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Fish farming

Among the lipids found in krill, Calanus and fish, high concentrations of fatty acids

" 20:5 (eicosapentaenoic acid) and 22:6 (docosahexaenoic acid) are present. These

fatty acids are essential nutrients and are beneficial as fish feed. Furthermore, these
essential nutrients are carried over in human diet by eating the fish grown on such
diets.

Animal feed
Animal feed diets rich in omega-3 fatty acids may increase the level of unsaturated
fatty acids and decrease cholesterol levels of meat. This property is already exploited
in the poultry industry to improve the quality of eggs.

Various methods for extracting marine and aquatic animal oils are known. For
example, it is known to extract fish oil using organic solvents such as hexane and
ethanol. It is also known to measure the fat content in fish muscle tissue using
solvents such as acetone.

USP 4,331,695 describes a method using pressurized solvents which are gaseous
at room temperature, such as propane, butane or hexane. The extraction is
performed at preferred temperatures of 15 to 80°C on shredded vegetable or finely
divided animal products. The extracted oils are then made to precipitate under high
pressure and elevated temperatures of 50 to 200°C. However, hexane is a poor
extraction solvent for marine animals such as krill. Furthermore, the high

temperatures used in the precipitation step negatively alters the lipids.

Canadian Patent Application 2,115,571 describes a method for extracting oils from

various brown and read algae species. The method provides for example Soxhlet

extraction using nearly pure ethanol for 40 hours.

USP 5,006,281 describes a method for extracting oil from marine and aquatic
animals such as fish. The marine and aquatic animal is first treated with an

antioxidant compound, finely divided and centrifuged to separate the oil phase from
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the aqueous phase and solid phase. The oil phase is then further treated with
antioxidant to remove undesirable odour or taste.

Canadian Patent 1,098,900 describes a method for extracting oils from krill. The

method involves emulsifying fresh or defrosted krill in an aqueous medium. The oil
fraction is recovered by centrifugation.

Folch in the article published in the year 1957 in J. biol. Chem. 226: 497-509 “A
simple method for the isolation and purification of total lipids from animal tissues”
proposes an extraction method using chloroform and methano!l. This method is not

commercially feasible because of the toxicity of the solvents involved.

However, prior art processes are generally commercially unfeasible or provide low
quantitative‘yields. Thus, it is an object of the present invention to provide an
improved marine and aquatic animal oil extraction method allowing recovery of a

valuable lipid fraction and separate recovery of a valuable protein rich solid residue
that comprises active enzymes.

Other objects and further scope of applicability of the present invention will become
apparent from the detailed describtion given hereinafter. It should be understood,
however, that this detailed description, while indicating preferred embodiments of the
invention, is given by way of illustration only, since various changes and

maodifications within the spirit and scope of the invention will become apparent to
those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Gas-liquid chromatography of fatty acids from dry krill (chloroform-
methanol) .

Figure 2. Gas-liquid chromatography of fatty acids from dry krill (acetone)

Figure 3. Gas-liquid chromatography of fatty acids from frozen krill (acetone)
Figure 4. Gas-liquid chromatography of fatty acids from frozen krill (ethanol)

Figure 5. Gas-liquid chromatography of fatty acids from frozen krill (t-butanol)
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Figure 6. Gas-liquid chromatography of fatty acids from frozen krill (ethyl
acetate)
Figure 7. Thin-layer chromatography of neutral lipids of Calanus sp. and
M. norvegica
Figure 8. Thin-layer chromatography of neutral lipids of E. pacifica
Figure 9. Thin-layer chromatography of neutral lipids of M. schmitti
Figure 10. Thin-layer chromatography of neutral lipids of G. galeus

T

M. norvegica
Figure 13. Thin-layer chromatography of phospholipids of E. pacifica
Figure 14. Thin-layer chromatography of phospholipids of M. schmitti
Figure 15. Thin-layer chromatography of phospholipids of G. galeus
Figure 16. Thin-layer chromatography of phospholipids of Ange! Shark
Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica)
Figure 18. Influence of incubation time in acetone on lipid extraction

(E. pacifica)
Figure 19. Influence of the volume of ethanol on lipid extraction (E. pacifica)
Figure 20. Influence of incubation time in ethanol on lipid extraction

(T. raschii)

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Before describing the present invention in detalil, it is to be understood that the.
invention is not limited in its application to the process details described herein. The
invention is capable of other embodiments and of being practised in various ways.

It is also to be understood that the phraseology or terminology used herein is for the
purpose of description and not limitation.

The method of the invention comprises suspending freshly collected marine and
aquatic material in acetone. Lipids are extracted with a ketone such as acetone.
This allows a rapid dehydration of animal tissue and a migration of the lipid fraction

to the solvent. The dry residue is a valuable product rich in active enzymes.
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In a preferred embodiment, the extraction is carried out by successive acetone and

alcohol treatments. Preferred alcohols are isopropanol, and t-butanol. The alcohol

" may also be substituted with an ester of acetic acid such as ethyl acetate. The

procedure produces two successive lipid fractions and a dry residue enriched in

protein, including active enzymes. Recovery of total lipids is comparable to the Folch

et al. (1957) procedure reported in the background of the invention. It has been
tested with krill, Calanus, fish and shark tissues.

Surprisingly, it was found that successive extraction treatments as proposed by the

present invention has a better yield in lipid extraction that single solvent system
extractions. The extraction using two successive solvents which starts with a ketone
such as acetone is especially advantageous since the acetone, in effect, dehydrates

the animal tissue. Having the animal tissue in dehydrated form greatly facilitates the

7

{
!

\

extraction process with the second solvent, alcohol or an ester of acetic acid such _~/

as ethyl acetate.

In the case of zooplancton such as krill and Calanus and in the case of fish-filleting
by-products such as fish viscera, it is noted that extraction with acetone alone may
be sufficient to allow a cost-effective recovery of lipid fractions and separate recovery

of a dry solid product rich in proteins including active enzymes.

The general extraction method of the present invention will now be described. The
starting material consisting of freshly harvested and preferably finely divided marine’
and aquatic animal material is subjected to acetone extraction, for at about two hours
and preferably overnight. However extraction time is not critical to the yield of lipid
extraction. To facilitate extraction, it is preferable to use particles of less than 5mm

in diameter. Extraction is preferably conducted under inert atmosphere and at a
temperature in the order of about 5°C or less.

Preferably, the beginning of the extraction will be conducted under agitation for about

10 to 40 minutes, preferably 20 minutes. Although extraction time is not critical, it
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was found that a 2 hour extraction with 6:1 volume ratio of acetone to marine and
aquatic animal material is best.

