PROCESS FOR REDUCI NG THE FLUCRI DE CONTENT WHEN PRODUCI NG PROTEI NACEQUS
CONCENTRATES FROM KRI LL The present invention concerns an industrial method
for renowogofdozordsde and unwanted trace el ements cont aiPoeNO20%0M00RRaceans.
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such as 25 ppdvesqdteotdin ©3he rwentien iv alsy shitaifle thubd usgd bhetlee conticéwms thanf t he
season from.April/May to June/July. As a rule for npbst known animal species
the content of pol ar 1ipids, such as phospholipids, is nearly constant and
variations in total lipid content is caused by variations in the content of
neutral li ﬁia‘ikﬁﬁﬂﬁﬂ 135 the invbG&d | des. Despite these very high 30 variations
of lipid conte the ratio between triglycerides and phospholipids is
nearly constant for the Antarctic krill. It is also well known that |ipids,
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superba) 1s that the lipid content and espe01ally the polar lipid content such as

25 phospholipids, can be very high during the second half of the season from April/May to

June/July.

As a rule for most known animal species the content of polar lipids, such as
phospholipids, is nearly constant and variations in total lipid content is caused by
variations in the content of neutral lipids such as triglycerides. Despite these very high
30  variations of lipid content, the ratio between triglycerides and phospholipids is nearly
constant for the Antarctic krill. It is also well known that lipids, and especially
phospholipids, cause strong emulsions. Such emulsions cause problems in the

separation of the fractions in the processes, such as hydrolysis, which involves
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al so 30 ocdaterals haye t ake has al so been shown to be toxic to the
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i ndustria C Addi n_be adwant age re e the as
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prot ei naceous materials and lipids fromkrill wherein fluoride is

cost-effectively renoved f.or producing products wWth signifi cantl reduced
fluori ke cdhuasige is a compound that in high concentrations is detrimental for the health o and-

dwelling animals as well as all kind of fish and crustaceans and especially fresh-water
fish species, since fluoride atoms have the tendency of entering into the bone structure
of such organisms and creating fluorosis (a weakening of the bone structure similar in
its effect to osteoporosis, but different since it is the bone structure itself, and not the

25 porosity of the bone that is affected). Skeletal fluorosis is a condition characterised by
skeletal abnormalities and joint pain. It is caused by pathological bone formation due to
the mitogenic action of fluoride on osteoblasts. In its more severe forms, skeletal
fluorosis causes kyphosis, crippling and invalidism. Secondary neurological
complications in the form of myelopathy, with or without radiculopathy, may also

30 occur. High fluoride intake has also been shown to be toxic to the male reproductive
system in rat experiments, and in humans high fluoride intake and symptoms of skeletal

fluorosis have been associated with decreased serum testosterone levels.

Consequently, if krill material is to be used as a starting material for food or feed

products, precautions have to be taken for removing fluoride through the processing



Pol ar |ipids such as phospholipids are essential for cell nenbranes and are
also called io nenbrane lipids. Normally the total lipid content in fish
and ot herwequaidscisand terrestrial animals varies due topeamabisessnn feed
accessibility through the year. The variations is normally caused by
variations in the content of non polar I1pids in the organisns which is

stored and used_as energy reserves during periods of |ow or access to
feed, whil stepheHeygY@Enthediffupers qrbip@gg the preseaes ¢ V“%?B%slf"gﬁﬂeﬁHOV\ever,

for 15Ant amgdtéral ¥éprédent pobietn thaf fsensvntifiedatossetddte whet processiapkeitit  of
triglyceri deaﬁ arfd glilq]zigq{cil iﬁpi]gs remai ns al nost constant al so when the fat
content i nnpaifrialimanndisipal scale. ¢ - om 206 up to 10% during t he

