine the effect of salads that were sized differently but had the same 
number of calories (i.e., a 100-calorie, 150 g salad vs. a 100-calorie, 300 g 
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salad; a 200-calorie, 150 g salad vs. a 200-calorie, 300 g salad). The salad 
conditions were compared to a condition in which no salad was served 
before the test meal. The researchers found that energy intake was influ
enced by both energy density and portion size, with the greatest reduction 
in intake observed when individuals ate the large low-energy-dense salad 
(300 g, 0.33 cal/g); they consumed 12 percent fewer calories at the meal 
than when they ate no salad (p < 0.001). So bigger can be better, Rolls 
said, with consumption of a large portion of a low-energy-dense food (e.g., 
a salad or soup) at the beginning of a meal reducing overall meal energy 
intake. Eating a high-energy-dense salad as a first course, on the other 
hand, can backfire as an energy intake reduction strategy. When people ate 
high-energy-dense salads, regardless of size (i.e., either 150 or 300 g salads 
at 1.33 cal/g), they consumed significantly more calories overall than when 
they ate no salad with the meal (p < 0.05 for the 150 g salad, p < 0.0001 for 
the 300 g salad). So large portion sizes alone are not the problem; rather, 
large portions of high-energy-dense foods are the problem. Rolls observed 
that although the implications of this finding for weight loss are unknown, 
the use of large, low-energy-dense salads as a first course is being used as a 
calorie reduction strategy in weight loss clinics nationwide and is reportedly 
going very well (i.e., according to anecdotal reports). 

Satiation Studies on the Effect on Energy Intake of Reducing Energy Density 

Unlike satiety studies, which involve serving a preload and then assess
ing the effect of the preload on fullness and intake during a subsequent 
course, satiation studies involve serving test foods and letting people eat 
as much or as little as they like and then evaluating energy intake. Rolls 
observed that satiation studies are more difficult to conduct than satiety 
studies because of the necessity of ensuring that foods in different experi
mental conditions are matched in terms of taste so that differences in palat
ability do not confound the results. One of the first satiation studies on the 
effect of reduced energy density on energy intake involved serving meals 
with varied energy densities but with the same macronutrient composition 
(Bell et al., 1998). The researchers reported that increasing the proportion 
of water-rich vegetables led to a reduction in energy density and that adults 
ate significantly fewer calories when energy density was reduced, with about 
a 25 percent difference in energy intake between the low- and high-energy
density groups after two days. There were no reported differences in hunger 
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or fullness ratings and no evidence of compensation for the reduction in 
energy intake by an increase in food intake. 

Curious about whether the same is true of children, particularly 
because children are thought to compensate more than adults do, Leahy 
and colleagues (2008) conducted a similar two-day study in 3- to 5-year- 
olds involving two different levels of energy density at test meals. However, 
unlike studies in adults, where all meals were manipulated, the researchers 
manipulated only breakfast, lunch, and daytime snack (i.e., leaving din
ner and evening snack unmanipulated). They reduced the energy density 
in several ways, such as increasing the proportion of fruits and vegetables 
(e.g., pureeing vegetables into the pasta sauce), reducing fat, and reducing 
sugar. The researchers found that reducing energy density did not affect the 
weight of the food consumed over the course of the two days, which meant 
that the children were not compensating for the reduced energy intake, 
and that reducing energy density significantly reduced energy intake by 
14 percent (389 calories) by the end of the two days. Although it remains 
unclear whether this effect would be sustained over a longer period of time, 
these findings nonetheless suggest to Rolls that reducing energy density in 
foods served to children is a potentially very powerful way to reduce energy 
intake. The challenge, she said, is to reach those children who need this type 
of intervention the most. 

Satiation studies have also been used to examine the combined effect of 
energy density and portion size. Rolls and colleagues (2006b) examined the 
effects of 25 percent reductions in either energy density and/or portion size 
over the course of two days, with the energy content of all meals exceeding 
the energy requirements of the subjects (so participants were not limited 
in the amount of food that they could consume) (Figure 6). Subjects were 
tested in all four conditions (i.e., no change in either energy density or 
portion size; reduced energy density; reduced portion size; reduced energy 
density and reduced portion size). Energy density was reduced in several 
ways—for example, by incorporating vegetables into mixed dishes, using 
less cheese on pizza or reducing the fat content of the cheese, reducing the 
fat content of salad dressing, and using fruit puree instead of fat in baked 
goods. The researchers reported that reducing energy density by 25 percent 
led to a 24 percent reduction in energy intake; reducing portion size by 25 
percent led to a 10 percent decrease in energy intake; and reducing both 
energy density and portion size by 25 percent led to a 32 percent reduction 
in energy intake. So energy density and portion size each independently 
reduced energy intake, with energy density reduction having the greater 
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effect (e.g., serving smaller portions of high-energy-dense food resulted 
in greater energy intake than serving larger portions of low-energy-dense 
food). Based on this evidence, Rolls suggested that strategies to reduce 
energy intake can use energy density and portion size interventions in 
combination or separately, depending on the food product. 

FIGURE 6 Effects of energy density (ED) and portion size on energy intake as measured 
over two days. Both ED and portion size affected energy intake, with ED having the 
greater effect. At the end of the two days, mean energy intake differed by as much as 
1,600 calories between conditions. 
SOURCE: Rolls et al., 2006b. 

Given that reducing energy density has a clear and sustained effect on 
short-term energy intake, the question becomes: What is the long-term 
effect on weight status? Does reducing energy density, by way of reducing 
energy intake, lead to weight loss? Rolls noted that clinical trials have dem
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onstrated that reductions in energy density were associated with weight loss 
and maintenance (Ello-Martin et al., 2007; Rolls et al., 2005) and that lon
gitudinal studies have shown associations between increased energy density 
and greater weight gain over 10-year periods (Bes-Rastrollo et al., 2008). 
Additionally, self-reported data from population-based studies indicate that 
normal-weight children and adults consume lower-energy-density diets 
(Johnson et al., 2008a,b; McCaffrey et al., 2008) than obese individuals do 
and that lower-energy-density diets tend to be higher in nutrient density 
(Ledikwe et al., 2006). 

Strategies for Reducing Energy Intake by Reducing Energy Density 

Although there are several ways to reduce the energy density of 
foods, Rolls remarked that increasing water content—for example, by 
increasing the proportion of fruits and vegetables—has demonstrated the 
greatest effect. Recent studies from Rolls’ research group have shown that 
vegetables can be hidden in many different types of foods, from carrot 
bread to macaroni and cheese to chicken rice casserole, as a way to reduce 
energy density while maintaining palatability (Blatt et al., 2011). In fact, 
both adults and children (3- to 5-year olds) demonstrated a preference for 
vegetable-enhanced baked goods. In adults, reducing the energy density of 
main dishes by 15 percent (relative to standard versions) decreased daily 
energy intake by 6 percent, and reducing the energy density by 25 percent 
decreased energy intake by 11 percent. Food intake by weight was the same 
across all conditions, indicating no evidence of compensation. Vegetable-
enhanced entrees did not affect the intake of vegetable side dishes; overall 
vegetable intake increased 49 percent when adults were served main dishes 
with the 15 percent reduction in energy density and 80 percent when adults 
were served main dishes with the 25 percent reduction. 

Other ways to reduce energy density include increasing volume via 
aeration, as was done in some of the satiety studies, and decreasing fat con
tent, as was done in some of the satiation studies. As summarized in a later 
section, Mohan Rao, research and development (R&D) senior director at 
Frito-Lay, and Elaine Champagne, ARS Food Processing & Sensory Quality 
research leader, discussed several innovative fat-reducing technologies (e.g., 
baking, using rice batter instead of wheat batter for frying) and fat-replacing 
technologies (e.g., replacing fat with fiber) that have been developed or are 
currently in development. 
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Food Properties, Satiety, and Energy Intake 

Although high protein content, glycemic index, and certain other food 
13properties can reduce energy intake by increasing satiety

  Satiety is the feeling of fullness upon eating. In addition to the various food properties 
examined here, other factors that contribute to satiety include behavior (e.g., eating patterns, 
including frequency, size, and timing of meals; exercise) and physiology (e.g., volume and 
nutrient detectors in the stomach; metabolic signaling in the peripheral tissues). 

,  speaker Mattes 
argued that the effects are unpredictable and likely to be only modest at 
best. He reviewed evidence on the association between four food proper
ties (high protein content, glycemic index, high fiber content, food form), 
satiety, and energy intake. This section summarizes Mattes’ presentation 
and the discussion that followed. 

Effect of a High-Protein Diet on Satiety and Energy Balance 

Despite popular claims that protein has a disproportionate influence 
on satiety compared to other macronutrients, Mattes said that the evidence 
is mixed. Mattes questioned conclusions by Gardner and colleagues (2007) 
that the greater weight loss associated with the high-protein Atkins diet, 
compared to non-high-protein diets, was a result of the greater satiety value 
of the higher protein content of the Atkins diet. Mattes argued that the only 
way that the Gardner and colleagues (2007) satiety claim can be true is if 
participants on the high-protein diet actually reduced their energy intake. 
However, the data indicate otherwise, that is, no significant difference in 
energy intake between the high-protein diet and the other diet groups. 
Although there are published data indicating an effect of protein on satiety, 
with a higher-protein diet leaving people feeling especially full and some 
evidence of lower energy consumption with higher-protein diets, a number 
of studies have shown either that protein has no effect on satiety or energy 
intake, that protein has an effect on satiety but no effect on energy intake, 
or that it has an effect on energy intake but no effect on satiety (Eisenstein 
et al., 2002). According to Mattes, most of the studies that do show a clear 
relationship between protein, satiety, and energy intake are very short term 
studies. Most of the long-term studies show a less robust effect or no effect. 
More recently than the review by Eisenstein and colleagues (2002), Gately 
and colleagues (2007) reported that serving children attending a summer 
camp either a high-protein diet or a normal-protein diet resulted in no dif
ference in either satiety or energy intake. 

13 
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Why is the relationship between high protein content, satiety, and 
energy balance so unclear? One plausible explanation, according to Mattes, 
is that the vehicle for conveying the protein may be playing a role. When 
the same studies reviewed in Eisenstein et al. (2002) are categorized by food 
type, those involving proteins embedded in solid foods show much stronger 
associations between protein, increased satiety, and reduced energy intake 
compared to studies involving proteins embedded in beverages. It is not 
clear why. Although it has been argued that the weak associations in bever
ages are likely due to the fact that only so much protein can be put into a 
beverage, Mattes observed that beverages can in fact have substantial protein 
loads and that consumption of high-protein beverages may not moderate 
energy intake. Rumpler and colleagues (2006) compared high-protein 
beverages (40 g protein per 750 g), high-carbohydrate beverages (113 g 
carbohydrates per 750 g), and high-fat beverages (50 g fat per 750 g) and 
found that the average energy intake associated with drinking high-protein 
beverages over an eight-week period increased over time. 

Another plausible explanation for the mixed evidence on the relation
ship between high protein content, satiety, and energy balance is that the 
source of the protein makes a difference. For instance, Hall and colleagues 
(2003) found that whey protein increased satiety and decreased appetite 
more than equal amounts of casein. However, Lang and colleagues (1998) 
reported no significantly different satiety ratings or energy intakes among 
different protein sources (i.e., egg protein, casein, gelatin, soy protein, pea 
protein, wheat protein). Bowen and colleagues (2006) also found that 
although the two milk proteins—casein and whey—were observed to 
increase satiety more than lactose (a milk sugar), all three had essentially the 
same effect on appetite and energy intake suppression. 

Although it is unclear whether protein really has a greater effect than 
other macronutrients on energy intake by virtue of its effect on satiety, 
Mattes explained that protein can impact energy balance in other ways—for 
example, through thermogenesis (i.e., protein requires energy for digesting, 
absorbing, etc.) and via the retention of lean body mass (which leads to 
increased metabolism and greater caloric expenditure). 

Effect of High-Fiber Foods on Satiety and Energy Intake 

As with high-protein foods, there is widespread belief that high-fiber 
foods can impact satiety and, as a result, energy intake. Indeed, the 2010 
USDA Dietary Guidelines recommend increased fiber consumption partly 
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because of the purportedly increased satiety value of high-fiber foods 
(DGAC, 2010). However, again, Mattes argued that the disproportionate 
effect of high fiber content on satiety and energy balance is unclear. As with 
protein, the evidence is mixed. As an example of the type of research being 
cited as showing an association between high-fiber foods and satiety, Tiwary 
and colleagues (1997) reported significant differences in satiety between 
individuals served orange juice by itself versus orange juice with pectin, 
with individuals served the latter reporting higher satiety scores. However, 
the authors also acknowledged that a number of the participants served the 
high-fiber orange juice were nauseated and under gastrointestinal distress, 
which likely explained why they did not want to continue eating. Mattes 
speculated that results from other studies showing positive effects on satiety 
and energy intake as a result of high-fiber consumption may similarly be 
confounded by the fact that very high doses (e.g., the recommended daily 
allotment: 25–38 g for females and males, respectively) are administered in 
one meal to participants accustomed to eating a third of this amount in a 
day to document a proof of principle. This may result in a misleading, non-
ecological outcome. As an example of a recent study showing no effect of 
high fiber content on satiety or energy intake, Willis and colleagues (2010) 
reported no dose-response difference in satiety or food intake among sub
jects served 0, 4, 8, or 12 g of mixed-fiber breakfast muffins. 

Again, why is the relationship between high fiber content, satiety, and 
energy balance so unclear? Howarth and colleagues (2001) conducted a 
literature review of fiber, satiety, and energy intake, categorizing studies by 
time (shorter or longer than two days) and type of manipulation (mixed 
fiber, soluble fiber, insoluble fiber) and found about a consistent 10 percent 
reduction in energy intake. So neither the length of the study nor the type 
of fiber made a difference. Moreover, Mattes explained, when the studies are 
categorized by fixed intake (i.e., people were given a fixed amount of food) 
versus ad libitum intake (i.e., people had some choice about how much they 
were going to ingest) daily weight loss as a function of added fiber was the 
same for both, even though studies with a fixed fiber load show a 20 g per 
day weight loss, on average, compared to a 24 g daily weight loss in the ad 
libitum intake studies. So regardless of whether individuals were on a fixed- 
or an ad libitum fiber intake diet, they lost the same amount of weight (2 g 
per day) for every 1 g of added fiber (average fiber consumption in the fixed 
load studies was 10 g per day, compared to 12 g per day in the ad libitum 
studies). Because appetite would be free to exert its effect on intake in the 
ad libitum trials, but not in the fixed-intake trials, Mattes interpreted this 
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to mean that there is no benefit in terms of weight loss due to the greater 
satiety value of increased fiber consumption. People would have to con
sume significantly more fiber than is feasible in order to see any dramatic 
difference in weight loss. Again, this does not argue against increased fiber 
consumption for optimal health, but expectations about the effects on body 
weight should be realistic according to Mattes. 

Effect of Glycemic Index on Satiety and Energy Intake 

Like high protein and fiber, glycemic index does not make for a good 
predictor of satiety either. Jenkins and colleagues (2002) showed that glu
cose levels quickly peaked but then dropped in individuals served glasses of 
water with 50 g of glucose per glass. Yet when the same glycemic index load 
was served to people over the course of 3.5 hours, there was no change in 
blood glucose levels. So the amount of time that consumers spend eating a 
product influenced response. In another study (Alfenas and Mattes, 2005), 
when individuals were served and allowed to eat ad libitum for eight days 
either all low-glycemic-index or high-glycemic-index foods, no differences 
were observed in either glycemic or insulinemic response. Nor were any 
differences in hunger reported. So again, Mattes cautioned that glycemic 
index is not a useful predictor of energy intake. 

