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aquaculture feed compositions having different benefits over prior art aquaculture feed compositions.

[Continued on next page]



WO 2022/182248 A | /100000000 0 0O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2022/182248 PCT/NO2022/050052

AQUACULTURE FEED COMPOSITION COMPRISING CHARCOAL

Technical field

[0001] The invention relates to the field of aquaculture feed compositions and to the field of
feeding and farming of aquatic organisms including fish, such as seabream and crusta-
ceans, such as shrimp. More particular, the present invention relates to aquaculture
hatchery feed compositions, which may be suitable for feeding fish larvae and/or shrimp
larvae. Provided is an aquaculture feed composition in the form of pellets and having spe-

cific dimensions while comprising high wt. % of protein and a source of charcoal.

Background art

[0002] The background description includes information that may be useful in understanding the
invention. It is not an admission that any of the information provided herein is prior art or
relevant to the presently claimed invention, or that any publication specifically or implicit-
ly referenced is prior art.

[0003] Aquaculture, also known as aquafarming, relates to the farming of aquatic animals and
plants, including algae. Aquaculture is a diverse and rapidly developing industry which is
becoming an increasing factor in the supply of protein source for human consumption.

[0004] A hatchery is a place for artificial breeding, hatching, and rearing through the early life
stages of animals—fish and shrimp in particular. Hatcheries produce larval and juvenile
fish, shellfish, and crustaceans, that may subsequently be transferred to on-growing sys-
tems, such as fish farms, to reach harvest size.

[0005] One of the challenges in aquaculture relates to the high mortality rates that are often

observed during rearing, during the hatchery phase. For example, it has been reported
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that above 50% of hatchery-reared larval marine fish may die in their early life stages.
Reducing death of hatchery-reared larvae may increase overall production and reduce
costs in aquaculture.

[0006] There is a constant need to further improve aquaculture feed compositions. It has, for
example, been suggested that in the case of feed pellets due to size of the pellets vita-
mins and amino acids may rapidly leach away from the pellets into the water. Improve-
ment of aquaculture feeds intended for early life are expected to lead to better availabil-
ity of critical nutrients and vitamins for the animals, to decreased mortality, to improved
feed-conversion rates and/or yield.

[0007] Many aquaculture feeds comprise fish- and/or algae meal as an important constituent.
The increasing demand for aquaculture feeds in combination with the prospected scarcity
of fish- and/or algae meal is placing a pressure on the future availability of sufficient,
high-quality and reasonably prized feeds. To this end it is important to develop feed com-
positions that depend on fish- and/or algae meal but that reduce mortality and/or im-
prove yield of the reared aquatic animals.

[0008] Finally, it is important that the aquaculture feed compositions are not only of high quality
for the aquatic animals, but it is equally important that the aquatic feed compositions can
be handled by the farmer in a manner that allows for reliable and hygienic provision of
the aquaculture feed to the aquatic animals. Improvement in the quality of husbandry
and biosecurity management is considered an important factor in reducing the risk for
disease.

[0009] However, development of such aquaculture feed compositions is hindered by the
complex interplay between the many different requirements for high-quality aquaculture
feeds (nutritional and economic considerations, husbandry, biosecurity, biological and
physiological considerations, and feed handling characteristics). This makes the develop-
ment of aquaculture feed compositions a self-standing technical field with its own specific
considerations and requirements, and which field can only limited benefit from develop-
ments in other fields such as in the field of land animal feeds (stock, pig and cows).

[0010] In light of this, new products, compositions, methods and uses for aquaculture feed
compositions, in particular for feeding early life fish and shrimp (larvae), would be highly

desirable. In particular, there is a clear need in the art for reliable, efficient and reproduc-
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ible products, compositions, methods and uses that allow to be used in the rearing of
aquatic animals, in particular fish and crustaceans such as shrimp, in particular in the rear-
ing of larvae of such animals. Accordingly, the technical problem underlying the invention
can been seen in the provision of such products, compositions, methods and uses for
complying with any of the aforementioned needs, in particular for use in the rearing of
fish and/or shrimp larvae. The technical problem is solved by the embodiments character-

ized in the claims and herein below.

Description of the invention

Definitions

[0011] A portion of this disclosure contains material that is subject to copyright protection (such
as, but not limited to, diagrams, device photographs, or any other aspects of this submis-
sion for which copyright protection is or may be available in any jurisdiction.). The copy-
right owner has no objection to the facsimile reproduction by anyone of the patent doc-
ument or patent disclosure, as it appears in the Patent Office patent file or records, but
otherwise reserves all copyright rights whatsoever.

[0012] Various terms relating to the compositions, methods and uses and other aspects of the
invention are used throughout the specification and claims. Such terms are to be given
their ordinary meaning in the art to which the invention pertains, unless otherwise indi-
cated.

[0013] Other specifically defined terms are to be construed in a manner consistent with the
definition provided herein. Although any methods and materials similar or equivalent to
those described herein can be used in the practice for testing of the invention, the pre-
ferred materials and methods are described herein. For purposes of the invention, the
following terms are defined below.

nn

[0014] As used herein, the singular forms "a," "an" and "the" include plural referents, unless the
context clearly dictates otherwise. For example, a fish larvae or a shrimp larvae refers to
at least one or more (for example 10, 100, 1.000, 10.000, 100.000 etc.), fish larvae or
shrimp larvae. In a similar way, a feed composition in the form of a pellet refers to at least

one or more of such pellets.
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[0015] The terms “about” and “approximately”, when referring to a measurable value such as an
amount, a size, and the like, is meant to encompass variations of £20% or +10%, more
preferably £5%, even more preferably £1% and still more preferably +0.1% from the spec-
ified value, as such variations are appropriate to the compositions provided herein.

[0016] As used herein, the term “and/or” indicates that one or more of the stated cases may
occur, alone or in combination with at least one of the stated cases, up to with all of the
stated cases.

[0017] As used herein the term “aquaculture” refers to the farming of (larvae of) aquatic
organisms such as fish, crustaceans, molluscs, aquatic plants, and algae. In a preferred
embodiment the aquatic animal is a fish or a crustacean such as a shrimp. Preferably the
aquatic animal is a larvae, such as a fish larva or a shrimp larva.