fishing/ harvesting season. This neans that the phospholipid content in raw

Antarcti ¢ Bﬁ[didlitlion%ﬁg) '&?m%g all arrpal eoﬁg tBi rgéuceqﬂcgaﬁso%ﬁféhﬁn@ﬁd ttce leleFBéiil?s as
phosphol i pi ds, are knomn to create strong enmul sions 1 n 1 ndustrial 20
pr ocessisng fese Bredirotginaecoys msterigh progueedhromls ¢ateh- heat i ng-, stirring- and

separation steps such as a hydrolysis process. This emulsion will nornmally
cause problens in separati the Jipid- an rotein fractions. Thus there
al so exi stsﬁ‘ﬁs theegert Fa&ﬁeﬁ’a%f u laﬁ%‘Fﬁ'GapE CHIE RIP IR TS Spat éa;%\?’rﬁ?i on
probl ens caipsdsdrday keiitwteren flabwde isicosteatfentively a¢moveddeopredeang praduetses from
hill. 25Th%5iﬁx s"’}érﬁglgéxﬁllya}e&%@ ﬂ$.|81[idé”‘<f‘q\%1%n§.atl | e industrial method addressing

bot h the renmpova uorirne fromthe processed krill material and the
varying contents of polar lipids in the hill material. Prior art In FR

pat ent 2839403 jiARRLEE & PhospIRAHPUsABE SsehtlY BH RN mdibtahes ahd aff aldd callelfBr ch
15, 30 2002) there.is discl sol ati on ngtﬁeqalkr})glg&;or obtaining a protein

. sed an |, .
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and centri fvﬂﬁﬁtﬁr’gﬁs, H‘Bma'“?@a‘r‘%ﬁ%ﬁav?{‘ té(fﬂsé?ﬁv csolr}# ggf?%lrp.opr ot é@gs‘f’r%‘l’ krill and
certainly cogmismetwhiohisstored asdhiedws eherghieessrvsb dermgppertasiyob lavg of haior i de
fromthe MLkt f) foed WlicHE cSRANDR BRoPhofbiBPR Pl BARERAOWE PO has
an i npact on the quality and . . .
15 Antarctic krill this is different because the relative content of triglycerides and
phospholipids remains almost constant also when the fat content in this species varies
from 2% up to 10% during the fishing/harvesting season. This means that the
phospholipid content in raw Antarctic krill can be up to 5%. Lipids, and especially
polar lipids as phospholipids, are known to create strong emulsions in industrial
20  processing according to prior art which involves heating-, stirring- and separation steps
such as a hydrolysis process. This emulsion will normally cause problems in separating

the lipid- and protein fractions.

Thus there also exists a need for an industrial method for elimination of separation

problems caused by emulsion when producing proteinaceous concentrates from krill.

25 There also is a need for a versatile industrial method addressing both the removal of
fluorine from the processed krill material and the varying contents of polar lipids in the
krill material.

Prior art
In FR patent 2835703 (Applicant: Techniagro, Inventor: Fanni, J. et al., March 15,

30 2002) there is disclosed an isolation method for obtaining a protein hydrolysate from a

marine source such as filleting discards and other marine waste materials (among others



5 conposition of the final product. Thus the above nentioned process
according to Fanni does not produce, nor is suitable, for renoving fluoride
fromthe woaosmssedanat eri al . Al so the process accor di ng PCo/NE2nev/0odizes not
address the problemw th high pol ar Iipi4d content in the processed
material, and offers no solution to this probl em In EP patent 1 417 211 Bl
(Neptune Technol ogi es & Bi oresources, |nc there is_ 10 disclosed a
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for the reason that the present process includes no acetone or alcohol extractions, and
also includes a number of mechanical steps for removing solid krill material from the .

initial krill mass.