The solubilized lipid fractions are separated from the solid material by standard

techniques including, for example, filtration, centrifugation or sedimentation.

Filtration is preferably used.

After separation by filtration on an organic solvent resistant filter (metal, glass or
paper) the residue is optionally washed with pure acetone, preferably two volumes
(original volume of material) to recover yet more lipids. The combined filtrates are
evaporated under reduced pressure. Optionally, flash evaporation or spray drying
may be used. The water residue obtained after evaporation is allowed to separate
from the oil phase (fraction 1) at low temperature.

The solid residue collected on the filter is suspended and extracted with alcohol,

such as ethanol, isopropanol, {-butano! or alternatively with ethyl acetate, preferably

two volumes (original volume of material). The filtrate is evaporated leaving a second

fraction of lipids (identified as fraction ll). Although the extraction period is not
critical, it was found that an extraction time of about 30 minutes is sufficient at
temperatures below about 5°C.

Temperature of the organic solvents, except t-butanol, and temperature of the

sample are not critical parameters, but it is preferable to be as cold as possible.

However, in the case of t-butanol which is solid at room temperature, it is important

to warm it before using it and to perform the extraction at 25 °C immediately.

Comparative examples

To compare the efficiency of the extraction process, a classical technique (Folch et
al. 1957) using chloroform and methano! was applied to krill. This method is the
reference for measuring efficiency of the extraction process. Another comparison has

been made with a technique using hexane as the extraction solvent. Lipid recovery
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was estimated by suspending lipid fractions in small volumes of their original solvents
and measuring by gravimetry small aliquots after evaporation.

For all examples provided herein, the method of the present invention involving
acetone extraction followed by extraction with a sécond solvent (ethyl acetate, for
example) gave a translucent oil having appearance and properties more attractive
than any oil obtained by the classical technique of Folch et al. (1957).

To analyze lipid composition, 780 pg of each extract was loaded on silica-gel plates
and fractionated by thin layer chromatography, TLC (Bowyer et al. 1962) with the
following solvents. Neutral lipids: hexane, ethyl ether, acetic acid (80:10:1, viv) and
phospholipids: chloroform, methanol, water (80:25:2, v/v). Fatty acid composition of
E. pacifica was analyzed by gas liquid chromatography, GLC (Bowyer et al. 1962,
see bibliography) including some modifications to the original technique: 2h at 65°C

instead of 1h at 80°C, three washes with hexane instead of two and no wash with
water.

To get rid of traces of organic solvents, lipid fractions | and Il are warmed to about

125°C for about 15 minutes under inert atmosphere.

Fat was analyzed according to the American Oil Chemist's Society (AOCS). The
following criteria have been used to analyze the lipids extracted: saponification and
Wijs iodine indexes and moisture-volatile matter levels. Cholesterol content has also
been determined by the method of Plummer 1887 (see bibliography). The same
analyzes and others have been made by an independent laboratory under Professor
Robert Ackman’s supervision (Canadian Institute of Fisheries Technology, DalTech,
Dalhousie University, Halifax, Nova Scotia, Canada). This includes Wijs iodine index,
peroxide and anisidine values, lipid class composition, fatty acid composition, free

fatty acid FAME, cholesterol, tocopherol, all-trans retinol, cholecalciferol,
asthaxanthin and canthaxantin contents.
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Table 1 shows that higher levels of lipids are extracted from dry krill by acetone

followed by ethanol as compared to the classical procedure of Folch et al. (1957).

Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a
species of krill from Pacific Ocean. Assuming an eighty percent content of water, the
lipid content is comparable to dry krill as shown in Table 1. Isopropanol, t-butanol
and ethyl acetate, as solvent for the second extraction, give a yield less important
than ethanol, but are not necessarily less effective in lipid recovery since ethanol
carries more impurities than isopropanol, f-butanol or ethyl acetate. Then, they can
be used as second solvent after acetone as well. Variations between results from
acetone extractions are mainly due to the water-oil separations. These separations
are influenced by the quantity of residual acetone in the water-oil solution after
acetone evaporation. This quantity of acetone varies from an experiment to another,
because the evaporation system used at a small scale is less reproducible (at the
industrial scale, the evaporation step will be optimized). Single solvents have also
been tested to extract the totality of lipids from krill. This shows that ethyl acetate
(1,.37% extraction rate), as hexane (0,23% extraction rate) are not good solvents,
compared to acetone alone (1,86% extraction rate, and even greater extraction rates
with an efficient acetone evaporation system).

One of the main advantages of the procedure is the removal of bacteria from extracts
(lipid fraction and solid protein-rich material). Indeed, samples of E. pacifica
incubated in different ratios of acetone at 4°C for 112 days have been inoculated on
NA medium containing Bacto™ beef extract 0,3%, Bacto™ peptone 0,5% and Bacto™
agar 1,5% (Difco Laboratories, Detroit, USA) then incubated at room temperature or
4°C for 18 days. No significant bacterial growth was observed at a ratio of 1 volume
of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5
volumes), there was no bacterial growth at all, which means that acetone preserves

krill samples. Acetone is known as an efficient bactericidal and viricidal agent
(Goodman et al. 1980).
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Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3,67%)

is comparable to the one obtained with E. pacifica (3,11%) shown in Table 2.

" Variations can be attributable to diet and time (season) of collection, which are

different for those two species.

Table 4 shows the influence of grinding on the efficiency of extraction of M.
norvegica lipids. These extractions were carried out under optimal conditions and
show the definite advantage of the procedure over the classical method (4,46 %

versus 3,30 %). It also shows that grinding may be an important factor when the
species is large (4,46% versus 3,53 %).

Table 5 reports on lipid extraction from Calanus. Considerable quantities of lipids
were obtained. Some variations in Calanus species composition may explain the
variations between experiments 1 and 2 (8,22 % and 10,90 % of fresh weight).

Tables 6-8 report the total amount of lipids extracted from fish tissue. The method
of the present invention was demonstrated on mackerel, trout and herring. The
method was demonstrated on peripheral tissues (mainly muscles) and viscera.
Advantageously, the present methqd would permit the recovery of valuable lipid
fractions from parts of fish that are usually wasted after the withdrawal of fillets of the
fish. Those fish tissues not used after the transformation of the fish for human

consumption could be stored in acetone, and lipids extracted therefrom in

accordance with the present invention even if the method Folch [1957] recovers

more lipid than our method. Indeed small amounts of lipids from mackerel (0.52%
from viscera and 1,45% from tissues) have been extracted by the method of Folch
after a first extraction with acetone and ethanol as described in the present invention.
Comparative extractions with the method described in the present invention carried
out in parallel with the method of Folch on trout and herring show superior recovery
with the latter. However, it is noteworthy that the Folch method can not be applied

for the recovery of lipids for commerciai uses (because of toxicity).



