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This is shmeal created from the processing waste of tilapia in
Ecuador. To continue to grow, aquaculture will need to further feed
solution innovation. Photo by Mike Mussig.
Fact: The earth’s population is increasing – we need to increase the production of nutritious food.
Fact: Many aquatic proteins are e cient and supply critical nutrients for humans – fed aquaculture will continue to be
important moving forward.
Fact: Fed aquaculture technologies today depend on wild caught shmeal and sh oil, which are in limited supply and
constrain the ability for aquaculture to grow – we need to nd alternative ingredients.
To position aquaculture for future growth, it needs tools to evaluate a growing spectrum of alternative ingredients and
formulated diets designed to optimize sh health and enable e cient production.
We face an uncertain future regarding global food security. We have more people than Earth can support without
mitigating human impacts on the environment with new technological solutions
(https://www.triplepundit.com/2015/05/sustainability-requires-technological-advances/). Climate change may
signi cantly impact where and how we produce food (http://science.sciencemag.org/content/341/6145/508.full).
Aquaculture is one of the fastest-growing areas of food production globally, and it is one of the tools that will ensure
our ability to quickly adapt to an uncertain future.
Aquaculture is in a good place to meet current demands. Fishmeal and sh oil, the drivers of fed aquaculture, are
e cient and nutritionally complete sources of nutrients, and the industry has been learning to stretch a relatively
consistent supply. But shmeal and sh oil are ultimately a limited resource, and a potential future bottleneck
(physical or economic) for aquaculture. Without alternatives, future growth of aquaculture will be kept in check. To
date, aquaculture has met these challenges. Between 2008 and 2018, global aquaculture increased 62 percent
(http://www.fao.org/docrep/019/i3640e/i3640e.pdf) while the global supply of shmeal decreased 12 percent.
Aquaculture must continue to innovate and not be satis ed with the status quo.
The need for solutions has been driving innovation in aquaculture, and the advances in aquafeed sustainability and
overall nutrition is testament to this. Re ecting the growing interest in alternative feed ingredients for aquaculture,
Tlusty et al.’s paper “A transdisciplinary approach to the initial validation of a single cell protein as an alternative
protein source for use in aquafeeds (https://peerj.com/articles/3170/)” published in the journal PeerJ
(https://peerj.com/) in 2017 was one of the top ve papers in the elds of Agricultural Science, Aquaculture, Fisheries
and Fish Science, Biotechnology and Food Science and Technology, with 1,648 views.
This paper was an initial validation of the applicability of the KnipBio
(https://www.aquaculturealliance.org/advocate/pink-powder-revolutionize-aquaculture/) product Methylobacterium
extorquens, for use in feeds over a range of species, including Paci c white shrimp (Litopenaeus vannamei) growth
and consumer taste preference; smallmouth grunt (Haemulon chrysargyreum) growth, survival, health and gut
microbiota; and Atlantic salmon (Salmo salar) digestibility. Essentially, using a variety of species and methods, this
study demonstrated broad applicability of a single-cell protein. This is exciting, given that this bacterium could still
undergo ne-scale tuning to increase its utility in aquaculture.
Innovative solutions for aquaculture has also been the goal behind The Future of Fish Feed (F3)
(https://f3 n.org/about/), a collaborative effort between NGOs, researchers and private partnerships to accelerate
and support the scaling of innovative, alternative aquaculture feed ingredients such as bacterial meals, plant-based
proteins, algae and yeast to replace wild-caught ingredients. Its overarching goal is to ensure that our shared future
becomes more sustainable. In order to encourage alternative feed development, the F3 team is developing the Feed
Innovation Network (https://f3 n.org/)(FIN), dedicated to accelerating the adoption of innovative ingredients and
feeds by the industry.
Interacting with ingredient providers, feed companies and academic researchers, the F3 team identi ed that many
alternative ingredient providers were unfamiliar with the information that feed companies needed when deciding to
adopt a new ingredient. To assist in the timely development of quality data, the F3 team developed ingredient
evaluation protocols (https://f3 n.org/resources-ingredient-evaluation/) presented as a work ow diagram that
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identi es eight types of experiments needed to fully evaluate an ingredient (green boxes in Fig. 1), This draft protocol is
based on procedures of the U.S. Department of Agriculture’s Agricultural Research Service (USDA/ARS) and Glencross
et al. (2007), and the contribution of the F3 team was to standardize this work ow, and present it pictorially.

Fig. 1: The draft of the FIN ingredient evaluation protocol.
Within each of the eight experiments, a panel of experts will develop protocols that detail recommended procedures
and data presentation. The improved communication of standardized testing procedures is the rst step in the
process to streamline the information ow for new alternative ingredients. In the future, we will detail further efforts to
improve and streamline data management and distribution.
This work ow may look complicated and onerous, but the steps are fairly straightforward from a research
perspective. Many of the rst steps are a basic part of any type of feed trial conducted in aquaculture (proximate
analysis, ensuring feed is functional, palatable, digestible and leads to good growth). Often, the results of the separate
steps of the protocol are conducted separately in multiple trials reported in different publications. The diagram (Fig. 1)
was being developed over the same time period as when one of us (Tlusty) was conducting the study
(https://peerj.com/articles/3170/) of “A transdisciplinary approach to the initial validation of a single-cell protein as an
alternative protein source for use in aquafeeds.”
In a post-hoc overlay of our study with the FIN ingredient evaluation protocol, we completed nearly all of the evaluative
steps in the tool. The only missing steps included a traditional histological analysis (we actually conducted a gut
microbiome evaluation to ensure that we were not signi cantly altering normal function), a study of solid waste
management and full-scale eld trials. Moreover, we were able to conduct this work in an extremely cost-e cient
manner at Roger Williams University (https://www.rwu.edu/undergraduate/academics/programs/aquaculture-andaquarium-science) by utilizing small tank grow-out of shrimp to examine nal product quality (taste and texture).
Students at the University of Massachusetts Boston (https://www.umb.edu/academics/environment) provided
assistance data analysis of the sh gut microbiome.
Aquaculture is poised to provide a growing global population with access to nutritious food. To overcome limitations,
the industry needs to support innovation. Creating solutions for feed is a necessary step. The results and data of this
work must be made available for adoption by feed manufacturers, which will help position aquaculture to meet the
future demands. We encourage those creating novel feed solutions to use the ingredient evaluation protocol as means
to standardize results and make innovative solutions more accessible to the aquaculture industry.
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