Global Challenges/Chemistry Solutions 

Part Two

Healthier Food 
Combating disease . . . providing clean water and safe food . . . developing new sources of energy . . . confronting climate change.  Hello, from Washington, DC, this is “Global Challenges,” a special podcast from the American Chemical Society — whose 160,000 members make up the world’s largest scientific society.  Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives.  You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: improving the nutritional quality of the foods we eat.
Bite into that chocolate.  Make it a butter crisp.  A maple walnut cluster.  An orange cream.  Or maybe chocolate toffee. Then savor the decadence as that luscious silky morsel melts into a mouthful’s rush of pure pleasure.  Years ago, that gratification was why people ate.  Food also provided the calories for people to work, and filled the belly to drive away hunger pangs. 


And that was pretty much the extent of it.  A full stomach still remains a dream for billions of people today, especially in developing countries.  The World Health Organization has estimated that one-third of the world is starving and one third underfed.  For the other third — the well-fed and the overfed — food has taken on a new cache.  Increasingly, people in industrialized countries are selecting food not just for taste and sustenance, but also for its potential effects in promoting good health. 
I think people are beginning to focus more on food as a source of optimizing health and preventing disease rather than just providing the basic nutrients to just survive. I think as we go forward there’s going to be a greater focus on the notion of functionality of food, and optimizing not just its nutritional capability but its ability to protect us against some of the debilitating diseases that are a real focus of Western medicine at the moment. 

Foods With Function
That was Martina Newell-McGloughlin, director of the University of California’s Biotechnology Research and Education Program.  She was talking about a renewed emphasis among chemists, nutritional scientists, and plant biotechnologists to better understand how the foods we eat can protect us against some of our most serious health problems.  Cancer. Heart disease. Alzheimer’s disease, Diabetes.


Be sure to remember one sound bite from his comments.  The “functionality” of food. “Functional foods” are foods that may provide medical or health benefits beyond basic nutrition due to the presence of certain chemical compounds.  You’ve heard the terms:  Antioxidants.  Phytochemicals.  And you how scientific research has uncovered functionality — beneficial health effects — in some unlikely foods that once were considered bad for you.


We mean chocolate, especially dark chocolate.  And red wine.  And coffee.  Some people even term these foods “nutraceuticals” because their effects do seem to mimic those of actual pharmaceuticals, or medicines. Developing these new foods will have major benefits, as Dr. Newell-McGloughlin notes: 
The focus on modification of foods to improve the nutritional and functionality characteristics I think will help to alleviate the large medical costs that occur  in the U. S.
Casimir Funk Coins a Word
We have long known that food contains certain chemicals that we must eat in order stay healthy. In 1911, Polish-born chemist Casimir Funk, working in a lab in the United States, coined the familiar word used to describe these important components of food.  Funk called them “vitamins.” Funk combined the word amine — that’s an organic compound derived from ammonia —with “vita,” the Latin word for “life.” 


And over the next few decades, 10 scientists won Nobel Prizes in recognition of their pioneering work discovering and studying vitamins. Diseases such as beriberi, pellagra, scurvy, and rickets are rare or unknown in most developed countries thanks to the discovery of vitamins. So, too, are the nutritional deficiencies that used to be the major causes of blindness and anemia. Indeed, the U.S. Centers for Disease Control and Prevention considers conquering these ailments by improving the nutritional quality of food as one of the 10 great public health achievements of the 20th century.
From Vitamins to Bioactives
Food scientists and others are now focusing on a relatively new cornucopia of  chemicals produced  by plants and often called phytochemicals. Phytochemicals may help protect the body against certain diseases and promote good health. These chemicals go by names such as lutein and lycopene, resveratrol and sulfurophane, polyphenols and triterpenoids, (-3-omegas and (-glucans. 


Elizabeth Jeffery, a nutritional scientist at the University of Illinois in Urbana-Champaign, favors the term “bioactives” for these exciting chemicals.:
The reason that I call them bioactives is that we have an idea about nutrients. Nutrients are compounds in our diet that we specifically need to help build the normal components of our bodies and to give us energy. The compounds that I study are bioactive, that is to say, our body will survive without them, but they’re like gentle probes causing our physiology to work better.  

