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Jeff Tomberlin:	Black soldier fly is a fly species that's native to the Southern US, Central America, and South America. It is not considered a pest species. It actually, the adult looks like a wasp.
Michael Holtz:	Okay.
Jeff Tomberlin:	So it's a mimic. And what makes it so exceptional is that its larvae can eat practically anything organic.
Speaker 2:	You're listening to Further Together, the ORAU podcast. Join Michael Holtz and his guests for conversations about all things ORAU. They'll talk about ORAU's storied history, our impact on an ever-changing world, our innovative scientific and technical solutions for our customers, and our commitment to the communities where we do business. Welcome to Further Together, the ORAU podcast.
Michael Holtz:	Welcome to Further Together, the ORAU podcast. As ever, it is me, your host, Michael Holtz, in the communications and marketing department at ORAU. And if you have listened to this podcast more than once, you know that I love to talk about ORAU-directed research and development grants. And we are talking about one of those grants today with one of my colleagues here at ORAU, Holly Holt. Holly, welcome to Further Together.
Holly Holt:	Hello, and thank you for having me here, Michael.
Michael Holtz:	I am so glad to have you and your collaborator, Jeff. And Jeff, I'm sorry. I don't remember your last name.
Jeff Tomberlin:	Tomberlin.
Michael Holtz:	Jeff Tomberlin. So I have Holly Holt and Jeff Tomberlin, who are going to talk about their ODRD-funded grant project. And Holly, I want to tee it up with you first. Talk about basically what your project is. What did you set out to research in the scope of your project?
Holly Holt:	All right. Well, this project came about kind of organically. We actually have a third collaborator too who couldn't be in the room with us here today, but Dr. Charity Owings at UTK in the Entomology and Ecological Department. I can't remember the...
Jeff Tomberlin:	Entomology and plant pathology.
Holly Holt:	Entomology and pathology department had submitted an idea to the university's solicitations for project ideas, looking for an ORAU collaborator. And her idea was to understand the impact of heavy metals on black soldier fly larvae. And larvae are just the immature stage of flies. So if you think of flies a bit like butterflies, you have an egg, it hatches into a caterpillar, a larvae is that stage. So she wanted to understand what happens with heavy metals on black soldier flies. And I have a background in entomology working with honeybees. And I looked at that, and I thought, "Well, I did disease and bees. I haven't done... Other abiotic environmental stressors. So this sounds kind of cool. Let me get in touch with her." So through RUPO, the partnership office at ORAU that helps form these research partnerships, they helped me reach out to her, get in touch.
	And we had an initial conversation, which turned into just a complete... It devolved into just us nerding out over bugs and talking about all these cool research opportunities. And from there, Charity introduced me to Jeff, Dr. Tomberlin, who... You're her former teacher, right?
Jeff Tomberlin:	I was her master's advisor.
Holly Holt:	Our master's advisor, right?
Michael Holtz:	Interesting.
[bookmark: _Hlk216252520]Holly Holt:	And right around that time when Charity had submitted her idea and we started talking, Jeff was actually visiting UTK to give a seminar on black soldier flies. And even though I come from the entomology world and I know about bees, I didn't know that much about black soldier flies. Came to that talk that Jeff gave, and I was sold on the slide that he put up where he had a picture of an adult fly wearing a Superman cape. And I was like...
Michael Holtz:	Sweet.
Holly Holt:	And basically told us about all these opportunities for black soldier flies. And so that was sort of the origins of our project. And we decided to do both laboratory research to get a better understanding of what happens to black soldier flies under stress. And then because ORAU has strengths in social sciences, we wanted to, with Jeff's idea, we wanted to understand where there are new and emerging opportunities with black soldier flies, products, and services, and whether or not that could positively disrupt existing markets.
Michael Holtz:	Gotcha. So Jeff, what is a black soldier fly?
Jeff Tomberlin:	Well, that is a great question. Black soldier fly is a fly species that's native to the Southern US, Central America, and South America. It is not considered a pest species. It actually, the adult looks like a wasp.
Michael Holtz:	Okay.
Jeff Tomberlin:	So it's a mimic. And what makes it so exceptional is that its larvae can eat practically anything organic.
Michael Holtz:	Interesting.
