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[bookmark: _Hlk77180906]Population growth and climate change are among some of the many problematic issues facing humanity.[endnoteRef:1]  Both will likely have catastrophic effects if not managed appropriately. Food technologies may substantially help mitigate climate change through producing alternative sources of animal protein outside of the massive commercialized meat processing system, and help provide food for our growing population.  [1:  Hsiang, Solomon, Robert Kopp, Amir Jina, James Rising, Michael Delgado, Shashank Mohan, D. J. Rasmussen et al. "Estimating economic damage from climate change in the United States." Science 356, no. 6345 (2017): 1362-1369; Pecl, Gretta T., Miguel B. Araújo, Johann D. Bell, Julia Blanchard, Timothy C. Bonebrake, I-Ching Chen, Timothy D. Clark et al. "Biodiversity redistribution under climate change: Impacts on ecosystems and human well-being." Science 355, no. 6332 (2017): eaai9214; Barrett, Scott. "Choices in the climate commons." (2018): 1217-1217; White, Jason C., and Jorge Gardea-Torresdey. "Achieving food security through the very small." Nature nanotechnology 13, no. 8 (2018): 627; Fischer, Günther. "Transforming the global food system." (2018): 501.] 


Unfortunately, the law tends to lag behind innovation, and food technologies are no exception.[endnoteRef:2]   [2:  Dahabieh, Matthew S., Stefanie Bröring, and Elicia Maine. "Overcoming barriers to innovation in food and agricultural biotechnology." Trends in Food Science & Technology 79 (2018): 204-213.] 

Alternative protein solutions are in a bit of a legal limbo. The technology and its outputs can fall under either, both, or neither of the potentially relevant regulatory systems designed for much of the new and innovative foods: Novel Foods and Genetically Modified Organisms (GMO).[endnoteRef:3]    [3:  White, Jason C., and Jorge Gardea-Torresdey. "Achieving food security through the very small." Nature nanotechnology 13, no. 8 (2018): 627.] 


Food Technology (aka foodtech) encompasses a range of food-related innovation from the age-old basic food chemistry development of artificial flavors and smells developed nearly a thousand years ago, to the first artificially flavored candies in the mid-19th century, to the bleeding edge development of modified organisms and de novo lab-based products today. [endnoteRef:4]  Food technologies span not only many technologies, but also many goals.  It incorporates technology associated with packaging,[endnoteRef:5] processing, [endnoteRef:6]  preservation[endnoteRef:7] or transportation. Other areas in foodtech look to enhance the eating experience through new flavors, textures, colors and smells.  Still other foodtech companies focus on the manufacturing process.  [4:  Dikshit, Rashmi, and Padmavathi Tallapragada. "Comparative Study of Natural and Artificial Flavoring Agents and Dyes." In Natural and Artificial Flavoring Agents and Food Dyes, pp. 83-111. 2018.]  [5:  Sharma, Loveleen, Charanjiv Singh Saini, and Harish Kumar Sharma. "Edible Coatings: Potential Applications in Food Packaging." In Technologies in Food Processing, pp. 151-174. Apple Academic Press, 2018.]  [6:  Misra, N. N., Mohamed Koubaa, Shahin Roohinejad, Pablo Juliano, Hami Alpas, Rita S. Inacio, Jorge A. Saraiva, and Francisco J. Barba. "Landmarks in the historical development of twenty first century food processing technologies." Food Research International 97 (2017): 318-339.]  [7:  Pal, Mahendra. "Pulsed electric field processing: an emerging technology for food preservation." Journal of Experimental Food Chemistry 3, no. 2 (2017): 2-3.] 


With all of their potential benefits, one wouldn’t be remiss in thinking that these technologies would be universally adopted by societies that are seeing a shrinking of arable land, a concomitant increase in pollution and population, and a general desire to eat healthier.  Nevertheless, in addition to the legal considerations, there are many societal restrictions to innovation in the food arena; popular culture especially mistrusts scientific manipulation of food.

And in reality, there are even many logical and scientifically valid considerations that might prevent the continued innovation in this area, regardless of promised environmental and health benefits —ranging from concerns of invasive species,[endnoteRef:8] health risks, general human safety and the quintessential European concern: the unknowable unknowables: externalities that stifle innovation because of the fear of what could be.  [8:  Stokstad, E., 2002. Engineered fish: Friend or foe of the environment?. Science, 297(5588), p.1797.] 


However, one of the most difficult considerations to overcome is the visceral aversion by many consumers to foodstuffs that seem unnatural: to wit, consider the raging popularity of the anti-GMO position, particularly in Europe and its effect on limiting innovation.[endnoteRef:9]   For a myriad of reasons, many consumers are still unwilling to consume products perceived to be GMO,[endnoteRef:10] regardless of whether they actually even know what GMO or a Novel Food even is.[endnoteRef:11] [9:  Theresa Papademtriou Restrictions on Genetically Modified Organisms: European Union, US Library of Congress LAW (2014) online at https://www.loc.gov/law/help/restrictions-on-gmos/eu.php]  [10:  See, e.g., Mohorčich, J. and Reese, J., 2019. Cell-cultured meat: Lessons from GMO adoption and resistance. Appetite, 143, p.104408.  for an elucidation of the decades long  history of GMO in the eyes of the consumer]  [11:   Erin Brodwin “Jimmy Kimmel Asks Anti-GMO People What GMOs Are — And Hilariously, They Have No Idea”  Business Insider, Oct. 10, 2014 www.businessinsider.com/jimmy-kimmel-what-is-a-gmo-2014-10] 


The term GMO, described in depth in Section 4, comes with a lot of unfavorable baggage.  Unfortunately, the varied anti-GMO consumer and political stances around the world often ensnare even those technologies that are not GMO per se, ultimately inhibiting a lot of innovation both inside and outside of the GMO sector. If producers of foodtech can avoid having their products labeled (legally or colloquially) as GMO, they have a greater chance of penetrating European and other markets;  nineteen of the twenty-seven nations within the EU have already voted to fully or partially ban all GMOs.[endnoteRef:12] [12:  https://ec.europa.eu/environment/europeangreencapital/countriesruleoutgmos/] 


And it is not just the GMO label that is threatening. As will be discussed herein, any label that seeks to differentiate innovative foods from standard fare can be the a mortal blow for foodtech, ultimately deterring consumers from adopting innovative, healthy and safer food products.

Recently, as of January 2018, new regulations came into force in the European Union vis-à-vis Novel Foods.  These were created in an effort to harmonize disparate rules across the continent that resulted from earlier ambiguous rules.[endnoteRef:13] Israel too has draft regulations in this space: (Public Health Regulations Food – Novel Foods 5773–2013), and would potentially regulate the labeling of Novel Foods if they come into force. [13:  EU 2015/2283 (2015) Repealing and replacing EC 258/97] 

 
This paper will review the area of foodtech relating to alternative protein sources, particularly, insect-based protein and cell-based agriculture (insect-based protein is notoriously under-legislated[endnoteRef:14]).  With much of Israeli agriculture often exported, the metes and bounds of the term Novel Foods and GMO, especially as defined by the Europeans, and to a lesser degree, by the Americans, is of utmost importance to these areas of food innovation in Israel. Understanding things like importers’ food labeling regulations are key to the success of these alternative protein sources.  [14:  Van Huis, A., Van Itterbeeck, J., Klunder, H., Mertens, E., Halloran, A., Muir, G. and Vantomme, P., 2013. Edible insects: future prospects for food and feed security. Food and Agriculture Organization of the United Nations (FAO), Rome, Italy. FAO forestry paper, (171), p.201.] 


In the second section of this paper we will explore the general sector of foodtech and its history.  In the third section we will look to the specific area of alternative proteins within the foodtech sector, especially cell-based meats and insect derived protein.  In the fourth section we will look to the specific legal definitions of GMO and Novel Foods in an effort to place our technologies into either, both or neither of these categories.  The fifth and sixth sections will examine some of the ethical, legal and social concerns associated with these technologies. The seventh will look particularly to labelling laws.  We conclude with some considerations for government and relevant local industries.
[bookmark: _Toc75440690]The food tech industry.
Foodtech traces itself all the way back to early animal husbandry.[endnoteRef:15] Here famers selectively bred certain animals with desired traits with other animals with the same desired traits to develop offspring with those traits.  Modern food technology is non-trivial to cabin exactly as it includes various interrelated and unrelated technologies.  These technologies include innovative food packaging, modified foods and ingredients, technology for restaurants, food safety and traceability technology, food e-commerce, aggrotech, human nutrition, and food enhancing technologies. [endnoteRef:16] Thousands of companies employ myriad techniques in concerted efforts to accomplish a similarly large number of goals from repelling pests to increasing yields, to manipulating genomes to the development of new sources of food stuffs.  Food technology further ranges from biotechnology, to chemistry, to agricultural innovations.  All fall under the broad umbrella of foodtech. [15:  Vigne, Jean-Denis. "The origins of animal domestication and husbandry: a major change in the history of humanity and the biosphere." Comptes rendus biologies 334, no. 3 (2011): 171-181]  [16:  GKI Group, “Rise of the Israeli Foodtech Ecosystem, July 25, 1018, available online at https://www.gkigroup.com/rise-israeli-foodtech-ecosystem/  (Food enhancing technology includes: Includes “food personalization, robots & drones, Big Data & Analytics, VR, AI & Machine Learning, food processing, food aesthetics, Supply Chain Tech, [and] 3D Printing”] 


