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Description

Field of the Invention

[0001] This invention relates to nutraceutical formulations and the extraction processes used to obtain them. In another
aspect, this invention relates to the prebiotic effect of β-glucans and/or α-fucans and the potential thereof for acting as
replacements for in-feed antibiotics. This invention may also result in an increase in the levels of helpful microbes and
a corresponding reduction in the level of harmful microbes in the gut. Other aspects of this invention relate to the
improvement in nutrient digestibility and increased absorption of minerals and micronutrients in the host, and an im-
provement in animal performance in terms of increased weight gain, improved feed conversion ratios and greater daily
intakes.
[0002] In another aspect, this invention relates to human prebiotics and the development of a novel composition to
be given to humans to increase levels of benefical bacteria in the human gut. The invention also provides a synbiotic
(consisting of a prebiotic along with a probiotic) composition which when given to humans helps to restore helpful bacteria
and boost their growth in the human gut.

Background to the Invention

[0003] The beneficial growth promoting effects of antimicrobials in animal feed to minimise disease have been known
since the 1940s. However, the Swann report (1969) requested a more strict government control on the use of antibiotics
in feed. Since the Swann report, there has been increasing concern about the transmission of resistant bacteria and
this has resulted in the EU ban on antibiotic growth promoters taking effect from the 1st January 2006. This ban on
antibiotic growth promoters will unquestionably affect disease control on farms as well as animal performance and
necessitates effective alternatives. The removal of antibiotics from animal feed will also lead to an increase in the
proportions of harmful microbes like E.coli and Salmonella in the gut microflora of farm animals.
[0004] Even in the current scenario, the number of cases of food poisoning in developed countries like Ireland has
increased over the last decade with Campylobacter spp. infection being the most common and Salmonella spp. infection
the second most common cause of illness. New salmonella control measures are being introduced to Ireland and these
control measures will cause serious difficulties for some animal, cattle, poultry and pig producers.
[0005] Current intensive farming techniques have also lead to an increase in stress related disorders in farm animals,
including poor gut health and a high incidence of diseases like PMWS. Weaning constitutes one of the most stressful
situations in the life of the pig (Melin et al., 2004). The young pig is subjected to a myriad of stressors (Pluske et al.,
1997) which leads to impaired immune function and an increased susceptibility towards infections (Hiss et al., 2003).
The use of infeed antibiotics has reduced these problems due to a reduction in the microbial population within the
gastrointestinal tract, as well as a change from pathogenic towards beneficial bacteria. This results in better nutrient
absorption, less substrate for the proliferation of pathogenic organisims and an improvement in the health status and
integrity of the gastrointestinal tract (Close, 2000). However, as a result of various public health scares associated with
animal product consumption there is increasing consumer pressure to reduce the use of antibiotics (Williams et al, 2001).
There therefore exists an urgent need to find alternatives to in-feed antibiotics that can give the above mentioned benefits,
without adversely affecting human health.
[0006] Given the cost pressures in intensive farming, animal performance, particularly at early stages of growth, are
of crucial importance to the farmer. In this regard, the key parameters to be considered include the average daily gain
(weight gain per piglet per day), the feed conversion ratio (a measure of the performance efficiency of the piglet), the
average daily intake (grams of food intake/day) and a reduction in scouring (a measure of the consistency of the faeces,
and an indicator of diarrhoea in the young pig). Any composition that seeks to improve performance should effect an
increase in the ADG, an improvement in the FCR (as indicated by a reduction in its value) and a reduction in scouring
(indicated by more solid faeces).
[0007] Similarly, unhealthy eating habits in humans have had a huge impact on gut health. In a recent survey of
European manufacturers (Leatherhead R.A Survey), 21% said that gut health would have the greatest influence on the
functional food market. Thus, there exists a need for a composition that can improve the gut health of humans and act
as a prebiotic for beneficial bacteria.
[0008] Replacement of antimicrobials: There are a number of alternative strategies that are available as replacement
products for in-feed antibiotics and salmonella control, including diet acidification, inclusion of various probiotics into the
diet ,fructo-oligosaccharides, enzymes and herbs.
[0009] Dietary acidification using organic acids is the most common strategy currently being used. This is believed to
have an important function improving digestion and assisting the microbial balance in the intestinal tract. The beneficial
effects of these vary according to type, the strongest acid being formic acid. A low pH is required to activate critical
digestive enzymes in the stomach of the pig. Also one of the greatest barriers to the invasion of the intestinal tract by