[0018] As used herein, the term “aquaculture feed composition” thus refers to a composition
comprising one or more nutrients, for example protein, carbohydrates such as fibres
and/or starch, fat, minerals, and vitamins, intended to sustain life of an aquatic animal, in
particular a fish or a shrimp, in particular a fish larva or shrimp larva. Within the context
of the current invention an aquaculture feed composition may also be referred to as
“feed” or “composition” or the like. The aquaculture feed composition must be suitable
for feeding the aquatic organisms of the invention, in particular for feeding fish and/or
shrimp, in particular fish and/or shrimp larvae. This includes the feed composition being
suitable for use in water in a manner that it can function as a feed to the aquatic animal.
The aquaculture feed composition may be suitable as the sole feed providing nutrition to
the aquatic animals or may be combined with other feeds or supplements, or live feeds or
Artemia.

[0019] As used herein, the term "at least" a particular value means that particular value or more.
For example, "at least 2" is understood to be the same as "2 or more"i.e, 2,3,4,5,6, 7,
8,9,10,11,12,13, 14, 15, ..., etc.

[0020] As used herein the term “larva”, plural “larvae”, irrespective of the aquatic organism, in
particular fish or a shrimp, refers to the distinct juvenile form of an animal often prior to
metamorphosis into adult animals. In particular as used herein the term “larva” is used to
refer to the juvenile form of a fish or a crustacean, for example a crustacean larva, such as

a shrimp larva, or to ichthyoplankton, more particularly to a fish larva. A skilled person is
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familiar with the development cycle of a fish and/or a shrimp and is able to identify the
larvae of a fish and/or a shrimp.

[0021] As used herein the term “pellets” is used interchangeably with the term “granules” and
refers to particles comprising the aquaculture feed composition. In other words, the ag-
uaculture feed composition is formed into a sizeable formed mass. The pellet may be ob-
tained by compressing techniques but may alternatively be obtained by, for example,
extrusion, and the additional use of binders that keep the various constituents of the ag-
uaculture feed composition together. The pellet may itself also comprise smaller parti-
cles, either of the same or of different size. The pellet may have any form, for example it
may be round, oval, square or elongated (grain-like). The pellet may, for example, and in a
preferred embodiment, be obtained by extrusion, i.e. by a process where a blend of ma-
terials are conveyed through a cylinder by the action of one or multiple rotating screws
followed by pushing this material through one or multiple holes and cutting it into smaller
fractions, i.e. an extruder. In other words, the pellet may be an extruded pellet. If the
process is carried out at a temperature above the boiling point of water, the pellet may
be referred to as a cooking extruded pellet.

[0022] As used the terms “protein” or “crude protein” are interchangeable and refer to the
amount of protein that is included in the aquaculture feed composition. Crude protein
depends on the nitrogen content of the feed proteins and crude protein measurements is
common in fields of animal husbandry and feed science. One well-known method com-
monly used in the field is the Kjeldahl method (see, e.g., AOAC, 2000). In animal feeds,
crude protein is calculated as mineral nitrogen x 6.25 (the assumption is that proteins of
typical animal feeds contain 16% nitrogen in average). The mineral nitrogen value may be
obtained by the Kjeldahl method. As used herein “protein” or “crude protein” thus refers
to the overarching term for this nutrient that can exist is various different forms.

[0023] As used herein the term “fat” includes fatty acid containing compounds, including,
without limitation, tri-, di-, or monoglycerides of fatty acids, as well as free fatty acids,
and salts and esters thereof. The skilled person knows how to determine fat content of a
composition. Preferably the fat content of the composition of the invention is the fat con-

tent as measured after acid hydrolysis, e.g., by the method indicated herein.
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[0024] As used herein the term “size” refers to the relative extent of the aquaculture feed
composition in the form of a pellet/granule. In particular, “size” as used herein refers to
the relative extent of a single pellet/granule of the aquaculture feed composition. For
example, a size of 500 micrometre or less refers to a particle/granule having a maximal
diameter of 500 micrometre or less. In cases wherein more than one pellet/granule is
provided, preferably a substantial part of all pellets have the specified diameter, or less.
For example, at least 10%, 20%, 30% ... 70%, 75%, 80%, 85%, 90%, 95% by weight of the
pellets have the specified diameter, or less. The skilled person is well-aware on methods
for determining the diameter of the pellet/granule. A non-limiting example is by using
sieves of the appropriate size and collecting pellet that pass.

[0025] When herein reference is made to a percentage by weight (wt.%), this is to indicate the
percentage of weight based on dry weight of the composition (i.e., excluding water con-
tent) referred to, except for where it is clear from the context something else is indicated.
As will be understood by the skilled person the compositions according to the invention
may comprise moisture, for example a composition of the invention may comprise about
3 — 14 wt.% moisture (based on wet weight of the composition, i.e., on an as-is basis), for

example, about 8 wt.% moisture (based on wet weight).

Detailed description

[0026] It is contemplated that any method, use or composition described herein can be
implemented with respect to any other method, use or composition described herein.
Embodiments discussed in the context of methods, use and/or compositions of the inven-
tion may be employed with respect to any other method, use or composition described
herein. Thus, an embodiment pertaining to one method, use or composition may be ap-
plied to other methods, uses and compositions of the invention as well.

[0027] As embodied and broadly described herein, the invention is directed to the surprising
finding that an aquaculture feed composition can be provided that substantially increases
survival of a fish and/or a shrimp, preferably of a larva of a fish and/or a shrimp, during
rearing. Furthermore, it was surprisingly found that with the aquaculture feed composi-
tion substantial increase in feed intake by fish and/or shrimp larvae may be accomplished

during stages of development. In particular, the increase in survival (or decrease in mor-



WO 2022/182248 PCT/NO2022/050052

tality) and/or increase in feed intake may be observed in comparison to standard aqua-
culture feed compositions.

[0028] In the accompanying examples it was surprisingly found that with the aquaculture feed
composition survival of the larvae (either fish or shrimp larvae) used in the experiment
was improved relative to standard aquaculture feed compositions around day 15 — 25 of
the larvae, for example around day, 20, 19, 18, or 17 days. Feed-intake was also improved
with the aquaculture feed composition of the invention at around the same days after
hatching of the larva. A further interesting effect observed after feeding charcoal is that it
has become much more easy to distinguish if the diet has been eaten or not. The contrast
with live feed is much better.