Effect of Food Form (i.e., Beverage vs. Solid) on Satiety and Energy Intake 

The role of food form in determining energy intake via its impact on 
satiety is a very controversial topic, with strong views on both sides. Mourao 
and colleagues (2007) compared identical foods served in either beverage 
or solid form, with the predominant form of macronutrient being either 
a carbohydrate (watermelon), a fat (coconut), or a protein (dairy). For all 
foods, the researchers reported significantly greater energy intake when the 
foods were consumed as beverages. Thus, Mourao and colleagues concluded 
that liquid diets pose a greater risk for positive energy balance (e.g., weight 
gain) because liquids have a lower satiety value than solid foods. In one of 
the largest randomized controlled trials on food form and energy intake 
conducted to date, Houchins and colleagues (2011) provided individuals 
with five servings of fruits and vegetables in either beverage or solid form 
for eight weeks and reported that although all individuals gained weight 
over the course of the study (i.e., because adding foods to a diet without 
displacing other foods increases energy intake), individuals who consumed 
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their fruits and vegetables in beverage form tended to gain more weight 
(significantly so in the obese participants), again presumably because of the 
greater satiety value of the solid foods. Mattes explained that compared to 
solid foods, beverages have different cognitive effects (i.e., anticipated lower 
satiety value for a beverage than for a matched solid form, such as apple 
juice [even correcting for fiber] versus apples), produce different orosensory 
signals, pass through the gastrointestinal tract faster, elicit different endo
crine responses, and are absorbed differently than solid foods, with all of 
these physiological response(s) to beverages bypassing many of the normal 
regulatory influences on energy intake. 

Consumer Decision Making and Energy Intake 

In addition to identifying eating behaviors that serve as good targets 
for innovative food technology-based obesity prevention and reduction 
interventions, it is equally important to consider how consumers make deci
sions about the products that have been altered with those technologies. As 
speaker David Just, associate professor in applied economics and manage
ment and director of graduate studies at Cornell University emphasized, 
an innovative food technology can be leveraged for obesity prevention and 
reduction efforts only if (1) a producer actually sells a product that has 
been improved with the technology, which means that the cost of produc
tion needs to be lower than that for comparable products or there has to be 
some additional value to justify the price premium; (2) consumers actually 
purchase the product, which means that the product needs to be reasonably 
priced and similar to or better tasting than comparable products and that 
consumers need to have a positive perception of the product; and (3) the 
improvement made possible by the technology is not immiserizing (i.e., 
does not have unintended consequences), which means that consumers 
need to understand the improvement in a way that leads to a preference 
for the product and in a way that does not lead to compensatory behavior. 

Deciding what food to purchase or eat is not an individual-level deci
sion. It is part of a game between the manufacturer and the consumer, 
wherein consumers are not fully aware of their behavior (e.g., they often 
misunderstand information or misperceive the consequences of consump
tion) but manufacturers are (as a result of market research, etc.). When 
new foods are introduced to the marketplace, marketers make the decision 
about whether to differentiate the new product from other products already 
on the market. Consumers simply respond to the new product landscape. 
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Consumers do not always react to prices and nutritional or other infor
mation about new products in rational ways; rather than weighing the vari
ous consequences of their actions and giving appropriate weight to vague 
information, most people fall back on habits and heuristic decision mak
ing. Just explained that when marketers differentiate between an improved 
product and the original product that it is replacing by drawing attention 
to the fact that the new product has certain health benefits, unpredictable 
behaviors can offset the intended health benefit of the new product. Health-
conscious consumers are likely to overemphasize the health benefit of the 
new product and be willing to pay more than the innovation is really worth. 
It is also very likely that consumers that purchase the product would exhibit 
compensatory behavior, depending on the health claim. Narrow health 
claims (e.g., low fat, low calorie, low sugar) tend to be more distracting than 
broader health claims, with individuals often eating more than they intend 
(Wansink et al., 2004). For example, someone may eat more of something 
that is claimed to be “low fat” or may decide to eat dessert later because she 
or he ate a low-fat main course earlier. Unlike health-conscious consumers, 
consumers who associate health with bad taste or otherwise do not recog
nize the true health benefits of a new product would be much less willing 
to pay for the improved product and probably would continue to purchase 
the lower-priced product. Just remarked that many consumers believe that 
when changes are made to a food—for example, when sugar is reduced or 
fat removed—the food will not taste as good as the original product. Even 
when told otherwise, people expect the food to taste different. Wansink 
and Park (2002) have shown that just the appearance of the word “soy” 
can lead some consumers to believe that there is a huge difference in taste 
between soy-based products and other products. Consumers that decide not 
to purchase the new product would not receive any of the advertised health 
benefits at all. In summary, with differentiation, neither type of consumer 
would necessarily derive any benefit from the new product. 

If, on the other hand, the marketer decides not to differentiate between 
the new product and comparable products, such that consumers are 
unaware of any special benefit of the new product, the marketer would be 
failing to take advantage of health-conscious consumers’ willingness to pay 
for the higher-priced product and would earn less profit. All consumers, 
health conscious or not, would choose the lower-priced product, and the 
new product would end up disappearing from the market. Again, neither 
type of consumer would derive any benefit from the new product. So, dif
ferentiating between new food products that have been improved through 
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technology leads to anomalous consumer behavior, with people responding 
irrationally and with health measures often backfiring. On the other hand, 
not differentiating between products can lead to a situation in which con
sumers are not aware of the benefits while producers are not able to capture 
the profits from those benefits. The only exception, Just explained, would 
be in the event that the cost of production of the new product was low 
enough to offer only one product, that is, the new product. In that case, all 
consumers would purchase the product and benefit accordingly. 

Given that neither approach leads to optimal consumption, are 
there other options? Because more people are likely to benefit from non-
differentiation (i.e., if only the new product is offered and the old product 
is removed from the market), is there a way to make a new product the 
norm without creating product differentiation? Without profit incentive, 
what other incentives are there? How can firms be rewarded for innova
tion? Are there ways to introduce differentiated products without creating 
these anomalous behavioral responses? Just did not provide answers to these 
questions. 

When asked during the question-and-answer period how convenience 
impacts consumer behavior, Just replied that even a small change in con
venience has a disproportionately large impact on consumer preference. 
As an extreme example, merely having the lid shut on an ice cream cooler 
in a store makes a big difference in how much ice cream people purchase. 
As another example, studies with school children have demonstrated that 
even a small, 6-inch difference in where milk versus chocolate milk is placed 
results in 20–30 percent of the children changing their minds about which 
type of milk to buy. 

LESSONS LEARNED AND BEST PRACTICES 

Workshop participants described several different types of technologies 
that have been developed and commercialized for the purpose of provid
ing consumers with foods that can be used for weight loss or maintenance. 
These include reduced energy dense foods with lower fat or sugar content 
(see previous section for a summary of the workshop dialogue on the rela
tionship between energy density, energy intake, and obesity); foods that are 
packaged to make it easy for consumers to control portion size (again, see 
previous section for a summary of the workshop dialogue on the relation
ship between portion size, energy intake, and obesity); foods that increase 
fruit and vegetable intake (Tara McHugh, ARS research leader of the Pro
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cessed Foods Research Unit, mentioned that low fruit and vegetable intake 
is a key risk factor for several chronic diseases); and foods with increased 
micronutrient density (as McHugh mentioned, biochemist Bruce Ames has 
hypothesized that insufficient micronutrient intake may drive overeating). 
This section summarizes the presentations and discussions that revolved 
around each of these various categories of technology. 

Reducing Calories by Reducing Fat 

Although removing or reducing fat content of food products is techno
logically challenging, it is possible. The challenge is not the actual removal 
of the fat, rather it is maintaining taste. Food manufacturers and scientists 
have leveraged several different technologies for removing fat without sac
rificing taste. For instance, Rao described Frito-Lay’s development of new 
mixing, cooking, and frying technologies that led to a 30 percent fat reduc
tion in SunChips (compared to regular potato chips) and the company’s 
novel heat transfer technology, which led to the creation and commercializa
tion of Baked Lay’s, while Champagne described USDA scientists’ several 
generations of grain-based technologies for reducing fat (i.e., by replacing 
fat with fiber and through an innovative low-oil-uptake rice batter). This 
subsection summarizes their presentations. 

Frito-Lay Fat Reduction Strategies for Snack Foods 

Initiated in the late 1970s by Frito-Lay’s Lawrence Wisdom, the drive 
behind SunChips was to reduce fat by at least 25 percent and provide 
consumers with a snack product that was less energy dense than potato 
chips and other snack products on the market. It was a lengthy and difficult 
challenge, one that required new mixing, cooking, and frying technologies. 
As Rao explained, blending and cooking the four grains that comprise 
SunChips—whole wheat, whole milled corn, whole oat flour, and rice 
flour—required a new manufacturing process, which in turn required 
significant investment and represented substantial risk. Frito-Lay had to 
invent a new process for making and cooking the multiple-grain dough 
in such a way that the end product was homogeneous with respect to 
both composition (of ingredients) and dough properties (e.g., same thick
ness and crunchiness throughout). This required designing a new type of 
extruder technology that could mix four different grains, with different 
properties, and cook them all to the same degree by integrating computa
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tional fluid dynamics modeling into the extrusion process. This ensured 
that the flow of the food product through the extruder was exactly the 
same across its entire width so the extruded product had uniform quality 
in terms of texture, density, etc. Additionally, company scientists had to 
figure out how to control the fryer to ensure that the end product had, at 
a minimum, 25 percent less fat than regular potato chips, which required 
developing a novel type of dynamics matrix control technology—a system 
for measuring various output variables (e.g., amount of fat, color of chips) 
and using the information to change relevant input variables (e.g., tem
perature, length of frying) accordingly. The company ended up exceeding 
its goal of 25 percent less fat: SunChips contain 30 percent less fat than 
regular potato chips. 

The fat content of Baked Lay’s was reduced through a different set 
of innovative technologies, all baking-related, not frying-related. Rao 
remarked that, again, development of the technologies required overcom
ing significant technological challenges, this time related to heat transfer. 
He explained that producing a baked potato chip that tastes good (not 
like cardboard) requires more than just slicing the potatoes and popping 
them in an oven. During “normal” processing of a potato chip, that is, via 
frying, heat transfer occurs quickly such that the center of the potato slice 
rapidly heats up while there is still water present, which makes for a nicely 
expanded, swollen, puffy chip. In the oven, where heat transfer is much 
slower, the starch inside the cells in the middle of the slices does not expand 
in the same way—in fact, it partially gelatinizes. Along with some other 
changes to the manufacturing process, Frito-Lay had to design an extremely 
high heat transfer rate oven in order to create a crispy-textured chip. 

USDA Grain-Based Technologies for Fat Reduction 

Outside of the food industry, USDA scientists have been involved in 
developing a range of innovative grain-based technologies for fat reduction, 
including several types of soluble and insoluble fiber fat replacers and a 
reduced-fat-uptake rice batter. 

The Trim soluble fiber fat replacement products, OATrim, Nutrim, 
and C-Trim, and the insoluble fiber fat replacer Z-Trim, were developed by 
USDA researcher George Inglett. As Champagne explained, all four prod
ucts are tasteless white powders, which makes them easy to incorporate into 
food products; additionally, all are heat stable and therefore suitable for a 
wide range of cooked or baked foods. 
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The process for the first-generation fiber-based fat replacer, OATrim, 
involved alpha-amylase hydrolyzing the starch in oat, barley flour, or bran 
into a combination of amylodextrins and beta-glucan. The amylodextrins 
are the actual fat replacers; they create a smooth mouthfeel. The beta-glucan 
provides beneficial physiological effects, namely a reduction of blood cho
lesterol. As a dry powder, OATrim contains 4.5 cal/g, compared to 9 cal/g 
for fat. As a fat-like gel, OATrim contains only 1 cal/g. When OATrim is 
used as a fat replacer in ice cream, calories of a 4-ounce serving are reduced 
from 298 to 135, fat is reduced from 22 g to less than 1 g, and cholesterol is 
reduced from 85 mg to 4 mg. Studies (i.e., the OATrim TRIALS) conducted 
by ARS researchers Judith Hallfrisch and Kay Behall have demonstrated 
that in middle-aged men and women with high cholesterol levels, five weeks 
of an OATrim-enhanced diet (a total of 50 g, or 0.5 cup, per day, added to 
various foods throughout the day, amounting to one-quarter of all fat in 
foods being replaced by the OATrim) led to decreased LDL (low-density 
lipoprotein) cholesterol levels (but not HDL [high-density lipoprotein] 
cholesterol), an improvement in glucose tolerance (reduced insulin, glu
cagon, and blood glucose levels), weight loss (4.5 pounds on average), 
and increased satiety (Hallfrisch and Behall, 1997; Hallfrisch et al., 1995; 
Scholfield et al., 1993). It took five years for OATrim to move from the lab 
to the market, where it is now labeled as “hydrolyzed oat bran.” Hydrolyzed 
oat bran is used in a wide range of food products, including pasteurized 
cheeses, baked products (breads, cookies, and muffins), processed meats, 
extra lean ground beef, and nutrition bars. 

Manufacture of the second-generation product, Nutrim, relies on 
jet-cooking, instead of alpha-amylase, to produce the same two end prod
ucts, that is, amylodextrins (the actual fat replacer) and beta-glucan. Like 
OATrim, Nutrim contains only 4 cal/g, compared to fat’s 9 cal/g. Nutrim 
has some unique properties that give it a creamy texture and make it a good 
replacer for dairy and coconut cream. It is used in soups, spreads, and salad 
dressings and is also sold as a nutraceutical. 

The manufacturing process for C-Trim, the most recent soluble fat 
replacer, relies on a specific sequence of aqueous extraction and jet-cooking 
steps to produce the same end products, the amylodextrins and beta-glucan, 
as well as a high proportion of proteins and some bioactive phenolics. 
C-Trim has some unique properties that give it a very high viscosity and 
make it a good fat replacer in yogurt, smoothies, baked goods, and choco
lates (replacing as much as 25 percent of cocoa butter). It is also sold as a 
nutraceutical. At 2.5–3.5 cal/g, C-Trim is also less energy dense than either 
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of the other two (powdered) products. A 4 percent addition of C-Trim to 
wheat batter can lead to a low-oil-uptake batter (a 40 percent reduction in 
oil uptake compared to traditional wheat batter). 

Insoluble fiber fat replacers are manufactured via a multistage jet-
cooking process that chews up the insoluble fiber in the bran or hulls of 
various grains (oats, corn, rice, wheat, soy) and produces a cellular debris 
that can have any of a range of textures, from a particle-like structure to a 
creaminess to a gel. If a 75 kg individual were to consume Z-Trim, a zero-
calorie insoluble fiber fat replacer, at the daily recommended amount of 
fiber and as a one-to-one replacement for fat, he or she would consume 225 
fewer calories per day. Champagne suggested that, like C-Trim, insoluble 
fiber fat replacers not only reduce fat content, but may also increase satiety 
by virtue of their high viscosity, in this case absorbing 24 times their weight 
in water. However, insoluble fiber fat replacers are not as effective as soluble 
fiber fat replacers in improving glucose tolerance. 

Reducing fat content through use of a novel low-oil-uptake rice batter 
represents a very different approach but one with multiple applications, like 
the TRIM technologies. As Champagne explained, not only does the small 
starch granule size of rice (3–5 microns) simulate a fat mouthfeel effect, but 
also its white color and bland taste, combined with the fact that it is hypoal
lergenic and gluten-free, make it a naturally good fat replacer. Initially, using 
a traditional wheat flour recipe, USDA chemists developed a rice batter 
that, because of its gluten-free composition, absorbed only 50 percent of the 
oil that traditional wheat flour batter absorbs. Gluten’s hydrophobic nature 
gives it a greater affinity for oil; gluten also has a leavening effect that makes 
wheat batter more porous, leading to greater moisture release and greater oil 
uptake. However the initial rice batter, while less absorbent, was also brittle 
and hard to chew because of its low viscosity. So the scientists tested ways to 
improve the properties of rice batter by increasing its viscosity; they eventu
ally determined that incorporation of either 3–7 percent phosphorylated 
rice starch or 3–7 percent pre-gelatinized rice flour into the untreated rice 
flour enhanced the batter’s water-holding capacity enough to make a batter 
that not only absorbs 50 percent less oil, or fat, than a wheat-based bat
ter but also is more viscous and easier to chew. In fact, the viscosity of the 
improved rice batter was even greater than that of wheat batter. 