25 In GB patent 2 240 786 (Korea Food Research Institute) the problem with the high
fluoride content of krill is recognized, but there is proposed passing electric current
through pulverized krill for removing fluoride using aluminium electrodes, not taking
into account the problem with actually removing the fine particles from the crushed krill
substance, thus potentially removing the free fluoride but instead creating other

30  problems concerning the removal of the fine particles and also not taking into account
the rather large amounts of bound fluoride that still is present in the miniscule shell

particles remaining in the electrolysed material.



General disclosure of the invention The present invention provides an
I ndustrial nmethod for processing catches of hill o conprising a nunber of
steps presenvimgomw3very early and substantially conpl et ecravare@/oood22cr ust ,
carapace and shell and thereby a substantial renoval of fluoride fromthe
krill material. The nmethod al so prevent separation probl enms caused by

emul si ons wh n proce w mat e content of
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connection wth star groce ccor e eae i pventi on
this rel at & fingl Pﬁ’éuﬁerf’f&%‘l \“Pt %d%&l@i% tqﬁ’éc‘?{P'inglre‘E%YIBE ﬂé‘ﬁ’a ¢ €initial
di si nt egr afa@diapf the hill (see infra). This period of time should be kept
to a mninmum and should preferably not exceed 60 m nutes, nore preferred
not exceed 30 m nutes, even nore preferred not exceed 15 m nutes, and
shoul d i nclGetsieral dikclasate off theddhemtion t he krill catch fromthe traw bag/ net
to a suitable disintegrator. A 25disintegrator of the hill material may be
a conventional pulping, mlling, grinding or shreddi ng machine, The hil |
catch is i mhepegsent m‘@aaemprqwdfsanlwmaémﬁwﬂcf@r EFP§‘FSﬁ¥16§F"§)(‘%‘Pif Gill t he raw
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naters | QTR ARt %ﬁé%é%@%e@&‘?@ t&qrsleya% Pl moE o ghoegeS Faft oy
be per f or mast laill matgrialo Mhe riediid alsospravengy @pananomrptdbdmlns CHabel loji gnulsiegs at i on
ProCcess 1S lesoro%gs Vencll }agxpr?ll O?lafﬁﬁﬁh%\étcton npé lfﬁ)ﬂﬁwn processi ng

nmet hods, and represemns one g to the prior art
because it produces | arge anobunts of shell and cr ust debris fromthe hill
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material s
juices from dead krill.

When using the term “immediately” in connection with starting the process according to
20  the present invention this relates to the period from decking the krill catch and to the
initial disintegration of the krill (see infra). This period of time should be kept to a
minimum, and should preferably not exceed 60 minutes, more preferred not exceed 30
minutes, even more preferred not exceed 15 minutes, and should include a direct
transfer of the krill catch from the trawl bag/net to a suitable disintegrator. A
25 disintegrator of the krill material may be a conventional pulping, milling, grinding or

shredding machine.

The krill catch is initially loaded into an apparatus for disintegration of the raw material
through e.g. pulping/milling/grinding/shredding. The temperature of the disintegration
process is around the ambient temperature of the water, i.e. between -2 and +10°C,

30  preferably around +0°C to +6°C, and may be performed by any convenient
disintegration method. This disintegration process is also conventionally done by the
previous known processing methods, and represents one of the obstacles according to
the prior art because it produces large amounts of shell and crust debris from the krill



5pelagic fish. According to the present invention the krill material is
divided into a particle size suitable for a further separation step for not
i nterferiwg2oiddsotdhe subsequent processi ng steps. The diPETMNC2Qe%0)I2g
process is perfornmed continuously and Cﬁql::]ses a particles sizes up to 10 25
mm preferred particle size is 0,5- 10 and nore preferred 1,0 - 8 mm

