FY 2011 Annual Report for National Program 107 Human Nutrition

The Human Nutrition National Program (NP 107) addresses high-priority problems of national importance as outlined in Strategic Goal 5 of the ARS Strategic Plan for FY 2006-2011: Improve the Nation’s nutrition and health. Specifically, this program contributes to Objective 5.2: Promote healthier eating habits and lifestyles. The goal of NP 107 is to define the role of food and its components in maintaining health throughout the life cycle. During the current 5-year research cycle there is increased emphasis on obesity prevention research. 

There are four research components in the current Action Plan for the program: 
• Nutrition Monitoring and the Food Supply 
• Scientific Basis for Dietary Guidance for Health Promotion and Disease Prevention 
• Prevention of Obesity and Related Diseases 
• Life Stage Nutrition and Metabolism 

Selected accomplishments completed during FY 2011 are listed below. Links to publicly available documentation are provided after each finding.

Epigenetic changes demonstrated in humans for the first time.  Epigenetic changes result in inherited characteristics that are not due to altered DNA but to methylation, or other changes that affect the three-dimensional conformation, of genes.  For years, this phenomenon has been observed in a variety of animal models for human health and disease.  Now, ARS-supported scientists at Houston, Texas, have proof that this occurs in humans.  In rural Gambia, food availability is highly season-dependent.  DNA methylation of specific genes was elevated in children conceived during the rainy season when food availability was considerably reduced and this remained altered at least through nine years of age.  These results prove that epigenetic changes need to be considered in evaluating risk of many diseases and document the effects of early environment on establishment of heritable changes that are likely permanent.  

	Publication: Waterland RA, Kellermayer R, Laritsky E, et al. Season of conception in rural Gambia affects DNA methylation at putative human metastable epialleles. PLoS Genet. 2010. 6:e1001252. 

The human serum metabolome is revealed.  Metabolomics is the study of small molecules that have biological activity in an organism.  The first systematic catalog of all identifiable metabolites in human blood serum was published by an international consortium including ARS scientists from Davis, California; the latter measured the lipid metabolites in serum which make up about three-fourths of all identifiable molecules.  This information was published in a scientific journal and made freely available on the Web at http://www.serummetabolome.ca.  It enables researchers to link dietary and environmental changes with alterations in serum metabolites and prevention of chronic diseases, including heart disease, obesity and diabetes. 

	Publication: Psychogios N, Hau DD, Peng J, et al. The human serum metabolome. PLoS One. 2011. 6:e16957.

Folate in tissue predicts reduction of colon polyps.  Colon polyps are precursors to cancer in most people.  There has been concern that the required fortification of flour with the B vitamin, folate, might increase the risk of cancer. ARS supported researchers from Boston, Massachusetts, analyzed almost 1500 samples obtained during colonoscopy and found that people with the highest levels of folate in colon tissue had a 76% reduction in risk for advanced adenomas and a 46% reduction in hyperplastic polyps or proximal adenomas.  Consumption of adequate folate should reduce the risk of colon cancer, the number two cause of cancer deaths in the U.S. 

	Publication: Flood A, Mason JB, Liu Z, et al. Concentration of folate in colorectal tissue biopsies predicts prevalence of adenomatous polyps. Gut. 2011. 60:66-72. 

Whey protein supplements result in decreased weight and body fat.  Research by ARS scientists at Beltsville, Maryland, found that about two ounces of whey protein but not soy protein or carbohydrate in the diets of overweight or obese volunteers for five months resulted in significant loss of weight, fat mass, and waist circumference.  These research findings signify differences in the ability of different types of protein to affect metabolism and the potential to reduce the prevalence of obesity.  

	Publication: Baer DJ, Stote KS, Paul DR, et al. Whey protein but not soy protein supplementation alters body weight and composition in free-living overweight and obese adults. J Nutr. 2011. 141:1489-1494. 