Patented in 2001, the rice batter technology languished for a few years, 
until a class at Howard County Community College, Columbia, Maryland, 
adopted the technology in 2006 as part of a class project to determine the 
feasibility of commercialization. Two years later, a group of students from 
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the class founded CrispTek, LLC, and licensed the rice batter from USDA. 
In 2009, CrispTek released its first product, ChoiceBatter, with start-up 
funding from the Maryland Technology Development Corporation. Ini
tially, ChoiceBatter was sold over the Internet. Today, it is sold in more than 
400 grocery stores. A recent economic impact study predicts that sales will 
increase to $4.7 million by 2014, with 95 new jobs being created as a result 
of increased production. The batter can be used on chicken, fish, vegetables, 
etc., and it can also be used to make soups, sauces, and other foods for 
people on gluten-free diets. Through a Cooperative Research and Develop
ment Agreement (CRADA) with CrispTek, ARS is conducting research to 
expand application of the technology to pre-breaded frozen food products. 
As discussed later in this report, CRADA is one of two mechanisms through 
which manufacturers can partner with ARS to commercialize new food 
technologies developed by ARS scientists. 

Reducing Calories by Reducing Sugar 

Although removing fat may seem like the most obvious way to reduce 
the energy density of foods, given that fat contains more calories per gram 
(9 cal/g) than any other macronutrient and that fiber, for example, con
tains only 1.5–2.5 cal/g, energy density can also be reduced by removing 
or reducing sugar. Removing or reducing the sugar content of beverages 
provides an especially excellent opportunity, given the increased consump
tion of sugar-containing beverages over the past several decades (a trend that 
keynote speaker Foster identified) and given that, as Leahy noted, beverages 
are essentially the only foods besides chewing gums and some mints that can 
be calorie-free. The food industry has developed numerous reduced-calorie 
beverages over the years by reducing or replacing sucrose with no- or low-
calorie sweeteners. As a result, Leahy said, the overall mix of beverage prod
ucts in the marketplace has changed over the past 20 years, with the average 
caloric density of beverages (calories per ounce) having decreased by 24.4 
percent. Most of the change in caloric density (21 percent) has occurred 
over the past 10 years (Storey, 2010). When the Coca-Cola Company’s first 
zero-calorie soft drink, TaB, which is sweetened with saccharine, was intro
duced in 1963, only 1 percent of the company’s trademark product volume 
was zero-calorie products. When the company’s second zero-calorie soft 
drink, Diet Coke, sweetened with aspartame, was introduced in 1982, 32 
percent of the Coca-Cola trademark product volume was zero- or reduced-
calorie products. Finally, when Coke Zero, sweetened with aspartame and 
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acesulfame K, was introduced in 2005, as much as 41 percent of the Coca-
Cola trademark product volume was zero- or low-calorie. Leahy referred to 
research showing that using low-calorie sweeteners can aid in weight loss 
and maintenance (Blackburn et al., 1997; de la Hunty et al., 2006; Phelan 
et al., 2009). 

Leahy identified three general types of caloric sweeteners: (1) isolated 
refined sugars, including sucrose, high-fructose corn syrup, glucose, fruc
tose, and maltose; (2) fruit, including apple, grape, pear, and LoHanGuo 
(monk fruit) concentrate; and (3) other plant parts or products, such as 
honey, agave, and grain syrups. She identified two general types of no- or 
low-calorie sweeteners: (1) new and “natural” sweeteners made possible by 
technological advances, including Reb A (rebaudioside A or rebiana, an 
extract of Stevia that is based on the purity of one particular glycoside), 
other Stevia leaf extracts with greater numbers of glycosides, LoHanGuo 
extract, monatin (from a South African plant), brazzein (a sweet protein 
from a West African plant), and so forth; and (2) established sweeteners 
such as aspartame, acesulfame K, saccharine, and sucralose. 

While sweetened beverages provide an important opportunity for 
sugar reduction technologies to be leveraged for obesity prevention and 
control efforts, other foods stand to be improved as well. For example, 
Lydia Midness, vice president of R&D at General Mills, Inc., remarked 
that General Mills has been working toward reducing the sugar content to 
less than 12 g of sugar per serving for ready-to-eat cereals being advertised 
to children. She noted that reducing sugar poses enormous formulation 
challenges because sugar acts as a bulking agent; when sugar is removed, 
aeration or other tools need to be used to increase volume. 

Using Portion-Controlled Frozen Meals to Reduce Calorie Intake 

Reducing the energy density of foods by removing or reducing fats 
and sugars is by no means the only way to reduce calorie intake. Bolles 
highlighted key evidence indicating that portion-controlled frozen meals 
are another effective means of reducing calorie intake. As previously sum
marized, Foster opined that one of the most promising obesity treatments 
is portion control, with several studies showing that providing patients with 
portion-controlled meals is a more effective weight loss strategy than telling 
patients to keep track of calories. Bolles effectively concurred, stating that 
the weight loss benefits of including portion-controlled meals as a regular 
part of one’s diet can be immediate. McCarron and colleagues (1997) 
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showed that adult males and females who consumed a reduced-calorie diet 
for 10 weeks centered around frozen meals for breakfast, lunch, and dinner 
(N = 272) lost significantly more weight (–10.3 vs. –6.8 pounds, p = 0.03) 
compared to a control group on a reduced-calorie diet without frozen meals 
(N = 270). More recently, Hannum and colleagues (2004) showed that 
adult females who consumed a reduced-calorie diet for eight weeks with 
frozen meals for lunch and dinner (N = 26) lost significantly more weight 
(–12.3 vs. –7.9 pounds, p < 0.05) than a control group on a reduced-calorie 
diet without frozen meals (N = 27). Using an identical protocol, Hannum 
and colleagues (2006) demonstrated similar results for men, with weight 
loss significantly greater (p < 0.05) in the group consuming frozen meals 
(N = 25, –16.3 pounds) compared to the control group without frozen 
meals (N = 26, –11.2 pounds). A longer-term study by Metz and colleagues 
(2000) also demonstrated that individuals who consumed a reduced-calorie 
diet utilizing frozen meals for 12 months (N = 120, –12.8 pounds) lost 
significantly more weight (p < 0.001) than the reduced-calorie diet control 
group without frozen meals (N = 130, –3.7 pounds). 

In 2010, the Dietary Guidelines Advisory Committee conducted a 
Nutrition Evidence Library-based assessment of the relationship between 
weight loss and use of portion-controlled frozen meals (DGAC, 2010). 
A grading system was applied that considered research quality, quantity, 
consistency, magnitude of effect, and whether the observations could be 
generalized to the population of interest. These data were ranked as strong, 
the highest grade within the systematic review process. Recently, ConAgra 
Foods offered a weight loss program to employees in which 172 participants 
consumed two portion-controlled frozen or ready-to-eat meals daily from 
the ConAgra Foods portfolio over the course of four weeks and self-selected 
for additional foods. Mean weight loss was 7.5 pounds, and a follow-up sur
vey conducted two months later found that 55 percent of the participants 
had maintained their weight loss and that 26 percent had continued to 
lose weight. The follow-up success was attributed to lessons learned during 
the initial program, with 83 percent of participants reporting that the use 
of frozen meals taught them the principle of portion control. Bolles inter
preted these results to mean that not only can portion-controlled, frozen, 
ready-to-eat meals help people lose weight, but they can also help people to 
change their behavior by increasing awareness of portion size. 

Additionally, Bolles said, portion-controlled frozen meals are an effec
tive way to reduce energy density. ConAgra Food’s frozen meals across the 
Healthy Choice, Banquet, and Marie Callender’s brands have an energy 
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density (calories per gram) in the lower quartile of energy density for the 
entire diet based on data from NHANES (Kant et al., 2008; Mendoza et 
al., 2007). Furthermore, these meals contain substantially less saturated fat, 
sodium, and sugar than typical self-selected lunches and dinners as reported 
in NHANES (ARS, 2010b). 

Increasing Fruit and Vegetable Intake 

The World Health Organization (WHO) and the Food and Agricul
ture Organization (FAO) have identified low fruit and vegetable intake as 
a key risk factor for several chronic diseases (FAO-WHO, 2004). Addition
ally, the Economic Research Service (ERS) of USDA has found that people 
who eat more fruit servings per day have lower BMIs (the same is not 
true of vegetables because of the inclusion of French fries as a vegetable) 
(Biing-Hwan and Mentzer Morrison, 2002). Yet less than 30 percent of 
Americans eat the recommended daily servings of fruits and vegetables 
(Morales, 2010). In an effort to reduce the risk of obesity by increasing 
fruit and vegetable intake, in addition to the fat-reducing technologies 
described by Champagne (and summarized previously), ARS scientists 
have also been developing a variety of fruit- and vegetable-based technolo
gies designed to make fruit and vegetable consumption more convenient. 
McHugh provided an overview of the types of products being developed 
with four of those technologies: forming, extrusion, casting, and coating. 
(As summarized below, McHugh also discussed a fifth technology, ultra
violet [UV] treatment, and its use in enhancing the micronutrient content 
of mushrooms and other vegetables.) 

Forming Technology and Fruit Bars 

ARS scientists developed a novel forming technology to create a 100 
percent fruit bar, which Gorge Delights sells as the JustFruit bar, with 
each bar equivalent to two servings of fruit. Gorge Delights also produces 
a one-serving bar for school lunch and other programs, as well as organic 
and fortified versions of the bar. The bar was the product of a partnership 
between ARS and pear and apple growers who had been having trouble 
competing in the Oregon and Washington fresh fruit market; the partner
ship was formed to develop value-added technologies so that growers could 
continue to sell their fruit. Gorge Delights sold 500,000 bars the first year. 
The total number of bars sold to date amounts to about 550,000,000. (The 
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same forming technology is also being used to develop a micronutrient-rich 
bar. See below.) 

Extrusion Technology and Legume-Based Cereals and Snacks 

As with fruit, the USDA ERS has found that people who eat more fiber 
have lower BMIs. In addition to having more fiber, legume-based products 
also have higher protein content than other extruded snack foods. As a 
way to increase legume intake, Jose Berrios of ARS and collaborators from 
Washington State University have been using a novel extrusion technology 
to develop legume-based breakfast cereals and snack food products. 

Casting Technology and Fruit- and Vegetable-Based Films and Sheets 

ARS scientists used casting technology to develop films or thin sheets 
containing 85–90 percent fruits and vegetables, and the service partnered 
with NewGem Foods (formerly Origami Foods) to transfer the technology 
into commercialization of a variety of fruit- and vegetable-based nori (sushi 
wraps) and other products. In 2010, after only 1.5 years of production, 
the company reported having sold a total of $400,000 worth of wraps, 
amounting to about 131,555 pounds of fruits and vegetables. According 
to McHugh, it expects to increase sales to greater than $1 million in 2011. 

In collaboration with Mantrose-Haeuser, Dominic Wang and other 
ARS scientists developed a fruit-based liquid coating technology that 
contains antioxidants and other compounds for extending the shelf life of 
fresh-cut produce. Mantrose-Haeuser has commercialized the technology 
through production of a range of products, including McDonald’s Apple 
Dippers. McDonald’s sold 54 million pounds of apples during 2005, the 
first year of production. 

Increasing Micronutrient Density 

Biochemist Bruce Ames has proposed that overconsumption of 
macronutrient-rich foods (i.e., high-sugar and high-fat foods)—that is, 
overeating—may be driven by dietary deficiencies in essential micronutri
ents and that eliminating these deficiencies could reduce or eliminate over
consumption (Ames, 2006). In collaboration with the Ames research group 
at Children’s Hospital Oakland Research Institute (CHORI) in Oakland, 
California, the ARS is applying the forming technology mentioned above 
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to develop a novel, micronutrient-rich “obesity prevention” bar. Phase II 
clinical trials are under way. 

In a separate effort to increase micronutrient intake, McHugh and 
other ARS scientists developed a way to treat mushrooms with UV-B light 
in such a way that one of the mushroom’s naturally existing compounds, 
ergosterol, is converted into vitamin D, with 15 seconds of UV-B treat
ment producing 100 times the current Recommended Daily Allowance 
(RDA) in a single serving of mushrooms. McHugh remarked that applica
tion of UV-B technology to mushrooms represents a convenient way to 
increase vitamin D intake and that the process is being used nationwide 
by the number one mushroom producer, Monterey Mushrooms, on all of 
its mushroom varieties. ARS has also partnered with the USDA Western 
Human Nutrition Research Center to study the bioavailability of vitamin 
D from these mushrooms (compared to bioavailability from capsules) and 
is using USDA National Institute of Food and Agriculture funds to evaluate 
how the same technology can be used to enhance antioxidant content of 
carrots and other vegetables. 

According to Leahy, food scientists in industry are developing other 
innovative technologies to enhance vitamin D and micronutrient content 
and bioavailability in various beverages, including milk. These new tech
nologies include new bioconversion or bioprocessing technologies for add
ing soluble fibers and increasing nutrient levels; new separation technologies 
for removing bitter and other undesirable compounds; and new emulsifica
tion technologies for improving solubility, stability, and bioavailability of 
targeted components. 

MAJOR CHALLENGES 

All of the technologies described in the previous section—and the 
many food products that have been commercialized or are currently being 
developed using these technologies—reflect significant progress toward 
providing consumers with tools to reduce energy intake and help control 
weight. Yet, as Rao, Leahy, and others remarked, innovation is a difficult, 
time-consuming process. For example, it took about 10 years of research 
and development before SunChips entered the market. Leahy mentioned 
that each of the new generations of zero-calorie sweetened Coca-Cola 
soft drinks (TaB, Diet Coke, and Coke Zero) took a significant amount 
of time to introduce into the marketplace; the development period varied 
among sweeteners because of differences in product development and 
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regulatory issues. According to Bolles, ConAgra Food’s steaming technol
ogy took about 18 months to develop. Midness commented that the same 
is often true of using innovative technologies to alter existing products, 
because significant technological challenges must be overcome when 
reformulating for reduced fat, sugar, or other components. Sponsors must 
have long-term strategies in place and must be dedicated to developing the 
necessary technologies. Arguably the most significant technological chal
lenge is taste. If “improved” foods do not taste as good as or better than 
the foods they are replacing, consumers will not eat them. This section 
summarizes what workshop participants identified as the most difficult 
and important challenges to developing and commercializing innova
tive food technologies aimed at providing consumers with new tools to 
reduce energy intake and control weight. In addition to taste, workshop 
participants discussed affordability, reformulation, and price challenges of 
leveraging innovative technologies to alter existing products, regulatory 
hurdles to commercializing new or altered food products, and the chal
lenge of consumer trust. 

Taste 

The challenge of taste was a major cross-cutting theme among nearly all 
of the discussions that took place during the course of workshop. No matter 
how nutritious or affordable a food product is, if it doesn’t taste good, con
sumers will not purchase it. Several speakers mentioned that any new food 
products aimed at reducing or preventing obesity must provide as much or 
more sensory pleasure than the foods they are replacing. Whether the goal 
is to develop a reduced-fat food, a reduced-calorie sweetened beverage, or a 
portion-controlled frozen meal, if the new food doesn’t taste good, people 
won’t eat it. Rolls stated that the number one reason people choose the 
foods that they do is taste. She referred to a survey (Condrasky et al., 2007) 
showing that most chefs could reduce the calorie content of their foods by 
10 to 25 percent but do not because of lack of customer demand; the factor 
ranked as the most influential in determining the success of reduced-calorie 
foods was taste. Mattes commented that all foods have sensory properties 
and that it is impossible to separate food from hedonics. Everyone perceives 
something when eating and has an effective response to the information. 
In Mattes’ opinion, if it is true that the obesity problem is due not to a dys
functional appetitive system, but rather to a nonregulated hedonic system 
that trumps the appetitive system (see earlier discussion around homeostatic 
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versus non-homeostatic regulation of eating behavior), then that is where 
the food industry should be focusing its attention: hedonics. 

Rao remarked that poor taste is the downfall of many low-fat foods, 
because removing fat changes both flavor and texture. He remarked that 
Frito-Lay’s experience with SunChips and Baked Lay’s demonstrates that 
it is possible to create low-fat snack products that taste good and that con
sumers can still enjoy the taste experience of eating a full-fat potato chip. 
Frito-Lay would like to develop snacks that do not involve frying, which 
will require the development of new heat transfer technology—quite a chal
lenge. Frito-Lay scientists are exploring new modes of heat transfer in an 
effort to meet that challenge. 