The particle size distribution represents gne of the aspects. pf . th

i nvent i on BEEHgdR theyall Fld’bart?rb"g aﬂ‘ggro u?‘@ﬁ&éihﬁglteg@teldé?ﬁtedﬁﬁl %ﬁlggﬁ]éloﬂﬁ?l ed
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| eaki ng process takes ti and . . r api ' vantj for a
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per f or med wbtrbspondipgdodd or foed additivas sompatedte sthet matioe rawymateniglse.i mal  or
near - opti Lelagf?:"f?sih?i ons such as pH and tenperature and optionally with the
addition of co-factors such as specific ions depending on the used enzynes.
The tenperature of the disintegrated material shall according to the

present | n\ﬁﬁjabidlﬁ}fg t!@&h@tl)_ﬁ‘d@g gxd/ehﬁorat}fe&ml)l&hatﬁﬂlﬁlﬁis gmicyealbh@ ai‘puciitiélb gizeubsequent
enzymatic rol ysi e t enper at ur e. I be.increased as soon as
pos)s/i bl e (\R}\;'??h??1¥°§ @?Bﬁh? SpRArgHo rTSQ%fb r§18§18ﬁe(§%,rmwglt ?@‘?beswlg&?&{of%%m@econds,

even no prafepsred 1-60 seconds, nost preferred 1-10 seconds]) subsequent to
the disintegrating step for reducing the processing tinme and thereby
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elevated to a temperature suitable for the subsequent enzymatic hydrolysis. The

20 temperature shall be increased as soon as possible (within seconds [e.g. 1-300 seconds,
more preferred 1-100 seconds, even mo preferred 1-60 seconds, most preferred 1-10
seconds]) subsequent to the disintegrating step for reducing the processing time and
thereby preventing diffusion of fluoride and for preparing the material for the enzymatic

hydrolysis.

25 According to the present invention enzymes may be added directly to the disintegrated
material or through the added water or both, before, during or after the disintegration

Process.

According to the present invention exogenous proteolytic enzymes (e.g. alkalase,
neutrase, and enzymes derived from microorganisms [Bacillus subtilis, Aspergillus

30  niger, etc] or plant species) shall be added before, during or after the disintegration, and
before, during or after the heating of the disintegrated material. The added enzyme(s)
may be in the form of one single enzyme or a mixture of enzymes. The conditions of
the hydrolysis should match the optimal hydrolytic conditions of the added enzyme(s)
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enzyme mix of the initial hydrolysis step will be to process the separated chitin-

containing fraction subsequently to the separation step.

As it is important to avoid the leaking of fluoride from the milled material, and since the
30  leaking to some degree is related to the increased surface area created through the
disintegrating step, the enzymatic hydrolysis step should be finished within a time
interval of 100 minutes, preferably within 60 minutes, most preferred within 45 minutes
calculated from the addition of the endogenous enzyme(s). The amount of enzyme(s)
added is related to the type of enzyme product used. As an example it may be
35 mentioned that the enzyme alkalase may be added in an amount of 0,1 — 0,5 % (w/w) of
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The fluorine content in the prior art processed krill protein material has limited
applications and are less suitable for food or feed or corresponding food or feed
additives, as mentioned supra but the fluorine content of the removed shell material is

30 not preventive for further separation/purification of this fraction. Thus materials such as
chitin, chitosan and astaxanthin may be isolated from the separated shell material. Such
isolation procedures are known within the art. Steps may also be taken for removing
the fluorine from the isolated shell material e.g. through dialysis, nanofiltration, through

electrophoresis or other appropriate technologies.



Ordinary disc centrifugal separators would not work properly since enptying
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20  separation zone and intermixing of light and heavy phase at the discharge of heavy

phase from the machine. The separation of the proteinaceous material into sub-fractions
will therefore preferably be performed by a specially designed horizontal decanter

centrifuge with an extended separation path as shown in Fig. 1 below.

