Global Challenges/Chemistry Solutions 

Providing Safe Foods Part One
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: Ensuring that our food is safe to eat.
To Grandmother’s House We Go

It’s that time of year again — Thanksgiving and the official start of the 2008 holiday season.  Every Thanksgiving, family and friends gather to celebrate round dinner tables heaped high with those classic dishes.  Roast turkey, cornbread stuffing, cranberry sauce, mashed potatoes, yams, green beans, salad, pumpkin pie, pecan pie. The works!


There’s praise and thanks for the food, of course. But we’re also thankful for all the year’s blessings. For grandma and grandpa.  The love and support of family and friends.  And, of course, thankful for all the scientific advances that make our meals safe during the holiday season and throughout the year.


Hold on there, now!  What was that last “thankful?” Perhaps scientists do deserve a word of thanks for their often-invisible role in protecting our food supply. It takes just one encounter with food poisoning from E. coli, Salmonella, or other microbes to make a person oh-so-very-thankful. We are thankful to avoid a second dreaded bout of nausea, vomiting, cramps, and diarrhea.
A Host of Food Safety Threats
Data from the U.S. Centers for Disease Control and Prevention — the CDC — suggests that 76 million cases of food poisoning occur in the United States every year. High-profile outbreaks linked to spinach, peanut butter, frozen pot pies, tomatoes, jalapeño peppers, and other foods have heightened public concerns.


In 2008, CDC reported significant declines in foodborne illnesses between the mid-1990s and early 2000s.  However, there has been no significant improvement since 2004.  New threats also are arising.  Think the variant form of Mad Cow disease that can infect humans and cause an incurable brain disease.


Think the E. coli variant known as 0157:H7. Think melamine contamination in certain imported foods.  Scientists are responding to these and other challenges, from Thanksgivings past and present, with discoveries that promise to keep our food supply as safe as possible. 
Putting Poultry on a Germ-Free Diet
For example, Dan Donoghue, of the University of Arkansas, is attempting to reduce one of the major causes of food poisoning that arises from eating contaminated poultry. 
Our ultimate goal is to reduce foodborne pathogens, which in our case is poultry, in the poultry gut. Foodborne pathogens are very prevalent in a lot of our domestic animals, and especially in poultry. We’re trying to use a number of different techniques to reduce the incidence of foodborne pathogens in poultry.



The two biggest bacterial threats associated with poultry are Salmonella and Campylobacter. Cooking chicken and turkey properly kills both microorganisms, and since eating undercooked poultry is not common in the U.S., few people become ill from eating roasted turkey at Thanksgiving. What does happen, though, is that cooks sometimes get sloppy in handling the raw birds, with the result that they may transfer Salmonella or Campylobacter to a utensil or other food that doesn’t then get cooked. And though Salmonella is the hardier of the two organisms, Campylobacter contamination is actually the more difficult problem to solve.
One issue with Campylobacter versus Salmonella, and these are the two major pathogens in poultry, is that Salmonella is treated as an outside invader by the bird, and you can actually develop an immune response, and you can treat birds for Salmonella. It can be difficult and it can be expensive, but you can give them antibiotics and actually eliminate Salmonella from the birds. With poultry, until recently, we haven’t had any treatments at all for Campylobacter because it’s a normal microflora, so when you use an antibiotic it may reduce the concentration, but not eliminate it.


Since antibiotics don’t have the desired effect on Campylobacter living in the poultry gut, Dr. Donoghue decided to see if altering the birds’ diet would have any effect. And based on the results of experiments that he and his colleagues published earlier this year, it appears that they may have hit upon a simple and inexpensive solution. 
We’ve actually used natural feed ingredients, changing the birds’ diet. These natural feed ingredients are already approved for use in poultry diets by the FDA, and one of those is caprylic acid that we’ve been working with. It’s a medium-chain  fatty acid, it’s found in cow’s milk, and in coconut milk, and it has antibacterial activity. We found that when you add it to the diet of poultry, it seems to consistently inhibit or reduce  Campylobacter colonization of poultry. 



Though large-scale tests are still ongoing, Dr. Donoghue is optimistic that supplementing chicken and turkey feed with caprylic acid will soon lead to a safer Thanksgiving for all.
For Uncooked Foods
Reducing the number of foodborne pathogens living on the farm is one obvious approach to keeping our food supply among the safest in the world. Another important tack is to sanitize food – particularly foods we usually eat raw – after it leaves the field using high-energy gamma rays or an electron beam, a technique known as food irradiation. 