Leahy remarked that taste is also the greatest challenge to developing 
zero-calorie or reduced-calorie sweetened beverages. She explained that dif
ferent sweeteners have different taste profiles. For example, with sucrose, 
as concentration increases, sweetness intensity increases linearly. However, 
with Reb A, as concentration increases, sweetness intensity eventually levels 
off. Different sweeteners also have different temporal profiles, with some 
sweeteners having lingering effects. For example, the sweetness percep
tion of sucrose disappears fairly quickly over time. The licorice derivative 
glycyrrhizic acid, on the other hand, leaves a long, lingering perception of 
sweetness. Additionally, sweetness is just one of several flavor attributes 
that impact taste; sweeteners can also impart bitter, sour, or licorice-type 
notes or leave sweet or bitter aftertastes. Finally, different people perceive 
sweeteners differently. The challenge with any no- or low-calorie sweetener 
is to mix and match various sweetener building blocks to match the taste 
and aftertaste of sucrose as closely possible. 

Likewise, Bolles identified taste as the greatest challenge to developing 
portion-controlled frozen meals, but this is a challenge, he said, that can 
be met. In a paired comparison blind test (N = 41), 49 percent of partici
pants preferred Healthy Choice Café Steamers over freshly cooked meals, 
suggesting that the steamers taste as good as freshly prepared meals. As 
Bolles explained, ConAgra Foods utilizes an innovative steaming technol
ogy that results in less moisture loss (2.1 percent compared to 8 percent for 
traditional frozen meals). The technology separates the meal components 
from the sauce such that the steam from the sauce is used to cook the meal 
components. This results in faster, more consistent heat transfer to cook 
the meal components and yields greater tenderness of meat and crispness 
of vegetables as indicated by peak force measurements during compression 
analysis. 
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On a more theoretical note, during the final discussion, David Allison, 
professor and head of the Section on Statistical Genetics in the Department 
of Biostatistics at the University of Alabama at Birmingham, speculated 
that the sensory aspects of food may be inseparable from the energy-
containing aspects of foods and questioned whether it is possible to create 
the same taste experience with altered foods. He pointed to work by Scott 
Pletcher showing that while animals exposed to dietary restriction (i.e., fed 
less than average) lived longer than animals fed an average diet, Drosophila 
exposed to dietary restriction and to a rich yeast media (an odor represent
ing the presence of plentiful food) died earlier than animals not exposed 
to the odor (Pletcher, 2009). In Allison’s opinion, the fact that exposure 
to the rich yeast media makes such a dramatic difference in lifespan even 
in the presence of dietary restriction, which normally prolongs life in 
the same animal model (as well as in other animal models), suggests that 
olfaction has a major impact on health and longevity. Allison’s comments 
stirred up a brief dialogue around whether food that provides a more plea
surable sensory experience necessarily leads to a shorter lifespan. Mattes 
remarked that the sensory properties of food elicit physiological responses 
that mimic everything that happens when a food is actually consumed. 
So, for example, putting fat into the mouth alters the release of digestive 
enzymes in the gastrointestinal tract within seconds, leading to a cascade of 
physiological responses (lipid absorption, lipid trafficking, storage of lipid 
in the intestine, triglyceride levels in the blood, lipoprotein lipase activity, 
etc.). So the idea that olfaction is related to longevity is not far-fetched, 
Mattes concluded. 

Affordability 

As important as taste is, it is not the only factor to consider when 
developing and commercializing improved food products. As previously 
summarized, Just explained that not all consumers are willing to pay 
more for improved products. Midness described what she called the “new 
product development trifecta” of (1) taste, (2) health, and (3) the right 
price. Manufacturers must deliver products that not only have meaningful 
consumer health benefits with no taste trade-off but also are affordable to 
consumers. She pointed to Nature Valley Fruit Crisps as a product that was 
unable to successfully meet all three demands of the new product develop
ment trifecta. Developed for the purpose of providing consumers with 
more fruit in their diets, with each crisp providing one 50-calorie serving 
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of fruit, the crisps failed because the company was unable to provide the 
product that met the taste hurdle at a price that consumers were willing to 
pay. The right price requires finding low-cost ingredients and developing a 
low-cost manufacturing process. Rao pointed to TrueNorth as an example 
of a “healthy” snack product (not necessarily an obesity-related snack but 
a healthful nut-based snack food with 5 g protein per serving) that tasted 
great but has a high cost of ingredients. As another example, Flat Earth, a 
fruit- and vegetable-based snack launched by Frito-Lay in 2008, was dis
continued because of low volume of sales. 

Product Formulation and Ingredient Costs 

Although many of the technologies described during the workshop 
were developed for the purpose of commercializing new food products 
or new types of food products, Midness emphasized that innovative tech
nologies can also be leveraged to reformulate or otherwise improve existing 
products. The reformulation challenges of improving existing products can 
be significant: often when one component or ingredient is changed, others 
must be changed as well. The same is true for the ingredient cost challenges; 
sugar, for example, is an age-old and relatively cost-effective ingredient com
pared to some of the more expensive new technologies that serve as the basis 
for various sugar replacements. Still, it can be done. Existing products can 
be altered. In fact, Midness said, almost two-thirds of General Mills’ exist
ing products, which amount to more than 500, have been reformulated, 
slimmed down with fewer calories, fortified, or otherwise improved to meet 
company health metric standards. 

Of all the changes to existing products that General Mills has made, 
Midness identified the whole grain ready-to-eat cereals as the one that has 
most likely made the greatest impact on energy intake and weight. General 
Mills began increasing the whole grain-fiber content of its ready-to-eat cere
als in 2005. The challenges have been significant, given that adding whole 
grain to a product impacts not just texture and taste but also processing and 
shelf life, but the effort has paid off. Consumption of ready-to-eat cereals, 
which has been shown to be associated with lower BMI (Good et al., 2008; 
Koh-Banerjee et al., 2004; Liu et al., 2003), has increased. Ready-to-eat 
cereals are now a leading whole grain source for Americans and the top 
source of whole grains in children’s diets (Bachman et al., 2008; Cleveland 
et al., 2000; Harnack et al., 2003). General Mills is also in the process of 
removing trans fats from its baked good products. Again, the reformulation 
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challenges are significant because different fats have different effects on 
dough quality and characteristics, texture, and mouthfeel. 

Regulatory Issues 

Claims about the health benefits of an improved product can be made 
only if the reduction is 25 percent or more relative to the last formulation. 
Demonstrating that manufacturers have in fact made a 25 percent reduction 
poses a significant challenge because, as Rao said, meeting the minimum 
standards necessary for such a reduction requires precise control of multiple 
factors during the manufacturing process. For example, as previously men
tioned, Frito-Lay had to develop a novel dynamic matrix controller tech
nology for controlling the frying of SunChips in order to ensure that the 
product met the health claims of at least 25 percent less fat and the labeling 
claims of 30 percent less fat (i.e., compared to regular potato chips). Use of 
the technology has since expanded to other products as well. 

Another significant regulatory challenge is the approval of new food 
ingredients, such as reduced-calorie or zero-calorie sweeteners. For example, 
earning GRAS (Generally Recognized As Safe) status requires collecting 
a large amount of data on the identity of the ingredient (which requires 
precise analytical characterization), conditions of proposed use (i.e., the 
types of products in which the ingredient will be used), intended techni
cal effect (e.g., for sweetening), manufacturing methods, estimated daily 
intake, acceptable daily intake, and safety study data. Leahy pointed to 
Truvia, a zero-calorie stevial leaf extract developed jointly by the Coca-
Cola Company and Cargill as a sweetener that has proven very successful 
despite having been met by regulatory hurdles. The actual sweetening 
component in Truvia, rebiana, was granted GRAS status by the U.S. Food 
and Drug Administration in 2008. Internationally, the Joint FAO-WHO 
Expert Committee on Food Additives also deemed Stevia extracts, including 
rebiana, safe. Now, Truvia is in a variety of products such as Sprite Green 
(50 calories per 8 fluid ounces), VitaminWater Zero (0 calories per 8 fluid 
ounces), and Odwalla Quencher (50 calories per 8 fluid ounces). 

Consumer Trust 

An overarching theme of the workshop discussion was that the food 
industry has been “demonized” by much of the American public, with mod
ern food processing technologies being widely perceived as unhealthy at 



 

           

 
 

50 LEVERAGING FOOD TECHNOLOGY 

best and dangerous at worst. Unless public perception of the food industry 
changes, there will come a day when it will be socially unacceptable to eat 
processed foods. As Fergus Clydesdale, distinguished professor and direc
tor of the Food Science Policy Alliance at the University of Massachusetts 
Amherst, opined, food technology certainly does not have all the answers 
to America’s obesity problem, but “it might have some answers.” Yet many 
consumer groups do not believe that the food industry can and should be 
part of the solution. In fact, many believe that the food industry is perpetu
ating the problem. Reaching consumers who are already philosophically 
opposed to the very concept of food processing, or food technology, creates 
a tremendous challenge, adding to the many technological and economic 
challenges of reducing energy density or otherwise altering foods in order 
to provide consumers with more healthful foods. 

POTENTIAL FOR INNOVATION: NEXT STEPS 

At the end of the workshop, participants engaged in a discussion of 
strategies for moving forward in an effort to leverage innovative technolo
gies for obesity reduction and prevention efforts. This section summarizes 
that discussion. Participants spoke of the need to increase consumer aware
ness of the benefits of food technology; opportunities for industry to col
laborate with government in efforts to develop and commercialize novel 
food technologies; the reality that there is no ideal or “magic bullet” product 
and the implications for prioritizing; the need for more consumer educa
tion on eating behavior norms; whether anything can be done to change 
consumer decision making in a way that encourages more healthful choices; 
the need to conduct more systematic analyses of energy intake, energy 
consumption, and obesity in order to get a better grasp on what the food 
industry can do—and what it cannot do—to prevent and reduce obesity; 
the role of prevention (versus the leveraging of technology) in the response 
to the obesity crisis; and the need to collect rigorous evidence on the long-
term effectiveness of implemented interventions in order to inform future 
obesity reduction and prevention efforts. The suggestions summarized here 
represent individuals’ beliefs; they do not represent the findings, conclu
sions, or recommendations of a consensus committee process. 

Bridge Building with Consumers 

How can consumer groups and others who are generally not interested 
in a conversation with the food industry be entered into a dialogue with 
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the food industry? Foster suggested that perhaps there is a way to conduct 
a pilot conversation or dialogue of sorts around a single issue, perhaps with 
some of the more moderate consumer voices. He suggested starting small 
and with a particular focus so that the conversation is actually a conversa
tion. A question was raised about whether there was any sector besides the 
food industry in a position to make a compelling case that processed foods 
can make a positive contribution to people’s diets. Ned Groth, a retired 
scientific expert at the Consumers Union, agreed that bridges need to be 
built between consumer organizations and the food industry and empha
sized that the food industry is the one that needs to do the building because 
it has the resources. He suggested that the food industry send scientists, 
not public relations folks, across the bridge. For example, food industry 
scientists could put on a traveling road show of sorts to discuss the latest in 
low-calorie, high-quality packaged foods, with Consumers Union testing 
the foods and publishing its results in Consumer Reports. Food industry 
scientists could participate in a panel discussion with consumer groups at 
the Consumer Federation of America annual meeting (e.g., on “what are 
we doing about obesity?”). Alternatively, the food industry could approach 
the Center for Science in the Public Interest, or similar organizations, and 
ask how industry could do a better job of synergizing efforts with consumer 
groups. No matter what course of action is decided upon, he reiterated that 
industry needs to take the initiative. 

Allison cautioned that even scientists need to consider their own sense 
of “righteous indignation” and perceived license to distort data when it 
comes to dealing with issues of concern to the food industry. He pointed 
to a meta-analysis of the association between sugar-sweetened beverages 
and energy intake or weight, in which Vartanian and colleagues (2007) 
found that the average overall effect was stronger in non-industry-funded 
studies compared to industry-funded studies, with the implication being 
that industry is somehow distorting evidence or reality. However, upon 
closer examination of the data, Cope and Allison (2010) found that in fact 
it was the non-industry-funded studies that showed evidence of distortion, 
with studies showing a significant relationship between sweetened bever
age consumption and obesity more likely to be published than those not 
showing a significant relationship. Among industry-funded studies, on the 
other hand, there was no such “publication bias,” with all studies published 
regardless of statistical significance. So the smaller association reported by 
Vartanian and colleagues (2007), Allison explained, may be due to the 
fact that industry-funded studies without statistically significant results 
are nonetheless still being published. As another example of how scientists 
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distort data, he pointed to a 2004 study in the British Medical Journal on 
the relationship between sugar-sweetened beverage consumption and obe
sity; the authors showed that the statistical significance of the relationship 
between the two variables depends on how the data are analyzed (i.e., if 
BMI is treated as a continuous variable vs. a categorical variable). Of 115 
studies that cite James and colleagues, 64 percent were at least moderately 
misleading in their interpretation of the results, citing only the evidence or 
analysis indicating a significant association between sugar-sweetened bever
age consumption and obesity. 

Boyle emphasized that having an understanding of what kind of experi
ence consumers want is a key factor to keep in mind when considering what 
the industry can do to combat obesity and what types of novel technologies 
and products can be developed as part of that effort. Boyle agreed that early 
dialogue with consumers is key to understanding not only what consumers 
want and need but also what the medical community wants and needs and, 
therefore, what the possibilities are in terms of leveraging existing technolo
gies or developing new technologies to aid in the reduction and prevention 
of overweight and obesity. 

Government-Industry Collaboration 

ARS is just one example of how partnering with government can serve 
the food industry well with respect to leveraging innovative new technolo
gies in obesity prevention and reduction efforts. The ARS has proven to be 
a robust resource for innovation over the past several decades (Box 1), with 
research readily transferable to the private sector. Frank Flora, USDA ARS 
senior national program leader for product quality, new products and pro
cesses, described the focus of the ARS as mission-driven technology devel
opment, not profit-driven product development, with research priorities 
based on periodic (five-year) assessments of ARS capabilities, congressional 
mandates, and industry and academic stakeholder input. 

Richard Brenner, assistant administrator at ARS for technology trans
fer, described two ways to partner with ARS: 

1. Licensing available technologies for commercial production. ARS 
researchers often develop background inventions and then seek 
private-sector interest for commercialization. When a company 
expresses interest, it must submit a license for the technology and 
ARS must post a Federal Register notice of intent to license. If, after 
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30 days, there are no legitimate objections to the submission for an 
exclusive license, the company is granted the license. About 90 per
cent of submissions are granted exclusive or co-exclusive licenses. In 
2009, there were 301 active licenses, including 129 with commercial 
products in the market. Most of the licenses were with universities 
(118, or 39 percent), followed by small businesses (105, or 35 per
cent), large businesses including foreign multinationals with a major 
U.S. presence (54, or 18 percent), nonprofits (17, or 6 percent), and 
foreign businesses with no U.S. presence (7, or 2 percent). OATrim, 
NUtrim, C-Trim, Z-Trim, and the other fiber-based fat replacement 
technologies are examples of technologies that were developed by 
ARS and later licensed to private firms. 

2. Establishing research partnerships through CRADAs. Unlike licens
ing, which is a somewhat passive process, Brenner explained that 
CRADAs involve more deliberate interaction between ARS and 
interested private firm partners. The partnerships between ARS 
and Mantrose-Hauser (e.g., McDonald’s Apple Dipper technol
ogy mentioned earlier), Gorge Delights (the JustFruit bars), and 
NewGem Foods (the fruit and vegetable films) were all CRADAs. 
Any invention that develops as a result of a CRADA is considered a 
subject invention, whereby USDA receives a patent on behalf of the 
CRADA partner and the CRADA partner negotiates an exclusive 
license without a Federal Register notice. In 2009, there were 233 
active CRADAs, most of which were domestic (217, or 93 per
cent), and most of those being with small businesses (62 percent). 
The majority (167, or 72 percent) of CRADAs are with companies 
outside the state in which the ARS research is being performed, 
and most (133, or 57 percent) are with companies outside the geo
graphic area where the ARS research is being performed. So there is 
a lot of cross-geographical area collaboration, Brenner remarked. 