10

15

20

25

30

WO 00/23546 PCT/CA99/00987

10
In Tables 9 to 11, are shown results of lipids extraction from shark liver tissues.
There is no marked difference in results between techniques within a species.

Table 12 shows the fatty acid composition of krill oil (e. pacifica) following extraction
in various solvents.

Tables 13 shows some characteristics features of fraction | (acetone) and fraction

Il (alcohol or ethyl acetate) for krill oil (e. pacifica). First, the saponification index of

fraction | (130,6) indicates that this fraction contains fatty acids with longer chains, v

compared to fraction Il (185,7). The Wijs iodine index of fraction | shows that this
fraction contains high levels of polyunsaturated fatty acids. As compared to olive oil
which has an index of 81.1. it explains why fraction | is liquid at room temperature.
It is well known that unsaturated fatty acids have a fusion point inferior to the one
of their saturated homologues. The same observations are made for fraction Il which
has a iodine 'index.of 127,2. The fatty acid composition shown in Table 12
corroborates these iodine indexes: fraction | has a high percentage (30,24%) of
polyunsaturated fatty acids (pentaenes+hexaenes) and so fraction Il (22,98%).

Finally, Table 13 shows also that fraction | is comprised of 10,0% of volatile matter

and humidity after evaporation of the solvent. For the same test, the fraction Il gives

a value of 6,8%. To get rid of traces of solvents, it is important to briefly heat (to .

about 125°C, for about 15 min) the oil under nitrogen.

Results on krill oils obtained in accordance with the method of the present invention
(fraction | extracted with acetone and fraction Il extracted with ethyl acetate) are
provided in Tables 13, 14, 15, 16, 17 and 18. It is noteworthy to mention that in
Table 18, the carotenoids content was significantly high as measured in terms of two
carotenoids namely asthaxanthin and canthaxanthin. Indeed, duplicates analyzes
revealed values of 92 to 124 pg/g of lipid fraction for asthaxanthin and 262 to 734
pg/g for canthaxanthin. Thus, for the purpose of the present invention it may be said
that the krill extract comprises asthaxanthin at least 75 and preferably at least 90
ug/g of lipid fraction. In the case of canthaxanthin, at least 250 and preferably at
least 270 pg/g of lipid fraction. Low values for peroxide and anisidine are

advantageous and are due to the presence of high levels of natural antioxidants

«
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(astaxanthin and canthaxanthin). These compounds are indicative of favourable

pharmaceutical or cosmetological properties of the krill extract whereby high levels

. of carotenoids indicate excellent transdermal migration characteristics. Thus, krill

extract is a good candidative for transdermal delivery of medicines.

Table 19 shows the best mode of the method in accordance with the present

invention for lipid extraction of aquatic animal tissues.

Table 20 shows that the enzyme activity of the solid fraction is maintained following

the method of the present invention. Indeed, the demonstration was completed for

solid krill residue obtained after successive acetone and ethyl acetate extraction.

Proteolytic activities were measure by the fliberation of amino groups by
spectrophotometric assay using o-pthaldialdehyde as reagent. Protein
concentrations were measured by the Bradford method. Soluble proteins were
extracted with water and added to a 10% lactoserum protein concentrate obtained
by ultrafiitration. At the end of incubation at 37°C in 50mM potassium phosphate
buffer, trichloroacetic acid was added and the amount of NH; group was measured

in the supernatant according to the method of Church et al. [1983, J Dairy Sci 66:
1219-1227].

Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids.
On each of them, high proportions of 20:5 and 22:6 fatty acids (characteristic of

marine and aquatic oils) are noticeable and represented by two distinct peaks. Data
are shown in Table 12.

Variations in lipid patterns of neutral lipids (from Figure 7 to Figure 11) from one
species to another are attributable to the differences in food sources. Within a
species (E. pacifica, for example) there is no marked variation between lipid patterns
obtained from different techniques of lipid extraction. Concerning phospholipids
(Figure 12 to Figure 16), the opposite is observed: variations are explained by the
different extraction processes of lipids since the same species do not lead to the

same lipid pattern. Lipids from shark species (extracted by the mentioned methods)
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and commercial cod-liver oil (sample available from Uniprix drugstores, Province of

Québec, Canada) are mainly composed of neutral lipids as opposed to
phospholipids.

The influence of the volume of solvent and incubation time on the efficiency of the
acetone to extract lipids from E. pacifica is illustrated in Figures 17 and 18,
respectively. A ratio of 1:6 (w/v) produced optimal yield with near complete extraction
after 2h. The second extraction step has been experimented with ethanol. The
volume of this solvent does not appear to be critical since the same yield was
obtained with different volumes of ethanol (Figure 19), but incubations time in

ethanol should be at least 30 minutes as indicated by the results on Figure 20.

One of the invgntors, Dr. Adrien Beaudoin, has ingested the different lipid fractions
of krill. No side effect profile was observed.

Although the invention has been described above with respect with one specific form,
it will be evident to a person skilled in the art that it may be modified and refined in
various ways. It is therefore wished to have it understood that the present invention

shouid not be limited in scope, except by the terms of the following claims.

Demonstration that krill residue, obtained after acetone and ethyl acetate extraction,
contains enzyme proteolytic activities. Proteolytic activities were measured by the

liberation of amino groups by spectrophotometric assay using o-phthaldialdehyde

as reagent. Protein concentrations were measured by the Bradford method.

The enzyme source was the residue obtained after acetone and ethy! acetate

extractions of lipids. Soluble proteins were extracted with water and added to a 10%

lactoserum protein concentrate obtained by ultrafiltration.

At the end of incubation at 37°C in 50 mM potassium phosphate buffer,
trichloroacetic acid was added and the amount of NH; groups were measured in the
supernatant according to Church and al. 1983.
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica)
Exp. No. Technique Yield (%) Total (%) Mean (%) + s.d.
1- acetone ¥ 8,00
ethano! ¥ 7.60 15,60
2- " 19,70
6,90 26,60
3- " 8,15
) 11,20 19,35
4- “ 6,80
13,60 20,40
20,49+3,95
5- chlor : MeOH © 15,50
6- " 14,90 !
15,20+0,30

Determinations in triplicates (variation < § %).
2) .Extraction made with a sample-solvent ratio of 1:9 (whV), no incubation.

P} -Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 night at 4°C, foliowing

a first extraction with acetone.
9 :Folch et al. 1957.

TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica)

Exp. No. Technigque Yield (%) Total (%)
1- acetone 1,17
ethano! ® 1,23 2,40
2- " 3,05
1,09 4,14
3- " 1,53
1,26 2,79
4- acetane ? 2,45
isopropanol ¥ 0,70 3,15
5- " 1.80
0,80 2,60
6- i 1.60
0,80 2,40

Mean (%) + s.d.

3,1110,91

2,72+0,39
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TABLE 2 {continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica)

7-

8-

9-

10-

11-

12-

13-

14-
15-
16-
17-

18-

19-
20-

21-

22-

Technigue

acetone ?
t-butanol @

14

acetone ?
ethyl acetate

”

combined

acetone-ethanol 9

”

n

ethyl acetate ®

"

”

hexane ®

"

chlor:MeOH "

Yield (%) Total (%) Mean (%) + s.d.
2,15
0,47 2,62
2,11
0,40 2,51
2,37
0,45 2,82
2,651+0,16
2,28
0,21 2,48
1,09
0,16 1,25
2,54
0,09 2,63
2,12+0,76
3,28
3,02
3,25
3,18+0,14
1,32
1,49
1,31
1,37+0,10
0,31
0,18
0,20
0,23+0,07

2,37
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TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica)
Exp. No. Technique Yield (%) Total (%) Mean (%) + s.d.
23- " 2,07
24- " 2,62
2,3510,28

Determinations in triplicates (variation < 5 %).

* :Extraction made with a2 sample-sclvent ratic of 1:6 {w/v), incubated
- Vs \"' "' n l\ouva As
d

® -Extraction made with a sample-solvent ratio of 1:2 (wh), incubate
following a first extraction with acetone.

¢ :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 25°C,
following a first extraction with acetone.
9 :Extraction made with a sample-acetone-ethanol ratio of 1:5:5 (w/v/v), incubated 2 h at 4°C.

¢ :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2 h at 4°C.
% : Folch et al. 1957.

h

y.Llg
L= L VN

2 -t
30 min at 4°C,

TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS{M. norvegica)

Exp. No. Techniqgue  Yield (%) Total (%) Mean (%) £ s.d.
1- acetone ¥ 1,82
ethanol ® 1,82 3,64
2- " 1,15
2,35 3,50
3- " 1,68
2,19 3,87
3,67+0,15

Determinations in triplicates (variation < § %).
¥ :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C.

®.Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first
extraction with acetone.
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TABLE 4. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN KRILL LIPIDS
(M. norvegica)

Exp. No. Technigue Krill ground before 1% extraction Yield (%) Total (%)
1- acetone @ yes _ 3,10 — ~>‘./:; Lo
>, .. ethanol® 1,07 4,17
2- " no 2,14
1,39 3,53
3- . " NN " P yes 3,32
LAt 1,14 4,46
4- chlor : MeOH @ yes 3,30
5- " yes 3,26

Determinations in triplicates (variation < 5 %).
3 :Extraction made with a sample-solvent ratio of 1:6, incubated 2 h at 4°C.

® :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4°C, following a first
extraction with acetone.
9 :Folch et al. 1957.

TABLE 5. EXTRACTION OF FROZEN Calanus LIPIDS (Calanus sp.)

Exp. No. Technigue Yield (%) Total (%) Mean (%) + s.d.
1- acetone ¥ 6,18
ethanot ® T 2,04 8,22
2- " 8,64
2,26 10,90
9,566+1,34

Determinations in triplicates (variation < 5 %).
 :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C.

® :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first
extraction with acetone.
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TABLE 6. EXTRACTION OF FRESH FISH LIPIDS (Mackerel)
Exp. No. Technique Yield (%) Total (%)
1- viscera acetone ¥ 6,11

fish 1 ethanol ® 0,59 6,70
2- tissues " 3,78

fish 1 0,91 4,69
3- viscera " 10,46

fish 2 0,57 11,03
4- issues " 6,65

fish 2 1.41 8,06
5- viscera " 8,39

fish 3 0,66 9,05
6- tissues " 5,27

fish 3 0,97 6,24
7- viscera " 8,47

fish 4 0,69 9,16
8- tissues " 8,40

fish 4 1,02 9,42
9- viscera chior:MeOH @ 0,52

fish 1
10- tissues " 1,45

fish 1

® :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubation time:
. fish 1 viscera: 4h, fish 1 tissues: 23h
. fish 2 viscera: 23h45, fish 2 tissues: 45h30
. fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30
. fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25.

®) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1h at 4°C, following a first
extraction with acetone.

9 :Folch et al. 1957, followin ractions with a h hanol..
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TABLE 7. EXTRACTION OF FRESH FISH LIPIDS (Trout)
Exp. No. Technique Yield (%) Total (%)
1- viscera acetone 34,70

ethanol 2,18 36,88
2- tissues " 5,53

1.17 6,70

3- viscera chlor:MeOH © 39,81
4- tis§ues " 14,93

Determinations in triplicates (variation < 5 %).
¥ :Extraction made with a sample-solvent ratio of 1:9 (wh), incubated 1 night at 4°C.

® :Extraction made with a sample-solvent ratio of 1:4 (wh), incubated 1 h at 4°C, following a first
extraction with acetone.

9 :Folch et al. 1957.

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS (Herring)

Exp. No.

1-tissues and viscera

2-tissues and viscera

Technique Yield (%)
acetone ¥ 2,09
ethanot ® 0,68
chlor:MeOH ©

Total (%)

2,77

5,95

Determination in triplicates (variation <5% ).
3 :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°.

® :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first
extraction with acetone.

9 :Folch et al. 1957.

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS (M. schmitti)

Exp. No.
1-
2-
3-

Technique

ethyl acetate ©

chlor : MeOH @

Yield (%)

acetone 36,39

ethyl acetate 4,48

Total (%)

40,87
36,68

41,86

Determinations in triplicates (variations <5 %).
¥ :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C.

® :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following
a first extraction with acetone.

¢ :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C.

9 :Folch et al. 1957.
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;T‘ “LE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus).
Exp. No. Technique Yield (%) Total (%)
1- acetone ¥ 21,39
ethyl acetate ® 5,27 26,66
2- ethyl acetate © 25,89
3- chlor : MeOH 9 29,99

Determinations in triplicates (variations <5 %).
3 :Extraction made with a sample-solvent ratio of 1:9 (wfv), incubated 2h at 4°C.

® :Extraction made with a sample-solvent ratio of 1:2 (whv), incubated 30 min at 4°C, following
a first extraction with acetone.
© :Extraction made with a sample-solvent rati

=15 IPIU
9 :Folch et al. 1957.

m~basd Dl b AO
dtcu Ll dl 4 .

TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS (Angel Shark)

Exp. No. Technigue ' Yield (%) Total (%)
1- acetone ? 19,23 '
ethyl acetate ® 8,98 28,21
- ethyl acetate © 39,22
3- chlor : MeOH @ 39,23

Determinations in triplicates (variations <5 %).
) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C.

® :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following
a first extraction with acetone.

9 :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C.
9 :Folch et al. 1957.

TABLE 12. FATTY ACID COMPOSITION (E. pacifica)

Solvent Saturated Unsaturated Mono  Di Poly H-Poly Unidentified
chlo-meth 26.18 22.54 181 323 2634 19.8
acetone 21.4 "22.18 1.75 37 24.52 28.46
acetone 19.09 22.11 2.03 348 3024 23.03
ethanol 28.07 22.92 214 3.07 2778 16.03
t-butanol 32.63 24 .96 1.86 286 17.86 19.83

| acetate 22.68 25.77 217 288 2298 23.51

—«ta expressed in percentage of total fatty acids (%).

o .
~
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TABLE 13. CHARACTERISTICS OF KRILL OIL (E. pacifica)
independent handbook®
, laboratory @
Saponification index
Fraction | © 130,6 — —
Fraction 11 ¢ 185,7 - -
Olive oil 192,0° — 189,7
Wiis iodine index
Fraction | © 185,2 172,5 -
Fraction it 9 127.2 139,2 —
Olive oil 85,3 — 81,1
Cholesterol content (%)
Fraction | © 2.1 1,9 —
Fraction 1 @ 3,7 3,0 -
Oilive oil 029 —_ —
Volatile matter and moisture levels (%)
Fraction | ¢ 10,0 — —
Fraction | 9 6,8 —_ —
Peroxide value (meq peroxide/ka oil}
Fraction 1 © — 0,0 —_
Fraction 1| 9 — 0,0 —
p-Anisidine value (g absorption)
Fraction | @ — 0,1 —
Fraction 11 ¢ — 5,5 -

ar.
b)
c) .

d) .

e)

: Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.

: Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia.

: Harwood and Geyer 1964.

: Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,
following a first extraction with acetone.

: Extra virgin olive oil cold compressed from Bertolli ™,
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TABLE 14. LIPID CLASS COMPOSITION OF KRILL OIL (AREA %) (E. pacifica)

Triglycerides

Fraction i ®
Fraction 1t

Hydrocarbons

Fractiont?®
Fraction || ®

Free fat_ty acids

Fraction | @
Fraction |

Monoglycerides

Fraction 1 ?
Fraction Il ®

Phospholipids or other polar material

Fraction 1®
Fraction i ®

19,0+0,7
66,5+ 2.3

trace
1,3+ 0,1

23,711
20,3£0,3

1,4£0.3
0,5+ 0,1

54,11 6,1
85+16

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology,

Halifax, Nova Scotia.

3 : Extraction made with a sample-acetone ratio of 1:6 (wWiv), incubated 2h at 4°C.

® . Extraction made with a sample-ethyl acetate ratio of 1:2 (wiv), incubated 30 min at 4°C,

following a first extraction with acetone.

TABLE 15. FATTY ACID COMPOSITION OF KRILL OIL (WT/WT%) (E. pacifica)

Fatty acids

12 :0
13:0
ISO 14 :0
14:0
1ISO 15:0
ANT 15:0
15:0
1ISO 16:0
ANT 16:0
16:0
7MH
ANT 17:0
17:0
18:0
20:0
Saturates

0,0
0,2
0,4
4,2
0,5
0,2
0,6
0,2
0,2
14,1
0,6
0,1
2,8
1,0
0.1
252

Fraction 1

Eraction 1t

0,1
0.1
0,6
76
0,7
0,2
1.0
0,3
0,2
216
0.9
0,3
37
16
0,3
39,2
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TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WT/WT%)

(E. pacifica)

Fattv acids Fraction |
14:1 0.4
15:1 0,1
16:1 n-7 6,6
16:1 n-5 0,6
171 0,6
18:1 n-9 8,0
18:1 n-7 4,2
18:1 n-5 ' 0,1
20:1 n-9 0,3
20:1 n-7 ) 0,3
20:1 n-5 0,3
22:1n-11 +13 0,1
Monoenes 21,6
16:2 n-6 0,6
16:2 n-4 1.3
18:2 n-7 ) . 0,1
18:2 n-6 2,0
18:2 n-4 0.1
20:2 NMID 0.2
20:2 n-6 0,1
Dienes 4.4
16:3n-4 14
18:3 n-6 0.4
18:3 n-4 : 0,2
18:3n-3 3.2
18:3 n-1 01
20:3n-3 0,1
Trienes 5,4
16:4 n-3 0,9
16:4 n-1 1.0
18:4 n-3 9,2
18:4 n-1 0.1
20:4 n-6 0,7
20:4 n-3 0,7
Tetraenes 12.6
20:5n-3 . 17,4
21:5n-3 0.7
22:5n-6 : 02
22:5n-3 0.5
Pentaesnes 18,8

Fraction Il ®

0.5
0.2
7.8
0.2
0.7
9.8
56
0,1
0.4
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TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL {(WT/WT%)
{E. pacifica)

Eatty acids Fraction1?

Fraction It ®
22:6 n-3 13,2 6,6
Hexaenes
lodine value calculated 214.8 145,1

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia.

2 . Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.

®) . Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,
following a first extraction with acetone.

TABLE 16. KRILL LIPID FREE FATTY ACID FAME (WT/WT%) (E. pacifica)

Fatty acids _ Fraction 1 ® Fraction 11 ®
12:0 0.5 0.1
13:0 0,2 0.0
{ISO14:0 0.2 0,2
14:.0 13 2,6
1SO 15:0 0.3 0,3
ANT 15:0 0.1 0.1
15:0 0,2 0.5
1SO 16:0 0,1 0,2
ANT 16:0 ) 0.2 0.1
16:0 3.3 10,6
7MH 0.6 0.8
ANT 17:0 0,2 0.2
Phytanic 0,2 0,0
17:0 0.5 0.8
18:0 0.2 0.6
20:0 0.3 0,2
22:0 0,0 0,1
Saturates 8,4 17,4
14:1 0.2 0.2
15:1 0,2 0.1
16:1 n-9 0,5 0.0
16:1 n-7 572 6,8
16:1 n-5+117:0 ) 0.1 0.1
17:1 0.6 07
18:1 n-9 7.0 1.4
18:1 n-7 49 9,3
18:1 n-5 0.1 0.3
20:1 n-11 0.2 0.3
20:1 n-9 0.1 0.3
22.1 n-11+13 0.1 0,2
241 n-9 0,0 0,1
Monoenes 19.2 298
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TABLE 16 (continued). KRILL LIPID FREE FATTY ACID FAME (WT/WT%) (E. pacifica)