3.
25 \ Liquid discharge
(under prassure)
—
Feed intet
NG
1. 2. ids discharge



25 and after evaporation is preferably over 45% nore preferred over 50%
and nost preferred over 55% The lipid content in the CHF on dry matter
basi s i s woebavmbiog bel ow 5% nore preferred bel ow 4% ardTmaRbogoeszer r ed
bel ow 3% The fluorine reduction on dry i ght basis conpared to comerci al
hill meal in the CHF is preferably over @E% nore preferred over 90 % nost

preferred gver 96, % lJe he CHFhsan I d.content, and a | ow
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or other degradation of the product. WD 2010/030193PCT/ NO2009/ 000322 11
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20 The lipid content in the PPC on dry matter basis is reflected by the seasonal variations
of the lipid content in the raw material and is typically around 50%. .The fluorine
reduction on dry weight basis compared to commercial krill meal in the PPC is

preferably over 70%, more preferred over 75 % and most preferred over 80 %.

The dry matter content in the CHF (Concentrated Hydrolysate Fraction) after separation
25 and after evaporation is preferably over 45%, more preferred over 50% and most
preferred over 55%. The lipid content in the CHF on dry matter basis is preferably
below 5%, more preferred below 4% and most preferred below 3%. The fluorine
reduction on dry weight basis compared to commercial krill meal in the CHF is

preferably over 85%, more preferred over 90 %, most preferred over 96 %.

30 While the CHF has a low lipid content and a low water activity (aw <0,79) this fraction
could be stored in a temperature below 4°C for more than 12 months without any

significant microbial growth or other degradation of the product.



A fraction of 500 kg froma 10 ton catch of Antarctic krill was imediately
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hydr ol ysat &urthéermdPR@ndmpraeved peeducemayribg ebtawiedtbyavat e (pressdee ant mng &g) ng
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lipid phase are feed to a separator separating 10 the neutral |ipid phase
from the hygkehkfieliéw-fltideideicbntamify @iRPPO pIductis Gl saed fr pRérfainder
nitrogen at n(gﬁpher . _The h%glgfgl%lsate are conti.n ougllﬁgt f eg.i nt flash
evapor at or YUY fgP A SUER 87\ DgFRFe Al PO éﬂt?’f) flgﬁecﬁffﬁr ol ysate
fracti on ( @rtbducts, himai yonsemgltionfin génevd) Und specstl angrellients ai feed.i ght cont ai ner s
under nitrogen atnosphere. 15 A typical nass bal ance for processing of raw
| ean Antarctic krill is shown in table | below Table |I. Mss bal ance for
pr ocessi ng Tk drigd/PPEain wetitsaited fos fwther downstsgan precessing oS thee segaietew krill Dry

wei ght jsn fshBGAdce8of interest, especially since water has been removed. This makes a

succeeding extraction process significantly simpler and more cost efficient compared to

extraction of raw/thawed material.

The storage stability of the PPC meal is extraordinarily good on account of low initial
values of oxidation products being present in the fresh catch. The PPC meal is
20  preferably produced in an inert atmosphere, packed under an inert atmosphere and in a

packaging with a good oxygen barrier, prolonging the storage life period significantly.

Example:

A fraction of 500 kg from a 10 ton catch of Antarctic krill was immediately (maximally
20 minutes after catch) shredded through a knife cutter into pieces of a particle size of

25 3-6 mm at a temperature of 1-2°C, and immediately thereafter added 500 litres fresh
water and alkalase in an amount of 0,2% (w/w) of the krill wet weight and then heated
to a temperature of 55-60°C.

The enzyme was allowed to function for 45 minutes at said temperature. The material
was thereafter fed to a decanter operated at the following conditions: Temperature: 90

30  °C, gravity force at 1400g and with a feed rate of 1,2 ton krill/water/enzyme suspension
per hour causing a separation of the fluorine-containing fine particles and a liquid

proteinaceous fraction exiting the decanter. The material was then heated to a



PPC (Phosphol i pi ds/ Pepti de Conplex) 80 kg 28% Dried PPC (wth anti-caking
agent) 25 kg 97% Hydrol ysate 770 kg 6, 1% CHF (Concentrated Hydrol ysate
Fract i on)wé&otog3603 Fl uori ne-contai ning fine particles psiaNd20enmoxzar apace

45 kg 40%

10

15

13 fragnents) 12

temperature of 93°C in order to terminate the enzymatic hydrolysis and
denaturing/agglomerating the insoluble protein together with polar lipids for following
separation. The liquid proteinaceous fraction was immediately thereafter transferred to
a separation step by a specially designed decanter (sedicanter) mentioned supra,
separating the solid phase containing insoluble proteins and polar lipids concentrate
(PPC) from the hydrolysate.