Fingerprinting identifies plants.  ARS Scientists at Beltsville, Maryland, developed methods to generate fingerprints of plant chemical constituents and metabolites that identify plants with 100% accuracy.  Examples using the method included green tea and ginseng; different species and growing locations were determined with a relatively easy to perform assay.  This has application for regulatory agencies to identify the type of plants used in processed foods and dietary supplements in addition to discovering adulteration or misbranding of products.  

	Publications: Chen P, Harnly JM, Harrington PB.  Flow injection mass spectroscopic fingerprinting and multivariate analysis for differentiation of three Panax species. J AOAC Intl. 2011. 94:90-99.
	Sun J, Chen P, Lin LZ, Harnly JM. A non-targeted approach to chemical discrimination between green tea dietary supplements and green tea leaves by HPLC/MS. J AOAC Intl. 2001. 94:487-497. 

Stress and decision-making functions are a factor in weight loss.  The variability in weight loss and maintenance of those losses among individuals are unexplained and are often attributed to non-compliance with diet or exercise. ARS scientists at Davis, California, discovered that person-to-person differences in weight loss were associated with levels of the stress hormone cortisol in saliva and executive function on a mental acuity test.  Taken together, these results indicate stress responses may be a significant determinant of weight status and, since many people react differentially to stress, indicates the need for focused weight loss strategies rather than a one-size-fits-all approach. 
	Publication: Witbracht MG, Laugero KD, Van Loan MD, et al. Performance on the Iowa Gambling Task is related to magnitude of weight loss and salivary cortisol in a diet-induced weight loss intervention in overweight women. Physiol Behav. 2011. Online April 30, 2011. 

Intensive lifestyle changes needed to help children prevent obesity.  Although many factors contribute to development of obesity, many interventions target a single factor such as one food group or exercise and follow subjects for relatively short periods of time.  ARS-supported scientists at Houston, Texas, found that focusing on improved eating and exercise habits using behavioral modification strategies to individualize plans led to decreases in body mass index, subcutaneous fat, serum cholesterol and triglycerides in a group of overweight Mexican-American adolescents and these changes were maintained over 2 years. These findings indicate the benefit of intensive, daily intervention and point to future development of more cost-effective programs that can achieve the same benefits. 

	Publication: Johnston CA, Tyler C, Fullerton G, et al. Effects of a school-based weight maintenance program for Mexican-American children: results at 2 years. Obesity. 18:542-547. 

Maternal obesity affects energy metabolism in offspring.  It is known that children of obese mothers are more likely to be obese.  While shared behaviors contribute to this observation, there are inherited biological differences that also affect energy balance.  Using a rat model of obesity, ARS-supported scientists at Little Rock, Arkansas, found that obesity in mothers led to epigenetic changes in some genes, dysfunction of the mitochondria, organelles that control energy metabolism in the cell, and to impairment of burning fatty acids for fuel.  These data help explain how and why maternal obesity can be passed on to offspring who are more likely to develop obesity, insulin resistance, and nonalcoholic fatty liver disease.  

	Publication: Borengasser SJ, Lau F, Kang P, et al. Maternal obesity during gestation impairs fatty acid oxidation and mitochondrial SIRT3 expression in rat offspring at weaning. PLoS One. 2011. 6:e24068.

Continuous monitoring of the nutritional content of common U.S. foods.  Monitoring the nutritional content of the U.S. food supply has been a USDA priority since 1891.  The nutrient data compiled by this USDA program is used as the basis for national and international food policy decisions that link food or nutrient intake to health or disease risk and is also the basic data used for many private food databases.  ARS researchers from Beltsville, Maryland, have released the 24th version of the National Nutrient Database for Standard Reference.  In addition to a focus on 7,500 foods and up to 140 nutrients,  a special interest database on flavonoid content of foods was released that will allow researchers to study the potential health benefits of these compounds found in fruits, vegetables, tea, and cocoa.  These databases will update nutritional assessment of the U.S. food supply and will ensure that nutritional policy is made using the most up-to-date information.  