[0029] In addition, it was surprisingly found that the aquaculture feed composition of the
invention has physical characteristics that makes it in particular suitable for use as an aqg-
uaculture feed composition. The handling of the aquaculture feed composition is substan-
tially improved compared to a preceding standard aquaculture feed composition.

[0030] It was for example found that, despite high (crude) protein content in the aquaculture
feed composition, foam formation that normally occurs was reduced compared to control
feeds. In addition, it was found that the aquaculture feed composition of the invention
(i.e. in the form of pellets as defined herein) can be released in a constant manner from
the devices used for feeding the fish and/or shrimp, in particular larvae of fish and/or
shrimp. In contrast to a preceding standard aquaculture feed composition the aquacul-
ture feed composition of the invention also shows improved sieving, in other words, the
pellets of the composition of the invention exhibit improved free flowing characteristics
and exhibits substantially less clogging of the device used for feeding (i.e. a feeder). In
addition, it was found that the buoyancy of the diets with charcoal was changed com-
pared to the buoyancy of comparable diets without charcoal. Thus, the pellets of the
composition of the invention showed more particles floating at the surface of the water
column. Particles on the bottom are not consumed by the larvae and are lost to the lar-
vae, while particles at the surface will eventually absorb sufficient water to slowly sink
and become available in the water column. This will create a continuous and longer avail-
ability of particles in the water column at all times.

[0031] This and more is also exemplified in the Examples as provided herein.
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[0032] Therefore, and according to a first aspect, the invention provides for an aquaculture feed
composition in the form of a pellet, the pellet having a size of less than 500 micrometre,
and wherein the composition comprises more than 60 wt.% protein (based on dry weight)
and further comprises charcoal. Said aquaculture feed composition may particularly be
suitable for feeding fish and/or shrimp larvae.

[0033] The aquaculture feed composition of the invention is provided in a form of a pellet. The
pellet therefore comprises or consists of the aquaculture feed composition.

[0034] The pellet has a size, as defined herein, of less than about 500 micrometres (um; for
example, as determined using sieves). Preferably the size of the pellet is in the range of 10
- 400 micrometre, 50 — 350 micrometres, or 100 - 300 micrometre. Pellets of such size are
particularly suitable for feeding fish and/or shrimp larvae.

[0035] In cases wherein more than one pellet comprising the aguaculture feed composition of
the invention is provided, preferably a substantial part of all such pellets have the speci-
fied diameter, or less. For example, in some embodiments at least 10%, 20%, 30%, ...,
70%, 75%, 80%, 85%, 90%, 95% by weight of the pellets have the specified diameter, or
less. In some embodiments more than 70% by weight of said pellets has a size which is in
range of 100 — 300 micrometres. For example, more than 70 % by weight of said pellets
may have a size between 0 -100 micrometre, 100-200 micrometre and/or 200-350 mi-
crometre. The skilled person knows how, in the field, the size of the pellets of the inven-
tion may be determined.

[0036] The aquaculture feed composition of the invention comprises more than 60 wt. %
protein. The amount of protein in the aquaculture feed composition is no less than 60
wt.%, for example, but not limited to, about 60, 61, 62, 63, 65, 67.5, 70, 75, 70, 85, or 90
wt.%. Preferably, the composition comprises more than about 62 wt.% protein. More
preferably the composition comprises less than about 85 wt. % protein, less than about
75 wt.% protein, or less than about 70 wt. % protein. Most preferably, the amount of pro-
tein of the aquaculture feed composition is about 60 — 67 wt.% protein.

[0037] The protein used in the composition of the invention may be any type of suitable protein.
The skilled person knows that protein may be used in the context of the current inven-
tion. Non-limitative, but in some embodiments preferred, examples of suitable protein

sources include marine protein such as fishmeal, alga meal and krill meal, vegetable pro-
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tein such as soy meal, rape seed meal, wheat gluten, corn gluten, lupine meal, pea meal,
sunflower seed meal and rice meal, and slaughterhouse waste such as blood meal, bone
meal, feather meal and chicken meal. By mixing different protein sources it is possible
within certain limits to achieve a desired amino acid profile in the feed adapted to the
species of aquatic organism the feed is intended for.

[0038] The aquaculture feed composition of the invention further comprises charcoal (may also
be referred to as carbon or coal). Charcoal is a black carbon residue produced by exposing
animal or plant materials to a strong heat source. Charcoal is commonly known to be
used for many different applications, such as fuel, cosmetics, art, and purification purpos-
es. Preferably the charcoal used in the invention is vegetal charcoal. Preferably the char-
coal used in the invention is not activated charcoal (activated coal). Preferably the char-
coal used in the invention has a surface area of between 75 — 600 m2/g, preferably of
between 150 - 300 m2/g. Preferably the charcoal used in the invention has a size of be-
tween 10 and 200 micrometres. In the source of charcoal, preferably, at least 50 wt.%, 60
wt.%, 70 wt.%, 80 wt.%, or 90 wt.% of the charcoal has a surface area and/or a size as
disclosed herein.

[0039] In a preferred embodiment of the invention, the aquaculture feed composition comprises
at least 0.1 wt.% charcoal, at least 0.5 wt.% charcoal, at least 1.0 wt.% charcoal, at least
1.5 wt.% charcoal, or at least 2.2 wt.% charcoal. Preferably, the composition comprises
less than 11 wt.% charcoal or less than 8 wt.% charcoal. For example, the composition
comprises about 2 — 8 wt.%, for example about 5 wt.% charcoal.