EP 1 965 809 B9

3

5

10

15

20

25

30

35

40

45

50

55

pathogenic bacteria is acidic pH. However, acids have limited use unless they are protected in the stomach as otherwise
they are likely to be neutralized by the enzymes in the upper digestive tract. Furthermore, as the pig grows, its ability to
naturally produce sufficient acid for digestion increases thus reducing the benefit of an acidifier. Thus, acids are useful
additives only in the diet of small pigs and pigs fed low quality diets.
[0010] Also, where high density diets high in ingredients derived from milk have been used the response to acid
addition has been much less. This is because the lactose in milk is converted to lactic acid creating desirable changes
in the gastric environment, thus reducing the need for additional acidification. However, lactose is an expensive dietary
component, and there exists a need to discover components that can limit the amount of lactose required in the diet,
while enhancing its beneficial effects. Furthermore, high levels of lactose make diets difficult to prepare, as lactose is
hygroscopic and difficult to deal with, especially at high levels.
Another common strategy being used is the introduction of probiotics (or direct-fed microbials) in animal diets. However,
the development of probiotics is limited by certain restraining factors including stringent European legislation on the use
of probiotics and a wide range of alternate ingredients. Furthermore, animal feed products are often treated at high
temperatures and probiotics (being microbial in nature) cannot survive such temperatures.
[0011] Fructose oligosaccharides (FOS), prebiotics currently being sold in the pig market, have several advantages.
However, some researchers (Jaskari et al, 1998) have questioned the selectivity of FOS as a substrate for beneficial
carbohydrate bacteria. In in-vitro trials, they have been found to increase the growth of all bacteria (including bacteriocides
found naturally in the gut as well as E.coli), thus raising doubts over their selectivity. Thus FOS may in themselves, not
be an ideal solution.
[0012] None of these strategies match antimicrobials in terms of performance and all give very variable results. There
therefore exists a need to provide a food supplement that can act as an alternative to antibiotics and improve animal
performance.
[0013] Impact of unhealthy diets in humans: There has been an increased tendency in recent years to increase the
levels of protein in human diets. This tendency is exacerbated by the existence of high protein diets, like the Atkins diet,
that increase the levels of protein in the diet while reducing the levels of carbohydrates. Such diets have a profound
influence on the gut microflora and increase the levels of protein fermenting bacteria like E.coli and Salmonella , while
reducing the levels of beneficial carbohydrate fermenting bacteria like the lactobacilli and the bifidobacteria (Lynch et
al unpublished) Therefore, there exists a need for compositions that can restore the balance of microflora in the gut and
can boost the incidence of beneficial bacteria. The key strategy being followed currently is the use of probiotics, which
are particular strains of microbes fed directly to the individual. However, the human gut flora consists of over 400 species
of bacteria and probiotics can only aim to re-introduce a few of these species. Current prebiotics, like inulin are non-
specific and may in fact boost the levels of harmful bacteria like E.coli (Jaskari et al, 1998, Pierce at al, 2005), while
increasing the levels of beneficial bacteria like bifidobacteria. Therefore, there exists a need for a prebiotic composition
that can selectively boost the levels of beneficial carbodydrate fermenting bacteria like the bifidobacteria while reducing
the levels of E. coli and Salmonella.