Israel is an acknowledged leader in foodtech[endnoteRef:17] with hundreds of startups in this sector and a handful of vehicles that support these startups including venture capital, hubs and incubators.[endnoteRef:18]  Israel’s proficiency in this area stems to some degree in its geopolitical isolation vis-a-vis its neighbors, the often unapologetic terrain, and the limitations on natural resources, such as water and arable land.[endnoteRef:19] A number of these startups been acquired over the past five years to the tune of over a billion USD. [endnoteRef:20]   Israel’s prowess here is not all good; in Turkey, there is a widespread conspiracy theory that sees GMOs as the result of “Jewish Multinational Companies and Israel [aiming] for world domination.” [endnoteRef:21] [17:  See, e.g., Israel Innovation Authority:  Israel Innovation Authority Report: The Potential of Israeli Foodtech' 24/09/2019 https://innovationisrael.org.il/en/news/israel-innovation-authority-report-potential-israeli-foodtech  Israel has a significant presence in areas such as "Cultured meat… Reducing sugar and sugar alternatives, New sources of protein, Individually tailored nutrition and food products, Food monitoring and safety across the production and supply chain, Digitization, connectivity and apps in the field of food, from farm to table." (punctuation added)]  [18:  See, e.g., Start-Up Nation Central start up finder, tag: foodtech. Online at https://finder.startupnationcentral.org/startups/search?list_1_action=and&list_1_tag=foodtech]  [19:  See, e.g., Valerie Karahan 'Why is Israel so prominent in the FoodTech industry? An interview with Amir Zaidman, VP Business Development of The Kitchen FoodTech Hub ' NX Food 05.08.2019 online at  https://nx-food.com/amir-zaidman]  [20:  IVC Research Center Magazine, September 2018 http://www.tiktakti.co.il/catalog/ivc/2018/magazine-sept/]  [21:  Veltri GA, Suerdem AK (February 2013). "Worldviews and discursive construction of GMO-related risk perceptions in Turkey". Public Understanding of Science. 22 (2): 137–54. ] 


Regardless of  foodtech’s many benefits, there are some especially vocal opponents that will besmirch thie industry as unnatural.  The silent majority are likely not neophobic per se, rather simply agnostic, provided that the foods don’t evoke disgust.[endnoteRef:22]  Nevertheless, there have been numerous studies aiming to tease out how to make technological advancements  in this area more appealing to the general public.[endnoteRef:23]  One of consistently least appealing forms of food tech for the general public has been protein alternatives. [22:  Tuorila, Hely, and Christina Hartmann. "Consumer responses to novel and unfamiliar foods." Current Opinion in Food Science 33 (2020): 1-8.]  [23:  Olsen, Nina Veflen, Klaus G. Grunert, and Anne-Mette Sonne. "Consumer acceptance of high-pressure processing and pulsed-electric field: a review." Trends in Food Science & Technology 21, no. 9 (2010): 464-472; Ganiere, Pierre, Wen S. Chern, and David Hahn. "A continuum of consumer attitudes toward genetically modified foods in the United States." Journal of Agricultural and Resource Economics (2006): 129-149; Canavari, Maurizio, and Rodolfo M. Nayga Jr. "On consumers’ willingness to purchase nutritionally enhanced genetically modified food." Applied Economics 41, no. 1 (2009): 125-137; Curtis, Kynda R., and Klaus Moeltner. "Genetically modified food market participation and consumer risk perceptions: a cross‐country comparison." Canadian Journal of Agricultural Economics/Revue canadienne d'agroeconomie 54, no. 2 (2006): 289-310.] 

Protein Alternatives
Israel is home to a number of impressive startups in the area of protein alternatives.[endnoteRef:24]   These include companies focused on cell-based agriculture to create lab-based/cultured/cell-based meats, insects as alternative sources of protein within the human diet. [24:  Ocean Spray partners with Amai Proteins for first “protein-sweetened” cranberry juice Food Ingredients First December 7, 2020 online at https://www.foodingredientsfirst.com/news/ocean-spray-partners-with-amai-proteins-for-first-protein-sweetened-cranberry-juice.html; K. Handral, H., Hua Tay, S., Wan Chan, W. and Choudhury, D., 2020. 3D Printing of cultured meat products. Critical Reviews in Food Science and Nutrition, pp.1-10. See, also https://www.theguardian.com/environment/2019/oct/07/wheres-the-beef-248-miles-up-as-first-meat-is-grown-in-a-space-lab; https://www.flyingspark.com/] 


Cellular agriculture refers broadly to the use of agricultural products via cells that are not part of an animal or a plant.[endnoteRef:25]  The term has broad connotations spanning the use of cells as bioreactors to create proteins or drugs,[endnoteRef:26] to the growth of cells on scaffolds to make meat and even fish alternatives.[endnoteRef:27] [25:  Eibl, R., Senn, Y., Gubser, G., Jossen, V., van den Bos, C. and Eibl, D., 2021. Cellular Agriculture: Opportunities and Challenges. Annual Review of Food Science and Technology, 12, pp.51-73.]  [26:  Jönsson, E., 2020. On breweries and bioreactors: Probing the “present futures” of cellular agriculture. Transactions of the Institute of British Geographers, 45(4), pp.921-936.]  [27:  Rubio, N., Datar, I., Stachura, D., Kaplan, D. and Krueger, K., 2019. Cell-based fish: a novel approach to seafood production and an opportunity for cellular agriculture. Frontiers in Sustainable Food Systems, 3, p.43.] 

[bookmark: _Ref75873194]Meat substitutes arising from cellular agriculture, i.e., the production of edible muscle and fat cells from cell cultures and not necessarily slaughtered animals,[endnoteRef:28] could be considered GMO and/or a Novel Food as we define herein, depending on the nature of its production and its inputs.[endnoteRef:29]  As described, this is non-trivial determination, and it may not always be based on the final product. Consider that cell-based meats are also grown in media that itself may be genetically modified to create the optimal environment for growth.[endnoteRef:30]  Cell-based meats are further complicated in that, whereas its arguable that a tomato is a natural version of a genetically modified tomato, the same relationship is not necessarily the case for a steak from a slaughtered animal and cell-based meats, further confounding the nature of the innovative food. [28:  Sylvester, B.P., Beaver, N.A., Schoonover, K. and Tietz, J.I., 2019. From Petri Dish to Main Dish: The Legal Pathway for Cell-Based Meat. Ky. J. Equine Agric. & Nat. Resources L., 12, p.243.]  [29:  Stephens, Neil, Lucy Di Silvio, Illtud Dunsford, Marianne Ellis, Abigail Glencross, and Alexandra Sexton. "Bringing cultured meat to market: Technical, socio-political, and regulatory challenges in cellular agriculture." Trends in food science & technology 78 (2018): 155-166.]  [30:  Food Supplements Europe, Guidance for Food business operators on the verification of the status of a new food under the new Novel Foods Regulation (EU) 2015/2283 (NFR) 2019  https://foodsupplementseurope.org/wp-content/themes/fse-theme/documents/publications-and-guidelines/novelfoods-guidelines-jan2019.pdf] 

Another source of alternative protein is from insects. Worldwide, there are over 1900 edible insects which comprise a large part of the diet of more than a quarter of the world’s population, primarily in Asia and Africa.[endnoteRef:31] [endnoteRef:32] In practice, however, only around a dozen of these are currently farmed for food.[endnoteRef:33]  Regardless of what insect is farmed,  and conventional Western tastes aside, insects are generally a healthy source of protein, are cheap and easy to breed and have minimal effect on the environment, in contrast to standard meat sources.[endnoteRef:34]  However, they do pose a threat to those who are allergic to shellfish, especially if their incorporation into other foods is not labelled clearly.[endnoteRef:35]   [31:  Id.]  [32:  Page 125 Essentials of Environmental Science, Second Edition by R. Parker]  [33:  Goumperis, T., 2019. Insects as food: risk assessment and their future perspective in Europe. In Edible Insects in the Food Sector (pp. 1-9). Springer, Cham.at 2.]  [34:  Id. ]  [35:  Duan, L., Hoang, J.A., Kothari, A., Eiwegger, T. and Vadas, P., 2020. Shellfish allergy is a risk factor for cricket anaphylaxis. The Journal of Allergy and Clinical Immunology: In Practice, 8(7), pp.2396-2398.] 