[0040] In some embodiments, the aquaculture feed composition of the invention comprises fat.
It is a preferred embodiment of the invention that the composition comprises less than
30 wt.% fat, preferably less than 27 wt.% fat, even more preferably less than 25 wt.% fat.
Preferably, the composition comprises between 5 — 22 wt.% fat, between 8 — 20 wt.% fat,
between 10-15 wt.% fat, between 11 - 14 wt.% fat, such as between 12 - 13 wt.% fat. The
skilled person knows how to determine the fat content of a feed composition. For exam-
ple, the fat content of a feed composition may be determined by the NMKL method No.
160. E.g., a feed sample may be boiled in diluted hydrochloric acid in order to digest pro-
tein, liberate bound fat and to convert salts of fatty acids to free fatty acids. The digestion

solution may then be filtered and the fat in the filter may be extracted with diethyl ether
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after a drying process. The solvent may be evaporated, and the mass of the dried residue
may be determined gravimetrically. The fat content may be calculated from the differ-
ence between the initial sample weight and the weight of the sample at the end of the
analysis. The fat used in the composition of the invention may be any type of suitable fat.
The skilled person knows what type of fats may be used in the context of the current in-
vention. Non-limitative, but in some embodiments preferred, examples of suitable fat
source included fish oil, microbial oil, algal oil, and/or vegetable oils such as rapeseed oil
and soy oil. As will be understood by the skilled person, such oils may be present in meals
as well (e.g. algal meals). By mixing different fats it is possible within certain limits to
achieve a desired fatty acid profile in the feed adapted to the species of aquatic organism
the feed is intended for.

[0041] In some embodiments, the composition of the invention comprises phospholipids.
Preferably, the composition comprises at least 5 wt.%, preferably at least 7.5 wt.%, pref-
erably at least 10 wt.% phospholipids. Phospholipids are nutrients that are commonly
used in a complete feed composition for (larvae of) fish and/or shrimp (see for example
EP1171003). As a source of phospholipids it is, for example, possible to use lecithin of
vegetable origin, such as soya lecithin, or lecithin from other oil plants such as sunflower
or rapeseed. The term lecithin designates lipid mixtures in which the phospholipids repre-
sent more than 50 wt.% of the total lipids. The classes of phospholipids most abundant in
lecithin are phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol.
The skilled person knows how to determine the phospholipid content in a feed composi-
tion. For example, the phospholipid content in the feed composition taught herein may
be determined by a high resolution 3'P-NMR spectroscopy method. This method is offi-
cially accepted by the International Lecithin and Phospholipid Society (ILPS) and American
Oil Chemists’ Society (AOCS).

[0042] Vegetable lecithin often also contain C18 fatty acids from the essential fatty acid series n-
3 and n-6 (linoleic acid: 18: 2n-6 and linolenic acid: 18: 3n-3) but are generally devoid of
polyunsaturated fatty acids in C20 and C22, in particular arachidonic acid (20: 4n-6),
eicosapentaenoic acid (EPA, 20: 5n-3) and docosahexaenoic (DHA, 22: 6n-3). Polyunsatu-
rated fatty acids in C20 and C22, in particular arachidonic acid (20: 4n-6), eicosapentae-

noic acid (EPA, 20: 5n-3) and docosahexaenoic (DHA, 22: 6n-3 can be included in the ag-
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uaculture feed composition of the invention, for example using non-vegetal lecithin as a
source.

[0043] In some embodiments, the aquaculture feed composition of the invention comprises
starch. Preferably the composition comprises less than 16 wt.% starch. More preferably
the composition comprises between 0 — 10 wt.% starch. Starch, as used in the feed com-
position of the invention, is an agent that is commonly used for binding, thickening, stiff-
ening or gluing of material, for example for binding material together to form the pellets
of the invention. As used herein, the pellets of the aquaculture feed composition can
comprise starch as binding agent. The skilled person knows how to determine the starch
content of a feed composition. For example, the method taught in NEN-ISO 15914:2004
may be used. This method is based on spectrometry. First, the soluble sugars may be re-
moved from the feed composition by extracting the feed with 40% ethanol. The starch
may be broken down into its glucose units with 90% DMSO and the enzyme mix amylo-
glucosidase/pancreatin. Glucose may subsequently be determined with a specific glucose-
oxidase reaction kit on a spectrophotometer. The starch content may then be determined
by multiplying the glucose content with a factor of 0.9.

[0044] The starch used in the composition of the invention may be any type of suitable starch.
The skilled person knows what type of starches may be used in the context of the current
invention. Non-limitative, but in some embodiments preferred, examples of suitable
starch source included potato, wheat, cassava, corn. The starch may be naturally occur-
ring or may be modified starch.

[0045] In some embodiments, the aquaculture feed composition of the invention comprises no
more than between 1 —28 wt.% ash, preferably 4 — 22 wt.% ash. The skilled person knows
how to determine the ash content of a feed composition. For example, the ash content
may be determined gravimetrically, e.g., based on the NMKL method no. 23, 3rd edition,
1991. The percentage of ash may be determined based on the weight of the sample prior
to burning, and how much ash (in weight) remains after burning said sample at a temper-
ature of 555°C for 17 hours.

[0046] In some embodiments, the aquaculture feed composition of the invention comprises
docosahexaenoic acid (DHA), preferably in the form of a DHA-comprising algae meal.

Preferably, the composition comprises between 0.5 — 3.5 wt.% DHA and/or between 1.0 -
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11.0 wt.% DHA-comprising algae meal. DHA is an omega-3 fatty acid which is directly de-
rivable from natural sources, such as fish oil, algae oil or meal.

[0047] In some embodiments, the aquaculture feed composition of the invention comprises 6 -
12 wt.%, e.g., 7-11 wt.%, 8 - 10 wt.%, or 9 - 10 wt.%, on an as-is basis (i.e., based on the
total weight of the feed composition) of moisture, i.e., water.

[0048] In some embodiments, the aquaculture feed composition of the invention is a complete
feed composition, i.e. in principal provides all essential nutrients in order to sustain life of
the aquatic animal for which the composition is intended. However, the aquaculture feed
composition of the invention may also be an incomplete feed composition, and may, for
example be combined with other feeds.

[0049] In some embodiments, the aquaculture feed composition taught herein comprises
protein, fat, carbohydrates, vitamins, minerals, and water. Optionally, the aquaculture
feed composition taught herein further comprises antioxidants, attractants, im-
munostimulatory substances, and/or pigments such as carotenoids, astaxanthin, or the
like.

