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Tracey:	00:00	Hello and welcome to NC State's Audio Abstract. I'm your host Tracey Peake. As we stay at home, a lot of folks are doing their own bread baking and as commercial yeast can be hard to come by. A lot of them are experimenting with sourdough. We're speaking today with Erin McKinney, a lecturer in applied ecology and co-leader of the Wild Sourdough Citizen Science Project here at NC State about why and how sourdough does what it does and how you too can turn microbes into bread. Welcome Erin.
Erin:	00:33	Thanks for having me Tracey.
Tracey:	00:35	First off, what is sourdough? How do a couple of tablespoons of water and flour turn into some kind of live concoction that you actually have to feed?
Erin:	00:45	Yeah, so I think you've described your starting inputs for sourdough perfectly. It's really a glorified paper-mache paste, right? And you know you've got the consistency right if it's the same [gloppiness 00:00:59] as applesauce or toothpaste. So truly to start with it just is that thick paste, but over time transformations do take place as environmental bacteria and yeast start to colonize that flour and water mixture and you actually grow your own microbial garden in the jar.
Erin:	01:22	So the same way that if you left a bare patch of dirt out like a true garden and instead of planting plants, you just left it to nature. You'd start with little lichens and mosses, weedy things, and then you get grasses and dandelions, flowering things. Eventually you might have a small shrub or some sort of a tree grow up until you had a stable, what we call in ecology, a climax community. A stable community that doesn't shift too much from year to year. It performs very similar functions over time. So it's defined by stability and by a diversity of species that work together. And the same thing happens in your sourdough starter. What we're finding though in the microbial world is that bacteria and yeast follow different rules and that they come from different places over time.
Erin:	02:22	So what you're saying is you're essentially exposing this to the air and then letting whatever bacteria and yeast happen to be in your immediate environment just kind of fall in there and do their thing?
Erin:	02:40	Absolutely. Yep. We do normally recommend that you put either a loose lid or even just a piece of paper towel or a napkin over the top of it to keep any big chunks of something going in or any insects that might become very interested in your starter. You don't want the big stuff, but the microscopic things are really exciting and those could be inputs from the bacteria and yeast that are already in the flour that you use. It sometimes comes as a surprise to remember that the foods that we use are not sterile in and of themselves. They could be microbes from the air in your kitchen or your home. We know from other research out of the Dunn Lab, other citizen science projects, that our homes are kind of echo chambers of ourselves. So there are a lot of bodily microbes in the air and the dust in our homes and those microbes could literally come from your body as well, especially if you use your finger to wipe this extra starter off the spoon or the knife that you use to stir it.
Tracey:	03:44	When we're working with the starter itself, there's a process where you have to feed it. Can you walk me through that? Why are we feeding this starter? Why are we taking some out and putting some in for a certain number of days and then we can use it?
Erin:	04:00	Absolutely. So when... Think of the inputs, your flour and your water, the water just makes it so that everything can kind of swim around and all the nutrients in the flour are dissolved so that the microbes can actually get to the nutrients and digest them. Water helps all of those biological processes work, but the flour is full of nutrients, especially sugars and starches. Everything on the planet can digest sugar and starch. So that means it's a powerful little energy source for our microbes. When we feed it, you are offering an influx, it's like fertilizing your microbial garden.
Erin:	05:01	You're offering an influx of nutrients, but those nutrients are not infinite. And what we find in the early days of a baby starter, in the first days of its life, the sourdough microbes will run out of food after about 24 hours. After a few days, you'll start to notice a liquid layer form on the top of your starter. That's what we call hooch.
Erin:	05:54	It's largely alcohol, so as one might expect of hooch, but don't drink this because the alcohol is a product made by yeasts that are stressed. So in the sourdough starter that hasn't been fed for 24 hours or even for 12 hours, if your starter is really hungry, then the yeast gets stressed. They start to push off alcohol as a product and that seals off the starter from the outside world. So when you come back to it every 24 hours in those early days and you remove half of it, you discard half of your starter that's making room so that you can feed back equal parts of flour and water to the starter.
Erin:	06:41	We always want to feed equal parts, a one part starter, to one part flour, to one part water. So if you didn't cut your colony in half or cut your community in half, you would feed exponentially more and more flour and water and your starter could fill your home in a matter of weeks. [crosstalk 00:00:07:03]. Not to mention it would exacerbate the flour shortage. So to avoid that by removing and discarding half of your sourdough starter, you can then just keep it to a tablespoon per feeding.
Tracey:	07:31	So we know how the starters work and what they're doing. How does baking with a sourdough starter differ from just making bread with commercial yeast?