As per the aforementioned EU law[endnoteRef:36] --designed in part to take GMO out of Novel Food Regulation and into its own system--[endnoteRef:37] whole insects are considered Novel Foods, and can be authorized for consumption through the Novel Food authorization process. The previous EU regulations stemming from 1998 seem to have been limited to only insect parts specifically.[endnoteRef:38] The European Food Safety Authority (EFSA) is designated regulatory body in this space as well as the European regulatory body for GMO.  EFSA focuses on examining risks and hazards associated with Novel Food consumption in the EU.  [36:  EU 2015/2283 (2015) Repealing and replacing EC 258/97]  [37:  EU regulation 2015/2283]  [38:  EU regulation 258/98] 

Notwithstanding the streamlined authorization process in the new EU regulations, the current list of authorized Novel Foods was until very recently devoid of healthy whole insects and alternative proteins.[endnoteRef:39] Additionally, the term insect itself is not defined by the law and so it remains unclear whether the law refers only to whole insects or also protein powders derived from processed insects.[endnoteRef:40]  This uncertainty can be problematic for many companies seeking to enter this space. Ironically, they may find greater certainty (albeit negative) if the insects were genetically modified. [39:  Published under the EU implementing regulation 2017/2470 available online at https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02017R2470-20201125]  [40:  Magnuson supra note 89 at 24] 

GMO insects do exist, although rarely are they designed for entomophagy.[endnoteRef:41] they are created mostly for the purpose of biological research and genetic pest management, and not usually for food.  These come with their own biosafety concerns[endnoteRef:42] and regulatory oversight,[endnoteRef:43] among other concerns.[endnoteRef:44] [41:  Patel, S., 2019. Insects as a Source of Sustainable Proteins. Proteins: Sustainable Source, Processing and Applications, pp.41-61.]  [42:  O’Brochta, D.A., Tonui, W.K., Dass, B. and James, S., 2020. A cross-sectional survey of biosafety professionals regarding genetically modified insects. Applied Biosafety, 25(1), pp.19-27.]  [43:  Donovan, M.J., 2009. Genetically modified insects: Why do we need them and how will they be regulated. Mo. Envtl. L. & Pol'y Rev., 17, p.62.]  [44:  Some of these insects are genetically modified with a lethal dominant gene that is created to destroy dangerous insects. (Reeves, R.G., Denton, J.A., Santucci, F., Bryk, J. and Reed, F.A., 2012. Scientific standards and the regulation of genetically modified insects. PLoS Neglected Tropical Diseases, 6(1), p.e1502. ) For example, in January 2016, Brazil's National Biosafety Committee approved the releases of more genetically modified Aedes aegypti mosquitos throughout their country as a response to the Zika Virus (Neuhaus, C.P., 2018. Community engagement and field trials of genetically modified insects and animals. Hastings Center Report, 48(1), pp.25-36).] 


The Relevant Terms used in Food tech as it applies to insect-based or cultured-meat alternative proteins.

The lack of any global standard for alternative protein processing and production, and the lack of wide regulatory standards, particularly in the area of insect-based protein and cell-based meats, results in the need to pigeonhole these proteins into ontologies that may be less optimally suited for them.  Ultimately, a lack of standards means that this sector is less able to grow and thrive and benefit from cross-border trade. The two terms both best and arguably worst suited (from a commercial standpoint) are GMO and Novel Foods.
The term GMO, genetically modified organism(s), colloquially refers to any organism whose genetic material has been altered using modern genetic engineering techniques. The colloquial use is broader, describing new and innovative foods developed by humans that were non-existent in our culinary past or even in nature. 
Genetic modification of organisms have existed in the world for millennia without receiving any significant recognition from humanity.[endnoteRef:45] Research continues to march on, advancing genetic engineering in food.  Concomitant with this expansion has been continued efforts to discredit genetic engineering as dangerous especially by the lay public. Because of the GMO term’s broad use in colloquial and legal society, what might have formerly been a specific and definite scientific term has, over the years became an increasingly ambiguous term that describes an array of emerging technologies, some even unrelated to any actual genetic modification.  To some degree this may be the result of the term having been coopeted by the health-food and related industries. [45:  An example of that would be selective breeding, a mechanism that existed for thousands of years that created species we know today that did not exist before, like domestic pets. These types of modifications were not recorded or explored scientifically. The first record of a scientific experiment in genetically modified foods was carried out by the aforementioned monk, George Mendel in 1856. Even Mendel's work did not receive significant recognition at the time, but was ultimately the groundwork for the developments of genetic engineering technologies. See, e.g., Morgan, Thomas H. "The rise of genetics." Science 76, no. 1969 (1932): 261-267.] 

As per the World Health Organization, GMO legally means: organisms (i.e. plants, animals or microorganisms) in which the genetic material (DNA) has been altered in a way that does not occur naturally by mating and/or natural recombination."[endnoteRef:46] This term applies both to the production method, and to the end product. More often than not, the term is used in relation to foodstuffs, and the inputs into foodstuff (animal feed) but the technology behind GMOs is also applied to inedible crops as well as organisms that are not commonly consumed.   The EU Court of Justice, in further determining the scope of the EU GMO Directive,[endnoteRef:47] defines GMO as organisms obtained by mutagenesis, even when foreign DNA isn’t inserted into the organism’s genome, provided that the  technology used hasn’t been used conventionally and extensively.[endnoteRef:48]  [46:  https://www.who.int/news-room/q-a-detail/food-genetically-modified]  [47:  Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release into the environment of genetically modified organisms and repealing Council Directive 90/220/EEC (OJ 2001 L 106, p. 1).]  [48:  Judgment of the Court (Grand Chamber) of 25 July 2018.
Confédération paysanne and Others v Premier ministre and Ministre de l’agriculture, de l’agroalimentaire et de la forêt.  See, also the Press Release: https://curia.europa.eu/jcms/upload/docs/application/pdf/2018-07/cp180111en.pdf (“Since the direct modification of the genetic material of an organism through mutagenesis makes it possible to obtain the same effects as the introduction of a foreign gene into the organism (transgenesis) and those new techniques make it possible to produce genetically modified varieties at a rate out of all proportion to those resulting from the application of conventional methods of mutagenesis. In view of these shared risks, excluding organisms obtained by new mutagenesis techniques from the scope of the GMO Directive would compromise the objective pursued by that directive, which is to avoid adverse effects on human health and the environment, and would fail to respect the precautionary principle which that directive seeks to implement. It follows that the GMO Directive is also applicable to organisms obtained by mutagenesis techniques that have emerged since its adoption.”] 

This GMO regulation in the European Union (EU) stems from the early days of recombinant DNA technology. The objective of the regulation in the EU is to harmonize the national legislation on GMOs in the twenty-eight EU Member States in compliance with the precautionary principle and to ensure a high level of protection to human life and health, animal health and welfare, environment and consumer interests, whilst ensuring the effective functioning of the internal market[endnoteRef:49].  [49:  REGULATION (EC) No 1829/2003 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 22 September 2003 on genetically modified food and feed] 

[bookmark: _Toc75440717]The EU regulation and definition of GMO refers to the technique used and the characteristics of the end product[endnoteRef:50]. Despite the fact that it contains both process and product related terms in the formal definition, it is commonly interpreted as a strictly process-based legislation[endnoteRef:51]. This matters. Some GMO processes do not meaningfully alter the final product. For example, current scientific evidence shows that a blending of classical crops and their GMO counterparts has no clear demarcation line between them[endnoteRef:52].  Supposedly, the EU is slowly starting to move towards a product-based regulatory system.[endnoteRef:53] [50:  The regulatory status of gene-edited agricultural products in the EU and beyond, René Custers
 Emerging Topics in Life SciencesSep 15, 2017,ETLS20170019;DOI: 10.1042/ETLS20170019]  [51:   http://www.tandfonline.com/doi/full/10.1080/21645698.2015.1134406]  [52:  New GMO regulations for old: Determining a new future for EU crop biotechnology. https://www.ncbi.nlm.nih.gov/pubmed/28278120.]  [53:  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4903111/] 

In 1999, the EU imposed a temporary ban on importing GMO. In 2003, the USA filed a complaint with the WTO (World Trade Organization) against that ban. Under the WTO, a measure, requiring mandatory labeling of products, must have a legitimate scientific purpose and not be mort trade-restrictive than necessary.  The US claimed that the EU regulations regarding the ban import of GMOs were unjustified and illegal under the SPS agreement. (Sanitary and Phytosanitary Agreement: The SPS sets constraints on member states' policies relating to food safety as well as animal and plant health). It argued that the EU system of approval of biotech products was so slow that it amounted to a moratorium. In 2006, the WTO ruled that the EU indeed applied a de facto moratorium on the approval of biotech products. It also ruled that the safeguard measures taken by several countries were not based on risk assessment as required under the SPS[endnoteRef:54]. [54:  https://www.oaklandinstitute.org/sites/oaklandinstitute.org/files/TWN_BP5_wto.pdf ] 

The United States has a wide range of biotechnological advancements and food technologies, many of them being GMO. These technologies exist both in the food sector alongside other sectors, such as drugs biofuels.  the US does not have any federal legislation that is specific to GMOs, rather, GMOs are regulated by a set of laws under the supervision of three federal agencies:  the Food and Drug Administration (FDA), the Department of Agriculture (USDA), and the Environmental Protection.  This creates a web of complex rules and regulations that apply to various sectors that might include GMOs.  However, Agency (EPA)[endnoteRef:55]. The US approach to regulating GMOs is premised on the assumption that regulation should focus on the nature of the products, rather than the process in which they were produced. [55: http://www.pewtrusts.org/~/media/legacy/uploadedfiles/wwwpewtrustsorg/reports/food_and_biotechnology/hhsbiotech0901pdf.pdf] 

Compared to other countries, the US has a relatively positive approach to GMO development and production. GMOs are an important economic component of the biotechnological industry. The US is the lead producer of GM crops, in 2016 accounting for 72% of the total global GM crops production[endnoteRef:56].  [56:  https://www.statista.com/statistics/271897/leading-countries-by-acreage-of-genetically-modified-crops/] 