Fatty acids

16:2 n-6
16:2n4
18:2 n-7
18:2 n-6
18:2n-4

20:2 n-6
Diengs

16:3 n-4+117:1
16:3 n-3+118:0
18:3n-6
18:3 n4
18:3n-3
18:3 n-1
20:3 n-6
20:3n-3

Trienes

16:4 n-3
16:4 n-1
18:4 n-3
18:4 n-1
20:4n-6
20:4 n-3
22:4 n-3
Tetraenes

18:5n-3
20:5n-3
21:5n-3
22:5n-6
22:5n-3
Pentaenes

22:6n-3
Hexaenes

lodine value calculated

Fraction | @

04
1.2
0.1
2,4
0,1

0.1
4,3

14
0,2
0,4
0,1
33
0,1
0,1
0,1

57

0,6
1.0
9,8
01
1,7
0,6
0,3
141

0,2
26,4
0,9
0,0
07
28,2

20,5
20,5

291,6

. Fraction 1t®

0.9
1,0
0.2
2,6
0,1

0.1
49

0.9
0.5
03
0,1
3,4
0,1
0,1
0.2

5,6

0,3
0,6
6,2
0.1
1.4
0,5
0,3
9,4

0,1
17,4
0,6
0,1
05
18,7

14,4
14,4

2203

Data from Professor Robert Ackman'’s laboratory, Canadian Institute of Fisheries Technology,

Halifax, Nova Scotia.

2 . Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.

® . Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,

following a first extraction with acetone.
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TABLE 17. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT
IN KRILL OIL (E. pacifica)

alpha-tocopherol by HPLC (IU)

Fraction | ¥ 0,91
Fraction | ? 0.83
aamma-tocopherol by HPLC pqgl/g

Fraction 1 ® Tr
Fraction | Tr

delta-tocopherol by HPLC ua/q

Fraction | N.D.
Fraction I} ® N.D.
all-trans retinol by HPLC (1U)

Fraction 1 395,57
Fraction | ¥ 440,47
cholecalciferol by HPLC (iU)

Fraction | N.D.
Fraction It® N.D.

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia.

Data expressed per gram of krill oil.
? : Extraction made with a sample-acetone ratio of 1:6 (wfv), incubated 2h at 4°C.

® . Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,
following a first extraction with acetone.

TR = trace
N.D. = not detected .
Conversion : Vitamin alpha-tocopherol mg/g oil x 1,36 = International Unit

All-frans retinol Hg/g + 0,3 = International Unit

TABLE 18. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL
(E. pacifica)

Asthaxantin (ug/a oil)

Fraction1?® 93,1
Fraction [l ® 1217

Canthaxanthin {(ual/g oil)

Fraction |2 ) 270,4
Fraction 11 ® 733,0

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technotogy,
Haiifax, Nova Scotia.

2 : Extraction made with a sample-acetone ratic of 1:6 (w/v), incubated 2h at 4°C,

® : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,
following a first extraction with acetone.
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TABLE 19. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL

TISSUES (suggested procedure)

STEP

Grinding (if particles > Smm)

Lipid extraction

Filtration

Washing

Filtration

Evaporation
Oil-water separation

Lipid extraction

Filtration

Evaporation

CONDITIONS

4°C

sample-acetone ratio of 1:6 (wiV)
2h (including swiring 20 min)

4°C

organic solvent resistant filter
under reduced pressure

sample-acetone ratio of 1:2 (w/v)
pure and cold acetone

organic solvent resistant filter
under reduced pressure

under reduced pressure

4°C

sample: ethyl acetate ratio of 1:2 (wiv)”

pure ethyl acetate
30 min

4°C b)

organic solvent resistant fiiter
under reduced pressure

under reduced pressure

3 Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate.

®): 25 °C when using t-butanol.

TABLE 20: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE

SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1:43

Time Amino acids released

Enzymatic rate Specific enzymatic
min (umoles) (umoles/min) activity
(umoles/min/mqg*)
15 28.76 1.917 0.164
30 43.74 0.999 0.125
170 98.51 0.322 0.050
255 177.26 0.308 0.060

* total quantity of enzymes in hydrolysis media



10

15

20

25

30

WO 00/23546

We claim:

PCT/CA99/00987

29

- 1. A method for extracting lipid fractions from marine and aquatic animal

material, said method comprising the steps of:

(@)

placing marine and aquatic animal material in a ketone solvent,
preferably acetone to achieve extraction of the soluble lipid fraction
from said marine and aquatic animal material;

(b)  separating the liquid and solid contents;

(c) recovering a first lipid rich fraction from the liquid contents by
evaporation of the solvent present in the liquid contents:

(d)  placing said solid contents in an organic solvent selected from the
group of solvents consisting of alcohol, preferably ethanol, isopropanol
or t-butanol and esters of acetic acid, preferably ethyl acetate to
achieve extraction of the remaining soluble lipid fraction from said
marine and aquatic animal material;

(e) separating the liquid and solid contents;

H recovering a second lipid rich fraction by evaporation of the solvent
from the liquid contents;

(g) recovering the solid contents.

2. A method as in claim 1 wherein during step (a), the solvent and animal

material are homogenized.

3. A method as in claim 1 wherein during step (d), the solvent and solid contents
are homogenized.

4. A method as in any of claims 1 to 3 wherein steps (b) and (d) are conducted
under inert gas atmosphere.

5. A method as in any of claims 1 to 4 wherein steps (b) and (e) are effected by

techniques selected from filtration, centrifugation and sedimentation.
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11.

12.

13.

14.

30
A method as in any of claims 1 to 5 wherein steps (c) and (f) are effected by
techniques selected from vacuum evaporation, flash evaporation and spray
drying.

A method as in any of claims 1to 6 wherein- after step (b) and before step (c),
the method additionally comprises the intervening step of washing the solid
contents with the solvent and adding the resulting washing solution to the
liquid contents of step (b).

A method as in any of claims 1 to 7 wherein after step (e) and before step (f),
the method additionally comprises the intervening step of washing the solid
contents with the organic solvent selected in step (d).

A method as in any of claims 1 to 8 wherein prior to step (a) the marine and
aquatic animal material is finely divided, preferably to an average patticle size
of 5mm or less.

A method as in claims 1 to 9 wherein steps (a) and (b) are conducted at
solvent temperatures of about 5°C or less.

A method as in claims 1 to 10 wherein said marine and aquatic animal is
zooplancton.