[bookmark: _Hlk216252745]Jeff Tomberlin:	Yeah. So it can convert all sorts of organic waste into insect biomass that can then be used as a feed for various livestock, such as poultry, swine, even pets today, in the West. So it's being developed as a feed ingredient. And then the residual that's left over after digestion is a replacement for chemical fertilizer. So it promotes plant growth. So it's really a big... It's a cog in this bigger system of the bioeconomy. And the beauty of it is, because it is naturally distributed through the temperate and tropic regions of the world, it has this amazing capability. It now is produced globally. So it is found throughout the world now, ranging in complexity from individuals growing them in their backyard, which some of you may have seen in their compost heaps, to industrial-scale production of digesting 100 tons of waste every day.
Michael Holtz:	Oh my gosh. I had no idea this was a thing at all. So that's exciting. I mean, beyond interesting, but just exciting to know that there's this whole sort of economy happening that I'm assuming a lot of people don't know about or don't talk about, right?
Jeff Tomberlin:	Yes. And just to add onto this is the beauty of the ORAU opportunities. It brought people together that normally would not work together.
Michael Holtz:	Right, sure.
Jeff Tomberlin:	And that's huge because while we're trying to promote the growth of this industry, the work that Holly's been doing is really allowing us to get an idea of Western acceptability. What do people think about this process? What do we have to do to overcome those hurdles if they do exist? So really the work that's being led by Holly through ORAU is really leading to a network, I would say, a roadmap of how to grow this industry in the United States, Europe, but also throughout the world.
Michael Holtz:	So Holly, what are you studying to... I guess what's the question you're asking in terms of black soldier flies and the process?
Holly Holt:	Sure. So when we came up with the idea of looking at, well, there are some existing markets around black soldier flies right now. People produce them, they extract the nutrients from them, they incorporate them into animal feed, and they can make some money that way, and they can sell the frass. But there are also a number of other potential applications for black soldier flies. There are other biomaterials, other biomolecules that can be extracted from black soldier flies that have really diverse applications. So a molecule that's part of that external shell on insects, it's called the exoskeleton called chitin, and that's got a lot of really great properties that are antimicrobial that can filter and bind heavy metals. So right there, you've got medical applications, you've got cosmetic applications, you have food science, shelf life applications, and environmental bioremediation applications, filtering out heavy metals, other things from the environment.
	So there are all these other ways that we could use black soldier flies and expand on the products and services that they offer. And we wanted to make that bridge between what is the research saying in terms of new and emerging areas for applications. And then where are we actually at in terms of their being applied in the real world? So the way that we approached that was to do a literature review as a first step. We went out and crafted a search string that searched all the published literature for black soldier flies, all their different ways they're referred to, looked for papers that are focused on the biocircular, environmentally friendly sustainability aspects that black soldier flies have to offer, and then added on a whole bunch of terms about who are all the stakeholders. And as Jeff just mentioned, the stakeholders are pretty much anybody.
	So you have the public, we have industry, we have education. And so we had a whole bunch of search terms that were put in there, searched the literature for all the papers that have been published since about 1980. And one of the strengths about this study is that we actually searched two different databases and did Web of Science and... Oh, the other one is escaping me at the moment. We should remember, but we looked across two of these databases, combined all the hits, filtered out the review papers that might amplify some of the themes, and then we took the titles and abstracts, fed them into a machine learning clustering software. And what this does is it looks for terms that are close to each other and that aren't just randomly appearing throughout the titles. And so we wound up with a map that was really cool that showed where there were different clusters of focus.
	So we had poultry and fish where there's already established markets, including nutrients, black soldier fly nutrients in these animals' feeds, other livestock. But on the other end of this map, and I'm pointing at the table here,
Michael Holtz:	That's okay.
Holly Holt:	You can't see. But for our audience that cannot see, I'm moving my hands around in space. We had other clusters around biocircular economies about materials, extraction and applications, frass, all these other areas. And so we had a color-coded thematic map that shows the connection amongst these different applications, and linking these areas in between was the biology of black soldier flies and their microbiome. And the other really nice thing about this software is that we could cluster and color code not only by topic, but we could color code as a heat map by emergent terms. So for terms, for their average year, once they appear in the literature for more recent terms, we could get... Those would appear as yellow; for example, the older terms would appear purple. And so we could find those little yellow spots that aren't really huge, but they're a little yellow term; it's a new thing popping up.
	And so that tells us that these are some new areas of interest. And then we used that as our basis for planning some interviews with industry and with researchers to talk to them about, "Hey, we're hearing about this. Where do you think this could go?"
Michael Holtz:	Tell me more. Yeah.