[0050] Also provided is for a set of aquaculture feed compositions of the invention wherein the
set of feed compositions comprises at least a first aquaculture feed composition and a
second aquaculture feed composition and wherein the pellet of the first aquaculture feed
composition has a size that is different from the pellet of the second aquaculture feed
composition, optionally wherein the set of aquaculture feed compositions comprises sub-
sequent aquaculture feed compositions wherein the pellet of a subsequent feed composi-
tion has a size that is different from the size of another aquaculture feed composition in
the set. The first and the second (or further) feed composition of the invention may have
the same composition (ingredients) or the composition may be different. For example,
the pellets of the first aquaculture feed composition may have a size (as defined herein)
that is smaller than, more or less the same or greater than the size of the pellets of the
second aquaculture feed composition.

[0051] For example, at least 10%, 20%, 30%, ...., 70%, 75%, 80%, 85%, 90%, 95% by weight of the
pellets of the first aquaculture feed composition have a size of less than 400 micrometre,
for example between 300 — 400 micrometre and at least 10%, 20%, 30%, ..., 70%, 75%,

80%, 85%, 90%, 95% by weight of the pellets of the second aquaculture feed composition
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have a size of less than 300 micrometre, for example between 200 — 500 micrometres. In
one embodiment, the set of aquaculture feed compositions comprises at least two or
three aquaculture feed compositions according to the invention with different size se-
lected from the group consisting of a feed composition wherein more than 70% by weight
of the pellets have a size between 0-100 micrometre, a feed composition wherein more
than 70% by weight of the pellets have a size between 100-200 micrometre and a feed
composition wherein more than 70% by weight of the pellets have a size between 200-
350 micrometre.

[0052] It will be understood by the skilled person that such set of aquaculture feed compositions
of the invention are in particular useful when rearing the aquatic animals, in particular
fish and/or shrimp, over time. Depending on the development of the aquatic animal dif-
ferent sized aquaculture feed compositions of the invention may be used.

[0053] The aquaculture feed compositions of the invention may be used for any type of aquatic
animal, preferably fish and/or shrimp. Preferred fish that are provided with the composi-
tion of the invention include bass, seabream, flatfish, seriola, groupers, Meagre, and
snappers; preferred shrimp include Litopenaeus vannamei, Penaeus monodon, Penaeus
japonicus, Penaeus merguiensis, Penaeus stylirostris, Penaeus indicus, Macrobrachium,
and crabs.

[0054] The skilled person understand that, in addition to the ingredients disclosed above, the
composition of the invention may comprise other ingredients and nutrients as well. Non-
limitative examples thereof include minerals and vitamins, carotenoids such as beta-
carotene, astaxanthin, and lutein; aroma compounds; stabilisers; antimicrobial peptides;
antibiotics, additional polyunsaturated fatty acids; enzymes such as phytase; nucleotides;
prebiotics and/or probiotics.

[0055] Also provided is for a method of making, for example manufacturing, an aquaculture feed
composition of the invention, wherein the method comprises admixing the different in-
gredients to obtain the aquaculture feed composition, and preparing the composition in
the form of a pellet.

[0056] In particular the method of making the aquaculture feed composition of the invention
comprises admixing the ingredients that constitute the composition. Admixing may be by

any suitable method known to the skilled person. After the ingredients of the composi-
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tion of the invention are admixed, the thus obtained composition may be formed into the
pellets as defined herein and by using any suitable method known to the skilled person.
For example, the aquatic feed pellets of the invention may be extruded pellets and such
extruded feed pellets may be produced by the method of the invention. The skilled per-
son will understand that a pellet of the invention may also be provided by milling a pellet
having a composition of the invention.

[0057] Also provided is for a method of feeding a fish or shrimp, preferably a fish larva or a
shrimp larva, wherein the method comprises providing to the fish and/or shrimp one or
more aquaculture feed compositions in total comprising more than 60 wt.% protein and
further comprising charcoal, a feed composition of the invention (i.e. in the form of a pel-
let), and/or a set of aquaculture feed compositions of the invention. The skilled person
knows how to feed a fish or shrimp (larva) with the composition of the invention (i.e. in
the form of pellets), for example by using automated or non-automated feeders and the
like. The protein and charcoal, and optionally fat, carbohydrates such as starch, vitamins,
minerals, and the like, may be provided in a single aquaculture feed composition as
taught herein or may be provided in the form of two or more aquaculture feed composi-
tions, one of which at least comprises (part of the) more than 60 wt.% protein, and the
other of which at least comprises the charcoal. It will be obvious to the skilled person that
the protein may be comprised in more than one aquaculture feed composition so long as
the total diet provided to the fish (larva) or shrimp (larva) comprises more than 60 wt.%
protein. The same may be true for the charcoal.

[0058] Also provided is for use of an aquaculture feed composition of the invention (i.e. in the
form of a pellet) a set of an aquaculture feed composition feed compositions of the inven-
tion for feeding fish and/or shrimp, preferably fish and/or shrimp larva, and/or for im-
proving feed intake and/or for improving survival rate of the fish and/or shrimp. The feed
composition of the invention may also be used as a feed for fish and/or shrimp, prefera-
bly fish and/or shrimp larva, for preventing foam formation when the feed is introduced
into the water comprising the fish and/or shrimp, preferably fish and/or shrimp larva in-
tended to be fed.

[0059] Finally, there is also provided for an aquaculture feed composition in the form of a pellet,

the pellet having a size of less than 500 micrometre, and wherein the aquaculture feed
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composition in the form of a pellet is obtained by admixing at least 60 wt.% crude protein
and charcoal, and optionally other ingredients as disclosed herein, and preferably in the
amounts as disclosed herein, in order to obtain a non-pelleted composition of the inven-
tion and forming the obtained non-pelleted into a pellet having a size of less than 500
micrometre. Also is provided for the use of the thus obtained composition of the inven-
tion as disclosed herein.

[0060] It is also described a method for making an aquaculture feed with an improved free
flowing characteristic, the method may comprise to admix an aquaculture feed composi-
tion comprising more than 60 wt.% protein and further comprising charcoal, and form the
composition to pellets. The pellets may form less dust and may show a higher homogene-
ity of the pellets compared to known pellets, which improve the free flow characteristic
and reduce clogging in feeders.