The PPC are thereafter mixed with a food-grade anti-caking agent, dried in a thin film
vacuum drier and packed in air tight bags under nitrogen atmosphere. The aqueous
soluble protein (hydrolysate) and neutral lipid phase are feed to a separator separating
the neutral lipid phase from the hydrolysate. The oil is stored in air tight containers

under nitrogen atmosphere.
The hydrolysate are continuously feed into a flash evaporator for
dewatering/concentration giving a concentrated hydrolysate fraction (CHF) with dry

weight of 55-70% and stored in air tight containers under nitrogen atmosphere.

A typical mass balance for processing of raw lean Antarctic krill is shown in table I

below:

Table 1. Mass balance for processing of raw lean Antarctic krill.

Fraction From 500 kg raw krill | Dry weight in fraction
PPC (Phospholipids/Peptide 80 kg 28%

Complex)

Dried PPC (with anti-caking 25 kg 97%

agent)

Hydrolysate 770 kg 6,1%

CHF (Concentrated 78 kg 60%

Hydrolysate Fraction)

Fluorine-containing fine 45 kg 40%

particles (shell and carapace




Neutrals oils <5 kg 100 % WO 2010/ 030193PCT/ NO2009/ 000322 14 d ains 1.
Process for renoving fluorine froma catch of crustaceans, characterized in
t hat the woustiasesss, i medi ately after, havi ng been | ansdea/Nordosatooz?2
tenperature of around anbi ent tenperature of the water, is disintegrated
into 5 smaller particles, and the disinﬁggrated material is added fresh

wat er and heated to a tenperature optimal for adding a proteolytic enzyne,
or enzyme |g@gpRSisyi on, and at whjch tenperature the added enzyne(s) |s/are
allowed t@ work for no I onger thpnl00 m nutes, the hydrol ysed materigl
bei ng fed {toa-separatingdevicetorseparating-sglidsfromthe procpessed
mat eri al , |&NwhtaBrodlsgh this renovak 5dg t he sol i ds f{rl@6t% on reduci ng the 10
fluorine gontent of the renmaining protei naceous naterial by at |east|85%,
t he added Y{exogenous)—andnatural—(endogenrous)—enzyres—n—the—hydrotysi ng
di sintegrated protei naceous materi al being deactivated before, during or
after the renoval of the solids fraction fromthe enzymatically processed
material. 2. Process according to claiml, 15characterized in that the
catch of crustaceans has a high content of polar lipids, such as
phosphol i pi ds.




3. Process according to claim1 or 2, characterized in that the crustaceans
are disintegrated into particles with a size not larger than 25 mm 20 4.
Process awoaooiogioto any of the clains 1 - 3, charact er ipzeadvo2004/doas22t he

di sintegrated crustacean material is added fresh water in a ratio of 0,5 to
1,5 of the raM/meight of the crustacean material. 5. Process according to
cIa|n11 - characterized in that the tenperature of the water used in

t he d|5|ntébk%kmén 25step of the crustaceans lies in the interval between
-2 and +10C, preferably around +0C to +3C. 6. Process according to any of

the clains aract.eri.zed in that th St t I

di si nt egr at ed)r?cﬁssalfoﬁé?[{l?"(':‘fl%hg?ri%e %?mél%itcth(g e (r:gagrg?eﬂlag 1IS - 8 mMm
15 7. Procdssracteriieg tim ahat tif crusteceans imdiediptaly aftershaviigdhegniandeded i n
that the aqga b %H@Eﬁ‘t“% ofaiohd %%Feht {eﬁﬁ)egitﬁl’e%tf%@&tbp% BbifRetateRAs W thin