Description of Related Art

Definitions

[0014] A prebiotic is defined as a non-digestible food ingredient that beneficially affects the host by selectively stim-
ulating the growth and/or activity of one or more of bacteria. The non-digestibility of prebiotics ensures that they can
reach the colon and act as an energy source for bacteria, unlike normal sugars, which get digested directly by the host
(Gibson et al, 1995).
[0015] β-glucans are homopolysaccarides of linear or branched glucose residues. β-(1,3) glucans are a naturally
occurring class of polysaccharides found in many species of yeast (including Baker’s Yeast or S. cerevisiae), mushrooms,
plants (including cereals) and some bacterial, lichen and algal species (particularly brown algae or the Ascophyllum and
Laminaria families). However, the structure and physiological properties of the glucans found in these sources is quite
different with the beta glucans isolated from cereal sources (like wheat, barley and oats) being linear homopolysaccharides
(of glucose) with approximately 70% (1, 4)-linkages and 30% (1, 3)-linkages (Cui et al, 2000 and MacGregor and Rattan,
1993), while the glucans isolated from yeast consists predominantly of β-(1,3) glucan chains with β-(1,6) branching as
well as a small incidence of β-(1,6) linked chains. (Magnelli et al, 2002).
[0016] Algal β-glucans, called laminarin, consist of β-(1,3)-D glucan with occasional (1,6) linked branches. Laminarin
from Laminaria digitata occurs as two homologous series of molecules, a minor G series containing 22-28 glucosyl
residues and a more abundant M series consisting of 20-30 glucosyl residues linked to a mannitol residue. Laminarin
from many species of Laminaria (including Laminaria hyperborea) is insoluble and consists of predominantly β-(1,3)
chains while the laminarin from Laminaria digitata is soluble and consists of small but significant levels of β-(1,6) linked
branches. (Read et al, 1996).
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[0017] The β-glucans found in yeast are long linear chains of up to 1300-1 S00 residues of glucan molecules linked
by a β-(1,3) bond with a minor incidence of β-(1,6) chains (which are much smaller and have only about 140 residues).
Algal β-glucans on the other hand (also called laminarin) have much smaller chain lengths (average residue size of only
24 residues) with occasional β-(1,6) branches depending on the species. Laminaria digitata has the 1,6 branching which
make the glucans derived from them water soluble. Other laminaria species like hyperborea do not have this branching
which makes the linear chains aggregate and makes the glucans extracted from it, predominantly insoluble.
[0018] Natural polysaccharides built up essentially of sulfated alpha-L-fucose residues are known as fucoidans (or α-
fucans). These are present in brown algae, some echinoderms and are the predominant polysaccharide in brown sea-
weed, like Ascophyllum nodosum and the Laminaria spp. Fucoidans (α-fucans) have been extensively studied due to
their diverse biological activities, since they are potent anticoagulant, antitumor, and antiviral agents.