Erin:	07:43	It differs in a couple of different ways. I think the most noticeable difference for a lot of bakers is the amount of time that it takes. So whereas, if we use a rapid rise commercial yeast, usually those sorts of recipes using a commercial yeast or a dry yeast, it's what a four to six hour rise and then you punch it down, you let it double again, and then you pop it in the oven. So it's four to six hours from mixing the bread dough to coming out with a loaf fresh out of the oven.
Erin:	08:17	With a sourdough loaf, with my go to recipe these days that we've actually put into the materials available with the Wild Sourdough Project, I will mix up my flour, my water, some salt, and the starter, and then I like to keep that starter on the counter for at least four to six hours if it's a warm day and then I'll pop it in the fridge overnight. Or more and more what I'm doing is just mixing the bread dough at night and then leaving it on the counter overnight. So for 12 sometimes 18 hours, depending how warm my house is, and then I may or may not toss it into the fridge for another couple hours before I bake. Just depending on if I'm ready to bake. Putting stuff in the fridge presses pause and buys you a little bit of time. Things slow down at cooler temperatures, so one major thing is the time factor. It takes a little bit more planning for your schedule, which makes this actually I think a lot more accessible and maybe even exciting for folks who are looking for stuff to do at home.
Erin:	09:29	But there's a whole microbial story of how this is different from a commercial yeast bread as well. So if you think about all the commercial yeast it's one species on Saccharomyces cerevisiae, one species of yeast. And depending on where you're getting it from and who you're working with, you might have one of maybe three different strains of one yeast. So that's like thinking about three different dog breeds out of all the breeds of dog within the species of dog. They're three very closely related strains. So that'd be like saying bakers working with rapid rise commercial yeast are usually working with yellow labs, chocolate labs and black labs. In sourdough starters, what we've found with the Global Sourdough Project is that there are about 70 types of yeast, 70 different species. So not breeds of dog, but like dogs, and wolves, and foxes, and jackals, and coyotes, and just different types of dog.
Tracey:	10:35	That's amazing. So everybody's sourdough starter is going to produce a slightly different type of bread.
Erin:	10:44	Yeah, exactly. And it's not just yeast, it's also bacteria. So as many types of yeast as you have across all known sourdough starters, you also have more than that many different types of bacteria that are producing different types of acid. They might be producing lactic acid, which is more of a dairy flavor, you think of a mild, like a yogurt tartness or it might be acetic acid, which is more vinegary. 
Tracey:	11:42	So talking about these sourdough starters and each one being kind of unique, you hear about families that have had these starters for generations and they've traveled with them and they go sometimes thousands of miles from where they first started. What do you make of this? It's almost like an emotional attachment to a little pet 
Erin:	12:09	They're like heirloom pets that outlive you. This is like your great, great, great grandmother's pet that now you get to take care of. And I think there's a heartfelt connectivity there and an investment, one, because in those cases these starters have been passed down for generations. So it's a physical, tangible link. Your great, great, great grandmother might've been doing the exact same motions that you're doing today. So there's kind of a ritualism across time, but there's also...
Erin:	12:43	Starters are also called mothers, and I think that speaks to the investment, the caring, the nurturing that... You mentioned earlier in our conversation that it seems a little bit intimidating of a starter, whereas pets or children might feel a little bit more like, "Oh I can handle that, but a starter?" It is a daily investment, or a twice, or thrice daily investment depending on how hungry your starter is. So there is a caring and a constant tending that I think is unique to starters among fermented foods that every day you discard some, you grow it up, you feed it, you mix it, and even in the handling of the bread, it's all very tactile and there is a deliberacy in the preparation of the food and the starter itself.
Tracey:	13:39	I really liked that. It's really... It's a neat idea. In fact, all of this is really a neat idea. And that kind of brings me to sort of the overarching involvement that you have with sourdough right now. As the co-lead of the Wild Sourdough Project, which is a citizen science project run out of Rob Dunn's lab here at State, can you tell me a little bit about what prompted this project and what you guys are looking at? And then give a plug for folks who might be interested in taking part and to how they could maybe find some more information?
Erin:	14:12	Absolutely. So this project, it feels like the natural next step to our original Global Sourdough Project. Now for a very small digression overview of the global project, we sent surveys out to anyone in the world who wanted to answer our questionnaire about how you keep your starter. How old is it? Where has it traveled? Who originally made it? What is your history with it? Do you have pets or not? What sort of a dwelling do you live in? What sort of flour do you feed it? What kind of water do you use? All of the, what we would call the metadata, right? The all the information that might help to explain what bacteria and yeast diversity we would uncover in those different starters. Over 500 people from 17 countries around the world sent us samples of their starter, and this was casting a very broad net.