The FDA, which is responsible for the safety of GM crops that are eaten by humans, considers most GM crops as "substantially equivalent" to non-GM crops[endnoteRef:57].  In cases where GM crops are recognized as equivalent to the non-GM crop version, they are designated as “Generally Recognized as Safe” (GRAS) under the Federal Food, Drug, and Cosmetic Act (FFDCA) and do not require pre-market approval. In other cases where proteins differ significantly and may be harmful for human consumption. In the future, the FDA reserves the authority to apply more stringent provisions of FFDCA[endnoteRef:58]. [57: https://fas.org/biosecurity/education/dualuse-agriculture/2.-agricultural-biotechnology/us-regulation-of-genetically-engineered-crops.html  - "modified starches are likely to be functionally and physiologically equivalent to starches commonly found in food and thus would not suggest any specific safety concerns"]  [58:  https://fas.org/biosecurity/education/dualuse-agriculture/2.-agricultural-biotechnology/us-regulation-of-genetically-engineered-crops.html] 

Regardless of the jurisdiction, much of the current legislation in the food-tech world focuses mainly on GMO. Regulation in this space, conceivably creates high entry barriers which hold back the innovation of new food technologies, arguably even when those foods are not GMO per se. 
To wit, Novel Foods.  Legally these foods can be very different from their GMO counterparts. Varied jurisdictions have varied definitions, regulations and oversight for Novel Foods.  And, current regulation is undergoing massive transformations around the world.  
0. [bookmark: _Toc75440703]What is a Novel Food?
Succinctly, those who are fearful of GMOs, claim that their usage will limit biodiversity, potentially endanger the health  of those who consume it and may even be highly allergenic to some.[endnoteRef:59]  These same fears, conceivably could exist in the world of Novel Foods as well.    [59:  Kuralt, K.M., 2021. The Importance of labeling products with a GMO or non-GMO label. Medicine, Law & Society, 14(1), pp.43-76.] 

[bookmark: _Ref75449260]The term (when used) can be interpreted differently in each country.[endnoteRef:60]  It has been defined by various international organizations as “a food or food ingredient produced from raw materials not normally used for human consumption or food that is severely modified by the introduction of new processes not previously used in the production of food.” [endnoteRef:61] This definition, which is highly subjective, depending on time, place and culture, might or might not include GMOs as well.  [60:  Magnuson, B., Munro, I., Abbot, P., Baldwin, N., Lopez-Garcia, R., Ly, K., McGirr, L., Roberts, A. and Socolovsky, S., 2013. Review of the regulation and safety assessment of food substances in various countries and jurisdictions. Food additives & contaminants: Part A, 30(7), pp.1147-1220.]  [61:  Vapnek, Jessica, Kai Purnhagen, and Ben Hillel. "Regulatory and Legislative Framework for Novel Foods." Food Formulation: Novel Ingredients and Processing Techniques (2021): 285-308.] 

Like the lack of a single definition for GMO, the United States, does also not define nor specifically regulate Novel Foods, as such.    Rather it regulates them no differently than all other foods. Often through the tedious Food Additive or via the relatively simple Generally Recognized as Safe (GRAS) processes. Other Western nations, like Canada in contrast, do have specific regulations.[endnoteRef:62] Pertinent to this paper, Novel Foods, regardless of the jurisdiction, is a somewhat arbitrary definition: insects may be thought of as Novel Foods in one country while they are a staple food in many other countries across the globe.  In some jurisdictions there are fines for marketing unauthorized Novel Foods, but they are not objectively substantial. [endnoteRef:63]   Further, when regulated, Novel Foods are often subject to pre-market approval and post-market labelling requirements.  [62:  https://inspection.canada.ca/food-label-requirements/labelling/industry/method-of-production-claims-on-food-labels/eng/1389379565794/1389380926083?chap=4]  [63:  Rusconi, G. and Romani, L., 2018. Supra note 90.] 

One common regulatory concern with Novel Foods is the possibility that the novel food, in replacing a traditionally consumer product, may have unforeseen nutritional impacts on the population, this might be of particular concern, is the sector of edible insects, and perhaps even insect-derived proteins.
[bookmark: _Ref72770470]Europe has some of the most expansive Novel Food regulations. The latest set of regulations in Europe, the revised Novel Food Regulation (EU) 2015/2283 (NFR) expands the original definitions of Novel Foods from the 1997 version of the law, from four categories of foods to ten. “Novel Food is defined as food that had not been consumed to a significant degree by humans in the EU before 15 May 1997, when the first Regulation on Novel Food came into force. 'Novel Food' can be newly developed, innovative food, food produced using new technologies and production processes.”[endnoteRef:64]  Depending on the nature of the food, it could also fall within the traditional food subset of Novel Foods, i.e., those that are ”traditionally consumed in countries outside the EU. It includes foods made from plants, microorganisms, fungi, algae and animals (e.g. chia seeds, baobab fruit, insects, water chestnuts).[endnoteRef:65] The process of regulating traditional foods is ostensibly simpler.[endnoteRef:66]   [64:  https://ec.europa.eu/food/safety/novel_food_en]  [65:  https://www.efsa.europa.eu/en/press/news/161110]  [66:  Rusconi, G. and Romani, L., 2018. Insects for Dinner: The Next Staple Food?. European Food and Feed Law Review, 13(4), pp.335-339.] 

A successful application for Novel Foods approval can result in the allowance of the food in general, not just the product of the applicant.  However, as the application process is not cheapthe EU grants exclusive rights to the applicant for a number of years.[endnoteRef:67]   [67:  https://www.sgs.com/en/news/2018/04/potential-impact-of-new-eu-novel-food-legislation] 

As per Recital 8 of the NFR, novel proteins are those that are from “cell culture or tissue culture derived from animals, plants, microorganisms, fungi or algae,” [endnoteRef:68] which also includes cloned animals.[endnoteRef:69] The NFR also regulates “whole insects and their parts” which is new to the current version of NFR and likely added to harmonize disparate rules across the continent.[endnoteRef:70]  Whether or not insect-derived protein fits within this definition is debatable as its neither a whole insect nor a part thereof. [68:  See, Article 3(2)(a)(vi) of Regulation (EU) No 2015/2283 , see also, https://www.europarl.europa.eu/doceo/document/E-8-2018-004200-ASW_EN.html ]  [69:  Supra note 1 at 54]  [70:  Montanari, F., de Moura, A.P. and Cunha, L.M., 2021. The EU Regulatory Framework for Insects as Food and Feed and Its Current Constraints. In Production and Commercialization of Insects as Food and Feed (pp. 41-78). Springer, Cham. At 50] 

Like GMOs, European regulation of Novel Foods might stem from the precautionary principle, the fear that in the pushing for innovation, food technology might harm consumers.  The US regulatory bodies, on the other hand, often require actual proof of harm of the product, often regardless of the process. [endnoteRef:71]   Additionally, whereas the United States and many other jurisdictions regulate foods based on the actual products for consumption, European regulation is often more focused on the process itself, regardless of the food products.   [71:  Vapnek, Jessica, Kai P. Purnhagen, and Ben Hillel. "Regulatory and Legislative Framework for Novel Foods." (2020).] 

The NFR does not regulate GMOs, in contrast to Israeli law Novel Food Directive 2006 (004-08). What is not explicitly regulated under the NFR is not within the NFR’s scope.[endnoteRef:72] Under the NFR, the European Commission will also seek input from EFSA with regard to the safety assessment of the insect or its byproducts.   [72:  Supra note 1 at 21.] 

Overlap between GMO and Novel Foods
As described previously, protein alternatives, both cell-culture based and insect derived, may fit into both GMO and Novel Food regulatory oversight. And in some jurisdictions, Novel Foods include GMOs. Any confusion however, regarding whether Novel Foods were GMO would be problematic for this nascent industry as it would make the already difficult task of introducing these protein sources into the consumer diet that much more difficult. 
In the United States, cell-based meat products are currently regulated under a joint FDA-USDA Formal Agreement, [endnoteRef:73] between the Food And Drug Administration (FDA) and the United States Department of Agriculture (USDA), specifically, the Food and Safety Inspection Service (USDA-FSIS).  This agreement was necessary as the USDA typically has jurisdiction over poultry, eggs, and meat, whereas the FDA’s jurisdiction extends to all other foods.   [73:  Formal Agreement Between FDA and USDA Regarding Oversight of Human Food Produced Using Animal Cell Technology Derived from Cell Lines of USDA-Amenable Species, U.S. FOOD & DRUG ADMIN. (Mar. 7, 2019), https://www.fda.gov/food/domesticinteragency-agreements-food/formal-agreement-between-fda-and-usda-regardingoversight-human-food-produced-using-animal-cell [https://perma.cc/WQ5G-P25F].] 