A method as in claim 11 wherein said zooplancton is krill.
A method as in claim 12 wherein said zooplancton is Calanus.

A method as in claims_1 to 10 wherein said marine and aquatic animal is fish
filleting by-products.
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16.

17.

18.

19.

20.

21.

22.
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A method for extracting lipid fractions from marine and aquatic animal material

selected from zooplancton and fish filleting by-products, preferably viscera,

said method comprising the steps of:

(a) placing said animal material in a ketone solvent, preferably acetone to
achieve extraction of the soluble lipid fraction from said marine and
aquatic animal material;

(b) separating the liquid and solid contents;

(c) recovering a lipid rich fraction from the liquid contents by evaporation
of the solvent present in the liquid contents;

(d) recovering the solid contents.

A method as in claim 15 wherein the animal material is krill.
A method as in claim 15 wherein the animal material is Calanus.

A method as in claims15 to 17 wherein during step (a), the solvent and animal
material are homogenized.

A method as in any of claims 15 to 18 wherein steps (b) and (d) are
conducted under inert gas atmosphere.

A method as in any of claims 15 to 19 wherein step (b) is effected by

techniques selected from filtration, centrifugation and sedimentation.

A method as in any of claims 15 to 20 wherein step (c) is effected by

techniques selected from vacuum evaporation, flash evaporation and spray
drying.

A method as in any of claims 15 to 21 wherein after step (b) and before step
(c), the method additionally comprises the intervening step of washing the

solid contents with the solvent and adding the resulting washing solution to
the liquid contents of step (b).



10

15

WO 00/23546 PCT/CA99/00987

23.

24.
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26.

27.
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A method as in any of claims 15 to 22 wherein prior to step (a) the marine and

aquatic animal material is finely divided, preferably to an average particle size
of 5mm or less.

A method as in claims 15 to 23 wherein steps (a) and (b) are conducted at
solvent temperatures of about 5°C or less.

A krill lipid extract characterized in that the carotenoid content in asthaxanthin

is at least about 75 and preferably at least about 90:g/g of krill extract.

A krill lipid extract characterized in that the carotenoid content in

canthaxanthin is as least about 250 pg/g and preferably at least about 270
ug/g of krill extract.

A method of lipid extraction as in claims 1 or 15 wherein the solid contents

recovered in the last step consists of a dehydrated residue containing active
enzymes.
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|. Basis of the opinion

1. This opinion has been drawn on the basis of (substitute shests which have been furnished to the réceiving Office
in response to an invitation under Article 14 are referred to in this opinion as “originally fled. ).

Description, pages:

1-28 as originally filed
Claims, No.:

1-27 as originally filed
Orawings, sheets:

1/20-20/20 as otiginally filed

2. Tho amendments have resulted in the cancellation of:

O the description,  pages:
0 the claims, Nos.:
0 the drawings, sheets:

3. This opinion has been established as if (some of) the amendments had not been mads, sinca they have baen
considered 1o go beyond the disclosure as filed (Rule 70.2(c)):

4. Addiional observations, if necessary:

V. Reasoned statemeant undst Rule 66.2(a)(il) whh regard 1o novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty {N) Claims 15,25
inventive step (1S) Claims 1-27

Industrial applicabilty {lA)  Claims

2. Citations and expianations

sae geparate sheet

Form PCTAREA/408 (Boxes 1-VIll, Skeet 1) (January 1994)
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VHi. Certain detects in the international application

The following defects in the form or contents of the intemational application have besan noted:
300 separate sheet

VIIl. Certain observalions on the international application

The following obsgrvations on tha clarity of the claims, description, and drawings or on the quesnon wholher the
ckaiims are fully supported by the description, are made: - © - - e

see 3oparate sheet
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SEPARATE SHEEY
Re ltem V

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, invantive step
or industriat applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: IP-A-53112195
D2: Chem. Abs. 177853

velty (Art. PCT

Claims 15 and 25 are not novel.

Document D1 describes a method to extract fat from, e.g. Horse Mackerel by placing
said animal preferably in acetone followed by drying at 40-60 °C. The step of
separating the liquid and solid content before drying is obvious.

The subject matter of claim 15 is therefor not new.

Document D2 discloses a shrimp extract {ksill is a shrimp) containing 445 mgfl of
carotenoid In astaxanthin. The krill extract is less than 200 kg, taking into account that
the density of soybean oil is less than the density of water. Hence, the krill lipid exiract
carotenoid in astaxanthin is at least 220pg/g of krill extract.

The subject matter of claim 25 is therefor not new.

Inventiveness (Art 33(3) PCT

The present set of claims is not based an an inventive step. The proposed method of
extraction does not seem to improve the amount of extracted products. The results are
often worst than when using the method of Folch et al. (see Table 7 to 11).

P.g 1, 29-30, the applicant writes that the lipids extracted with the Folch method are
toxic. No documents are cited to support this affirmation. Also, the applicant has not
shown a particular selectivity of his method over the method of Foich (see Table 12).

Because of the absence of any quantitative or qualitative technical effect, neither the

objective problem nor the solution to this problem can be defined. The present ap-
plication cannot be considered as involving an inventive step (Article 33(3) PCT).

Form PCT/Separuta Sheel/408 (Sheet 1) (EPQ-Ap:il 1937)
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WRITTEN OPRINION intemational application No. PCT/CASS/Q0387
SEPARATE SHEET

Re ltem VII
Certain defects in the international application

The symbol *:" in claim 25 is obviously an error and has been interpreted as "u".

e item Vil
Centain observations on the international application

Claims 25 and 26 are not supported by the description as required by Article 6 PCT, as
their scope is broader than justified by the description. The reason therefor is the
following: the amount of carotenold in asthaxanthin or in canthaxanthin per weight of
krill extract has not been mentioned in the description or in the examples.

Form PCT/Saperata $heev408 (Sheat 2) (EPO-Aprl 1397}
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LYO-SAN INC. FAX

500 Aéroparc, CP 598
Lachute, Québec, Ca.hada

J8H 4G4 g
Tél: (450) 562-8525? e-mail: celine@lyo-san.ca
Fax.: (450) 562-1433; Internet. www.lyo-san ca

A Neptune teclhologle & bioressources De: Céline St-Pierre (Poste 28)
A/S: M. Roger Corriveau Directrice générale
Fax: (450)972-63%1

!
Date: 12 avril 2002 Nombre total de pages incluant celle~ci: 12

e

Sujet © Document sut lyophilisation et lyophilisateur de Lyo-San.
Bonjour M. Coﬁv@,

Tel que convenu lorside notre conversation téléphonique de ce matin, vous trouverez ci-joint les
documents suivants :;

- the frecze-dgying technology and the Lyo-Tech freeze driers
- Specificatiohs , Lyo-Tech frecze drier Y5 model.