Whether through licensing or a CRADA, ARS provides only technical 
expertise. Collaborators must have the structural assets (i.e., intellectual 
and human capital); financial resources; and the manufacturing, marketing, 
and distribution capacity to commercialize the technology. Recognizing 
the challenge that this creates for small businesses in particular, in 2007 
ARS established a program called the Agricultural Technology Innovation 
Partnership (ATIP) to manage intermediary agreements with economic 
development entities that provide the necessary complementary assets. The 
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first ATIP agreement was between the Maryland Development Technol
ogy Corporation and CrispTek, LLC, to support commercialization of 
Choice Batter. Although the technology was developed in New Orleans and 
licensed for commercialization in Maryland, Brenner noted that, interest
ingly, the greatest economic beneficiary is Iowa where the product is mixed 
and sold. ARS has since established seven additional economic development 
entities across the country, creating a nationwide Agricultural Technology 
Innovation Partnership Network. 

LEVERAGING FOOD TECHNOLOGY 

BOX 1
 
The Organization, History, and Role of the Agricultural 


Research Service 


The ARS is one of four agencies within the Research, Education, 
and Economics mission area of the USDA (USDA is organized into eight 
mission areas). It is the in-house research arm of the USDA. While the 
ARS has 100 locations nationwide, with 21 national research programs 
and approximately 1,000 research projects covering the entire spectrum of 
farm-to-table topics, the majority of the post-harvest value-added research 
is conducted in four locations: the National Center for Agricultural Utiliza
tion Research, Peoria, Illinois; the Eastern Regional Research Center, 
Wyndmoor, Pennsylvania; the Southern Regional Research Center, New 
Orleans, Louisiana; and the Western Regional Research Center, Albany, 
California. In addition to housing chemical, microbiology, and engineering 
laboratories, all four regional centers maintain pilot plants for scale-up 
work to enable commercialization. 

The ARS is credited with conceiving and developing countless 
innovations in food technology over the past half-century and longer, 
beginning in the 1940s: 

 Developed	palatable	dehydrated	eggs	(1943) 
 Conducted	 research	 on	 the	 creation	 of	 fruit	 essences,	 which	 led	 

to the development of concentrated frozen apple and grape juices 
(1943) 
Developed	 a	 cutback	 technique	 to	 produce	 high-quality	 frozen 
orange juice concentrate (1946) 

•	
•	

• 

• Began	 a	 time-temperature	 tolerance	 project	 that	 ultimately	 led	 to	 the 
development of nine principles for freezing vegetables that remain 
the industry standard (1948) 
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	Developed	 methods	 to	 remove	the	 off-taste	  of	so ybean	 oil,	 which	 
included deactivating trace metal contamination and reducing  
rancidity-causing linolenic acid (1949) 
	Developed	 xanthan	gum,	 an	  edible	f ood	gum	  fermented	from	 glu -
cose by a microorganism (1950) 
	Developed	a	process	for	making	instant	potato	flakes	(1954) 
	Developed	 a	 method	 to	pre vent	gelling	 in	 canned	 e vaporated	milk	  
(1961) 
	Discovered	that	 the	 addition	 of	 vitamins	 C	 and	 E	 dur ing	processing	  
reduced nitrosamine levels in fried bacon and other nitrite-cured 
products, which led to the food industry’s changing processing  
methods to minimize exposure to cancer-causing nitrosamines  
(1965) 
	Developed	 the	 enzyme	 technology	 that	 provided	 the	 basis	 for	 
lactose-reduced dairy products (1980) 
	Developed	 OATrim	 fat	 replacer	 from	 soluble	 oat	 fiber	 and	 natural	 
enzymes (1990) 
	Developed	reduced-fat	mozzarella	cheese	(1995) 
	Developed	and	 patented	 Nutr im,	obtained	 from	 the	 ther momechani-
cal	processing	 of	 oats ,	as	 a	 commercial	 solub le	oat	 fiber	 n utraceuti-
cal (2000) 
	Made	Sunb utter,	a	 sunflo wer	 seed	 spread	and	 pean ut	b utter	alter -
native	(2003)	 

•	 

•	 

•	 
•	 

•	 

•	 

•	 

•	 
•	 

•	 

•	 	Developed	an	 edib le	coating	 to	 k eep	sliced	 apples	 fresh; 	 the	coating 	 
was	 commercialized	 by	Mantrose-Haeuser	 Co .,	Inc.,	  and	 is	 being	 
used by restaurants, stores, and the School Lunch Program (2005) 

SOURCE: Flora presentation (November 2, 2010). 

Innovation: There Is No Magic Bullet 

Clydesdale asked if there is a way to involve the food industry in a 
dialogue with the public health community and relevant government agen
cies in an effort to make products that satisfy specific recommendations 
around obesity prevention and reduction. Boyle advised starting small: pick 
one industry partner and see if it works. If not, learn from it. Either way, 
once the product has some buzz, others will want to make the same effort. 
Instead of trying to roll obesity prevention and reduction efforts out on a 
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massive scale with respect to developing new food products, he suggested 
that it be done in small steps. Clydesdale’s question led to a brief discussion 
about whether or not there is an “optimal” food design that would lead 
consumers to not overeat but still be physiologically and psychologically 
satisfied. Midness replied, “There really is no magic bullet, [it is all about 
calories in and calories out] and I think that is what we all need to come 
to terms with.” Allison agreed and stated that there is no particular food 
or type of food that is going to leave people without excessive energy and 
with zero feeling of deprivation and that people have to learn to be okay 
with feeling a little bit of deprivation. Anecdotally, he said, “Every person I 
know who has a little tendency to gain weight and manages to keep it down 
says, ‘Some of the time I just push something away even when I am not 
completely satisfied. I feel a little deprived, but that is okay. That is life.’” 

Allison remarked that in fact the food industry has engaged in the 
type of dialogue that Clydesdale proposed and has been developing such 
products, but are these products addressing the obesity issue? Are people 
eating fewer calories because they are eating, for example, baked potato 
chips, all-fruit snack bars, or any of the other products mentioned during 
the course of the workshop? He suggested that rather than developing new 
food products one by one, perhaps the real challenge is to encourage people 
to consume fewer calories. Foster agreed that such products are already 
available but perhaps are not being used appropriately. He pointed to 
100-calorie packs, which he said could make a real difference if used in fixed 
eating situations. For example, if a child takes a 100-calorie pack instead 
of a 180-calorie pack to school every day, and if there is no opportunity to 
take two (or to get another one later), then cumulative energy intake would 
be reduced over time (unless the child compensated). 

Given that there is no magic bullet, what should the priorities be in 
terms of developing and commercializing innovative technologies for con
sumers to use as tools for managing weight? Rolls asked whether it is prefer
able to make small changes to many foods or large changes to a few foods. 
Should efforts be broadly focused on reducing energy density or portion size 
in small increments over time, or would it be more effective to make major 
changes to a select group of key foods? Her concern is that unsuccessfully 
doing too much with a few foods could “poison the well” for other foods 
that really could stand to be improved by small amounts. She remarked that 
evaluating the potential benefits of small versus large alterations in energy 
density, portion size, or other parameters is an important research question 
in need of both scientific and economic data. 
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There was some discussion around whether changes should be made 
silently, without engaging in dialogue with consumers. It was pointed out 
that the food industry makes changes all the time without having a dialogue 
with consumers. For example, General Mills’ ongoing silent improvements 
include a 45 percent reduction of sodium in Cheerios; 10 percent reduc
tion of sugar in Frosted Cheerios; 10 percent reduction of sodium in Green 
Giant Niblets; 66 percent reduction of fat and 25 percent reduction of sugar 
in Trix; 75 percent reduction of fat in GoGurt; and 10 percent reduction of 
fat in Grands! (biscuits). Plus, restaurant chefs are constantly changing their 
recipes without informing customers. 

Chor-San Khoo, vice president of global nutrition and health at 
Campbell Soup Company, framed the question about prioritizing in a 
slightly different way. She asked what the number one priority should 
be when developing food products aimed at reducing or preventing obe
sity, given the large number of demands placed on the food industry by 
competing public policy interests (i.e., competing health interests, such 
as heart disease, diabetes, pediatrics, etc.) and the very long time it would 
take to meet all of those demands in a single product. Should the focus be 
calories? Should it be portion control? Should it be something pertaining 
to the sensory component(s) of foods? Allison referred to Foster’s earlier 
plea for simplicity. During his keynote presentation, Foster emphasized 
the importance of keeping the focus of obesity reduction and prevention 
efforts on calories when developing new technologies. He said, “If you 
chase sugar in the absence of calories, you won’t affect obesity. If you chase 
sodium in the absence of calories, you won’t affect obesity. Obesity is a 
calorie issue.” 

Allison suggested that it might be easier to eat less than it would be to 
count calories and suggested that perhaps some sort of technology could be 
developed such that people know, at the checkout, how much food they are 
purchasing relative to what they had purchased the previous week. Boyle 
suggested that the issue may not be one of product development, given that 
some great products are already being manufactured by the food industry, 
but rather of product distribution. The challenge, he said, is to distribute 
products to where they are needed most (e.g., in neighborhoods without 
grocery stores, where people are buying food from liquor stores). He asked if 
there is a way to reinvent distribution so that these products are making it to 
the places where access to healthful food and obesity are most problematic. 

Several participants emphasized the importance of providing consum
ers with simple messages, easier-to-read nutrition labels, and other tools 
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that enable easier decision making around energy balance. Boyle pointed 
to Nike+ (nikeplus.com) as an example of a product that provides consum
ers with immediate feedback about calories burned, distance, and so forth 
during workouts and suggested that similar products be developed that 
provide consumers with immediate feedback about calorie intake. Mattes 
mentioned a colleague who is developing a cell phone-based technology 
that will enable consumers to take a photograph of a food and immediately 
receive a nutrient analysis of the photographed food. Just mentioned how 
school food service directors are relying on various technologies to plan 
meals and also track the impact of nutritional changes. Rolls commented 
on the popularity of social network sites, such as SparkPeople, and the 
opportunities for getting children involved in similar programs given how 
easily children are influenced by their peers and role models. 

Need for More Consumer Education on Eating Behavior Norms 

The reality that there is no single magic food product fueled some 
discussion on education and the importance of sending simple messages 
around energy balance. Foster opined that “the sugar message” in particular 
is distracting. If the primary focus is tooth decay, then it makes sense to lead 
with sugar messaging, but if the primary focus is obesity, then it makes sense 
to lead with calories. While there may be some unintended consequences of 
posting calorie content on the front of a package or in a restaurant, educat
ing people about calories in some form or another seems to be a reasonable 
starting strategy—the more people hear about calorie intake and portion 
size, the more likely it is that appropriate calorie intake will become a social 
norm, in much the same way that the wearing of seatbelts is today. Boyle 
suggested starting with children. He told an anecdotal story about driving 
a van-load of second graders on a field trip. One child immediately yelled 
“Stop!” as soon as Boyle started to back up the van. When Boyle asked what 
was wrong, the child replied that he did not have his seatbelt on yet. Boyle 
remarked that something needs to be done so that children that age are hav
ing similar reactions around food—so that, for example, a child says “stop” 
when he or she notices a server or someone else putting too much food on 
his or her plate. Boyle suggested that if the younger ages can be reached in 
some way so that they have this knowledge early on, a societal movement 
to eat less can be started. While some people will not pay any attention to 
the information, others will. It is like putting the prices on a menu. Some 
people are cost-conscious, others are not. It will not reverse what has hap

http:nikeplus.com
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pened over the past 30 years, but it might set a framework for future work. 
However if nothing is done, nothing will be accomplished. 

An audience member cautioned that any public education on calories 
that is initiated not be too number-focused. Not only do people tend to 
get easily frustrated by or overly fixated on numbers in a way that could 
create a backlash, but also determining the number of calories that a person 
needs on a daily basis requires an individual-level approach. What works 
for one person in terms of appropriate calorie intake does not necessarily 
work for another person. It was pointed out that the individual-level nature 
of determining appropriate energy intake highlights the need to empower 
individuals by educating them and giving them the tools to make their own 
informed decisions about the foods they purchase and eat (e.g., handheld 
electronic devices that provide immediate feedback about calorie intake). 

Molly Kretsch, deputy administrator for nutrition, food safety, and 
quality at ARS, suggested that “emotional eating” (eating for reasons other 
than hunger, such as stress) needs to be part of this conversation. Much of 
the discussion has centered on biological factors underlying eating behav
iors and educational approaches for curbing those behaviors. Educational 
approaches are certainly important, but emotional eating and the many 
other reasons people consume excess calories are not likely to be responsive 
to educational messaging alone. Some segments of the population are not 
thinking about nutrition and health; they are thinking about how to get 
through the stress of the day. It is not clear that sending the message to “eat 
less” would have an impact on those populations, which raises the question: 
What can be done with technology to change the food supply in a way 
that addresses obesity in populations not as reachable through messaging? 
Kretsch mentioned “silent changers,” that is, changes to the food supply 
that could improve its healthfulness without any effort by the individual. 
For example, the calories in a serving of French fries, a widely consumed 
food in the United States, could be reduced by using the new ARS technol
ogy discussed at this meeting to reduce oil uptake during frying and hence 
calories per serving. This is only one example but others could be cited as 
well. Some participants remarked that while there are situations in which 
silent changes may be helpful, the use of technologies to improve the food 
supply, whether done silently or not, does not eliminate the need for public 
education on healthy eating behavior. Not only could public education, 
whether through front-of-package labeling or other means, contribute 
toward changing maladaptive eating behaviors, it also could be used to raise 
awareness about the health benefits of food technology. 
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The educational challenges extend beyond consumers to educators 
themselves. According to unpublished ConAgra Foods company data that 
was shared by Bolles, a 2010 study of 160 registered dietitians and diabetes 
educators showed that while more than 95 percent of health professionals 
discuss portion control with their clients, only about 15 percent mention 
frozen single-serve meals as a portion control strategy. Bolles said that frozen 
meals as a portion control strategy are left out of many weight management 
publications and guidelines from public health organizations including the 
CDC, the National Institutes of Health (NIH), and the Department of 
Health and Human Services. 

Possibilities for Influencing Consumer Decision Making 

Participants revisited some of the findings that Just discussed during 
his presentation about the unpredictable nature of consumer behavior, with 
behavioral economic evidence having yielded disappointing results about 
health claims. The question raised was: What can be done? Would including 
calories and other nutritional information on the front of packages influ
ence consumer decision making? Just replied that there have been about 10 
studies in chain restaurants in New York City on the impact of calorie label
ing on consumer behavior, with the evidence indicating that calorie labeling 
does not prevent consumers from purchasing whatever food item they want 
to purchase. However, it does prompt people to select an item with fewer 
calories, if given a choice. In fact, some people actually feel good about their 
purchase, knowing that they are not purchasing the highest-calorie item. 
Allison cited a study showing that people will choose a smaller size if it is 
available, as long as it is not the smallest size. Given a 12-ounce beverage 
option at McDonald’s, people were willing to change from 21 ounces to 16 
ounces (Sharpe et al., 2008). This suggests that behavioral insights, such as 
those identified during this workshop, can be used in a positive way without 
imposing restrictions on individual freedom. 

How about taxes (e.g., tax on soda or junk food)? Could taxes on less 
healthful foods change consumer behavior? Just explained that there has 
been quite a debate among economists around the taxing of various foods, 
particularly sodas. Although raising the price would have an impact on 
consumption, the question is: How great would the impact be? Much of 
the evidence suggests that the impact would be minor. Also, people react 
in strange ways—they react differently to taxes than they do to an increase 
in price. Laboratory studies show that people do not like the fact that 
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attempts are being made to manipulate what they eat and will strengthen 
their preference for the food being taxed. In the field, while people initially 
exhibit similar behavior, eventually the cumulative cost of the tax adds up 
to a point where many people respond by eating less. 

Another suggestion was put forth that perhaps tax deductions for 
weight loss and maintenance might impact obesity on a larger scale. In 
response, Allison mentioned a 16-week study showing that financial incen
tives for losing weight do not work (Volpp et al., 2008). A follow-up, longer 
study (32 weeks) showed the same (John et al., 2011). In both studies, 
although incentives led to significant weight loss, the weight was regained 
after the intervention ended. 