In the most recent March 2019, agreement,[endnoteRef:74] the FDA was granted jurisdiction over the cell collection, growth and storage, whereas the USDA controls the areas of harvesting production and labelling.  Both agencies are of the opinion that their internal memorandum of understanding is sufficient and no other regulation is necessary.[endnoteRef:75]   The goal of this regulatory oversight is focused on food safety concerns including dangers arising from design defects in the food itself, as well as contamination concerns resulting from the intensive manufacturing process,[endnoteRef:76] [74:  https://www.fda.gov/food/domestic-interagency-agreements-food/formal-agreement-between-fda-and-usda-regarding-oversight-human-food-produced-using-animal-cell]  [75:  Sylvester, B.P., Beaver, N.A., Schoonover, K. and Tietz, J.I., 2019. From Petri Dish to Main Dish: The Legal Pathway for Cell-Based Meat. Ky. J. Equine Agric. & Nat. Resources L., 12, p.243.]  [76:  Id. ] 

The desire for no legislation notwithstanding, it is conceivable that cellular-based meat could also fall under laws relating to bioengineered foods as described herein. As per the US Code: The term “bioengineering”, and any similar term, as determined by the Secretary, with respect to a food, refers to a food (A)that contains genetic material that has been modified through in vitro recombinant deoxyribonucleic acid (DNA) techniques; and (B)for which the modification could not otherwise be obtained through conventional breeding or found in nature.[endnoteRef:77] [77:  7 USC 1639 ] 

Insects and perhaps their derivatives can also be classified as both GMO or Novel Foods, depending on whether the insects were genetically modified to optimize their farming, or perhaps even if they consume genetically modified foods.  

The  Eu is increasingly coming to terms with the importation of insects.[endnoteRef:78] On June 1st 2021, the EU approved the marketing of dried yellow mealworm (i.e., the larvae of the beetle Tenebrio molitor) as a Novel Food.[endnoteRef:79] EFSA has already deemed the larva and the extracted to be safe earlier on January 13, 2021. [endnoteRef:80]  There is also some indication that other types of edible insects are also being sold in Europe, primarily through e-commerce sites.[endnoteRef:81] [78:  See, e.g., “Insects are increasingly produced for human consumption. It should be ensured that imported insects comply with Union requirements for food and food safety. The additional requirements laid down in this Regulation for the entry into the Union of consignments of products of animal origin should therefore also apply to insects. Insects may also be subject to authorisation as novel food in accordance with Regulation (EU) 2015/2283 of the European Parliament and of the Council” Commission Delegated Regulation (EU) 2019/625 of 4 March 2019 supplementing Regulation (EU) 2017/625 of the European Parliament and of the Council with regard to requirements for the entry into the Union of consignments of certain animals and goods intended for human consumption, Para. 7.]  [79:  https://ec.europa.eu/food/food/novel-food/authorisations/approval-first-insect-novel-food_en]  [80:  EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA), Turck, D., Castenmiller, J., De Henauw, S., Hirsch‐Ernst, K.I., Kearney, J., Maciuk, A., Mangelsdorf, I., McArdle, H.J., Naska, A. and Pelaez, C., 2021. Safety of dried yellow mealworm (Tenebrio molitor larva) as a novel food pursuant to Regulation (EU) 2015/2283. EFSA Journal, 19(1), p.e06343.  see also, https://www.efsa.europa.eu/en/efsajournal/pub/6343 “The Panel notes that considering the composition of the NF and the proposed conditions of use, the consumption of the NF is not nutritionally disadvantageous. The submitted toxicity studies from the literature did not raise safety concerns.”]  [81:  Pippinato, Liam, Laura Gasco, Giuseppe Antonio Di Vita, and Teresina Mancuso. "Current scenario in the European edible-insect industry: a preliminary study." (2020): 1-12.] 


While the EU may now clearly be open to considering whether some insects and insect derived protein powders can be Novel Foods,[endnoteRef:82] in some jurisdictions, insects may not be a food at all.   [82:  Finardi, C. and Derrien, C., 2016. Novel Food: Where are insects (and feed) in regulation 2015/2283. Eur. Food & Feed L. Rev., 11, p.119.] 


Not GMO and Not Novel Foods. Not even food?

Insects are not clearly classified under the US law as food.  In fact, US legislation does not even refer to the insects as a food source at all.  Thus, while the FDA’s Food Defect Action Levels lists allowable percentages of insect fragments in food, its not because they are deemed to be edible.[endnoteRef:83] US courts have also determined that insects are considered filth within the eyes of the law.[endnoteRef:84]  [83:  21 CFR Sec. 110.110 Natural or unavoidable defects in food for human use that present no health hazard.]  [84:  United States v. Cassaro, Inc., 443 F.2d 153, 156 (1st Cir.1971).] 

[bookmark: _Ref76044786]Consider for example the enforcement action brought against Arrowhead Mills by the US Justice Department (DOJ) in 1988 where the government argued that adding beneficial insects to the food product was simply adding filth.[endnoteRef:85]  The US FDA still has no official policy regarding insects as food, effectively inactive in this regard even though it has been receiving requests for classification for decades.[endnoteRef:86]   [85:  Boyd, M.C., 2017. Cricket soup: a critical examination of the regulation of insects as food. Yale L. & Pol'y Rev., 36, p.17.]  [86:  Id.] 

[bookmark: _Ref75894408]Similarly, internationally as per the Codex Alimentarius[endnoteRef:87], an international standard setting body for food production founded by the FAO and the WHO in 1963, insects are also only discussed in terms of filth[endnoteRef:88]. [87:  http://www.fao.org/fao-who-codexalimentarius/en/]  [88:  Montanari, F., de Moura, A.P. and Cunha, L.M., 2021. Insects as Food and Feed. In Production and Commercialization of Insects as Food and Feed (pp. 3-18). Springer, Cham.] 

However, the FDA has acknowledged in private correspondence that insects raised for food can be considered food.[endnoteRef:89] Alternatively, insect-protein might be considered a food additive is some jurisdictions, neither a Novel Food nor a GMO per se.  As per section 570.3 of the US Food and Drug Cosmetic Act,[endnoteRef:90] a food additive, which is subject to FDA pre-market approval unless it is self-determined by the importer to be GRAS (generally recognized as safe)  is a substance wherein “the intended use of which results or may reasonably be expected to result, directly or indirectly, either in their becoming a component of food or otherwise affecting the characteristics of food.” As of 2020, no GRAS recognition of insect by products as additives has yet been requested.[endnoteRef:91]   [89:  https://thefutureofedibleinsects.files.wordpress.com/2015/07/fda-edible-insect-response-regulation.jpg]  [90:  21 CFR 570.3(e)]  [91:  Montanari supra note 2 at 32] 

In contrast, as per EU regulations, insect-protein may or may not be considered a food additive, defined by EU law as “any substance not normally consumed as a food in itself and not normally used as a characteristic ingredient of food, whether or not it has nutritive value”[endnoteRef:92] Arguably insect-proteins, at least initially may fit this definition. [92:  Regulation (EC) No 1333/2008 of The European Parliament and of The Council of 16 December 2008] 

In addition to the issue of defining insects and their protein by products within the legal constructs above, other regulations may also come into play.  The issue of labelling will be discussed herein. However, in addition, farming regulations in some jurisdictions place limits on the type of feed and their contaminants (regardless of GMO content) such as waste and feces.[endnoteRef:93]  The next sections will discuss both some additional legal considerations, as well as social and ethical concerns.  [93:  EC No 767/2009 Article 6] 

[bookmark: _Toc75440694]Social, ethical Implications of Novel Foods & GMO
[bookmark: _Toc75440695][bookmark: _Hlk510628779]Are GMOs and Novel Foods the solution to world hunger?

According to the United Nations, by 2050, the world's population will reach to 9.7 billion people. The world will need to produce at least 50% more food to feed these people[endnoteRef:94]. Thus, in the next 40 years the world will need to produce as much food as in the last 8000 years.  [94:  http://www.un.org/en/sections/issues-depth/food/] 

For the last two decades, global demand for food increased steadily, along with growth in the world's population, improvements in incomes and the diversification of diets[endnoteRef:95]. Global hunger affected 815 million people in 2016, an increase of 38 million people from the previous year[endnoteRef:96], although these numbers do vary depending on who counts.[endnoteRef:97] [95:  http://www.un.org/en/sections/issues-depth/food/ ]  [96:  http://www.who.int/mediacentre/news/releases/2017/world-hunger-report/en/ ]  [97:  4 Sustainable Development Goal 2, Zero Hunger: https://sustainabledevelopment.un.org/sdg2] 

This problem has been exacerbated by increased meat consumption in developing nations. Historically, meat was consumed by wealthier social groups as it was considered rare and expansive. During the last few decades, meat consumption has increased everywhere[endnoteRef:98]. The demand for meat, which also creates demands on arable land, is likely to surpass what can be provided using current industry[endnoteRef:99]. [98:  Hocquette, Jean-François. "Is in vitro meat the solution for the future?." Meat science 120 (2016): 167-176, 168]  [99:  https://www.mcgill.ca/oss/article/technology-health-and-nutrition/what-vitro-meat ] 

Emerging food technologies, like those that create GMOs and Novel Foods, may seem like the perfect solution for such a food shortage.   They provide for tasty and healthy alternatives to standard meat consumption that can outstrip conventional food production.  Especially in situations of unstable food security, caused by climate or crop-diseases. Hardier GM crops and alternative Novel Foods in particular provide opportunities to ensure food supply for both poor and wealthy nations[endnoteRef:100]. Notably, however, technological advances in food production may not necessarily always be good for developing nations. Often, private firms control the licensing of their methods, processes and products[endnoteRef:101] artificially raising costs and limiting supply.[endnoteRef:102]  [100:  GM and OF in developed countries. 5]  [101:  Food System and Dietary Prespective, 72]  [102:  Moseley, William G. "A risky solution for the wrong problem: Why GMOs won't feed the hungry of the world." Geographical Review 107.4 (2017): 578-583, 581] 

[bookmark: _Toc75440696]Unemployment – what will happen to the traditional food industry? 