Holly Holt:	And so those interviews are still in process.
Michael Holtz:	Okay.
Holly Holt:	We're working through that, but it's exciting to see where this could be going.
Michael Holtz:	And Jeff, where potentially could this be going?
Jeff Tomberlin:	Yeah, I think there's a lot of different paths forward that we know about. And I think the human health perspective is one looking at micronutrients from the chitin that Holly mentioned earlier, but also things such as calcium carbonate, a major deficiency for women and children, as well as omega-3 fatty acids, choline. There's a lot of materials that are within the insect that we think can be harvested and used as supplements to address one health issues globally, ranging from dementia, Alzheimer's, cancer. So there's a lot to be discovered about this insect. What's fascinating about this whole process too is you ask, "What can we do with it?" I think we're still figuring that out as we move forward. The goal in part through this opportunity is to lay that framework out, to find out what paths do we want to pursue. What other partners within ORAU do we want to work with?
	Who can be recruited to focus on this work? And one thing we do recognize with this insect is if we could solve problems here on earth today, who knows where those solutions can be in the future? And I'm speaking about space, I'm thinking about Mars. I'm thinking about other places where circularity is going to be important, and this insect may be a part of that solution.
Michael Holtz:	Amazing. I mean, I'm thinking of like The Martian; you've got that Matt Damon on Mars, right?
Jeff Tomberlin:	He shouldn't have been a botanist. He should have been an entomologist.
Michael Holtz:	Right?
Holly Holt:	Yeah. It shouldn't have been potatoes. It should have been black soldier flies.
Jeff Tomberlin:	That's right.
Michael Holtz:	But I'm thinking in that kind of environment where you can't pull the waste off the... Black soldier flies could assist in that.
Jeff Tomberlin:	Oh, definitely. They can assist with...
Michael Holtz:	In that area, but also help create nutrients while they're doing their thing.
Jeff Tomberlin:	For sure. And one thing we know is that the human experience is real in terms of you take individuals and put them in an enclosed sterile environment, and they need to have things that remind them of home.
Michael Holtz:	Right.
Jeff Tomberlin:	So growing plants, having contact with soil, et cetera. It's going to be very important in developing those ecosystems. How do we do it? Well, we're trying to figure that out. And I think this first project is just the starting point. I think, based on discussions that Holly and Charity and I've had, we see a lot of opportunities in the future as well.
Holly Holt:	Yeah.
Michael Holtz:	What do you hope? I guess in terms of next steps, what does the next step look like? Or is that still sort of part of the "We're figuring that out" process?
Jeff Tomberlin:	I'll take a stab. I would say that through this, like any relationship, it takes time to develop the trust and understanding.
Michael Holtz:	Sure.
Jeff Tomberlin:	To know how to work together and move forward. So I think beyond the data generated, we've developed that relationship, and we're now looking at the resources that are available through this organization in combination with the University of Tennessee and other entities where, "Okay, how do we bring the research power together to address these issues that we're talking about from soil health, greenhouse gas production, waste remediation, protein production, et cetera? How do we recruit more to the team to address those issues?" But at the same time, I want to go back to Holly's work. We need to understand how Western society is going to respond to it.
Michael Holtz:	Yeah. I was just going to ask that question, right? So you talked about Western acceptability.
Holly Holt:	Yeah.
Michael Holtz:	People accepting that this is doable, that this is a process that we can live with. How big a challenge could that be?
Holly Holt:	I think it could be pretty big, and this is actually a side project that kind of emerged from this work.
Michael Holtz:	Okay.
Holly Holt:	ORAU has some social listening software called Meltwater, and some colleagues very kindly showed me how to use this. And this allowed me to eavesdrop on Twitter or X posts, take a look at Reddit, and get an idea of the different communities that are talking about black soldier flies and how they're talking about black soldier flies, and a little bit about the quality of the information being shared too.
Michael Holtz:	Sure.
Holly Holt:	Perhaps not surprisingly, on some platforms, it seemed that conspiracy theories about black soldier flies-
Michael Holtz:	Oh, shocked.
Holly Holt:	-were being amplified. But something else I really did take away from that are the different communities that are already plugged into this. For example, backyard chicken keepers, they are serious about their black soldier flies.
Michael Holtz:	I could see that.
Holly Holt:	Yep, yep.
Michael Holtz:	Absolutely. Right? Waste processing.
Holly Holt:	Yeah. Yep.
Jeff Tomberlin:	But also feed production because chickens love larvae.