[0061] The composition may comprise at least 0.1 wt.% charcoal, at least 0.5 wt.% charcoal, at
least 1.0 wt.% charcoal, at least 1.5 wt.% charcoal, or at least 2.2 wt.% charcoal. The com-
position may comprise less than 11 wt.% charcoal or less than 8 wt.% charcoal. The com-
position may comprise more than 62 wt.% protein. The composition may comprise less
than 85 wt.% protein, less than 75 wt.% protein, or less than 70 wt.% protein. The com-
position may comprise less than 27 wt.% fat. The composition may comprise between 5 —
22 wt.% fat, or between 8 — 20 wt.% fat. Each pellet may have a size of less than 500 mi-
crometre.

[0062] It is also described a method for making an aquaculture feed with a reduced foam
formation characteristic, the method may comprise to admix an aquaculture feed compo-
sition comprising more than 60 wt.% protein and further comprising charcoal, and form
the composition to pellets.

[0063] The composition may comprise at least 0.1 wt.% charcoal, at least 0.5 wt.% charcoal, at
least 1.0 wt.% charcoal, at least 1.5 wt.% charcoal, or at least 2.2 wt.% charcoal. The com-
position may comprise less than 11 wt.% charcoal or less than 8 wt.% charcoal. The com-
position may comprise more than 62 wt.% protein. The composition may comprise less
than 85 wt.% protein, less than 75 wt.% protein, or less than 70 wt.% protein. The com-

position may comprise less than 27 wt.% fat. The composition may comprise between 5 —



WO 2022/182248 PCT/NO2022/050052
16

22 wt.% fat, or between 8 — 20 wt.% fat. Each pellet may have a size of less than 500 mi-
crometre.

[0064] It is also described a method for making an aquaculture feed with a reduced sinking
speed and/or sinking time characteristic, the method may comprise to admix an aquacul-
ture feed composition comprising more than 60 wt.% protein and further comprising
charcoal and form the composition to pellets.

[0065] The composition may comprise at least 0.1 wt.% charcoal, at least 0.5 wt.% charcoal, at
least 1.0 wt.% charcoal, at least 1.5 wt.% charcoal, or at least 2.2 wt.% charcoal. The com-
position may comprise less than 11 wt.% charcoal or less than 8 wt.% charcoal. The com-
position may comprise more than 62 wt.% protein. The composition may comprise less
than 85 wt.% protein, less than 75 wt.% protein, or less than 70 wt.% protein. The com-
position may comprise less than 27 wt.% fat. The composition may comprise between 5 —
22 wt.% fat, or between 8 — 20 wt.% fat. Each pellet may have a size of less than 500 mi-
crometers.

[0066] In an aspect, the present disclosure provides a method of improving rearing of fish and/or
shrimp larvae, said method comprising the step of administering to fish and/or shrimp
larvae an aquaculture feed composition as taught herein. More particular, the present
disclosure provides a method of enhancing weaning flexibility in the rearing process for
fish and/or shrimp larvae; of improving water quality in the rearing process for fish and/or
shrimp larvae; and of simplifying operations in the rearing process for fish and/or shrimp
larvae, said method comprising the step of administering to fish and/or shrimp larvae an
aquaculture feed composition as taught herein.

[0067] In an embodiment, the present disclosure provides a method of increasing survival of fish
and/or shrimp larvae, increasing biomass production of fish and/or shrimp larvae, increas-
ing feed intake in fish and/or shrimp larvae and/or speed of feed intake in fish and/or
shrimp larvae, enhancing weaning flexibility, particularly in the rearing of fish and/or
shrimp larvae, improving water quality, particularly in the rearing of fish and/or shrimp
larvae, reducing leaching of feed components into the water, particularly in the rearing of
fish and/or shrimp larvae, reducing dust content in feed, particularly in the rearing of fish
and/or shrimp larvae, reducing foam formation, particularly in the rearing of fish and/or

shrimp larvae, reducing loading in surface skimmers, particularly in the rearing of fish
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and/or shrimp larvae, increasing homogeneity of feed distribution throughout the water,
particularly in the rearing of fish and/or shrimp larvae, enhancing free-flowing properties,
particularly in the rearing of fish and/or shrimp larvae, reducing clogging of feed in feed-
ers, particularly in the rearing of fish and/or shrimp larvae, and for improving accuracy
and consistency of feed delivery, particularly in the rearing of fish and/or shrimp larvae,
said method comprising the step of administering to fish and/or shrimp larvae an aqua-
culture feed composition as taught herein to fish and/or shrimp larvae.

[0068] It will be understood that all details, embodiments and preferences discussed with
respect to one aspect of embodiment of the invention is likewise applicable to any other
aspect or embodiment of the invention and that there is therefore not need to detail all
such details, embodiments and preferences for all aspect separately.

[0069] Having now generally described the invention, the same will be more readily understood
through reference to the following examples which is provided by way of illustration and

is not intended to be limiting of the invention.

Brief description of drawings

[0070] Embodiments of the invention are further described hereinafter with reference to the
accompanying drawings, in which:

[0071] Fig.1: Survival and Biomass at PL12 in shrimp larvae fed with a diet with and without
charcoal;

[0072] Fig. 2: Percentage of seabream larvae having diet in the gut for diets containing charcoal
compared to diets with no added charcoal;

[0073] Fig. 3: Effect of a diet containing charcoal on the survival of seabream larvae;

[0074] Fig. 4: Effect on foam formation of diets containing charcoal (carbon);

[0075] Fig. 5: Cumulative feed clumping in g, the graph shows amount of feed that did not pass
feeders, the graph is a composite graph of increasing feed particle sizes;

[0076] Fig. 6: Size distribution (um) improvement during sieving due to charcoal addition; and

[0077] Fig. 7: Position of the pellets in the water column after 10 min.
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Examples

[0078] Example 1: Preparation of an aquaculture feed composition of the invention. The
ingredients of Table 1 were milled to an average particle size of 150 micrometre and ex-
truded to a 2 mm pellet, that was subsequently further crumbled/granulated into smaller
particles and sieved to the following respective sizes: size#0 (<100um), size#1 (100-
200um) and size#2 (201-350um). Crude protein content of the finished diet was 62 + 2
wt.% based on total weight of the feed composition. Fat content was 12 + 2 wt.% based
on total weight of the feed composition. Moisture content was 8 wt.% based on total
weight of the feed composition.

[0079] Table 1: Examples of compositions containing fish oil, algae and charcoal (expressed by

wt.% based on total weight of the feed composition (including 8 wt.% moisture)).