20 seconds integration s . Praocess accor |gegv{o any of

t he preéedismgllen partisles, sadhthe sisintegrated mﬁemﬁa% added fresh sater apgs h O s
oper ated t hERpghtufd ¢ mﬂeﬂ%ﬁ*ddﬁidg%bteﬁgﬂ reﬁﬁyrﬁél dr @hBHese chnbsitiondeebatt er. 9.

ot ot col yt | ﬂw pTE e BB D O RER K DBHor B Toneet deplpd " "
emul si on. hfihGes, Phobgkslysatmawiiadeing fadyo abepansingrdegied forgseparating solids
from the processed material, and through this removal of the solids fraction reducing the
10 fluorine content of the remaining proteinaceous material by at least 85% , the added
(exogenous) and natural (endogenous) enzymes in the hydrolysing disintegrated
proteinaceous material being deactivated before, during or after the removal of the

solids fraction from the enzymatically processed material.

2. Process according to claim 1,
15 characterized in thatthe catch of crustaceans has a high content of polar

lipids, such as phospholipids.

3. Process according to claim 1 or 2,
characterized in thatthe crustaceans are disintegrated into particles with a

size not larger than 25 mm.

20 4. Process according to any of the claims 1 — 3,
characterized in thatthe disintegrated crustacean material is added fresh

water in a ratio of 0,5 to 1,5 of the raw weight of the crustacean material.

5. Process according to claim 1 - 4,

characterized in thatthe temperature of the water used in the disintegration
25 step of the crustaceans lies in the interval between -2 and +10°C, preferably around

+0°C to +3°C.

6. Process according to any of the claims 1 — 5,
characterized in thatthe crustacean material is disintegrated to a particle size

of 0,5- 10 mm, more preferred 1,0 — 8 mm.



characterized in that the solids are separated wth a decanter with high
G forces, and long clarification/separation zones such as a sedicanter,

al | owi ng wo2spso®Be a sl ow settling and protei naceous raETAN02809/000322 i n
phosphol i pi ds w t hout enul sification. 1& Process according to any of the
precedi ng, 15characterized in that the @rrperature of the heating step is
i ncreased within seconds e.g. 1-300 seconds, nore preferred 1-100 seconds,
even no pr df &reess accgrlingtoanyof threcedmadaimsg 1- 10 seconds subsequent to

tﬂe di fi nt @g%@géagesteeﬁi ia dtl?itQH@&iiiitﬁﬁp&TtHé Rgtek aftantie disidtéi@ativreggrisng,
characterized in,that the ed epzynme ar enzyme conposition conprises 20
al kal ase aﬁﬂ?‘%?”lthg’hmﬁor%ﬁ%ndéﬁg?%ﬂ]eeﬂ?éﬁg?%aﬁFtieg‘ed f rom ni cr oor gani sns
[Bacillus subtilis, Aspergillus niger, etc] or plant species. 13. Process
accordi ng t0 e [ ' naracterized in that the enzyne
i s deacti vtgtgg wsf%%c%@nﬁ?rfagggiffQ%Oﬁ%n@érﬁigfgecs}%gﬁﬁst preferred within 45

i nut esscalcdid ma etiet i amdt @ Abrtithe sppamsting Heviemisyperated thoomgh highy ocess

accordi ng toph ol sdaeatdnaeRes, RS, 6ldeédier. Char acterized in that the
enzyne(s) is/are deactivated through increasing the tenperature, preferably

by increasing the tenperature to a tenperature over 90C, preferably 92 -
98C, nost Pr PreveseabcORling Dan§.of e pretcdagsdaiascor di ng to any of the