Description of prior art

[0019] US 4,891,220 discloses methods and compositions to lower serum lipid levels using yeast glucans which are
cholesterol-lowering agent. Similarly, US 6,143,731 discusses the ability of yeast glucans to act as a source of fiber,
reduce the level of serum cholesterol, increase HDL cholesterol levels and act as bulking agents in humans and animals.
Similarly, Hogberg et al (2005) discuss the alteration of the molar proportions of various short chain fatty acids and lactic
acid in pigs fed cereal β-glucans and other non-starch polysaccharides. However, there is no disclosure of the influence
of these Non Starch Polysaccharides (NSPs) on mineral absorption or on any of the performance and prebiotic parameters
mentioned above. Also, a mixture of various non-starch polysaccharides was tested in this work, unlike the research
dislosed in this document, where two specific NSPs are tested.
[0020] Many researchers have also indicated the prebiotic effect of cereal β-glucans (i.e. 1,3-1,4 mixed linked β-
glucans) as selective substrates for beneficial bacteria, particularly of the Lactobacillus spp. Jaskari et al (1998) indicate
how diets based on different cereals supply diverse substrates for microbial fermentation in-vitro. Charalampopoulos et
al (2002) discuss the application of cereals and cereal components (including cereal beta glucans) in functional foods.
Martensson et al (2005) discuss the ability of fermented oat based product containing native oat β-glucans and glucans
derived from Pediococcus damnosus to reduce cholesterol levels in humans and also stimulate the bifidobacteria flora.
Pediococcus sp. produces a glucan exo-polysaccharide which contains a β-(1,3)(1,2) tri-saccharide repeating unit (Llau-
beres et al, 1990). However, none of these researchers have indicated a prebiotic effect for β-(1,3) (1,6) glucans or the
ability of these glucans to act as a selective substrate for beneficial bacteria, especially of the bifidobacteria spp.
[0021] Various researchers have also looked at the effect of β-glucans fed to animals on animal performance. US
20050020490 discusses the ability of yeast glucans to improve the growth rate during an immune system challenge.
US 20030219468 discusses the beneficial effects of β-glucans, combined with sorbic acid, on the hygiene state of feed
as well as the growth performance of animals fed the combination. US 6,939,864 discusses the synergistic effects of
yeast β-glucans and ascorbic acid on animal growth and well-being. US 6,214,337 relates to the beneficial effects of
yeast glucans on pig performance, when fed in combination with an antibiotic. None of the above researchers have
looked at the effects of the algal polysaccharides, laminarin and fucoidan on animal performance or the effect of a
combination of these glucans on animal performance (as the combination may have effects quite distinct from the
components administered alone).
[0022] Most researchers indicate a negative correlation between high levels ofNSPs in the diet and animal performance.
Hogberg et al (2005) report a higher growth rate for pigs fed lower quantities of NSP. Bergh et al (1999) also report an
anti-nutritional effect of barley β-glucan in poultry nutrition. Thus, the beneficial effects of cereal β-glucans on animal
performance are unclear. The effects of beta glucans and NSPs may be dependent on the solubility and bioavailability
of the non starch polysaccharides. The inventors have found that algal polysaccharides, when given as a combination,
surprisingly, boost animal performance instead of depressing it, which is an improvement over the prior art.
[0023] Other researchers (Petersson and Lindberg, 1997) have also looked at the digestibility of cereals, particularly
barley, and of the β-glucans they contain. Hogberg et al (2005) report a lower coefficient of caecal and total tract
digestibility of organic matter in diets containing high amounts of non starch polysaccharide than in diets containing
lower amounts of the same. Bergh et al (1999) also reported an increased ileal digestibility of nutrients in barley based
diets when the β-glucans were hydrolyzed with a glucanase enzyme. Thus the research seems to indicate a negative
correlation between the amount of non starch polysaccharide (including β-glucans) in the diets and nutrient digestibility.
However, the direct impact of (1,3) (1,6) β-glucans and other algal polysaccharides like fucoidan on digestibility has
never been elucidated. Again, the composition in the current patent improves digestibility, an improvement over the prior
art in this regard.
[0024] Hayen et al in US 6,214,337 refer to the addition of yeast glucans to animal feed to improve animal growth.
The glucans used are β-(1,3)- and β-(1,6)- glucans derived from yeast such as, for example, Saccharomyces cerevisiae.
They measure the effects of these glucans, when used synergistically with the antibiotics, and do not propose the glucans
as replacements for antibiotics.
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[0025] A major point of difference between the prior art and the current work is that many of the prior art trials were
conducted in the presence of in-feed antibiotics and plasma/bloodmeals in the diets. The results obtained with these
diets are likely to be substantially different than results obtained without them. In fact, the present invention is motivated
by the need to find replacements for antibiotics and is not concerned with physiological effects observed in the presence
of such compounds.
[0026] Other patents and patent applications generally related to the field are US 5,591,428, US 6,841,181, US
5,622,939, US 20040253253, US 20010016220, US 20030124170, US 20040138172, US 20040058889, US
20050058671, US 20050118326, US 20050020490 and US 20020146484.