Diet (%)
A B

Marine protein

(fish meal, krill, squid) >0.00 49.02
Vegetable and algal protein 9.00 8.82
Qil

(fish oil, algae oil, vegetal oil) 10.00 9.80
Hydrolysates (marine source) 18.00 17.62
Lecithin 4.00 3.92
Starch and vegetable fibres 5.00 4.90
Premixes (minerals, vitamins) 4.00 3.92
Carbon (charcoal) - 2.00

[0080] Example 2: The size classes <100um, 100-200um and 201-350um of the feeds A and B
prepared in Example 1 were fed manually 21 times per day to P. vannamei during the
development stages from Zoea, Mysis and PL5 onwards, respectively. In addition to the
feeds of Example 1, Artemia was also fed 6 times a day from Mysis stage onwards till
PL12. Shrimp were harvested at PL12. The shrimp were reared in 60 | tanks at a density of
140 animals per litre with 4 replicates per treatment. The diet was fed manually 21 times
a day. Figure 1 shows that a much better survival and biomass production was obtained
at PL12 for the diet supplemented with charcoal. An increased biomass production allows

for weaning flexibility.
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[0081] Example 3: Testing of an aquaculture feed composition of the invention in seabream
larvae (Sparus aurata) on feed intake and survival.

[0082] The seabream trial was conducted in 400 | tanks with 3 replicates. The initial stocking
density was 40 larvae per litre with 17 day old larvae previously reared on rotifers. The
fish larvae received rotifers from day 18 to day 30, together with either diet C or diet D (C
and D being similar to diets A and B of Example 1, respectively, except that phospholipid
inclusion was 7 wt% rather than 4 wt% based on total weight of the diet, and the
starch/fiber content was decreased by 1 wt% and protein content was decreased by 2
wt%, both based on total weight of the diet. Charcoal was included in diet D in an amount
of 2 wt% based on the total weight of the diet). The diets (size 0, 1 and 2) were distribut-
ed using automatic feeders. The latter were adjusted to distribute the total same amount
per hour for diets C and D.

[0083] Surprisingly, the fish on the diet supplemented with charcoal (diet D) showed a higher
incidence of diet in their digestive system during the period of first feeding, i.e., the num-
ber of larvae ingesting feed was increased for diet D compared to diet C, especially at the
onset of feeding of the dry diet (Figure 2). Surprisingly, the fish larvae receiving the char-
coal containing diet D displayed increased survival during the complete duration of the
test (Figure 3; “carbon” vs “no carbon”).

[0084] Example 4: A common problem known in the art of aquaculture feed compositions is that
high weight percentages of protein or crude protein of said compositions give rise to sub-
stantial foam formation on the water surface, leading to a further negative impact on
(larvae of) fish and/or shrimp larvae in the water column. Surprisingly, it was found that
feeding the aquaculture feed composition of the invention did not or only to a limited
extent result in foam formation on the water surface, despite the high weight percent-
ages of protein of the feed. The applicant found that adding certain amount of the aqua-
culture feed composition according to the invention to the water in the basins wherein
fish and/or shrimp larvae are held and grown resulted in (almost) no foam formation on
the surface, hence not requiring the use of skimmers at the water surface. In Figure 4 the
results are shown for a composition of the invention comprising about 2.5 wt.% charcoal
(carbon) (on as is basis) and a comparable composition without added charcoal. Moreo-

ver, it was found that the use of charcoal (e.g., vegetal carbon) in the composition of the
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invention had advantages in sieving properties leading to diets that are more homoge-
nous in size. It was found that in the feeders, the diet containing charcoal was less sticky
and more free flowing. This resulted in higher outputs in sieving capacity (Figure 5). It
was also found that the aquaculture feed composition of the invention improved the re-
lease of the aquaculture feed composition per feeding event from feeders. It was found
that the aquaculture feed composition of the invention resulted in less clogging of the
feeder during a feeding event when compared to a preceding standard aquaculture feed
composition. In one particular example, as also exemplified here below in Table 2, the
aquaculture feed composition of the invention (BD) improved feed distribution

(i.e. release per feeding event (in g)) from the feeder by about 10% when compared to

a prior art aquaculture feed composition (control) but not according to the invention.

Table 2: Feed (size 100-200 um) distribution from the feeder

Amount released per feeding event (g)

Control diet 0.207
Diet with charcoal 0.221

[0085] The aquaculture feed composition of the invention resulted in better and more constant
feed delivery when using automatic feeding devices. Diets with charcoal caused less clog-
ging and allowed higher amounts of feed released per feeding event compared to compa-
rable diets without charcoal, i.e., allowed increased and consistent feeding. Moreover, it
was observed that the larval feeds containing charcoal spread out more homogenously
throughout the water. Analyses on the particle size distribution of the particles showed a
higher homogeneity in the size class available to the fish. Moreover, the diet contain-
ing charcoal contained significantly less dust and approximately 10% more particles avail-
able for the fish (see Figure 6). The reduced dust content contributed to a better water
guality with less foam formation. Further, diets containing charcoal displayed reduced
leaching of feed components into the water.

[0086] The charcoal in the composition of the invention also affected the physical characteristics
of the diet. Surprisingly the buoyancy of the diets with charcoal was changed compared
to the buoyancy of comparable diets without charcoal. After 10 min sedimentation in a

1m long cylindrical column, more particles of the charcoal diet were present at the water
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surface. The diet containing no charcoal showed 15% of the particles on the bottom,
whereas the charcoal containing diet showed more particles floating at the surface of the
water column (see Figure 7). Particles on the bottom are not consumed by the larvae and
are lost to the larvae, while particles at the surface will eventually absorb sufficient water
to slowly sink and become available in the water column. This will create a continuous
and longer availability of particles in the water column at all times.

[0087] Having now fully described this invention, it will be appreciated by those skilled in the art
that the same can be performed within a wide range of equivalent parameters, concen-
trations, and conditions without departing from the spirit and scope of the invention and
without undue experimentation.

[0088] While this invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications. This application is
intended to cover any variations, uses, or adaptations of the inventions following, in gen-
eral, the principles of the invention and including such departures from the disclosure as
come within known or customary practice within the art to which the invention pertains
and as may be applied to the essential features hereinbefore set forth as follows in the
scope of the appended claims.

