Single Cell Protein: A sustainable approach to

meeting the growing protein demand

The rapidly growing demand
for livestock, tied to rising
populations and standards of
living, has placed increasingly
unsustainable pressure on
current sources of high

protein feeds.

Dr. Josh Silverman, Chief
Technology Officer, Calysta
Inc., describes how the
company’s protein product
FeedKind™, provides a
sustainable source of protein
that is comparable in many

respects to high-quality

fishmeal, a critical ingredient

for aquaculture. FeedKind
protein is sustainably
produced via non-GMO
fermentation of methane,
which has minimal impacts on
water and land use and does
not compete with any aspect
of the human food chain.
Extensive safety testing across
multiple livestock species has
shown beneficial nutritional
and health properties, and
FeedKind protein is currently

approved for use in the EU.

Introduction

Demand for high-quality protein for
human consumption is projected to rise
dramatically with increasing population
and standards of living (Alexandratos,
2012). Aquaculture represents one of
the most efficient sources of dietary pro-
tein with minimal impacts on arable land
and feed conversion ratios significantly
more favorable than land-based livestock
(Bostock, 2010). However, aquaculture
requires a key resource, fishmeal, which
is one of the highest quality sources of
protein for livestock feed. Fishmeal pro-
tein consumption is highly significant,
even for herbivorous species where only
a small percentage of fishmeal is re-
quired in the feed (Cao, 2015). Carnivo-
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rous species, which comprise more desir-
able fish such as salmon, trout, sea bass,
eel, yellowtail, etc., require even higher
levels of fishmeal protein. World fish-
meal production has steadily decreased
for the past twenty years, limited by the
capacity of natural fisheries (Figure 1).
Therefore, a clear conflict is on the hori-
zon as global demand for fishmeal con-
tinues to rise in the face of static produc-
tion levels, resulting in dramatic increas-
es in fishmeal prices over the last decade
(Figure 1). Already, over two-thirds of
the planet’s arable land is devoted to
growing feed for livestock (Steinfeld,
2006) which is also hampered by the low
protein content of most agricultural
crops (Tacon, 2009) and the inherent
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Fig 1: 20 year history of fishmeal production and pricing.

World production of fishmeal has dropped by approximately 30% over the past 20 years, coupled
with an approximately 300% increase in price. Data are presented for world production and
pricing, averaged annually for each year shown. Fishmeal production levels are inclusive of all
reported grades (data: USDA, 2015). Fishmeal price is averaged per year over all grades of
fishmeal and is reported in 2010 US dollars (data: World Bank, 2015).

competition with agricultural food pro- proach that cannot address the vast new
duction. Protein resources simply being demand of expanding human population.
moved from one food source to another In contrast, creating protein from sus-
(with losses) is an unsustainable ap- tainable, non-food sources, thereby actu-
100%
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ally growing the protein supply, repre-
sents an attractive strategy. However,
any novel protein feed ingredient must
meet stringent quality and functional
criteria to achieve the high performance
necessary to represent a true replace-
ment for high quality protein sources
such as fishmeal.

Fishmeal substitutes

Given the strong demand for novel
protein sources, a number of new
products have been proposed as fish-
meal substitutes. A comparison of the
general composition of some selected
protein sources is shown in Figure 2. In
general, a high percentage of protein is
preferred for feed formulations as it
improves blending flexibility and increas-
es the nutritional value of the final blend-
ed feed product. Two grades of fishmeal
(anchovy and herring) are included to
provide a range for comparison. The
data show that FeedKind™ Aqua protein
falls in between the two fishmeal sources
in terms of both protein and lipid con-
tent, while containing less undesirable
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Fig 2: Comparison of current high protein feed ingredients and new alternatives under development.

Values for all feeds taken from Tacon, 2009 except for soy protein concentrate which was taken from the specification for Arcon SPC produced by

ADM as a representative example.
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Table 1. Composition and specification of FeedKind protein. Table 1. The lipid fraction is comprised
primarily of C16:0 and C16:1 fatty acids
(@verland, 2010). Importantly, FeedKind

microorganism culture, allowing strin-

Source: Calysta, Inc. product specification.

Crude Protein 70.6 Phosphorus 19.5 g/kg
gent standards on quality and reproduci-
Crude Fat 9.8 Chloride 7.6 g/kg bility to be met. Further, the use of me-
Ash 7.1 Sulphur 5.4 g/kg thane as the starting point for FeedKind
] ] protein provides a fully scalable process
Crude fiber 0.7 Calcium 4.7 g/kg
that can grow to meet the needs of the
N-free extract 11.8 Potassium 3.7 g/kg livestock industry. In contrast to other
Total 100% Magnesium 2.1g/kg novel protein products which generally
Sodium 0.9 g/kg focus on technologies currently limited
Amino acids g/kg Iron 216 mg/kg to small scales.
Lysine 45.6 Copper 91 mg/kg FeedKind protein is well tolerated in
Methionine 19.8 Zinc 17 mg/kg monogastric animals in general, and
. ) . shows attractive properties in terms of
Cysteine 4> AArsenic 0T 6 digestibility, animal performance, and
Threonine 32.9 Selenium 0.017 mg/kg animal health (@verland, 2010). In
Tryptophan 15.7 Cobalt 3.4 mg/kg particular, due to the high similarity of
. . Feedkind Aqua protein composition with
Leucine 54.9 Nickel 2.0 mg/kg