Vous pouvez égnlem:ent aller sur le site de I’ ACIA (Agence canadienne de I’ inspection des
aliments), les noms &s entreprises approuvées sont inscrits.

Voici le site mternet www.chia-acia ppr.ca
Veuillez noter qu’il ¥ a beaucoup d’information sur ce site et ce n’est pas toujours évident de

trouver rapidement ce que I’on veut. Je vais vous envoyer un message par courriel qui vous
donne le licn direct pour arriver sur la section qui vous perruettra de voir le nom de Lyo-San dans
les compagnics appravées pour les Etats-Unis et I'Union Buropéenne.

Jespére que ces infotmations vont vous aider pour votre dossier. N’hésitez pas 4 me contacter si
des renseignements compiémentaires sont nécessaires.

Recevez, M. Comiveau, mes salutations distinguées.

Qet. &

Céline St-Pienre
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What is freeze-drying exactly?

Freeze-drying is a process by which we bring a product to a stage
where it will contain a very low content of residual moisture.
Water extraction from the product will assure a much better

stability and conservation on a long term basis will then be
possible.

Freeze-drying ls using a simple physical transformation. This
transformation is called sublimation and occurs when ice changes

to water vapor directly by-passing the liquid phase so there is no
presence of water at any time in the process.

To achieve fredze-drying, four conditions need to be met:

the product has to be frozen

the environment has to be under a negative pressure
(vacuum)

an energy source for sublimation must be available

a water vapor trap must be available

Lyo-Tech freezé-driers are equipped to realize all those conditions
efficiently. Following is a short description of the different
equipment and explanation of their individual functions.
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Degc;igﬁion and function of freeze-drier components

Sublimation
chamber:

Trays:

Shelves:

Condenser:

Compressor:

1
'
|
i

v m———

Cylindrical tank in which takes
place the sublimation. When the
door ie closed the tank is airtight
and can be put under vacuum.

Recipient on which the product to
be dried is placed.

Surface on which we put the trays
in the sublimation chamber. The
shelves may be cooled to freeze the
product and heated to dry it.

Heat exchanger, placed inside the
sublimation chamber, that can be
cooled to recuperate the water
vapor after sublimation.

Mechanical unit that achieves the
cooling of the shelves and
condensers.
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1

vacuum pump: ' Mechanical unit that achieves the
' vacuum inside the sublimation
chamber.

l

Circulating p*mp: Mechanical unit that takes the
i heating fluid and sends it to the
: shelves. By heating that fluid we
. can increase the temperature of the
; shelves and thus supply the
. necessary energy for sublimation.

Heating elemebts: Immersed electrical elements that
. heat the heating fluid.

i
Control panel} Panel on which are all control and
i instruments of the freeze-drier.
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Why is freeze-drying the best?

Freeze-drying has numerous advantages if compared to other types
of drying and conservation process.

1- Freeze-dried products can be stored at room temperature when
packed in airtight containers. Transportation and storage
cost are thus lower.

2- Freeze-drying produces an important weight loss that
facilitates the handling. As an example, some foods can
lose as mach as 90 8 of their initial weight.

3- The freeieodrying process will achieve drying at 1low
temperature. The product is thus protected against
overheating that will alter its guality.

4- Once reco&stitued the freeze-dried product will recover
its initibl color, flavor and texture in a few minutes.

5~ One of the most important advantages of freeze-drying is
that this process can dry foods while keeping their
vitamins, minerals and protein almost intact. Vitamins and
protein afre very sensitive to heat. Low temperature
involved 'in this process will prevent deterioration of
those important elements. Also since the drying is done under
vacuum this will prevent oxydation of the vitamins.
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he freeze-dryi cle

Food prepﬁration:

i
1}
H

Freezing::

Sublimatibn:
Opening:f

Defrosting:

Foods are processed and trays are
filled with the product.

Trays are placed in the sublimation
chamber, compressor is started,
shelves begin to cool down and the

product is freezing slowly.

- e

cCuum pump is started and pressure

yacu
in the sublimation chamber drops.

e <

Heat is switched on and drying
starts.

Freeze-drier is opened and product
is removed from the trays.

While the empty trays are sent to
preparation, freeze-drier is
defrosted and cleaned.

The normal cycle time for a freeze-drier is 24 hours.

87
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SPECIFICAT

LYO-TECH FREEZE DRIER

Y5 MODEL

PAaGE 8

Tél. : (450) 562-8525

Fax : (450) 562-1433
E-mall : lyo-san@lyo-san.ca
Internet : www.lyo-san.ca

yogpurmes

MANUFACTURIER DE PRODUITS LYOPHILISES (SECHES A FROID)

FREEZE-DRIED PRODUCTS MANUFACTURER

g OUTDOOR

PLEIN AR
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. One

. One

« Two

. Two

Egquipement and accessoriesgs list

compressor
vacuum pump
heating klements

circulatkng pumps

. Three condenpers

. One

. One

. One

. One

automatit defrosting system
control kanel with electromechanical switch
Mcleod giuge for lecture of vacuum

digital iemperature control

PAGE 83
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c
Freeze-drier type:

Capacity:

Total subllnation surface:

Refrigeration gystem:

Condensing sysiem:

Vacuum system: :

ical

LYO-SAN HORIZONSANTE

PAGE

ormatio

trays for bulk products
interior condensers
wall mounted

to 88 kg of wet
per cycle depen-
product to dry.

from 66
product
ding on

12.25m

5.6KW compressor, using freon

R502, water cooled.
* minimum water consumption:
1100 1 / hr

* maximum water consumption:
1900 1 / hr

* water at 20C

3 condensers
total capacity of 85 kg of water
minimum temperature: -6SC

0.75KW vacuum pump
pumping capacity of

500 1 / min

supplying a vacuum of 100
microns in 60 minutes
approximately.

1o
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Heating system)
Quantity of trays:

Quantity of shelves:

* Space required:

Maximum power required:

Total electricity
consumption per cycle:
{approx.)

Voltage:

* Could vary depending on layout.

LYU-S5AN HURLIZJUNSANIE Akt

2 electrical elements of 6KW
each

44 (45 cm X 60 cm)
stainless steel

11

2.5m deep
2.8m wide

22 .8KW

300Kwh

240 Volts, one phase, 60Bz
600 Volts, three phase, 60Hz

11
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Heating fluid tank
Vacuun puop
Compressor
Circulating pump
Sublimation chamber
Control panel
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