Among the particular bioactives that Dr. Jeffery studies is a particularly potent chemical called sulfurophane. Scientists research suggests that this compound has almost magical effects  in reducing the risk of certain types of cancer, including prostate cancer and colon cancer. Dr. Jeffery’s work has shown that among other effects, sulfurophane boosts the body’s ability to detoxify and excrete a wide range of substances that can cause cancer. And recent data reported in the ACS’s Journal of Agricultural and Food Chemistry by Dipak Das, of the University of Connecticut School of Medicine, suggests that sulfurophanes foster changes in the body that could protect us from cardiovascular disease. 
Bravos for Broccoli
So what foods are good sources of sulfurophane and related compounds? Cruciferous vegetables such as broccoli, cauliflower, Brussels sprouts, and cabbage can be prodigious producers of sulfurophane. The same for radishes and wasabi, the green paste served with sushi. But the operative words here are  “Can be.” Dr. Jeffery’s research on sulfurophane in broccoli has shown that the amount of this bioactive varies greatly depending on the particular variety of broccoli and how it’s grown.
What I’m interested in is helping the growers know how to chose a broccoli that will grow with high levels of sulfurophanes so that it will protect you against cancer when you eat it.

Dr. Jeffery says that eating three servings a week of broccoli or any other cruciferous vegetable should provide enough sulfurophane to significantly reduce the chances of developing cancer. Even better, add some cooked tomatoes to the same meal. Tomatoes are a rich source of the healthful phytochemical, lycopene.  Dr. Jeffery and University of Illinois colleague John Erdman, Jr., have found that tomatoes and broccoli appear to boost each other’s anticancer effects. 
Color Them Bright!
Broccoli and the other crucifers are certainly in the running for the title, “Most Nutritious Veggies” thanks to the large number of bioactives they produce. On the fruit side of the plate, says Navindra Seeram of the University of Rhode Island, berries sit at the head of the class nutritionally. 
Berries are very beautifully colored for a specific reason, and that reason is that they have antioxidants called anthocyanins, and these anthocyanins are really pigments, for example, blueberries are blue because of anthocyanins, which give you this color, whereas strawberries are red because of anthocyanins again, related compounds that give them their color.
Seeram is one of growing group of chemists and nutritional scientists who are striving to identify the bioactives in berries that benefit human health. In an issue of the Journal of Agricultural and Food Chemistry published earlier this year, he and other scientists working in the berry patch published a series of papers with the latest findings on how berries may protect against cancer, heart disease, and perhaps even Alzheimer’s and other degenerative conditions that affect the aging brain.


A good portion of what makes berries so good for us lies with the large number of antioxidants they contain, including the anthocyanins. Scientists think that antioxidants help the body protect itself from reactive chemicals known as free radicals. Natural cellular processes generate most of the free radicals in our bodies, a consequence of the fact that our cells use oxygen to produce energy. Smoking, infection, and stress can increase the body’s production of free radicals. 


Dr. Seeram says that berry bioactives also boost a cell’s ability to repair DNA damage. That activity may help explain why diets rich in berries protect against many types of cancer. 



But all berries are not equal.  Indeed, each berry has its own particular mix of bioactives. As a result, each type of berry is likely to have a unique set of beneficial effects on our health. Take cranberries, for example. Cranberries, alone among the berries Americans favor, produce a particular chemical that interferes with the ability of bacteria to stick to human tissues. Hence, the recommendation that we drink cranberry juice when we have a urinary tract infection.  
Berry, Berry Healthful
Blueberries and strawberries, our two most favorite berries, contain bioactives that may protect the brain against the effects of aging. Work by Dr. James Joseph and Dr. Barbara Shukitt-Hale at the U.S. Department of Agriculture’s Human Nutrition Research Center on Aging has shown that strawberries appear to protect one particular region of the brain.  

Known as the hippocampus, it is involved in short-term memory and in our ability to remember spatial information, including directions on how to get to work or school in the morning. At the same time, a diet containing blueberries seems to protect the striatum.  That area of the brain involved in planning our movements as well as in higher order decision-making. 