Concerns regarding new and emerging technologies replacing human occupations date back to the 19th century. In 1821, economist David Ricardo wrote that the 'substitution of machinery for human labor 'could often be 'very injurious to the interest of the class of laborers[endnoteRef:103]'. In 1930, economist John Maynard Keynes described technological unemployment as 'a new disease' caused by 'our discovery of means of economizing the use of labor outrunning the pace at which we can find new uses for labor'[endnoteRef:104]. [103:  chapter 31, "On Machinery," 1821]  [104:  http://www.executiveshift.org.uk/images/site_graphics/downloads/John_Maynard_Keynes.pdf] 

In the coming decades, emerging food technologies will change existing products and their production. These changes could have significant implication on the general workforce. Consider that just a few hundred years ago, every human had to hunt or gather food to survive, in essence – all humans were 'agricultural employees'. Over the years, man created more efficient ways to feed himself and his community. During the industrial revolution the food industry, like many other industries, experienced a huge transformation. Over a hundred years, society shifted from everyone physically working for their food to almost no one working directly in the food industry. The reduction of human physical work, and replacement of humans with machines, allows more people to specialize and work on innovations that will further improve humanity. But these innovations will likely also eliminate existing jobs, albeit while also creating new ones. The current industry shift would have a negative effect on employment only if the pace of disappearing jobs will be faster than that of new jobs. 
[bookmark: _Toc75440697]Will these technologies be able to solve local health concerns? 
Food technology, in addition to helping to mitigate pressures from demand, are also valuable in reducing malnutrition. Golden rice is a prime example of an innovative food, where biofortification was obtained by genetic modification of the rice plant to produce and accumulate vitamin A (β-carotene) in the grain, something that doesn't happen in naturally occurring rice plants. Vitamin A Deficiency (VAD) affects more than 100 million children and is responsible for one out of four child deaths in affected areas. The target populations of this product are the urban poor in developing nations[endnoteRef:105]. The deficiency is mostly common in poor households, were diets are dominated by staple foods, like rice, with relatively low nutritional value. Food supplements, that can be effective with this problem, do not reach the target populations very often, which makes widespread consumption of Golden Rice a promising solution for the problem[endnoteRef:106].  [105:  https://www.unicef.org/nutrition/23964_vitamina.html ]  [106:  Benefits of GM crops (golden rice) 555] 

[bookmark: _Ref71651442]The potential health impacts and cost-effectiveness of Golden Rice [endnoteRef:107] have been examined over 30 years in India where rice-consumption is very high and VAD is common[endnoteRef:108]. Golden Rice has reduced the burden of VAD by 59%. Because the severity of VAD is negatively correlated with income, the positive effects are most pronounced in the poorest income groups[endnoteRef:109].  Golden Rice has saved millions of lives and prevented irreversible blindness, all at a minimal cost of production[endnoteRef:110].  Biofortification of staple crops has also included: iron-biofortification, zinc-biofortification, provitamin A carotenoid-biofortification, and amino acid and protein-biofortification of staple crops like rice, beans, sweet potato, cassava legumes, wheat, maize and sourghum.[endnoteRef:111] [107:  Stein, Alexander J., H. P. S. Sachdev, and Matin Qaim. "Genetic engineering for the poor: Golden Rice and public health in India." World Development 36.1 (2008): 144-158.148]  [108:  Benefits of GM crops (golden rice) 555]  [109:  Stein, Sachdev and Qaim supra note 51, 150]  [110:  http://www.goldenrice.org/index.php]  [111:  https://www.who.int/elena/titles/biofortification/en/; See also Foley, Jennifer K., Kristina D. Michaux, Bho Mudyahoto, Laira Kyazike, Binu Cherian, Olatundun Kalejaiye, Okonkwo Ifeoma et al. "Scaling Up Delivery of Biofortified Staple Food Crops Globally: Paths to Nourishing Millions." Food and Nutrition Bulletin 42, no. 1 (2021): 116-132; Bellia, Claudio, Giuseppe Timpanaro, Alessandro Scuderi, and Vera Teresa Foti. "Assessment of Several Approaches to Biofortified Products: A Literature Review." Applied System Innovation 4, no. 2 (2021): 30.] 

[bookmark: _Toc75440698][bookmark: _Hlk510628803]Will Food Technologies Harm Health?
Much of the general public associate innovative food with health hazards even though GMO are often considered as safe as food arising from conventional breeding.[endnoteRef:112] Arguably, the main difference between the two methods is that creating GMOs surmounts many of the physiological, reproductive, temporal, geographic, and other natural barriers that hamper animal husbandry and incorporates only desired traits[endnoteRef:113].  [112:  Paparini, A. and Romano-Spica, V., 2004. Public health issues related with the consumption of food obtained from genetically modified organisms. Biotechnology annual review, 10(1), pp.85-122; Panchin, A.Y. and Tuzhikov, A.I., 2017. Published GMO studies find no evidence of harm when corrected for multiple comparisons. Critical reviews in biotechnology, 37(2), pp.213-217. on Agriculture, B., Resources, N. and National Academies of Sciences, Engineering, and Medicine, 2016. Human Health Effects of Genetically Engineered Crops. In Genetically Engineered Crops: Experiences and Prospects. National Academies Press (US). "  the research that has been conducted in studies with animals and on chemical composition of GE foods reveals no differences that would implicate a higher risk to human health from eating GE foods than from eating their non-GE counterparts." EFSA Panel on Genetically Modified Organisms (EFSA GMO Panel), Naegeli, H., Bresson, J.L., Dalmay, T., Dewhurst, I.C., Epstein, M., Firbank, L.G., Guerche, P., Hejatko, J., Moreno, F.J. and Mullins, E., 2019. Assessment of genetically modified soybean MON 87708× MON 89788× A5547‐127, for food and feed uses, under Regulation (EC) No 1829/2003 (application EFSA‐GMO‐NL‐2016‐135). EFSA Journal, 17(7), p.e05733. " GMO Panel concludes that the three-event stack soybean, as described in this application, is as safe as and nutritionally equivalent to its conventional counterpart and the non-GM reference varieties tested. The nutritional impact of food/feed derived from the three-event stack soybean is expected to be the same as that of food/feed derived from the conventional counterpart and non-GM reference varieties." EFSA Panel on Genetically Modified Organisms (GMO), Naegeli, H., Birch, A.N., Casacuberta, J., De Schrijver, A., Gralak, M.A., Guerche, P., Jones, H., Manachini, B., Messéan, A. and Nielsen, E.E., 2017. Scientific Opinion on application EFSA‐GMO‐NL‐2013‐119 for authorisation of genetically modified glufosinate‐ammonium‐and glyphosate‐tolerant oilseed rape MON 88302× MS 8× RF 3 and subcombinations independently of their origin, for food and feed uses, import and processing submitted in accordance with Regulation (EC) No 1829/2003 by Monsanto Company and Bayer CropScience. EFSA Journal, 15(4), p.e04767. "T he GMO Panel therefore concluded that the three-event stack OSR is as safe and as nutritious as its conventional counterpart" EFSA Panel on Genetically Modified Organisms (GMO), Naegeli, H., Birch, A.N., Casacuberta, J., De Schrijver, A., Gralak, M.A., Guerche, P., Jones, H., Manachini, B., Messéan, A. and Nielsen, E.E., 2017. Scientific Opinion on application EFSA‐GMO‐BE‐2013‐118 for authorisation of genetically modified maize MON 87427× MON 89034× 1507× MON 88017× 59122 and subcombinations independently of their origin, for food and feed uses, import and processing submitted under Regulation (EC) No 1829/2003 by Monsanto Company. EFSA Journal, 15(8), p.e04921.  " Based on the molecular, agronomic, phenotypic and compositional characteristics, the combination of the single maize events and of the newly expressed proteins in the three-event stack maize did not give rise to issues regarding food and feed safety or nutrition. In the case of accidental release of viable grains of maize MON 87427 × MON 89034 × NK603 into the environment, the three-event stack maize would not raise environmental safety concerns. The GMO Panel concludes that the three-event stack maize is as safe and as nutritious as the non-GM comparator and the tested non-GM reference varieties in the context of its scope. "]  [113:  A Natural Compromise: A Moderate Solution to the GMO & "Natural" Labeling Disputes, 1] 

In almost all of the studies conducted to discover any health hazards, only minor (if any) concerns were ever recorded and the general conclusions were that GM human food and GM animal feed have consistently failed to result in any significant hazardous effects compared with non-GM diets[endnoteRef:114].  [114:  Tsatsakis, Aristidis M., et al. "Impact on environment, ecosystem, diversity and health from culturing and using GMOs as feed and food." Food and Chemical Toxicology 107 (2017): 108-121. 112] 

The European Food Safety authority (EFSA) issued 69 reports between 2002 and 2014.[endnoteRef:115]  EFSA's main concern relates to the consequences of transferred genes and the potential toxicity of expressed proteins.  Currently, more than 70 GMO products have been approved by EFSA, less than 10 applications have been withdrawn for concerns that might include food safety.[endnoteRef:116] [115:  Devos, Y., Aguilera, J., Diveki, Z., Gomes, A., Liu, Y., Paoletti, C., Du Jardin, P., Herman, L., Perry, J.N. and Waigmann, E., 2014. EFSA’s scientific activities and achievements on the risk assessment of genetically modified organisms (GMOs) during its first decade of existence: looking back and ahead. Transgenic research, 23(1), pp.1-25.]  [116:  https://webgate.ec.europa.eu/dyna/gm_register/index_en.cfm] 

Similarly, across the Atlantic, a National Academy of Science (NAS) report from 2016 revealed that cultivation of GMO crops has had no negative impact on the environment, ecosystems or human health. However, the report did highlight that "the current animal testing protocols, based on OECD guidelines, for the testing of chemicals use small samples and have limited power; therefor may not detect existing differences between GM and non-GM crops, or may produce statistically significant results that are not biologically meaningful"[endnoteRef:117].  [117:  National Academies of Sciences, Engineering, and Medicine. 2016. Genetically Engineered Crops: Experiences and Prospects. Washington, DC: The National Academies Press. https://doi.org/10.17226/23395.] 