Some foods, such as meat, poultry and seafood, are typically cooked before consumption, and this final heat treatment serves as an antimicrobial process, a kill step for these foods. However, for foods that are consumed either raw or only minimally processed, such as fresh and fresh-cut fruits and vegetables, the options are more limited. Aside from cooking, which is a thermal process, and irradiation, which is a non-thermal process, fresh produce doesn’t have any other effective kill steps. 



That was Brendan Niemira of the U. S. Department of Agriculture’s Agricultural Research Service. At the 235th ACS National Meeting, held this past April in New Orleans, Dr. Niemira reported on the studies that he and colleagues have undertaken to determine if food irradiation can kill E. coli, Salmonella, and other foodborne pathogens that can contaminate leafy green vegetables such as spinach and lettuce. 


Exposing food such as lettuce or meat to gamma rays or high-energy electrons creates what are known as free radicals, highly reactive molecules that kill microorganisms by damaging their genetic material. Hydrogen peroxide works exactly the same way to sterilize a fresh wound. Within minutes of their formation, free radicals vanish,  leaving behind nothing but dead bacteria.


Irradiation does not make foods radioactive, just as an airport luggage scanner does not make suitcases radioactive. Nor does it cause harmful chemical changes in food. The process may cause a small loss of nutrients, but no more so than with other processing methods such as cooking, canning, or heat pasteurization.
Research into the safety of irradiated foods began with the first applications of the technology back in the 1950s. Throughout the 1950s, ‘60s, ‘70s, and ‘80s, these investigations used the best tools available, including chemical analysis and animal feeding studies that lasted for several generations, and the conclusions drawn by U.S. and international scientific bodies, was that there was no evidence of any adverse affects of a diet that included irradiated food. In the 1990s, and even continuing today, the much more modern tools of cellular and molecular biology and advanced analytical chemistry have examined irradiated foods and have come to the same determination. 



In fact, food irradiation has been used safely and effectively for decades to kill insects and bacteria on imported spices, and it’s also approved by the U. S. Food and Drug Administration and regulatory agencies in other countries to treat meat and poultry. But there’s been some question as to whether it will work with fresh produce. That’s where Dr. Niemira’s work comes in to play.

Currently, I’m researching how effective irradiation is at killing human pathogens that are hiding in sheltered spaces between the cells inside the lettuce leaf as well as pathogens that are protected within complex microbial communities called biofilms that are on the surface of the leaf. Ultimately, I’d like to know what effect these microscale life habitats are going to have on our real world ability to use irradiation to make food safer. I’m also working on irradiation treatment of tomatoes and peppers to kill Salmonella, as these are products for which not much data exists.



In his research, Dr. Niemira has studied the effects of washing with plain water or a dilute bleach solution and irradiation on E. coli living deep within the cells of romaine lettuce and baby spinach. Data from these studies showed that washing, even with bleach, removed or killed less than 90 percent of the bacteria. Irradiation, however, killed at least 99.9 percent of the pathogens. 

A Food Wrap With a Zap
Of course, food can leave a processing plant free of any pathogens, but still end up contaminated as it winds it way through the food supply chain. But S. D. Worley, a chemist at Auburn University, may have a solution: a food wrap that incorporates its own disinfectant within its chemical structure. Dr. Worley described this coating in a recent report in the ACS journal Biomacromolecules. Here’s how this new polymer film works.

We take a group called an N-halamine, which is a cyclic compound, and we modify a polymer so as to bond these structures onto the polymer. And then in all cases, once the polymer is coated onto a surface one can just expose that surface to a dilute solution of household bleach.  That, of course, is aqueous chlorine. The chlorine binds to a nitrogen on the group that’s been put on the polymer. So what you then have is a source of antimicrobial chlorine. As we all know, chlorine is used to disinfect most of the water supply in America. This is the same idea except that the chlorine is bound to the surface until it’s needed. When a microbe lands on the surface, it extracts the oxidative chlorine from this polymer and it’s killed by an oxidation process. 



Dr. Worley says that this N-halamine containing polymer can be easily coated onto the surface of the same plastic food wrap that grocers and consumers now use. He adds that this same polymer could be used to coat nearly any surface that you’d want to keep free of bacteria, including paint that might be used in food processing plants or hospitals, and a variety of fabrics.
Advance Warning Systems 
No matter how successful chemists and other scientists are at developing methods for keeping our food free of pathogens, one fact remains. Bacteria are nearly impossible to eliminate completely from certain foods. Some, including ground beef and turkey, pose special problems.