A Primary Prevention Approach 

A member of the audience asked whether primary prevention might 
be the best approach to responding to the obesity epidemic, especially 
given all the unintended consequences related to unpredictable behavior 
around food and eating (e.g., the way people react when a food is mar
keted as being lower calorie). It is not clear what such a primary preven
tion approach would encompass. As just one example, it could include a 
focus on prenatal education (e.g., educating obstetricians to educate preg
nant women; incorporating prevention education into the Special Supple
mental Nutrition Program for Women, Infants, and Children, popularly 
known as WIC). Indeed, during his presentation earlier in the workshop, 
Foster remarked that with the majority of obesity treatments, the most 
frequent outcome is weight regain (LaGrotte and Foster, forthcoming), 
a reality that points to the importance of prevention. Unless the cause of 
the behavior that leads to obesity is addressed, people who lose weight 
through structured weight loss programs will eventually regain the extra 
weight. In order to prevent weight regain, the behavioral factor(s) driving 
weight gain in the first place needs to be identified and addressed. Either 
people are eating too much, or they are too sedentary. In Foster’s opinion, 
both behaviors pose enormous challenges given that they are so readily 
reinforced in today’s society. Inexpensive, palatable, energy-dense foods 
are available at rest stops, gas stations, and in all sorts of places where 
they were not available 30 years ago. The more that people are exposed to 
inexpensive, palatable, and energy-dense foods, the more difficult it is to 
break the habit of eating them. 

Foster replied that the downside of a primary prevention strategy is that 
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it would take a long time to see any benefit and that it would be difficult to 
know how to even measure benefit (e.g., prevalence of obesity, new cases of 
obesity). This does not mean that it is not worth doing, only that it would 
probably not involve conducting a randomized controlled trial and that it 
would be difficult to documents the benefits. Allison remarked that the type 
of longitudinal studies needed to evaluate outcome take too long. It would 
take an entire human generation to see certain effects, such as how growing 
up under certain environmental conditions impacts energy balance later in 
life. He mentioned a rodent study demonstrating that early-onset exercise 
(i.e., exercise during the first few weeks of life) can reduce obesity in obesity-
prone rodents: even if the rats stop exercising later in life, they maintain 
lower body weights (Patterson et al., 2008). It is much more challenging to 
show similar effects in humans. 

Eric Decker, professor and chair of the Department of Food Science at 
the University of Massachusetts Amherst, mentioned that there has been a 
large amount of government funding directed toward nutrition education, 
especially in the area of obesity, but it is not clear how effective those educa
tional efforts have been in terms of reducing obesity. He observed that part 
of the challenge is the lack of tools available to people who want to change 
their eating behavior as a result of having been educated. If people want to 
change their eating behavior, how do they do it? They do not know which 
foods to eat. The products are not there. Decker made a call for more funds 
to be directed toward improving and developing food products that people 
can use to implement the desired change. 

Need for a More Systematic Analysis of Obesity 

A member of the audience remarked that there needs to be a more 
systematic analysis of obesity in America, one that considers energy expen
diture as well as energy intake. For example, some educational policies that 
emphasize academic performance have resulted in the elimination of recess 
in favor of additional classroom time. The absence of exercise at school, 
combined with increased time at home spent in front of the television or 
computer, is just one example of the type of social pressure existing today 
that impacts energy balance. The audience member noted that a systematic 
analysis would help manage expectations around what the food industry 
can do—and what it cannot do—by leveraging technology to change foods 
or eating behaviors. 
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Need for Long-Term Data 

Several speakers and workshop participants commented on the need 
for more long-term data on the various interventions aimed at overweight 
and obesity reduction and prevention. For example, while there is plentiful 
evidence indicating that portion-controlled frozen meals effectively reduce 
calorie intake and increase short-term weight loss, there are no data on 
the impact of portion-controlled frozen meals on weight loss maintenance 
beyond one year. Bolles said that now is the time to begin collecting those 
data. 

Similarly, although data indicate that 100-calorie snack packs reduce 
short-term energy intake, the long-term consequences are less certain. 
Allison cited a crossover study showing that people served 100-calorie packs 
consumed fewer snack calories per gram than people who received standard 
size packs but that the effects disappeared when study participants who 
had previously received 100-calorie packs were administered standard size 
packs instead and vice versa (Stroebele et al., 2009). Results such as these 
underscore the potential differences between short-term versus long-term 
studies and controlled versus real-world settings. What really happens when 
people are out in the real world consuming these food products over long 
periods of time? What are the real-world effects of 100-calorie snack packs? 
Rolls mentioned research showing that people who diet with prepackaged 
100-calorie packs may end up eating more than when eating ad libitum. 
She wondered whether people who eat the restricted-portion size packs are 
receiving some type of message, such as “it’s a ‘diet food’” that makes them 
feel so good about eating it that they want to eat more. 

The importance of rigorous long-term, real-world data cannot be 
underestimated. As Rolls said, “Eating behavior is complicated, and the 
studies are pulling up mixed results. . . . We may have good intentions with 
some of these things that we are trying to do, but they may backfire on us 
if we do not really get good thorough data.” 

Role of Compensation 

Allison identified compensation as an important phenomenon that 
often does not manifest in short-term laboratory studies. It makes sense, he 
said, that serving a child a 100-calorie pack instead of a 180-calorie serving 
on a daily basis should make a difference over time in terms of BMI—but 
only if there is no compensatory response. As he said, “We know that 
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biological systems are exquisitely adaptive, and yet we have only a modest 
understanding [of that propensity for adaptation].” He showed data dem
onstrating a large difference between theoretically projected weight gain 
and actual observed weight gain as a result of consuming an extra 150–250 
calories a day in the form of sugar-sweetened beverages over the course of 
a year, with actual weight gain as a result of consuming extra calories being 
much less than expected—because of compensation (reviewed in Mattes 
et al., 2011). 

Mattes identified compensation as “the central question” for both 
children and adults. He mentioned Leann Birch’s research on compensa
tory behavior in children and stated that McKiernan and colleagues (2008) 
have shown similar effects in adults. Mattes also emphasized the impor
tance of eating frequency, a factor that was not addressed much during the 
workshop. He explained that total energy intake is determined not only 
by portion size but also by portion size plus eating frequency and that one 
cannot assume that manipulating portion size without accounting for eat
ing frequency will have the desired outcome. In fact, Continuing Survey 
of Food Intakes by Individuals (CSFII) data indicate that eating frequency 
accounts for a greater proportion of variance in energy intake than does 
portion size, mostly likely because of a compensatory response. 

Rolls mentioned a study showing that over 11 days, people did not 
compensate when served larger portions (Rolls et al., 2007). However, other 
studies show the opposite among people served smaller portions. In general, 
she said, the literature seems to suggest that people tend to compensate 
more for underconsumption than for overconsumption. Allison conceded 
that compensation does not occur under some circumstances but reiter
ated that it can have a significant impact under other circumstances. He 
cited CSFII data analyzed by Michael Anderson and David Matsa showing 
that even though people consume about 225 calories more when they eat 
restaurant meals compared to non-restaurant meals, their entire day’s food 
intake reflects a much smaller 25-calorie difference because of compensa
tion. That is, people who eat a big lunch at a restaurant tend to eat a smaller 
dinner at home and vice versa (Anderson and Matsa, 2007). As another 
example of how biological systems “adapt” to situations in unexpected 
ways, Allison pointed to a study by Li and colleagues (2010) showing that 
mild caloric restriction (5 percent) in mice actually increased body fat mass; 
presumably, the mice anticipated a lean energy environment and the need to 
store energy, so they cut muscle (lean body mass) and kept the fat. Allison 
concluded that the evidence is mixed on whether compensation makes a 
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significant difference with respect to energy intake and weight gain or loss 
and that more research needs to be conducted in order to better understand 
the circumstances under which compensation matters. 

Foster agreed that compensation is interesting but mostly from an aca
demic point of view. He questioned whether understanding compensatory 
behavior is helpful from a public health point of view. Although compensa
tory behavior clearly occurs and has a significant impact, can it really explain 
the dramatic increase in the prevalence of obesity that has occurred over 
the past 30 years? He said, “The bottom line is that people are eating a lot 
more and burning a lot less than they were 30 years ago. . . . I am not sure 
if [compensation] gives us any particular leverage on the issue.” 

Compensation and Increasing Fruit and Vegetable Intake 

The issue of compensation came up again when Carol Kellar, senior 
director of quality, scientific, and regulatory affairs at Kraft Foods North 
America, suggested the promotion of fruits and vegetables as a first step 
toward responding to the obesity crisis while continuing to develop the 
broad range of new technologies currently being explored. Mattes replied 
that evidence on the potential benefit of increased fruit and vegetable 
intake is mixed. There are as many studies showing that increased fruit 
and vegetable intake leads to no change in body weight, or even increased 
body weight, as there are studies showing that increased fruit and vegetable 
intake leads to weight loss.

The precise contributions of fruit and vegetable intake are an active research area. For 
example, since the workshop, a review of experimental and longitudinal studies in adults and 
children found that the relationship between fruit and vegetable intake and reduced adiposity 
is weak among overweight adults and is unclear in children (Ledoux et al., 2011).

14  For example, Allison pointed to a study by 
Whybrow and colleagues (2006) that showed no significant difference in 
weight change between individuals who ate more fruits and vegetables 
over the course of eight weeks compared to individuals who ate a standard 
diet. Svendsen and colleagues (2007), on the other hand, showed a slight 
benefit in adding more fruits and vegetables to the diet. Generally, Allison 
explained, it seems that eating carrots, for example, is helpful from a weight 
point of view only if the carrots replace something else more energetically 
dense and only if there is no compensation over time. Because fruits and 
vegetables do have calories, Mattes said that the message should be to 
increase fruits and vegetables but only as part of a weight-control regimen. 

14 
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Foster agreed that substituting fruits and vegetables for something else that 
is more calorically dense would work in fixed eating situations. However, 
usually fruits and vegetables are pushed such that they are simply piled up 
on top of everything else. 

Promotion of “Good” Science by the Food Industry 

Allison remarked that despite reduced-calorie and zero-calorie bever
ages and other new products having been introduced into the marketplace 
over the past several decades, the prevalence of obesity has continued to 
increase over time. At first glance, one might infer that none of these new 
products are making an impact. Allison explained, however, that there are 
many factors at play and that the research conducted to date is not “proba
tive” in the same way that pharmaceutical research is. In fact, pharmaceu
tical companies do not have a choice with respect to whether or not they 
want to assess the impact of their products on human health. An enormous 
share of pharmaceutical industry expenditure is dedicated to R&D. In the 
food industry, on the other hand, most R&D money is spent on product 
development or market research, not on assessing the human health effects 
of consumption. Allison observed that there has been a tremendous amount 
of discussion around taxation, sugar-sweetened beverages, labeling, and so 
forth, and yet very little randomized experimentation in the field. 

Decker pointed to federal funding as a major challenge, noting the 
low profit margin of the food industry and the lack of federal subsidization 
of food research. He noted a lack of recognition at the federal level that 
food impacts health and that food is part of preventive medicine. Decker 
observed that most USDA-funded research is related to production agri
culture, not value-added food. Brenner agreed that federal funding of food 
research and development represents a very small portion of the federal 
R&D investment and encouraged more collaborative basic research (e.g., 
more collaboration between NIH, USDA, and the food industry). 

Although the food industry does not engage in R&D to the extent that 
it probably should, Allison commented that it does do “good science.” He 
mentioned past research with trans fatty acids and how the food industry 
and USDA partnered to fund research that eventually showed the negative 
health consequences of trans fatty acids (Judd et al., 1994). Allison said, 
“That wasn’t the answer we hoped for. . . . I think the industry needs to 
get credit for those kinds of things.” Susan Crockett, vice president and 
senior technology officer for health and nutrition at General Mills, added 
that General Mills has spent millions of dollars on research on the impact 



 

 

             

 

 

 

67 WORKSHOP SUMMARY 

of ready-to-eat cereal consumption on weight and other health parameters 
(General Mills, 2009), with solid evidence showing that ready-to-eat 
breakfast cereal is the lowest-calorie common breakfast choice

 2005–2006 NHANES data available online: http:cdc.gov/nchs/nhanes.htm (accessed 
April 13, 2011). 

15 and that 
its consumption is associated with lower body weight (Barton et al., 2005). 
Brenner suggested that the i6 Challenge grant program be considered as a 
way to get funding to demonstrate how food technologies can be used to 
benefit communities in terms of reducing or preventing obesity. 

To conclude, Allison made a call for high-quality “probative” research 
that continues over time and evaluates the impact of any given intervention 
on not only attitudes and beliefs, or purchasing and consumption, but also 
obesity prevalence. That is, does the intervention actually impact obesity? 
The vast majority of labeling studies, for example, evaluate purchasing but 
not long-term weight change or obesity prevalence. He stated that reaching 
those types of big-picture conclusions about implemented interventions 
will require cooperation and participation among government, academia, 
and the food industry. Allison emphasized the urgency of moving forward 
now, even with imperfect knowledge. He said, “We cannot wait for the best 
available evidence.” At the same time, we must conduct the type of rigor
ous experiments that are needed to evaluate the impact of what is being 
implemented. 

WRAP-UP 

In November 2010, the IOM convened experts from industry, aca
demia, and government to discuss how food technologies can be leveraged 
to alter eating behaviors associated with excess energy intake. Participants 
explored progress that behavioral scientists have made over the past 10 to 20 
years in teasing apart the inordinate complexity of human eating behavior; 
how food scientists have been using this growing evidence base to develop 
novel technologies in an effort to reduce the obesity burden on the Ameri
can public; and strategies for moving forward. 

Workshop participants explored four general categories of eating 
behavioral challenges. First, a growing body of evidence shows a strong 
association between increased portion size and increased energy intake. 
Although a handful of studies have shown correlations between increased 
portion size and obesity, Fisher explained that it is unclear whether increased 

15

http:cdc.gov/nchs/nhanes.htm


 

 
 
 

 

 

 

 

 

68 LEVERAGING FOOD TECHNOLOGY 

portion sizes are driving obesity or vice versa. Nonetheless, Foster opined 
that portion size control is arguably one of the promising obesity treat
ments. Second, another growing body of evidence suggests that energy 
density arguably has an even greater effect than portion control, with studies 
showing that reducing energy density—for example, by increasing the water 
content of foods—reduces energy intake (e.g., Rolls et al., 1999). However, 
as with portion size control, Rolls stated that the long-term effect of reduced 
energy density on weight status is unclear. Third, although there are many 
popular claims that high protein content, glycemic index, and various 
other food properties can reduce energy intake by increasing satiety, Mattes 
concluded that the evidence is mixed and that the effects of increased sati
ety on energy intake are moderate at best. Finally, Just made the case that 
consumers behave unpredictably toward “improved” food products (e.g., 
foods with health claims) and often in ways that defeat the purpose of the 
improvements, creating a quandary for the food industry. By differentiating 
between improved and existing products, there is a good chance that con
sumers will not benefit from the improvements. Yet by not differentiating, 
producers are unable to capture the profits from those value-added benefits. 

Food scientists have been using this behavioral science evidence base as 
a guide for developing products to help reduce energy intake. Most notably, 
Rao and Champagne described the considerable efforts to develop lower
energy-density foods by reducing fat content. Although removing fat may 
seem like the most obvious way to reduce the energy density of foods, given 
that fat contains more calories per gram (9 cal/g) than any other macronu
trient, energy density can also be reduced by removing or reducing sugar, as 
discussed by Leahy and Midness. Bolles described how some food manufac
turers are tackling portion size instead of or in addition to reducing energy 
density. Finally, although there was little discussion of the evidence for an 
association between increased fruit and vegetable intake and increased risk 
of obesity, McHugh shared several technologies that USDA scientists have 
developed in an effort to provide consumers with novel means for increas
ing fruit and vegetable intake. McHugh also described technologies being 
developed by USDA scientists for the purpose of increasing micronutrient 
intake. 