The bottom line from Seeram,:  Eating a mix of berries on a regular basis may boost our health in many different ways. The other lesson to learn from recent research, he says, is that eating berries themselves provides a great health benefit than taking the various extracts and berry-based supplements available at the grocery store.

Grrrr. . .Great — Grapes
From a nutritional standpoint, grapes are one of the most widely studied fruits.  And for good reason.  Grape skins contain plentiful amounts of a chemical called resveratrol, which happens to be one of the most potent anticancer compounds known. Resveratrol also appears to fight heart disease, Alzheimer’s disease, and perhaps even the most common form of diabetes and brain damage associated with strokes.


More intriguing still are the results from research published earlier this year by a large team of scientists led by Tomas Prolla and Richard Weindruch of the University of Wisconsin in Madison. Dr. Newell-McGloughlin didn’t participate in this study.  However, she has followed this research, and explains:
The actual effect has been found to simulate research that was done many, many years ago where scientists severely calorie restricted rats. They give these rats perfectly nutritionally balanced foods, but at way below the calorie level you would need for a high level of activity on a day-to-day basis, and they found they could extend the life of these rats by up to 20%. 

Resveratrol replicates some of these activities and if we can find a way of delivering this at sufficient levels we can effectively increase life span, but we can increase lifespan without noticeably impacting quality of life, because those rats may be living longer, but they were seriously mean because they did not have a good quality of life because they were starving. 

Perhaps most importantly, this research showed that resveratrol is active at doses that would be easy to get from eating a handful of grapes a day.  
Oh, Those Oats
Based on the accumulating evidence, nutritional scientists agree that everyone should eat a wide variety of colorful foods, such as grapes, broccoli, and blueberries. But one of the most potent disease fighters comes not from a succulent fruit or brightly colored vegetable, but from the rather plain-looking oat.


Oats, like all other grains, contain a large amount of fiber, which is nothing more than indigestible material in food. The main molecular component of oat fiber – a particular type of sugar polymer known as a (-glucan – seems to be unique among fibers in its remarkable effect in lowering levels of LDL in the blood.  LDL is the so-called “bad” cholesterol, which helps to deposit cholesterol inside blood vessels. Oat bran’s effect on LDL cholesterol is significant enough that the U. S. Food and Drug Administration allows foods made of oats to make the claim that they are heart healthy. Barley also contains significant amounts of (-glucan-based fiber.


As if that wasn’t enough, it turns out that (-glucans from oats or barley can be turned into a zero-calorie fat and carbohydrate substitute. And having an all-natural fat replacement could go a long way toward improving human health, says George Inglett of the USDA’s Agricultural Research Service laboratory in Peoria, Illinois. 
The facts of the matter are that you can most rapidly eat a more healthy diet if you cut out calories. Either these calories are from fat or carbohydrates, but getting foods in the diet that are not so rich in calories is the easiest way to reduce the caloric load in the diet and for health purposes it is by reducing the amount of fat.

Dr. Inglett, a food chemist, invented the process of turning oat and barley hulls into fat substitutes, a transformation that almost seems like something an alchemist would do, akin to turning lead into gold. But according to Dr. Inglett, there was nothing magical involved in this process.
Oh, it was a big challenge, but this where the science comes in. This is why science and chemistry are extremely important in relating to food and health and the world in general.

Used primarily by the food industry, this oat-based fat replacement not only reduces the calorie content of many processed foods, but also stands to help eliminate the use of trans-fats in baked goods. And given that trans fats are the latest dietary villain in the ever evolving story of nutritional science, that’s good news indeed.
Conclusion
Smart chemists.  Innovative thinking.  That’s the key to solving global challenges of the 21st Century. Please join us at the American Chemical Society for the next chapter in this ongoing saga of chemistry for life. In our next special Global Challenges podcast, we’ll examine how chemists are addressing the challenge of protecting the air we breathe..

Today’s podcast was written by Joe Alper. Our editor is Michael Woods. I’m Adam Dylewski at the ACS in Washington.
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