Even small numbers of bacteria can quickly multiply to dangerous levels on the large surface area in ground meat. Chemists are responding to that challenge with new ways for rapidly and accurately detecting contaminated food before it reaches our dinner plates.
In light of all the recent outbreaks we’ve had with different food products, primarily meat and ground beef, and fruits and vegetables, one of the ways we could have impact in terms of controlling these pathogens is to develop some rapid method of testing. Some of the traditional methods take a long time to get positive or negative results. Some times it can take a week or 10 days. By this time products will have been sold or will have been consumed, so that’s not going to provide us with a strategy to reduce food-borne outbreaks. So for that reason, we need rapid methods that can give us results in a day or in some cases a few hours. 

That was chemist Arun Bhunia of Purdue University, who is developing technology for detecting food pathogens. One of these systems uses living cells as biosensors. 
And in that sensor we are actually allowing a million cells to be embedded in a three dimensional configuration in the shape of a well, and when you have any pathogens or toxins, they cause damage to those cells, and you can detect the pathological action on those cells. 

Diving Board Detectors 
Taking a different approach, Drexel University chemical engineer Raj Mutharasan is using tiny cantilevers — miniature devices about the thickness of a dime that resemble a diving board — to detect a wide variety of foodborne pathogens in as little as 10 minutes.


Over the past year, Dr. Mutharasan and his colleagues have published several papers, including two in the ACS’s Analytical Chemistry, demonstrating that their new sensor can detect trace amounts of E. coli contamination on spinach, spring lettuce mix, ground beef, apple juice, milk, and drinking water. 


The key to this device is a property called the piezoelectric effect. Piezoelectricity refers to the ability of some materials to generate an electrical signal as they bend. Dr. Mutharasan’s team creates their cantilevers by first depositing a thin layer of a lead-based ceramic material onto a flexible slab of glass wired to circuitry that can measure the electrical signal from the cantilevers. They then coat these cantilevers with antibodies that recognize specific bacteria or bacterial toxins – the chemicals that pathogens release that actually make us sick. 
Good Vibes for Bad Bugs
When the device is turned on, the cantilevers begin vibrating rapidly, generating a baseline electrical signal. But when an E. coli cell, for example, binds to one of the antibodies, the frequency at which the cantilever vibrates changes, producing a change in the electrical signal.


And how will this device be used? Dr. Mutharasan explains that the first uses would be in a food processing facility, but that he can imagine that one form of the technology might even make it into our homes some day. 
I envision 2 or 3 versions of the applications of this method. One that is currently being developed in which you have a little test tube that contains your sample and you insert the sensor, somewhat like a thermometer, and you have a little electronic device that interfaces, perhaps something like a smart phone, and in a matter of a short time period, maybe 15 minutes, you’ll get information that is adequate enough for you to take corrective action. That’s one version of this application, and we’ve done enough tests to be confident that format will work.

Food Hot Spots


Even the best sensing technology has a major limitation: The quality of the samples used in the analysis. Workers usually obtain those samples by taking random swabs of food during processing. The approach may miss “hot spots,” isolated areas of contamination that later may spread throughout the batch. Food scientists address this problem by taking a large number of swabs that will hopefully pick up any contamination that’s present on a particular food.


Jacob Petrich, a chemist at Iowa State University, is taking a different approach. As described in the ACS’s Journal of Agriculture and Food Chemistry, this method enables meat packers to scan an entire animal carcass at once for the presence of spinal and brain tissue, which can harbor infectious proteins known as prions.  Those agents cause bovine spongiform encephalopathy — Mad Cow disease — and its human counterpart, the incurable brain condition called Creutzfeld-Jacob Disease.  Here is Dr. Petrich:
This all stems from research we began in 1997 to see if  there was E. coli contamination on these products. Instead of deciding to look for single E. coli 0157 bugs on a carcass, we decided to look for the agent that puts it there in the first place, which is feces. And we discovered that feces fluoresces intensely when irradiated and that’s enabled us to develop devices that are actually in packing plants now. In the course of testing that device, we were in the course of irradiating a carcass with light and we realized that spinal cord fluoresced. 



It fluoresced with a soft glow that could help safeguard meat from the agent responsible for a fatal brain disease. That’s really shining a light on our subject of providing safe food.  Thousands of other scientists are doing the same, with discoveries that respond to challenges old and new of taking worry off the menu — on special occasions like Thanksgiving and every day of the year.
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 helping to make our food more nutritious.


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