Dot orrod AICHESE BT Bl Bl e bb A EER b Ty, T
Concent r at edtimyatd doravmiding emolsiamn ( CHF) produced t hrough the process
according to any of the clains 1 - 15, characterized in that the dry matter
content in the CHF after separation and after evaporation is preferably
over 529 ffr &Tq5EEY @FP’@H‘&)‘\?&“Y%%@&HE“%%CI%P@ erred

characterized in that the solids are separated with a decanter with high G-
forces, and long clarification/separation zones such as a sedicanter, allowing to separate

a slow settling and proteinaceous material rich in phospholipids without emulsification.

11. Process according to any of the preceding,
15 characterized in thatthe temperature of the heating step is increased within
seconds e.g. 1-300 seconds, more preferred 1-100 seconds, even mo preferred 1-60

seconds, most preferred 1-10 seconds subsequent to the disintegrating step.

12. Process according to any of the preceding,
characterized in thatthe added enzyme or enzyme composition comprises
20 alkalase and/or neutrase and/or enzymes derived from microorganisms [Bacillus

subtilis, Aspergillus niger, etc] or plant species.

13. Process according to any of the preceding claims,
characterized in thatthe enzyme is deactivated within a time of 60 minutes,

most preferred within 45 minutes calculated from the addition of the enzyme(s).

25 14. Process according to any of the preceding claims,
characterized in thatthe enzyme(s) is/are deactivated through increasing the
temperature, preferably by increasing the temperature to a temperature over 90°C,
preferably 92 - 98 OC, most preferred 92 - 95 °c.

15. Process according to any of the preceding claims,
30 characterized in thatthe crustacean is krill, most preferred Antarctic krill.



5 over 59% the lipid content in the CHF on dry matter basis are preferably
bel ow 5% nore preferred bel ow 4% and nost preferred bel ow 3% and the
f1 uori ne wedunidzonson a dry wei ght basis conpared to comwaenNg2869/000322 neal
in the CHF is preferably over 85% nore,preferred over 90 % nost preferred
over 96 % 17. CHF according to clai m 1 10 characterized in that t he CHF
has a |low |lipid content and a | ow wat actlv (aw <0, 79)

R EHFS prostercli

Phosphol i pil és Coreantrgied dyarsilysate frasepn qugh (SIEFQWOF‘F?é aﬁ%@@gs
?cco(rj;ir Rg t(sr)]mlla}mftpé clatmes pLa_sms 1 - 15, char acterized in that the
I pi 0s o | cont [ ted b
t hg segsongl ‘f? g?fbﬁg of Ot thlfep‘if) "‘gg?f 8?1‘%46 Qﬁn h?ecég\ﬂﬁ%stsegaml %Irlt(gcl g Y
around 50%pftaryapéretien is fréferablyuaver ﬁé%r, eone pietaredrovar 5% and myist pighasied
conpar e t R ' 7
np L ftg/é ﬂf?]rgl%hteht prgt CHE nt’(& Bﬁ%s‘?srﬁf: Sraa¥lyDetw $956 nore

preferred ove St
more preferred below 4% and most preferred below 3%, and the fluorine reduction on a

dry weight basis compared to commercial krill meal in the CHF is preferably over 85%,

more preferred over 90 %, most preferred over 96 %.

17. CHF according to claim 16,
10 characterized in thatthe CHF has a low lipid content and a low water activity
(aw <0,79).

18. Phospholipids/peptide complex (PPC) meal produced through the process

according to any of the claims 1 — 15,

characterized in thatthe lipid/phospholipid content in the PPC on dry matter
15 basis is reflected by the seasonal variations of the lipid content in the raw material and

is around 50%, and wherein the fluorine reduction on a dry weight basis compared to

commercial krill meal in the PPC is preferably over 70%, more preferred over 75 % and

most preferred over 80 %.