Michael Holtz:	I mean, delicious, right?
Holly Holt:	One of my favorite posts that I came across that I shared with Jeff was from someone who said that they went outside and covered themselves with larvae, dried larvae and just told their girls, their chickens, to come, come get it.
Jeff Tomberlin:	That is dedication.
Holly Holt:	Yes.
Michael Holtz:	That is dedication.
Holly Holt:	That is dedication, but that's also the kind of acceptance that it would be great to have on a larger scale.
Michael Holtz:	Absolutely.
Holly Holt:	From the literature end, some of the things that did come up that were in that branching area from biocircular economies out to the livestock feed were some papers about consumer acceptance and looking at do pet owners who include black soldier flies in their dog food, how do they feel about that? And oftentimes how they feel about insects and the closeness of the relationship with their dog dictated whether or not they felt okay feeding their dog insects. But I think there's a lot of space there to explore the differences in culture, differences and acceptance, and different approaches. Something that Jeff and I were even chatting about earlier today about how do you get kids involved young? But Jeff has some great ideas, I bet of that too.
Jeff Tomberlin:	And the idea is if you want to see paradigm shifts work with younger generation and that will set the future. And so the idea is how do we develop programs that allow us to go into elementary, middle, and high schools; work with 4H; work with FFA, work with community colleges on how this insect can be part of the circular economy and really start small? And I mean that literally: young kids and work your way up to educate for the future. So I think that's something that's really important. And I wanted to add this as we think of what it can be. We know that in Africa, that Icipe has trained over 170,000 people to grow black soldier flies.
Michael Holtz:	Oh my gosh.
Jeff Tomberlin:	So it can be done. It is having an impact, but we need to have that impact in North America and in Europe as well.
Michael Holtz:	Sure. Oh my gosh. It's exciting. I would love to talk when you know more. The next steps that they've been taken. Is there anything else we want to cover in this conversation?
Holly Holt:	Well, I think we could chat a little bit about Charity's work.
Jeff Tomberlin:	Yeah. I think that's really important to show. Optimization of production is critical for the industry's success. And Charity's work examining different stressors on the system and the insect response is really important for setting up standard operating procedures, knowing what to avoid and what to include in terms of feed for the insect, because you could even think of the insect as mini livestock. It's all small animals being grown at high volume for production, and you want to grow them fast, efficiently, and healthy. So her work has really given us an understanding of how they respond to these stressors. That way we can develop these methods for future applications.
Michael Holtz:	Gotcha. What's the... [inaudible 00:20:29]. Like from the larval to the adult, what's that?
Holly Holt:	Metamorphosis.
Michael Holtz:	Metamorphosis. Thank you. What's the metamorphosis period?
Holly Holt:	That's weeks.
Jeff Tomberlin:	Yeah. So the egg is four days before hatch, and then the larvae will grow for two weeks. And then the pupation, the cocoon stage, is two weeks, and then the adult lives for about two weeks. The thing about the adult that's really cool is they just live to lay eggs. That's it.
Michael Holtz:	Right, right.
Jeff Tomberlin:	So that's why they're not considered a pest species.
Michael Holtz:	Okay.
Jeff Tomberlin:	They lay eggs and decompose the material, and then that's it for them. And the way the industry is set up is you're harvesting the larvae, so they should not be getting out into the environment. So there's no concerns there.
Michael Holtz:	That's amazing. So it's really just... I mean, you have the short window, but it's circular. I mean, to use your word, it's circular. It's sort of this continuous process.
Jeff Tomberlin:	Right. If you relate...
Michael Holtz:	Lay eggs then...
Jeff Tomberlin:	Yeah. And if you relate it to something like composting. Composting can take a lot of time, six weeks, six months, depending on the conditions and the substrate. These larvae can digest that waste in less two weeks.
Michael Holtz:	Wow.
Holly Holt:	Yeah. And I guess another couple of things that I'll mention about the work that Charity is doing that makes it really stand out is that she's looking at combinations of stressors and looking at their interactions because in an industry environment, lots of different things exist. And how these may interact with each other is really important to understand. The other really cool thing that she's looking at is looking to see if stressed larvae produce a signature in terms of smell. So as larvae are being produced or growing, they can release volatile molecules, volatile organic compounds. And depending on the health state, it may be that some volatile organic compounds are indicators of health, or they're indicators of stress. And from an industry production standpoint, if industry has a way to detect early on if some of these large bins where larvae are growing, if the larvae are not thriving, then they can pull that from the system earlier. That has animal welfare implications, but also you're going to improve your bottom line if you're not investing in resources in necrotic...