Although the many examples of technological successes shared during 
the workshop suggest that in fact the food industry is already providing 
consumers with tools for reducing or preventing obesity, none of these 
achievements have been easy. Workshop participants identified taste as 
arguably the greatest challenge. Whether the goal is to develop a reduced
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fat food or a portion-controlled frozen meal, or something else entirely, 
if it does not taste good, consumers will not eat it. Moreover, improved 
products must be affordable to consumers; otherwise, people will not buy 
them. Participants identified several examples of improved food products 
that failed or were discontinued because of price problems. Expense is a 
challenge not only for new products but also when reformulating existing 
products. Sugar, for example, is relatively cost-effective compared to some 
of the newer technologies being used to produce sugar replacements. Cost 
aside, reformulation itself poses a significant challenge; often when one 
component is changed, others must be changed as well. Manufacturers also 
face various regulatory challenges, such as health claim qualifications, when 
leveraging new technologies. Finally, on top of all the technical, economic, 
and regulatory challenges, is the reality that some consumers are philosophi
cally opposed to the very concept of food technology, or food processing, 
regardless of any potential health benefits. 

Based on lessons learned from past experience about what works and 
what does not work, workshop participants discussed several strategies for 
moving forward when leveraging technology in the effort to prevent and 
reduce obesity. Several participants asserted that there is no “magic bul
let” food product, or type of product, to serve as an obesity prevention 
or reduction tool. Nor is it clear whether any of the products identified 
during the workshop that are currently on the market, such as the various 
reduced-fat snack products, have impacted either short-term energy intake 
or long-term weight status. That there is no magic bullet raises questions 
about what to prioritize when developing new products. For example, is it 
more effective to make small changes to many products or large changes 
to a few products? Should changes be made silently, without consumer 
awareness? Should more effort be focused on developing technologies to 
help consumers keep better track of calories consumed? There was also a 
great deal of discussion around the need to engage with consumers about 
the health benefits of food technologies and the need to educate consumers 
about eating behavior norms. 

Suggestions from the participants for moving forward included keeping 
the focus on calories, recognizing that some segments of the population are 
not reachable through conventional public education and that alternative 
strategies need to be developed, educating children about portion sizes 
and other eating behavior norms, and educating educators themselves. 
Additionally, there was quite a bit of discussion around the potential for 
fruitful collaborations between industry and government to develop novel 
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food products for commercialization. For example, Brenner explained that 
ARS provides two mechanisms for partnering: licensing USDA-developed 
technologies for commercial production and establishing research part
nerships through CRADAs. Finally, an overarching theme expressed by 
many participants during the two-day dialogue was the lack of research, 
particularly long-term research. For example, Allison pointed to the need 
for “probative” research aimed at evaluating whether interventions actually 
impact obesity. Too often, studies stop at short-term purchasing or eating 
behaviors or energy intake. There was also a call by participants for a more 
systematic analysis of obesity in America—that is, research aimed at teasing 
apart not only behaviors that lead to excess energy consumption but also 
behaviors that lead to insufficient energy expenditure. An audience member 
remarked that a systematic analysis would help to manage expectations of 
the role and responsibilities of the private sector. These next steps suggested 
by workshop participants helped to establish a greater understanding of how 
food technology can be incorporated into the multifaceted response to the 
complex interplay of environmental, social, economic, and behavior factors 
that influence the prevention and reduction of obesity. 
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LEVERAGING FOOD TECHNOLOGY FOR OBESITY 

PREVENTION AND REDUCTION EFFORTS
 

20 F Conference Center
 
20 F Street, N.W., Washington, DC 20001
 

November 2–3, 2010
 

Monday, November 1, 2010: DAY 1 

Open Session 

SESSION 1: INTRODUCTION & KEYNOTE 

9:00 a.m.	 Welcome from the Food Forum and the University of 
Massachusetts Food Science Policy Alliance 

Michael Doyle, Food Forum Chair, University of Georgia 
Fergus Clydesdale, Alliance Director, University of 

Massachusetts Amherst 

Keynote 
Gary Foster, Temple University 

SESSION 2: BEHAVIORAL SCIENCE CHALLENGES 

9:45 a.m. Moderator: Van Hubbard, National Institutes of Health 

Portion Size 
Jennifer Fisher, Temple University 
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Energy Density 
Barbara Rolls, Pennsylvania State University 

10:45 a.m. 	 Break 

11:00 a.m.	 Satiety and Food Properties 
Richard Mattes, Purdue University 

Consumer Decision Making 
David Just, Cornell University 

12:00 p.m. 	 Questions & Discussion 

12:30 p.m.	 Lunch 

SESSION 3: 	 INDUSTRY SUCCESSES & CHALLENGES 
IN LEVERAGING FOOD TECHNOLOGY TO 
PRODUCE HEALTHIER FOOD CHOICES 

1:30 p.m.	 Moderator: Carol Kellar, Kraft Foods 

Experiences & Advances in the Bakery and Cereal Sectors 
Lydia Midness, General Mills 

Experiences & Advances in the Snack Sector 
Mohan Rao, PepsiCo 

Experiences & Advances in the Beverage Sector 
Marge Leahy, The Coca-Cola Company 

Experiences & Advances in the Prepared Meals Sector 
Al Bolles, ConAgra Foods 

3:30 p.m.	 Questions & Discussion 

4:00 p.m. 	 Break 
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SESSION 4: 	 USDA SUCCESSES AND CHALLENGES IN 
DEVELOPING NEW TECHNOLOGIES FOR 
HEALTHIER FOOD CHOICES

 Moderator: Molly Kretsch, U.S. Department of Agriculture 
(USDA), Agricultural Research Service (ARS) 

4:15 p.m. USDA-ARS Food Technology Research for Healthier Food 
Choices 

Frank Flora, USDA, ARS 

Fruit & Vegetable-Based Technologies for Healthier Food 
Choices 

Tara McHugh, USDA, ARS 

Grain-Based Technologies to Reduce Food Energy Density 
Elaine Champagne, USDA, ARS 

Technology Transfer and Public-Private Partnerships 
Richard Brenner, USDA, Office of Technology Transfer 

5:25 p.m. Questions & Discussion 

5:45 p.m. Adjourn 

Tuesday, November 2, 2010: DAY 2 

Open Session 

SESSION 5: 	 FOOD TECHNOLOGY:  DIRECTIONS FOR THE 
FUTURE 

Moderator: David Allison, University of Alabama at 
 Birmingham 

9:00 a.m.	 Change by Design 
Brendan Boyle, IDEO 
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Summary Panel: Lessons Learned and Future Directions 
All speakers will have a chance to respond to questions 

generated throughout the previous day and explore new 
ideas for the future of food technology and its impact on 
obesity and health. 

10:30 a.m. Open Discussion 

11:30 a.m. Adjourn 
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Speaker	and	Moderator	
 
Biographical	Sketches
 

David B. Allison, Ph.D., is distinguished professor, head of the Section 
on Statistical Genetics, and director of the National Institutes of Health 
(NIH)-funded Nutrition Obesity Research Center at the University of 
Alabama at Birmingham. Prior to his current position he was a research 
scientist at the New York Obesity Research Center and associate professor 
of medical psychology at Columbia University College of Physicians and 
Surgeons until 2001. His research interests include obesity, quantitative 
genetics, clinical trials, and statistical and research methodology. He has 
authored more than 400 scientific publications and edited 5 books. He 
has won many awards, including the 2002 Lilly Scientific Achievement 
Award from the Obesity Society, the 2002 Andre Mayer Award from the 
International Association for the Study of Obesity, the 2009 TOPS Award 
for scientific achievement from the Obesity Society, and the National Sci
ence Foundation-administered 2006 Presidential Award for Excellence in 
Science, Mathematics, and Engineering Mentoring. In 2009 he was elected 
as a fellow of the American Association for the Advancement of Science. 

Al Bolles, Ph.D., is executive vice president, Research, Quality & Innova
tion, at ConAgra Foods. In this role, he leads the company’s research, qual
ity, and innovation functions and guides the development of new products 
based on consumer insights and technological best practices. He continues 
to concentrate on delivering big-bet innovation to the market with flaw
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less execution. Prior to joining ConAgra Foods, Dr. Bolles led worldwide 
research and development for PepsiCo Beverages and Foods. He has a Ph.D. 
and an M.S. in food science and a B.S. in microbiology, all from Michigan 
State University. He holds several patents and has won numerous awards 
for his contributions to the world of food science. 

Brendan Boyle is a partner and chief invention officer at IDEO. 
Mr. Boyle’s passion is promoting entrepreneurial thinking (and entre
preneurial doing) throughout IDEO’s eight global offices. He focuses 
on incubating start-ups within IDEO and spinning them out to become 
independent companies. With a background in engineering and design, he 
founded Skyline, a toy invention company acquired by IDEO and now the 
firm’s Toy Lab. Mr. Boyle’s experience includes the invention and licensing 
of more than 150 toys and consumer products. Additionally, Mr. Boyle 
stewards key client relationships such as PepsiCo and ConAgra Foods. He 
is also one of IDEO’s spokesmen: he is a highly requested public speaker, 
has published articles on brainstorming and innovation in the workplace 
on ABCnews.com, and co-authored The Klutz Book of Inventions. He is 
a consulting associate professor at Stanford’s d.School where he teaches 
a class he started called “From Play to Innovation,” and he was recently 
named Stanford Knight Favorite Professor. He also sits on the board of 
the National Institute for Play. Mr. Boyle holds an M.S. from the Joint 
Program for Design at Stanford, as well as a B.S. in mechanical engineering 
from Michigan State. 

Richard Brenner, Ph.D., is assistant administrator for technology transfer 
at the Agricultural Research Service (ARS), representing the Secretary of 
Agriculture on issues pertaining to the management of intellectual property 
arising from U.S. Department of Agriculture (USDA) research, and with 
delegated authority for licensing inventions developed through intramural 
research from any of the USDA agencies. Dr. Brenner is the agency repre
sentative to the Federal Laboratory Consortium (FLC) for USDA and the 
Interagency Working Group for Technology Transfer convened monthly 
by the Department of Commerce; he also represents USDA on the White 
House Innovation and Entrepreneurship working group, established by 
the Obama administration in December 2009. Career awards include 
Outstanding Senior Scientist, USDA Award for Superior Service, ARS 
Technology Transfer Awards, an FLC Technology Transfer Award, and the 
“Pollution Prevention Project of the Year” award in 1999 under the Stra

http:ABCnews.com


         

 

          

 

87 APPENDIX B 

tegic Environmental Research and Development Program (Department of 
Defense, Department of Energy, and Environmental Protection Agency). 
In 2008, he received a Senior Executive Service, Presidential Meritorious 
Service Award for his career accomplishments and, in 2010, the FLC Out
standing Technology Transfer Professional of the Year Award. He received 
his Ph.D. in medical entomology at Cornell University. 

Elaine Champagne, Ph.D., serves as research leader of the Food Processing 
& Sensory Quality Research Unit at ARS in New Orleans, Louisiana. She 
leads a multidisciplinary team conducting research ranging from the sensory 
and processing quality of rice, peanuts, and fruit to the prevention of off-
flavor in catfish aquaculture via bioremediation to the prevention of child
hood obesity. Dr. Champagne has produced more than 100 peer-reviewed 
publications focused on adding nutritional, functional, and sensory value 
to rice. In addition, she has helped find new uses for rice and supported the 
development of value-added products. Dr. Champagne is an active member 
of the American Association of Cereal Chemists International (AACCI) 
and has contributed to this organization by serving as the chair of the Rice 
Milling and Quality Technical Committee (1994–2001), establishing and 
co-directing the AACCI short course “Rice Milling & Technology,” serv
ing as associate editor for Cereal Chemistry since 1995, organizing symposia 
for the Rice Division, and serving as editor for the third edition of the 
renowned monograph Rice: Chemistry and Technology. 

Fergus M. Clydesdale, Ph.D., serves as distinguished university professor, 
Department of Food Science, and director of the University of Massachu
setts Amherst Food Science Policy Alliance, which he founded in 2004. 
From 1988 to 2008, he was head of the Department of Food Science, which 
at the time of his retirement was ranked nationally among the top three 
university food science departments in research and the top department in 
the University of Massachusetts Amherst in student satisfaction. Recently 
elected a fellow of the American Institute of Nutrition, he is now a fellow of 
the four societies in the field of food science and nutrition. Dr. Clydesdale 
also serves on several advisory and editorial boards and was appointed as a 
subject matter expert on research priorities for the Center for Food Safety 
and Applied Nutrition (CFSAN) subcommittee for the Food and Drug 
Administration’s (FDA’s) Science Board in 2009. He has served on numer
ous projects of the Institute of Medicine (IOM) including the Committee 
on Use of Dietary Reference Intakes in Nutrition Labeling, Committee on 
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Opportunities in the Nutrition and Food Sciences, and chair of the Food 
Forum and Food and Nutrition Board. Dr. Clydesdale currently serves as 
chair of the Board of Trustees for International Life Sciences Institute (ILSI) 
North America, on the board of Sensient Technology, Inc., and on the 
technical advisory board or as a consultant for a number of food industry 
groups. Dr. Clydesdale earned his B.A. and M.A. from the University of 
Toronto and his Ph.D. from the University of Massachusetts. 

Michael Doyle, Ph.D., is regents professor of food microbiology and 
director of the Center for Food Safety at the University of Georgia. He is 
an active researcher in the area of food safety and security and works closely 
with the food industry, government agencies, and consumer groups on 
issues related to the microbiological safety of foods. His research focuses on 
developing methods to detect and control foodborne bacterial pathogens 
at all levels of the food continuum, from the farm to the table. He is inter
nationally acknowledged as a leading authority on foodborne pathogens, is 
a member of the IOM, and is chair of the Food Forum. 

Jennifer O. Fisher, Ph.D., is associate professor in the Department of 
Public Health at Temple University and a research scientist at the Temple 
University Center for Obesity Research and Education where she directs 
the Family Eating Laboratory. Dr. Fisher’s research focuses on the develop
ment of eating behavior during infancy and early childhood. The broad goal 
of her research is to understand how early eating environments influence 
child behavioral controls of food intake and health outcomes, particularly 
overweight. Her efforts focus on the role of the family environment as a first 
and fundamental context in which eating habits develop. She is currently 
conducting research to understand individual differences in children’s appe
tite regulation and to develop interventions for caregivers of preschoolers 
that emphasize behavioral and environmental strategies for healthy child 
portion sizes. Her work has received national media coverage by the New 
York Times, the Scientific American Frontiers Series on PBS, and more 
recently, the Discovery Health Channel. Dr. Fisher was the 2006 recipient 
of the Alex Malspina Future Leader Award given by ILSI North America. 
She holds graduate degrees in nutrition from the University of Illinois and 
from the Pennsylvania State University. 

Frank Flora, Ph.D., is senior national program leader, Product Quality/ 
New Products & Processes for ARS, where he provides leadership, coordina
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tion, direction, and resource allocation for the agency’s $80 million national 
research program related to agricultural product quality maintenance and 
assessment, value-added food and fiber processing, and biobased products. 
Prior to joining ARS in 1998, he served as national program leader, Food 
Science & Technology, for USDA’s Cooperative State Research, Education, 
and Extension Service. Before joining USDA in 1989, he served in research 
and technical management positions with American Home Foods, the 
Coca-Cola Company, and McCormick and Company; as assistant profes
sor of food processing research in the Department of Food Science at the 
University of Georgia Agricultural Experiment Station in Griffin; and as a 
food technologist with the FDA in Washington, D.C. Dr. Flora earned a 
Ph.D. in food science from the University of Maryland and a certificate in 
management from Susquehanna University. He is a professional member 
and fellow of the Institute of Food Technologists (IFT). 

Gary D. Foster, Ph.D., is professor of medicine and public health and 
director of the Center for Obesity Research and Education at Temple 
University. He is a clinical health psychologist with expertise in applying 
behavioral theory to the clinical problems of adherence to treatment in 
clinical and community settings. His research interests include evaluating 
behavioral strategies to improve adherence in combination with pharma
cologic and surgical approaches to the management of chronic conditions, 
such as diabetes and obesity. He has authored or coauthored more than 100 
scientific publications and 2 books on the etiology and treatment of obesity. 
Dr. Foster has been a frequent presenter at national and international scien
tific meetings. He also has considerable clinical experience treating patients 
in individual and group settings for more than 20 years. Dr. Foster has 
received numerous awards and honors including Outstanding Contribu
tions to Health Psychology from the American Psychological Association. 