Seaweed extracts

[0027] There is considerable interest in western society in the possible health benefits of eating seaweed and seaweed
extracts (see for example http://www.whfoods.com). A number of compounds from seaweed, such as carrageenan,
chitin and agar, have been reported to improve gut health in humans and act synergistically with a prebiotic. E.g. US
20040086491 refers to a human prebiotic and probiotic mixture that also consists of the oligosaccharides carrageenan,
chitin and agar as well as the non-starch polysaccharide, inulin, a well known prebiotic compound. Alginate, another
polysaccharide from algae has been reported to have various benefits, including positive effects on gastrointestinal and
cardiovascular health, and may act as a dietary fiber (Brownlee et al., 2005). However, the levels of alginate tested are
much higher than those contained in the current composition. Furthermore, studies on a potential prebiotic effect have
been inconclusive.
[0028] However, the prebiotic effects of the polysaccharides derived from brown algae, particularly laminarin and
fucoidan, in in-vivo systems, have never been explored. C. Michel et al, 1996 refer to the degradation of algal fiber by
human feacal bacteria. However, this in-vitro response cannot be extrapolated to indicate a prebiotic effect in mammals
for various reasons. Firstly, the experiment conducted by the group did not mimic the enzymes and conditions of the
digestive system, which could alter the fibers in a way that makes them more or less susceptible to bacterial fermentation.
Secondly, faecal bacteria do not represent the full component of human digestive bacteria. Furthermore, the fibers may
be degraded in the upper digestive tract and may never reach the target microbial population in the lower digestive tract.
Also, the paper mentioned above does not deal with swine intestinal bacteria, unlike the present research.
[0029] A suitable source of the active ingredients of this application is seaweed, particularly brown algae. US
2003119780, US 20050065114 and US 20050095250 discuss methods of producing laminarin with an anti-cancer
application, either by extracting the laminarin from seaweed or by synthesizing small molecule laminarin analogues. The
method used to extract laminarin consists usually of an acid hydrolysis step followed by centrifugation followed by
ultrafiltration to get the purified laminarin of the desired molecular size. Laminarin from certain seaweeds such as Lam-
inaria digitata has the advantage that it is water soluble, reducing the need for an additional solubilization step in the
process.
[0030] For the purposes of this invention, a specific conformation of laminarin/glucan is not required as the prebiotic
or anti-microbial action is not determined by its three-dimensional conformation but the nature of the bond and the chain
length. The laminarin need not be separated from additional algal sugars like fucoidan or sugar alcohols like mannitol,
as they halve beneficial biological actions of their own and act synergistically with laminarin to improve gut health.
[0031] The nutritional uniqueness of seaweed also involves a category of nutrients called sulfated polysaccharides.
These carbohydrate-related nutrients, also called fucans, have been studied for their anti-inflammatory properties, and
fucan extracts from brown sea-vegetables have been found to inhibit human complement activation in-vitro (Blonden et
al, 1995).
[0032] Laminarins, both naturally extracted and synthetically derived, have also been investigated for their immuno-
logical properties and US 20050208079 mentions these effects as well as methods of preparing such biologically active
extracts. US 2005095250 discusses the anti-cancer effect of laminarin, when applied in combination with a monoclonal
antibody while US 20030119780 discusses these effects for laminarin alone. US 20050065114 discusses the anti-tumor
effects of short chain laminarin analogues and methods of preparing the same. US 20040127457 discusses the anti-
inflammatory action of laminarin. All these applications depend on the immuno-stimulating properties of laminarin for
their action.
[0033] Turner et al, 2002 found a slight improvement in growth performance and no immune response in pigs fed
Ascophyllum nodosum extract. However, they do not mention the nature of the extract (acid or alkaline) or the composition
of the extract. Thus it is difficult to speculate which components in the extract were responsible for the results. As is
indicated elsewhere in this document, the extraction method has a large bearing on the composition of the resulting extract.
[0034] None of the prior art compositions teach the use of β-glucans or α-fucans, singly or in combination for improved
mineral and micronutrient absorption. Furthermore, none of the above refer to the use of Beta (1,3) (1,6) glucans or α-
fucans, singly or in combination as prebiotics in mammals, as a means to reduce the threat of E. coli and Salmonella
infection (particularly in weaned pigs) and as a means to improve ileal and apparent nutrient digestibility. Nor do they
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refer to the benefits of β-glucans and α-fucans, particularly those derived from seaweed, as means to improve pig
performance and act as replacements for in-feed antibiotics in pigs.
[0035] There are various existing reports in literature of processes for obtaining extracts from seaweed. E.g. GB
727013 discloses a process for extracting laminarin, mannitol and alginic acid from various kinds of seaweed. Mabeau
et α,l 1987 refer to a process for extracting polysaccharides from seaweed, especially fucans like fucoidan. S. Colliec
et al, 1994 also give a process for extracting crude fucoidan from seaweed by acid treatment. Zvyagintseva et al, 1999
report a procedure for obtaining water-soluble polysaccharides from seaweed using hydrophobic chromatography. How-
ever, most of these processes are either too expensive to be carried out on a commercial scale (e.g, the processes
inolving chromatography) or have yields that are uneconomical on a large scale.
[0036] Thus, there also exists a need for a prebiotic composition that can be economically extracted and is biologically
active as a prebiotic in humans or animals. There is also a need for a prebiotic composition with high levels of β-(1,3)
(1,6)-glucans and/or α-fucans, and a process for obtaining it.