Michael Holtz:	And contributing the stress or whatever it is then.
Holly Holt:	Yeah.
Jeff Tomberlin:	Space is important. Space is value. So you want to make sure you're occupying that space with healthy larvae.
Michael Holtz:	Absolutely.
Jeff Tomberlin:	That are growing quick.
Michael Holtz:	That makes perfect sense.
Holly Holt:	And then also the outcomes that she is measuring from this dataset, she's getting everything from gene expression to mass to macronutrient composition, so like carbohydrates, fats, proteins. She is getting life history outcomes, so survival. And we're also extracting the guts of these larvae that are being exposed to heavy metals and various other stressors and looking to see how the gut responds to this as well. So we can understand... The gut is where everything's coming through, so if the gut isn't doing well, the larvae's not going to thrive; it's not going to grow. So this is a really rich and extremely exciting dataset to have all of these different measures coming from a single experiment. It gives you a very holistic picture and understanding of what's going on with the health of the larvae at many different dimensions. And to have that wealth of data from a single dataset and not having to put it together across different experiments, that's huge.
Michael Holtz:	That's amazing. That's huge.
Holly Holt:	Yeah.
Jeff Tomberlin:	And also, just one little point to mention is it's the first black soldier fly project in Tennessee. So it's a landmark study, and that's going to be big because...
Michael Holtz:	We love using words like landmark.
Jeff Tomberlin:	Yeah. We need to know how this insect's responding in different environments, and that includes Tennessee.
Michael Holtz:	Sure.
Jeff Tomberlin:	So it's a landmark in terms of first study, but it's also graduate education. So it's having students that are involved at the University of Tennessee learning about this process. That meets the land grant mission of the state. How do we find solutions for the people that live in this state?
Michael Holtz:	Right.
Jeff Tomberlin:	But what's really important to recognize is this will not just impact the citizens of the state of Tennessee. This is going to impact the world because people will read this work.
Michael Holtz:	Right. And they'll understand more about black soldier flies and the benefits to humanity. I mean, truly amazing. Just amazing, amazing.
Jeff Tomberlin:	So we're not to the point of saying it's Superman yet.
Michael Holtz:	Right, but...
Jeff Tomberlin:	But it has a lot of potential, so we just want to help it get there.
Michael Holtz:	Yeah, for sure. Thank you both for this conversation. I'm absolutely blown away and fascinated by the work that you're doing. And I can't wait to have you back to talk about next steps and what you learn, other partners that come along, and all the things.
Jeff Tomberlin:	So just one last thing.
Michael Holtz:	Sure.
Jeff Tomberlin:	Holly can sign us off. But I think in terms of what we're doing and where we're going, it is just getting started. And I encourage all of your listeners, go outside, look in your compost heap. You might just find you have black soldier flies that work for you already.
Michael Holtz:	Interesting. Anything else, Holly?
Holly Holt:	I will say that I have started a black soldier fly colony in my backyard, and it is a source of endless fascination, sometimes fear, but people always want to know more.
Michael Holtz:	Absolutely. I can totally see that.
Holly Holt:	I encourage this. I endorse this as well. 100%.
Michael Holtz:	Sign me up to want to come and see a black soldier fly colony. Absolutely.
Holly Holt:	I have it videoed.
Michael Holtz:	All right. We might actually ask to share that on the website if you don't mind.
Holly Holt:	Okay. No problem.
Michael Holtz:	All right. Well, thank you both so much for this opportunity. It has truly been a pleasure, and I'm excited to hear more down the road. I, of course, am all about landmark studies, but also just this is different than anything I think we've ever talked about at ORAU, and it's a good thing. I mean, we're doing some great work that I get to talk about, so I'm glad we can do that.
Jeff Tomberlin:	Thanks for having us.
Michael Holtz:	Absolutely.
Holly Holt:	Thank you.
Michael Holtz:	All righty.
Speaker 2:	Thank you for listening to Further Together, the ORAU podcast. To learn more about any of the topics discussed by our experts, visit www.orau.org. You can also find us on Facebook, Twitter, and LinkedIn at ORAU, and on Instagram @orautogether. If you like Further Together, the ORAU podcast, we would appreciate you giving us a review on your favorite podcast platform. Your reviews will help more people find the podcast.
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