Van S. Hubbard, M.D., Ph.D., is director of the NIH Division of Nutri
tion Research Coordination (DNRC). He is responsible for the coordina
tion of nutritional sciences, obesity, and physical activity research at NIH 
(more than $1 billion) and participates as DNRC or NIH representative at 
NIH, Department of Health and Human Services (HHS), or interdepart
mental committees dealing with nutrition, obesity, and physical activity 
programs. His other responsibilities include establishing and maintaining 
a liaison with professional societies and with other federal and nonfederal 
organizations involved in nutritional sciences, obesity, and physical activity 
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research and training and helping to promote awareness and interaction of 
activities across HHS agencies. He received his Ph.D. in biochemistry and 
his M.D. from the Medical College of Virginia, Virginia Commonwealth 
University, Richmond. 

David R. Just, Ph.D., is associate professor and director of graduate studies 
in the Charles H. Dyson School of Applied Economics and Management 
at Cornell University. Dr. Just is also co-director of the Cornell Center for 
Behavioral Economics in Child Nutrition. His research interests focus on 
the use of information and, more particularly, how differences in human 
capital and information availability affect decisions. Other areas of interest 
include the introduction of food psychology in the design of food assistance 
programs, product perception, and the impact of family interactions on 
purchasing behavior. His work on behavioral economics and the school 
lunch program has shown how low-cost solutions can lead school children 
to make more healthful choices without reducing the overall availability of 
choices. His research has been widely recognized, winning the American 
Journal of Agricultural Economics Outstanding Journal Article and being 
cited by Discover Magazine as one of the top science stories of 2006. Dr. Just 
received his Ph.D. from the University of California, Berkeley. 

Carol Kellar, M.B.A., is the senior director, Quality, Scientific, and Regu
latory Affairs, at Kraft Foods. She has responsibility for the oversight of 
the company’s North American Quality Management System across the 
value chain as well as for scientific and regulatory affairs. She works closely 
with businesses, research development and quality, and manufacturing to 
set quality strategy and provide regulatory, quality program, and sanita
tion expertise. She is a member of the Institute of Food Technologists, the 
American Society for Quality, and the Quality Executive Board. She has 
been in her current role since August 2006. Previously, Ms. Kellar served 
in a cross-functional assignment as the research and development (R&D) 
director of North America Grocery and Global Enhancers where she led 
the product development organization. She received her B.S. degree in food 
science from the Pennsylvania State University and her M.B.A. from the 
University of North Carolina. 

Molly Kretsch, Ph.D., R.D., is the USDA’s Agricultural Research Service 
deputy administrator providing national scientific and technical leadership 
for program planning, coordination, review, and evaluation of the ARS 
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intramural research programs in Human Nutrition, Food Safety, and Qual
ity and Utilization of Agricultural Products. Collateral duties over the past 
year included serving as the senior adviser to the USDA under secretary and 
chief scientist for Research, Education, and Economics (REE) in the prior
ity areas of nutrition and food safety.  Recently, she represented REE on the 
First Lady’s Childhood Obesity initiative “Let’s Move,” the President’s Task 
Force on Child Obesity, and the President’s Food Safety Working Group. 
Also, she has served as the ARS national program leader for human nutri
tion. providing programmatic leadership to the internationally recognized 
USDA human nutrition research centers; a research scientist at the USDA 
Western Human Nutrition Research Center; and an adjunct associate pro
fessor at the University of California, Davis. Dr. Kretsch is a member of a 
number of professional organizations including the American Society for 
Nutrition and the American Dietetic Association. She received her R.D. 
from the University of California Medical Center at San Francisco and her 
Ph.D. in nutritional sciences from the University of California at Davis; she 
completed a postgraduate fellowship in human nutrition at the University 
of California at Berkeley. 

Margaret (Marge) Leahy, Ph.D., is director of health and wellness science 
at the Coca-Cola Company. Currently she manages a food and nutrition 
science team within the Scientific and Regulatory Affairs Group, supporting 
global initiatives. She serves on the IOM Food and Nutrition Board’s Food 
Forum. She also serves on many industry trade association committees, 
including those of the American Heart Association, International Life Sci
ences Institute, the International Food Information Council, the American 
Beverage Association, and the Juice Products Association. Previous to join
ing the Coca-Cola Company, she worked at Ocean Spray Cranberries. She 
has served on committees for the National Food Products Association, the 
Grocery Manufacturers of America, the Institute of Food Technologists, 
and the American Chemical Society. Dr. Leahy earned her Ph.D. and M.S. 
degrees in food science from the University of Minnesota and a B.S. degree 
in biology from the University of Missouri. 

Richard D. Mattes, Ph.D., M.P.H., R.D., is a distinguished professor 
of foods and nutrition at Purdue University, adjunct associate professor 
of medicine at the Indiana University School of Medicine, and affiliated 
scientist at the Monell Chemical Senses Center. His research focuses on the 
areas of hunger and satiety, regulation of food intake in humans, food pref
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erences, human cephalic phase responses, and taste and smell. At Purdue 
University, Dr. Mattes is the director of the Ingestive Behavior Research 
Center and chair of the Human Subjects Review Committee. He also 
holds numerous external responsibilities including associate editor of four 
journals: American Journal of Clinical Nutrition; British Journal of Nutrition; 
Ear, Nose and Throat Journal; and Flavour. Dr. Mattes is secretary of the 
Rose Marie Pangborn Sensory Science Scholarship Fund. He has received 
multiple awards, most recently including the Elaine R. Monsen Award for 
Outstanding Research Literature from the American Dietetic Association 
and the Provost’s Outstanding Graduate Mentor Award. He has authored 
more than 200 publications. Dr. Mattes earned an undergraduate degree in 
biology and a master’s degree in public health from the University of Michi
gan as well as a doctoral degree in human nutrition from Cornell University. 
He conducted postdoctoral studies at the Memorial Sloan-Kettering Cancer 
Center and the Monell Chemical Senses Center. 

Tara McHugh, Ph.D., is presently research leader of the Processed Foods 
Research Unit at ARS working out of the Albany, California, Western 
Regional Research Center. She oversees the unit’s research program on 
enhancing the marketability and healthfulness of specialty crops and their 
by-products. Dr. McHugh’s team has developed and applied a variety of new 
technologies to enhance the healthfulness of these agricultural materials, 
including extrusion, forming, starch molding, ultraviolet treatment, infra
red processing, microwave processing, solar dehydration, and casting. She 
has a reputation as a leader in the fields of edible films and coatings as well as 
new technologies for the production of healthful, convenient, restructured 
food products. Dr. McHugh first became interested in edible film technol
ogy at University of California, Davis, where she did her doctoral disserta
tion on whey protein edible films. Dr. McHugh is also an affiliate faculty 
member for the National Aeronautics and Space Administration (NASA) 
Food Technology Commercial Space Center. She has received numerous 
awards for her innovative research program, some of which include the 
Presidential Early Career Award for Scientists and Engineers, two USDA 
Secretary Honors Awards for Superior Service, the Federal Laboratories 
Consortium Award for Excellence in Technology Transfer, and the Popular 
Science Best of What’s New Award. 

Lydia Midness, R.D., is vice president of research and development in the 
Center for Technology Creation at General Mills, Inc. Prior to assuming 
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her current position, she was vice president for Cereal Partners Worldwide 
(CPW), a joint venture between Nestlé and General Mills, headquartered 
in Switzerland. There she managed the Research & Development, Nutri
tion, and Regulatory Affairs Organizations of CPW. Ms. Midness has held 
a wide variety of R&D, marketing, and operations positions since joining 
the company in 1984. She also holds two food design patents for cereal 
extrusion technology. Ms. Midness earned her B.S. in nutrition and chem
istry from the University of Wisconsin-Stout, her R.D. from the College of 
Medicine at the University of Iowa Hospitals and Clinics, and her M.S. in 
food science from the University of Minnesota. 

Mohan Rao, Ph.D., is currently R&D senior director with Frito-Lay, a 
division of PepsiCo. Dr. Rao has been with PepsiCo for the past 22 years. 
He leads and supports technology and product development in the areas 
of health and wellness, process engineering, rheology, extrusion, and pellet 
products for Frito-Lay North America and worldwide. He administers the 
recruiting program at Frito-Lay R&D and serves as a liaison to universities. 
He has authored more than 60 refereed publications in food science and 
engineering journals, has been awarded 16 patents, and has 5 book chapters 
in the area of rheology and texture. Dr. Rao is currently editor of the Journal 
of Texture Studies and is an adjunct professor, College of Engineering, Texas 
A&M University, College Station. He is a fellow of the Institute of Food 
Technologists (IFT) and was the recipient of the Outstanding Industrial 
Scientist Award in 2005. In 2008, he was elected a fellow of the Interna
tional Academy of Food Science & Technology. He continues to serve, as 
an adviser or advisory board member of universities, for USDA on award
ing grants, and FDA and IFT on food industry practices. He received his 
Ph.D. in bioengineering from North Carolina State University at Raleigh. 

Barbara J. Rolls, Ph.D., is professor of nutritional sciences and the 
Helen A. Guthrie Chair in Nutrition at the Pennsylvania State University, 
where she conducts research as the director of the Laboratory for the Study 
of Human Ingestive Behavior. A veteran nutrition researcher, Dr. Rolls has 
focused on the study of hunger and obesity for more than 30 years. Dr. Rolls 
has served as president of both the Society for the Study of Ingestive Behav
ior and the Obesity Society. She has also served on the Advisory Council 
of the National Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK) and the National Task Force on the Prevention and Treatment 
of Obesity, and she was a recipient of a MERIT award from NIDDK. 



 

 

 
 

94 LEVERAGING FOOD TECHNOLOGY 

Published in numerous peer-reviewed journals, including the Journal of the 
American Dietetic Association, the New England Journal of Medicine, Obesity, 
and the American Journal of Clinical Nutrition, Dr. Rolls also sits on the edi
torial board of Appetite. She was the 2010 recipient of the Obesity Society’s 
George A. Bray Founders Award and was elected to the American Society 
for Nutrition’s fellows class of 2011. Dr. Rolls is a graduate of the University 
of Pennsylvania and received her Ph.D. in physiology from the University of 
Cambridge, England. Before joining Penn State’s faculty, she was professor 
of psychiatry at the Johns Hopkins University School of Medicine. 
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Abbreviations and Acronyms 

ARS Agricultural Research Service 
ATIP Agricultural Technology Innovation Partnership 

BMI body mass index 

cal calorie 
CDC Centers for Disease Control and Prevention 
CHORI Children’s Hospital Oakland Research Institute 
CRADA Cooperative Research and Development Agreement 
CSFII Continuing Survey of Food Intakes by Individuals 

ED energy density 
ERS Economic Research Service 

FAO Food and Agriculture Organization 

GRAS Generally Recognized as Safe 

HDL high-density lipoprotein 

IOM Institute of Medicine 
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LDL low-density lipoprotein 

NHANES National Health and Nutrition Examination Survey 
NIH National Institutes of Health 

R&D research and development 

RDA Recommended Daily Allowance 
Reb A rebaudioside A or rebiana 

USDA U.S. Department of Agriculture 
UV ultraviolet [light] 

WHO World Health Organization 
WIC Special Supplemental Nutrition Program for Women, Infants, 

and Children 
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Workshop Attendees
 

Fatima Abogunloko 
Medifast 
Owing Mills, MD 

Jan Barrett Adams 
USDA 
Alexandria, VA 

Catherine Adams Hutt 
RdR Solutions Consulting 
Aubrey, TX 

Sanjiv Agarwal 
Campbell Soup Co 
Camden, NJ 

Kretser Alison 
American Council for Fitness and 

Nutrition 
Washington, DC 

Jackie Allen-Reid 
Sodexo 
Beltsville, MD 

David Allison 
University of Alabama 
Birmingham, AL 

Lyn Andrews 
USDA 
Washington, DC 

Joan Apgar 
The Hershey Company 
Hershey, PA 

Susan Backus 
American Meat Institute 

Foundation 
Washington, DC 
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Sonya Barnes 
USDA 
Alexandria, VA 

Hunter Bates 
c2Group 
Washington, DC 

Susan Berkow 
SEB Associates 
Alexandria, VA 

Alexandria Blatt 
The Pennsylvania State University 
University Park, PA 

Donna Blum-Kemelor 
USDA 
Alexandria, VA 

Al Bolles 
ConAgra Foods 
Omaha, NE 

Susan Borra 
Food Marketing Insitute 
Arlington, VA 

Kevin Bowman 
Johns Hopkins 
Baltimore, MD 

Brendan Boyle 
IDEO 
Palo Alto, CA 

Richard Brenner 
USDA 
Beltsville, MD 

Mona Calvo 
FDA 
Laurel, MD 

Amanda Cash 
DHHS 
Rockville, MD 

Julie Caswell 
University of Massachusetts 
Amherst, MA 

Rebecca Cendan 
Stoddard Baptist Home 
Washington, DC 

Elaine Champagne 
USDA 
New Orleans, LA 

Jasmine Chan 
N. Chapman Associates 
Washington, DC 

Nancy Chapman 
N. Chapman Associates 
Washington, DC 

Tim Chinniah 
Medifast 
Owings Mills, MD 

David Cicale 
Campbell Soup Company 
Camden, NJ 

Giovanni Cizza 
NIH 
Bethesda, MD 
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Joseph Clark 
Kellogg Company 
Battle Creek, MI 

Linda Cleveland 
NMR Consulting, Inc. 
Bethesda, MD 

Fergus Clydesdale 
University of Massachusetts 
Amherst, MA 

David Cockram 
Abbott 
Columbus, OH 

Stephanie Cooks 
USDA 
Alexandria, VA 

Susan Crockett 
General Mills 
Minneapolis, MN 

Chris DaVault 
MARS Global Chocolate 
Mt. Olive, NJ 

Kristina Davis 
DHHS/ODPHP 
Rockville, MD 

Margaret de Groh 
Public Health Agency of Canada 
Ottawa, ON 

Janet de Jesus 
NIH 
Bethesda, MD 

Eric Decker 
University of Massachusetts 
Amherst, MA 

Debra DeMuth 
Campbell Soup Co 
Camden, NJ 

Carrie Dooher 
IFIC 
Washington, DC 

Michael Doyle 
University of Georgia 
Griffin, GA 

Christa Drew 
University of Massachusetts 
Amherst, MA 

Joy Dubost 
National Restaurant Association 
Washington, DC 

Paul Earhart 
K Consulting 
Washington, DC 

Nancy Emenaker 
NCI 
Rockville, MD 

Layla Esposito 
NIH 
Rockville, MD 

Eileen Ferruggiaro 
USDA 
Burtonsville, MD 
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Jennifer Fisher 
Temple University 
Philadelphia, PA 

Rachel Fisher 
NIH 
Bethesda, MD 

Will Fisher 
IFT 
Washington, DC 

Frank Flora 
USDA ARS 
Beltsville, VD 

Kait Fortunato 
IFIC 
Washington, DC 

Gary Foster 
Temple University 
Philadelphia, PA 

Arthur Frank 
GW University Weight 

Management Program 
Washington, DC 

Nancy Gaston 
Vienna, VA 

Regina Gill 
IFIC 
Washington, DC 

David Goldman 
USDA 
Washington, DC 

Cindy Goody 
McDonald’s 
Oak Brook, IL 

Mary Gorski 
Pew Charitable Trusts 
Washington, DC 

Eldesia Granger 
Duke University 
Durham, NC 

Ned Groth 
Groth Consulting Services 
Pelham, NY 

Joanne Guthrie 
USDA 
Washington, DC 

Constance Hardy 
FDA 
College Park, MD 

Mary Sue Harnett 
Kraft Foods Inc. 
Tarrytown, NY 

Kasey Heintz 
FDA 
College Park, MD 

Paulette Helman 
Private Practice 
Potomac, MD 

Eric Hentges 
ILSI North America 
Washington, DC 
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Victor Hernandez-Escalante 
Universidad Autonoma de Yucatan 
Merida, Yucatan 

Kimberley Hodgson 
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