[0089] All references cited herein, including journal articles or abstracts, published or
corresponding patent applications, patents, or any other references, are entirely incorpo-
rated by reference herein, including all data, tables, figures, and text presented in the
cited references. Additionally, the entire contents of the references cited within the ref-
erences cited herein are also entirely incorporated by references.

[0090] Reference to known method steps, conventional methods steps, known methods or
conventional methods is not in any way an admission that any aspect, description or em-

bodiment of the invention is disclosed, taught or suggested in the relevant art.

[0091] The foregoing description of the specific embodiments will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art
(including the contents of the references cited herein), readily modify and/or adapt for
various applications such specific embodiments, without undue experimentation, without
departing from the general concept of the invention. Therefore, such adaptations and

modifications are intended to be within the meaning and range of equivalents of the dis-
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closed embodiments, based on the teaching and guidance presented herein. It is to be
understood that the phraseology or terminology herein is for the purpose of description
and not of limitation, such that the terminology or phraseology of the specification is to
be interpreted by the skilled artisan in light of the teachings and guidance presented

herein, in combination with the knowledge of one of ordinary skill in the art.
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Claims

An aquaculture feed composition in the form of a pellet, the pellet having a size
of less than 500 micrometre, and wherein the composition comprises more than

60 wt.% protein and further comprises charcoal.

The aquaculture feed composition of claim 1 wherein the composition comprises
at least 0.1 wt.% charcoal, at least 0.5 wt.% charcoal, at least 1.0 wt.% charcoal,

at least 1.5 wt.% charcoal, or at least 2.2 wt.% charcoal.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises less than 11 wt.% charcoal or less than 8 wt.% charcoal.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises more than 62 wt.% protein.

The aquaculture feed composition of any one of the previous claims wherein the
composition comprises less than 85 wt.% protein, less than 75 wt.% protein, or

less than 70 wt.% protein.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises less than 27 wt.% fat.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises between 5 — 22 wt.% fat, or between 8 — 20 wt.% fat.

The aquaculture feed composition of any of the preceding claims, wherein the
composition comprises at least 4 wt.%, preferably at least 7.5 wt.%, preferably at

least 10 wt.% phospholipids.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises less than 16 wt.% starch.

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises between 0 — 10 wt.% starch.



WO 2022/182248 PCT/NO2022/050052

11.

12.

13.

14.

15.

16.

17.

18.

24

The aquaculture feed composition of any one of the previous claims wherein the

composition comprises between 1 — 28 wt.% ash or between 4 — 22 wt.% ash.

The aquaculture feed composition of any one of the previous claims wherein the
composition comprises docosahexaenoic acid (DHA), preferably in the form of a

DHA-comprising algae meal.

The aquaculture feed composition of any one of the previous claims wherein the
composition comprises between 0.5 — 3.5 wt.% DHA and/or between 1.0 - 11.0

wt.% DHA-comprising algae meal.

The aquaculture feed composition of any one of the previous claims wherein the
composition further comprises defatted fishmeal, preferably wherein the com-

position comprises defatted fishmeal and DHA-comprising algae meal.

The aquaculture feed composition of any one of the previous claims wherein the

composition is a complete feed composition.

A set of aquaculture feed compositions of any one of the previous claims where-
in the set of feed compositions comprises at least a first aquaculture feed com-
position and a second aquaculture feed composition and wherein the pellet of
the first aquaculture feed composition has a size that is different from the pellet
of the second aquaculture feed composition, optionally wherein the set of aqua-
culture feed compositions comprises subsequent aquaculture feed compositions
wherein the pellet of a subsequent feed composition has a size that is different

from the size of another aquaculture feed composition in the set.

A method of making an aquaculture feed composition as claimed in any one of
the previous claims, wherein the method comprises admixing the different in-
gredients to obtain the aquaculture feed composition and preparing the compo-

sition in the form of a pellet.

A method of feeding fish or shrimp, preferably a fish larva or a shrimp larva,

wherein the method comprises providing to the fish and/or shrimp one or more
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aquaculture feed compositions in total comprising more than 60 wt.% protein
and further comprising charcoal, a feed composition of any one of the previous

claims 1 — 15, or a set of aquaculture feed compositions of claim 16.

Use of an aquaculture feed composition of any one of the previous claims 1 — 15
or a set of an aquaculture feed composition feed compositions of claim 16 for
feeding fish and/or shrimp (larvae), and/or for improving feed intake and/or for

improving survival rate of the fish and/or shrimp (larvae).

An aquaculture feed composition in the form of a pellet, the pellet having a size
of less than 500 micrometre, and wherein the aquaculture feed composition in
the form of a pellet is obtained by admixing at least 60 wt.% protein and char-
coal, and optionally other ingredients, in order to obtain a non-pelleted composi-
tion of the invention and forming the obtained non-pelleted into a pellet having

a size of less than 500 micrometre.

A method of increasing survival of fish and/or shrimp larvae, increasing biomass
production of fish and/or shrimp larvae, increasing feed intake in fish and/or
shrimp larvae and/or speed of feed intake in fish and/or shrimp larvae, enhanc-
ing weaning flexibility, particularly in the rearing of fish and/or shrimp larvae,
improving water quality, particularly in the rearing of fish and/or shrimp larvae,
reducing leaching of feed components into the water, particularly in the rearing
of fish and/or shrimp larvae, reducing dust con-tent in feed, particularly in the
rearing of fish and/or shrimp larvae, reducing foam formation, particularly in the
rearing of fish and/or shrimp larvae, reducing loading in sur-face skimmers, par-
ticularly in the rearing of fish and/or shrimp larvae, increasing homogeneity of
feed distribution throughout the water, particularly in the rearing of fish and/or
shrimp larvae, enhancing free-flowing properties, particularly in the rearing of
fish and/or shrimp larvae, reducing clogging of feed in feeders, particularly in the
rearing of fish and/or shrimp larvae, and for improving accuracy and consistency

of feed delivery, particularly in the rearing of fish and/or shrimp larvae, said
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method comprising the step of administering an aquaculture feed according to

any one of claims 1-15 to fish and/or shrimp larvae.
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