high-quality fishmeal, many studies have

Isoleucine 33.6 focused on the effects of FeedKind Aqua

Valine 44.8 Vitamins mg/kg protein in farmed Atlantic salmon. These

Tyrosine 26.0 Nicotinic acid 130.0 studies have shown that FeedKind
Phenylalanine 32.9 Riboflavin B2 73.0 protein in salmon feed can complement
and replace other protein sources such
Histidine 18.0 Inositol 30.0 ) .
as fishmeal and soy protein concentrate.
Arginine 43.8 Thiamin B1 121 Although initial studies reported an inhi-
Alanine 51.9 Vitamin E <5.0 bition of growth of salmon at high Feed-
Aspartic acid 65.1 Vitamin B12 1.7 Kind protein inclusion levels (Berge,
Glutamic acid 77.1 Biotin 2.8
Glycine 35.7
Proline 31.7

Serine 266
Total 660.6 Color Light brown

Flavor Neutral
Particle size 150-200um
Gross energy 22.1 Moisture content 6 %

ash and fiber. In contrast, chlorella algae ~ FeedKind protein
and soldier fly larvae, both of which have FeedKind protein is a branded family of
recently been touted as low-cost protein
sources (Makkar, 2014; Safi, 2014), show

dramatically lower protein content than

animal nutrition products, the first of
which is FeedKind Aqua for the aquacul-
ture industry. The detailed composition

either fishmeal comparator or FeedKind of FeedKind Aqua protein is shown in

Aqua protein.
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Fig 3: Results of 52 day feeding study in Atlantic salmon.

Data is taken from the Aas, 2006. FeedKind protein was included at the
indicated ratios in total feed, replacing primarily fishmeal while keeping
constant protein and energy levels. Data points showing statistically
significant (p<0.05) differences relative to the 0% value in each data set
are designated with an asterisk. A) Ending weights +/- SEM after 52 day
feeding trial of juvenile Atlantic salmon (n=3 per group). Average
weights of all groups at the start of the feeding trial were 169-170g with
no significant differences between any group. No mortality was
observed in any group during the trial. B) Nitrogen retention of total
ingested feed (open symbols) and digested feed (closed symbols) +/-
SEM after 52 day feeding trial of the same groups shown in panel A.

2005; Storebakken, 2004), these studies suffered from several is-
sues unrelated to the FeedKind protein itself, including high general
mortality and low growth across all groups (including the control),
as well as poor control of feed pellet size (Aas, 2006). More recent
studies have contradicted the initial results and show that FeedKind
protein supports improved growth and performance in Atlantic

In addition, Feed-
Kind protein has also been shown to have significant positive im-

salmon even over a normal fishmeal diet (Fig. 3) .

pacts on the gastrointestinal health of both fish and mammals
(Romarheim 2011, Kleiveland 2013), although the mechanism of
action is currently under investigation. FeedKind protein is current-
ly approved in the European Union for inclusion in all livestock
feeds (Commission Regulation (EU) No 575/2011).
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Sustainability

FeedKind protein is produced by the bio-
logical conversion of methane into single
cell protein. Methane is abundantly
available from a number of sources in-
cluding anaerobic digestion, landfills, and
natural gas. Methane is also a significant
greenhouse gas, with an impact on cli-
mate warming over 28 times greater
than CO, (IPCC, 2014). FeedKind protein
provides an efficient method to capture
methane from a wide variety of sources,
thus preventing its release into the at-
mosphere. Furthermore, methane repre-
sents a source of carbon that is inde-
pendent of the human food chain and
does not impact arable land, native envi-
ronments such as rainforests, or natural
water resources. At the same time, re-
placing fishmeal with FeedKind protein is
expected to both reduce pressure on
wild catch fisheries, as well as to increase
availability of forage fish to feed wild fish
populations.

Summary

FeedKind protein represents a high-
quality, sustainable protein source which
is well tolerated across multiple livestock
species. For aquaculture in particular,
FeedKind Aqua protein has been demon-
strated to perform significantly better
than fishmeal in promoting growth and
health in Atlantic salmon. The composi-
tion of FeedKind Aqua protein is compa-
rable to fishmeal, and superior to many
novel protein sources under develop-
ment. The FeedKind production process
has been validated at commercial scale in
conjunction with European Union prod-
uct approval, and product is expected to
be available in the marketplace in late
2017.
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More information

Josh Silverman, Ph.D., Chief

Technology Officer, Calysta Inc.
E: jsilverman@calysta.com
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