[bookmark: _Toc75440700]Environmental Implications of new food technologies
Current eating habits continue to put pressure on global water and crop resources. The production of meat is an expensive process which consumes a significant amount of water and crops, which in turn effects the global environmental balance of natural resources. 
According to a 2012 report by Mekonnen and Hoekstra, 12% of the global consumption of groundwater and surface water for irrigation was for animal feed, not for food that is aimed at human consumption. Globally, the total water footprint of animal production constitutes 29% of the water footprint of total agricultural production[endnoteRef:118]. That enormous water footprint is predominantly a result of the tremendous amount of water needed to grow the crops and feed that the animal eats over its lifetime, water for drinking, as well as water needed for the cleaning and processing of the final product.  [118:  http://waterfootprint.org/media/downloads/Mekonnen-Hoekstra-2012-WaterFootprintFarmAnimalProducts.pdf] 

Novel Foods such as lab-grown meat technologies or insect derived protein aim at solving the global footprint problem discussed above by, among other methods, reducing the water consumption dramatically. Lab-grown meat eliminates much of the need of crops to feed the livestock, and thus eliminates the need for water and grounds to grow the crops, accordingly. Another advantage of the process is the fact that meat could be produced locally limiting the carbon footprint caused by the transportation of meat will be reduced to a minimum. 
[bookmark: _Toc75440701]Legal Implications of alternative proteins

Beyond GMO and Novel Foods, there are other legal concerns vis-à-vis alternative proteins. In 1996, the Agreement on Trade-Related Aspect for Intellectual Property Rights (TRIPS Agreement) was adopted as an annex to the agreement establishing the World Trade Organization (WTO). The purpose of this agreement was to protect geographical indications' rights, focusing on wines and spirits.
Geographical indications are defined in article 22(1) of the TRIPS Agreement as "indications which identify a good as originating in the territory of a Member, or a region or locality in that territory, where a given quality, reputation or other characteristic of the good is essentially attributed to its geographical origin."
The TRIPS Agreement requires all 153-member countries to provide legal means for interested parties to prevent the use of any means in the designation or presentation of a good that indicates or suggests that the good in question originates in a geographical area other than the true place of origin in a manner which misleads the public as to the geographical origin of the good.[endnoteRef:119] [119:  https://www.wto.org/english/docs_e/legal_e/27-trips.pdf] 

For cell-based meat this can be problematic. For example, should a steak produced in an Israeli lab, from a stem cell of the Tajima strain of Japanese Black cattle, be marketed as a regular beef or as Kobe Beef?
In the USA, geographical indications are protected under trademark laws of the individual countries. The United States did not enact any new legislation in order to comply with this aspect of TRIPS. And arguably it didn’t have to. Trademarks and geographical indications are driven by the same purposes: protecting consumers by identifying the origin of goods and protecting producers' reputation and investment in the products' quality.
Hence, US law gives the trademark and geographical indication owners the right to stop unauthorized use of the trademark and to prevent confusingly approximations of the trademark.
In contrast, in Europe, geographical indications enjoy double protection: they are protected both by the EU system of GI protection and by GI laws in individual countries. In contrast to the US, the protection of GI in Europe is not mixed with trademark laws. Geographical indications can be protected either as Protected Designation of Origin (PDO) or as Protected Geographical Indications (PGI). Both PDO and PGI guarantee the quality of a product for consumers, by monitoring them under an organization responsible for ensuring compliance with quality control standards. 
The owner of a product protected by one of these rights is protected from unauthorized commercial use of the GI and against misuse or imitations of the product. She is also protected against from other practices liable to mislead consumers as to the true origin of the product.
Even though the EU's and the USA's rationales for protecting geographical indications are similar, the two jurisdictions are vastly different vis-a-vis the scope of this protection. While the EU supports strong protection on GI and calls for expansion of the protection given by the TRIPS Agreement, the USA opposes any protections beyond those granted by TRIPS. 
Back to the example given above. Could a cellular meat product label itself as Kobe Beef from Cell Culture?  And if they can do it in Japan, does it make a difference if the lab is in Israel? Is growing cell-based meat different than off-site post-slaughter processing that arguably does not infringe geographical indications?  Or, does that violate the spirit of GI laws that aim to promote local production of food and tie in foods to local cultures.[endnoteRef:120]  [120:  Giovannucci, D., Josling, T.E., Kerr, W.A., O’Connor, B. and Yeung, M.T., 2009. Guide to geographical indications: Linking products and their origins (summary). Available at SSRN 1736713.] 

Kobe beef is a registered trademark in Japan and must fulfill several conditions regarding its origin, its feeding, its slaughtering and its weight and quality. If the final product, produced in a lab in the Hyogo Prefecture will follow all of these conditions, could it be named Kobe beef? 
The main two rationales for protecting geographical indications are to protect consumers by assuring them the source and quality of the goods, and to protect producers' reputation and financial investments.  When it comes to the first rationale, it seems that marketing a lab-grown steak, as a Kobe beef steak could mislead consumers if they are expecting slaughtered meat. On the other hand, if the cell-based meat maintains the original products' standards, consumers will not be misled. However, when it comes to protecting producers’ financial investments cell-based meat grown cheaply in a lab could threaten the traditional sector.  
In the United States, this question may be seen to be moot as COOL laws (Country of Origin Labeling) require vendors to label the geographical source of imported meat.   However, COOL laws with regard to beef and pork were repealed and as of December 2015, were no longer enforced, [endnoteRef:121] although there are efforts to bring back the COOL rules. [endnoteRef:122] [121:  https://www.ams.usda.gov/sites/default/files/media/FAQs%20-%20COOL%20Beef%20Pork%20Repeal.pdf]  [122:  https://thecounter.org/country-of-origin-label-cool-american-beef-usda-grassfed/; https://www.rollcall.com/2019/07/02/house-democrats-call-for-revival-of-meat-labeling-law/ ] 

[bookmark: _Toc75440706]Labelling Laws
The issue of how to label the aforementioned alternative proteins stands in the intersection of a complex scientific and technological field and personal, moral and religious beliefs of consumers. There are at least 64 countries with some type of mandatory labeling policy with different levels of tolerance
Labeling the absence or presence of specific product attributes is termed in marketing "clean labeling". The main argument supporting labeling products relates to a consumer’s inherent right to know and to make informed choices regarding what they put into their bodies. Most consumers are completely dependent on food labeling to know what different products contain. Consumers expect the information revealed by producers on product's labels to be credible and reliable, disclosing all ingredients which are relevant to purchasing decisions.  Genetically modification, and arguably cell-based meats are counted as a credence attribute since consumers cannot be aware of it on their own. 
Labeling of Novel and GMO food arguably allows consumers to make informed decisions regarding what they eat, even without any evidential risk. This idea is more based on "consumer sovereignty" rather than on the government's concern to life or health.  However, as labelling laws tend to have the effect of reducing consumption of the labelled food, there could be significant ethical considerations in enforcing labelling of cell-based meats especially if those meats are healthier, reduce waste from unused parts of the carcass, less prone to risk and disease due to clean and standardized production,  more humane and better for the environment. Should consumer sovereignty trump all those considerations?
Additionally, labeling is costly. It necessitates third parties to certify and verify, enforce and monitor compliance. These costs will be borne by the consumer and might disincentivize the consumption of healthy alternatives to standard foods. As a further disincentive, consumers might perceive labeling as a warning regardless of any known health risks.   All together, labelling is likely to skew consumer preference away from cell-cell-based meats, insects and insect-derived proteins.   Given all the benefits described above, government mandated labeling would seem to conflict with many of a government’s policies. 
An alternative, labelling negatively, e.g., those products that lack genetically modified products or insect parts would suffer from the lack of clear definitions as to what that means, serving, arguably only to confuse the consumer. 