Erin:	15:04	There was no control. It was not a true experiment. It was observational data, what exists in the world and that's how we uncovered all this tremendous diversity, but it made it very difficult because we had no control over any of it. It made it very difficult to pinpoint how does geography affect the diversity and the behavior of your starter? How does the age of a starter affect it's diversity? How does flour type affect it? Right? So with this, the Wild Sourdough Project, we're able to hopefully address some of those 15,000 questions that sprung up as we tried to answer questions in the first project. So by asking every participant to start a sourdough starter from scratch and sending us the data from the first 14 days, the 15 feedings of that sourdough's life, we are able to compare apples to apples. All the starters will be the same age.
Erin:	16:05	And we're also asking everyone to make sure that you only use one type of flour to feed a single starter. From there, you can create multiple starters that are fed different flour types or you can use the same type of flour and have one starter inside or one starter outside, the sky's the limit from there. But it is very controlled in having a single flour type. So by controlling age and flour type, then we know that the variables that will differ, we'll be able to explain more of the data. So where you live. Does that make sense?
Tracey:	16:38	Yeah, it does. So your overall goal here is to paint a microbial picture of sourdough from around the world, and you're interested in getting folks from all over to help out with that, 
Erin:	16:52	And we hope that in engaging the public... Well there... I think sourdough is an incredible model for learning about science and microbes in particular, but also for learning more about food. So I am now locked out of a lab, so I'm on a level playing field with everyone else at home. I no longer have access to fancy equipment or DNA sequencing. We really tried to make this protocol something that anyone can do anywhere, even though we are all housebound and in a pandemic. And so having a protocol that requires a cup and a half of flour, that's pretty feasible. And it takes 15 data points and at the end of those 15 data points, or maybe even before, you can use your starter to then bake something to sustain yourself, intellectually and nutritionally.
Erin:	17:52	We're actually trying to focus also on the behaviors of the bacteria and the yeast. So thinking about how high does your starter rise, gives us some insight to the yeast's activity in producing carbon dioxide and other aromatic leavening agents. Through our fermentology mini webinars series, we'll have Michael [Calanti 00:18:17] as a guest speaker in a few weeks. Teaching participants or anyone who wants to learn how to really assess the flavors and the aromatic profile of your bread. So thinking then about how those bacteria and yeast are really contributing to your bread flavors and your aesthetic experience of this garden that you've created and then destroyed in an oven.
Tracey:	18:43	That's great. So if anyone listening wants to maybe do their own starter for science or just for bread, where can they find more information about the Wild Sourdough Project?
Erin:	18:57	Yeah, so you can either Google Dunn Lab Wild Sourdough or you can go to RobDunnLab.com/projects/wildsourdough.
Tracey:	19:12	Okay, well that seems easy enough. What is the coolest thing or the weirdest thing that you have discovered while doing this project? What's the coolest thing you know about sourdough, or yeast, or fermentation, or the weirdest fact you've uncovered.
Erin:	19:43	Let's see. So I have a personal anecdote. I have a friend who went to a research station in Antarctica, McMurdo Station, for a couple months and he brought me back a sourdough starter that someone had started. So granted it was very hungry by the time it came to me because it had had to come through a transit and customs. I have no idea how he made this magic happen, but he brought it back to me so that I could sequence the DNA in it. And when I opened it up to smell it, it just smelled meaty, like beefy. I've never smelled such rich umami notes from a starter. It was wild. So I don't know. I don't know. Maybe it was buckwheat flour. I don't actually know. So that's probably the most wild sensory experience I've ever had with a sourdough.
Erin:	20:44	But I think one of the most exciting things that I've learned through follow up experimentation with an undergrad researcher and with four teachers from here in Raleigh who I worked with last summer, they grew 40 different sourdough starters. So four replicates each from 10 different types of flour. And we used five types of flour that had gluten in them and five gluten free flours. And it was really incredible to me to see how high the gluten free grain fed starters could rise even though they don't have gluten in them. So the microbes are doing... It's a humbling reminder. I've been studying microbes for over a decade and still sourdough is humbling and surprising at every turn, even as it is like a basis for building human communities.
Erin:	21:46	And just this idea that we think of gluten free as an anti baking tool or something to be worked around and to be accommodated, the ultimate challenge for commercial bakers, Or for anyone with gluten intolerance, but really these gluten free grains, they feed communities of microbes that are wildly successful at producing leavening agents. So I think there's some untapped potential there that hopefully we can use to figure out how to bake delicious breads for anyone who wants to eat bread.
Tracey:	22:27	Well this has been really enlightening and fun. Thank you so much for being here today, Erin.
Erin:	22:41	Absolutely. Thanks for having me.
[bookmark: _GoBack]Tracey:	22:43	We have been speaking today with Erin McKinney, a lecturer in applied ecology and co-leader of the Wild Sourdough Project here at NC State. This has been Audio Abstract. I'm your host, Tracy Peake. Thank you so much for listening.
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