	Database: USDA National Nutrient Database for Standard Reference, Release 24. 

Caloric content of restaurant food.  Reversing the rising incidence of obesity requires that consumers reduce their caloric intake, and this requires knowledge of the caloric content of particular foods.  The proportion of food eaten away from home, particularly at restaurants, is steadily increasing.  Some restaurants provide caloric information for their foods, but the accuracy of this data is not known.  ARS-supported scientists from Boston, Massachusetts, compared laboratory measurements of calories for 269 fast food and sit-down chain restaurant food items collected at multiple locations across multiple states to the calories listed on menus and websites.  On average, the analyzed calories were only 10 calories higher than stated, however 19% of the items tested were under-reported by more than 100 calories; this problem was especially prevalent for items listed at less than 300 calories.  This information will induce restaurants to more accurately state the caloric content of their food, which will in turn be of help to the consumer attempting to decrease caloric intake.  

	Publication: Urban LE, McCrory MA, Dallal GE, et al. Accuracy of stated energy contents of restaurant foods. JAMA. 2011. 306:287-293. 

Creation of a database of gene by environment interactions affecting the risk of cardiovascular disease.  Genetics have long been known to have a major role in the risk of cardiovascular disease, and there is increasing evidence for many environmental factors such as diet, exercise, alcohol and tobacco use.  However, little attention has been paid to how genetics and environment interact to affect risk.  ARS-supported scientists from Boston, Massachusetts, have developed from the literature a database of such interactions relevant to nutrition, blood lipids, cardiovascular disease and diabetes.  More than 2,000 studies of interactions gleaned from the literature presently are in the database.  The database has been built in a manner that will in the future allow it to be incorporated into a larger database that will include information on traits and substances that can be measured in the individual.  This database will greatly increase the capacity to develop new information related to diet/genetics interactions and will accelerate new discoveries in this area.  

	Publication: Lee YC, Lai CQ, Ordovas, JM, Parnell LD. A database of gene-environment interactions pertaining to blood lipid traits, cardiovascular disease and type 2 diabetes. J Data Mining in Genom Proteomics. 2011. 2:1000106. 

Improving calcium bioavailability from plant foods.  Calcium, a mineral element essential for many functions in humans, is found in a variety of plant foods.  However, the bioavailability of plant-derived calcium depends to a large extent on whether calcium oxalate crystals form in the plant, as these crystals render the calcium unavailable to the human.  An ARS scientist from Houston, Texas has discovered a plant gene that governs the formation of calcium oxalate.  When this gene is “turned off” very little oxalate is formed and calcium bioavailability is greatly enhanced.  Manipulation of this gene in plants of agricultural importance will result in plant foods with greatly increased calcium bioavailability.  

	Publication: Foster J, Kim HU, Nakata PA, Browse J. A previously unknown oxalyl-CoA synthetase is important for oxalate catabolism in Arabidopsis. Plant Cell, 2012 Mar 23 [Epub ahead of print]. 

Maize as a vehicle for improving vitamin A status.  Vitamin A deficiency is prevalent in many developing countries, especially in Africa.  Biofortification of common crops has been used to increase the intake of limiting nutrients, and to this end high beta-carotene maize was developed.  However, improved intake only results in improved vitamin A status if the beta-carotene can be converted to vitamin A.  ARS-supported scientists from Boston, Massachusetts, fed high beta-carotene maize labeled with stable isotopes to Zimbabweans who have low vitamin A status and showed that the beta carotene was efficiently converted to vitamin A.  This study shows that in vitamin A-deficient populations that consume maize as a major portion of their diet, beta-carotene biofortified maize is an effective means of improving nutritional status.  

	Publication: Muzhingi T, Gadaga TH, Siwela AH, et al. Yellow maize with high β-carotene is an effective source of vitamin A in healthy Zimbabwean men. Am J Clin Nutr. 2011. 94:510-519. 