[bookmark: _Toc75440710]Labeling under US Law

One of the primary federal laws related to labeling in the US appears in sections 201(n) and 403 of the FDCA[endnoteRef:123] (Federal Food, Drug and Cosmetics Act), which authorizes the FDA as the regulatory agency of food labeling. These sections prohibit false or misleading information on food labels. However, these sections also determine that not all information is essential to consumers. Combined with the NLEA (Nutrition Labeling and Education Act), the FDA excludes information that is of no "pressing public health importance", so that consumers' attention will not be distracted from the truly important information. The NLEA does not require full disclosure of the production process or what technology was used in that process. Nevertheless, if a food derived from GMO crops is materially different from its traditional counterpart, the labeling of it must disclose such differences.[endnoteRef:124] [123:  https://www.law.cornell.edu/uscode/text/21/321
https://www.law.cornell.edu/uscode/text/21/343]  [124:  https://www.fda.gov/Food/IngredientsPackagingLabeling/GEPlants/ucm346858.htm ] 

Anti-GMO groups have promoted state initiatives to demand disclosure of GMO content by mandatory labeling. And, in December 2015 US Congressional Representative Peter DeFazio introduced the Genetically Engineered Food Right-to Know Act. That bill aimed amend the FDCA to mandate labeling of foods that has been genetically engineered or foods that contain GM substances. It never passed.[endnoteRef:125] [125:  https://www.congress.gov/bill/114th-congress/house-bill/913 ] 

In October 2019 a bipartisan group led by Senator Deb Fischer (R-Neb.) in the Senate and Representatives Roger Marshall (R-Kan.) and Anthony Brindisi (D-NY) in the House[endnoteRef:126] introduced The Real Marketing Edible Artificial Truthfully Act of 2019. The Real MEAT Act aimed to require labels to define meat as to exclude things like plant-based alternatives.   Under the law, plant-based meat alternatives would have to prominently say that they are imitation.  The law would seem to include cell-based within its scope.  It is unclear whether insect-based meat alternatives would also be required to be labeled.  It too died on the floor.  Meat lobbying groups continue to push the issue. [126:   H.R.4881 — 116th Congress (2019-2020)] 

On July 2016, President Obama signed into law the National Bioengineered Food Disclosure Standard, which, in part, directs the USDA (US Department of Agriculture) to establish a national standard to disclose certain food products or ingredients that are "bioengineered". The standard defines "bioengineered" food as food intended for human consumption that contains genetic material that has been modified through in vitro recombinant DNA techniques and for which the modification could not otherwise be obtained through conventional breeding or found in nature.[endnoteRef:127] The standard determines that states are prohibited from establishing other GMO labeling requirements.[endnoteRef:128] Notably, as per the law, bioengineered is not seen as either safer, or less safe than non bioengineered food,[endnoteRef:129] in contrast to the European position. [127:  7 U.S.C. 1639(1)]  [128:  USDA standard]  [129:  Salisbury, T.J., 2019. Labeling the New Meats: Applying Preexisting Principles to the Regulation of Radical Products. Wash. UL Rev., 97, p.1603, 1619] 

[bookmark: _Ref75779287]The National Bioengineered Food Disclosure Standard[endnoteRef:130] became effective February 2019 with mandatory compliance starting January 2022. As per the law, bioengineered food refers to food “(A) that contains genetic material that has been modified through in vitro recombinant deoxyribonucleic acid (DNA) techniques; and (B) for which the modification could not otherwise be obtained through conventional breeding or found in nature”[endnoteRef:131]   [130:  https://www.federalregister.gov/documents/2018/12/21/2018-27283/national-bioengineered-food-disclosure-standard]  [131:  ] 

[bookmark: _Toc75440711]However, most of the alternative proteins described herein, like non-modified cells that are grown in modified organic media would not be considered bioengineered under this new rule as “no disclosure is required if the food does not contain detectable modified genetic material.”[endnoteRef:132] Similarly, insects grown on modified media would also not be included within this labelling regime. While the US currently does not have any labeling laws directed, per se, for insects,  there have been insolated efforts to properly label edible insect content in foods.[endnoteRef:133]    [132:  Supra note 120]  [133:  Boyd infra note 95 at 57] 

Most recently, there have been efforts in the area of seafood in particular to determine regulations for cultured seafood derived from cells.[endnoteRef:134]  One response to those efforts was a recent letter[endnoteRef:135] submitted by the Alliance for Meat, Poultry and Seafood Innovation and National Fisheries Institute which calls for “a framework that labels these new products descriptively, accurately, and consistently to represent what the products actually are, how they are made, and ensure robust consumer transparency,” and non-despairingly. Importantly, that joint letter further called for the labelling to “Not evoke thoughts, images, or emotions that are inconsistent with the idea that the products are safe, healthy, and nutritious.”[endnoteRef:136]  In contrast to seafood, there doesn’t seem to be a current legal effort  with regard to cultured-cell meat. [134:  https://www.fda.gov/food/cfsan-constituent-updates/fda-seeks-input-labeling-food-made-cultured-seafood-cells]  [135:  https://ampsinnovation.org/nfi-ampsinnovation-fda-comments-030821/; https://ampsinnovation.org/wp-content/uploads/2021/03/AMPSI-NFI-Comment-Docket-No.-FDA-2020-N-1720-030821.pdf]  [136:  Id.] 

A petition from Harvard Law School Animal Law argues however, that many of the labelling laws fall under the First Amendment which restricts the government from employing labelling laws that don’t directly advance a substantial government interest.  As such, a derogatory or inaccurate labelling requirement, such as preventing cell-derived meat from being called meat, or requiring labeling that puts a negative light on insect based proteins would be unconstitutional.[endnoteRef:137] Even blanket bans on calling plant-based meat alternatives meat-sounding names, such as burger or sausage have been found to be unconstitutional.[endnoteRef:138] [137:  https://gfi.org/wp-content/uploads/2021/01/FSIS_Petition_Comment.pdf]  [138:  Id.] 


Labeling under EU Law
European consumers demand harsh regulations over GMOs and the European regulators evaluate both the product and its production process  Arguably, the strong opposition to GMOs in the EU is derived from past failures of the regulators. From the HIV infected blood scandal in France, to the Bovine Spongiform Encephalopathy scare in the UK, public trust in modified food and in the EU food safety regulations was severely damaged. 
Additionally, after the integration of the EU and the creation of the European Common Market, the focus of the European Community (EC) was to ensure the free shifting of supplies from one member country to the other. In 1985, a labeling regime was the EC's way to harmonize countries' regulations and to allow consumers make informed decisions. With the success of the European market, the regulatory focus shifted to food safety. 
In 2004, the EU replaced its previous labeling regulations, which required labeling only if GM content could be detected in the final product, to more restrictive regulations. The Directive on Genetically Modified Food and Feed and the Directive on the Traceability and Labelling of GMOs require the food production industry to label more products and to monitor the presence of GM substances throughout the supply chain. The only exceptions of these directives are processing aids and unintentional and technically unavoidable mixing if the GM content is under 0.9% 
The EU has not created substantive labeling laws for edible insects. However, the International Platform of Insects for Food and Feed (IPIFF) released a set of best practices for EU adoption, in July 2019. [endnoteRef:139] The guidelines are intended to accommodate the European legislation entitled the Food Information for Consumers Regulation (FIC) and its implementing regulation.[endnoteRef:140]  Unlike US law, the FIC requires, under Article 2 of the implementing regulation, the indication of the country of origin. Further, under FIC article 7, labels must include the nature, identity and properties of the food.[endnoteRef:141] [139:  https://ipiff.org/wp-content/uploads/2019/09/FIC-doc.pdf]  [140:  COMMISSION IMPLEMENTING REGULATION (EU) 2018/775 of 28 May 2018  laying down rules for the application of Article 26(3) of Regulation (EU) No 1169/2011 of the European Parliament and of the Council on the provision of food information to consumers, as regards the rules for indicating the country of origin or place of provenance of the primary ingredient of a food.]  [141:  1169/2011 art. 2 Regulation (EU) No 1169/2011 of the European Parliament and of the Council of 25 October 2011 on the provision of food information to consumers, amending Regulations (EC) No 1924/2006 and (EC) No 1925/2006 of the European Parliament and of the Council, and repealing Commission Directive 87/250/EEC, Council Directive 90/496/EEC, Commission Directive 1999/10/EC, Directive 2000/13/EC of the European Parliament and of the Council, Commission Directives 2002/67/EC and 2008/5/EC and Commission Regulation (EC) No 608/2004 Text with EEA relevance] 

Conclusions

For all that they have to offer, ultimately consumer uptake of the technology relies largely on the legal status of these foods.  Different jurisdictions tend to have varied conventional wisdom vis-à-vis new types of foods on the market.  
Some might argue that technical uncertainty in the fields of alternative proteins would suggest that we hold off national labeling regulations in exporting countries.  This would be a mistake, while the technology is evolving entrants in the market are already seeking to sell their products and the lack of regulation would seem to cause more harm than good. Countries that seek to export their products to places like the United States and Europe should track developments in these countries in developing their own national regulations that coincide with their primary importers.  
Meanwhile, innovators themselves need to develop extensive educational programs in their importing countries to introduce consumers to their technologies.  Both cell-based meat and insect-derived protein have a significant yuk factor that regardless of the nature of regulations could limit uptake of this promising innovation.   Innovators must also consider the maze of relevant regulations that are or could be associated with their products, and perhaps innovate to optimally fit within the regulatory constraints, rather than ignoring them and finding themselves on the outside of very lucrative markets.
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