Object of the Invention

[0037] It is an object of the present invention to provide a novel composition that can act as a prebiotic feed supplement
and improve gut health in humans and animals. A further object is the extraction of novel compositions that can be used
as feed supplements from the group consisting of seaweed, barley, yeast, oats, mushrooms and other fungi/microbes.
[0038] It is a further object of the invention that the feed supplement provides a means for regulation of the gut microflora
to aid in the growth of beneficial microbes; and/or a means for acidification of the gut leading to an improvement in gut
health and/or a reduction in the growth of pathogenic bacteria (particularly in small pigs). Other aspects of this invention
relate to an improvement in the absorption of minerals in the hind gut as well as an improvement in animal performance.
Aspects of the invention are particularly useful in improvements in pig, cattle and poultry husbandry.
[0039] Further objects of the invention relate to the beneficial effect of β-glucans and/or α-fucans derived from natural
materials and their potential as replacements for in-feed antibiotics.
[0040] It is also an object of the invention to provide human prebiotics and novel compositions for humans to increase
levels of helpful bacteria in the human gut. The invention also provides a symbiotic (consisting of a prebiotic along with
a probiotic) given to humans to restore helpful bacteria and boost their growth in the gut.
[0041] It is also an object of the invention to provide a novel extraction process to obtain a prebiotic feed supplement
from seaweed in an economical manner that can be performed easily at a large scale. It is also an object to provide a
method of obtaining such a composition consisting of a novel nanofiltration step.

Summary of the Invention

[0042] The inventors have found that a particular composition, consisting of a high proportion of β-glucans and α-
fucans is able to act as an anti-microbial, particularly in young mammals (reducing the threat of infections like E.coli and
Salmonella) and improve animal performance. This composition also acts as a prebiotic in humans and other large
mammals and selectively boosts the growth of beneficial microbes. It also improves mineral absorption in the hind gut
and increases nutrient digestibility. This is a large improvement over the art as, currently, there is no single composition
that can concomintly achieve all these objectives.

Composition

[0043] In one aspect, the present invention relates to a composition comprising at least about 8% by weight β-glucans
or at least about 8% α-fucans or a mixture thereof. Preferably, the β-glucans are present in an amount of between about
8% and about 30% by weight. Ideally, for some applications, the β-glucans comprise β-(1,3)(1,6)-glucans. Favourably,
these are derived from seaweed and/or yeast. In preferred embodiments of the invention, the β-glucan present is Lam-
inarin, although alternative β-glucans such as scleroglucan and PSAT are encompassed by the invention. Laminarin is
the storage polysaccharide of Laminaria and other brown algae; and is primarily made up of β-(1-3)-glucan with some
β-(1-6) linkages. Other sources of β-glucans include yeast extracts, mushrooms, barley and oats.
[0044] Preferably, the α-fucans are present in an amount of between about 8% and about 30% by weight. The present
invention encompasses the use of many α-fucans, and in particular the fucans present in many sea plants (such as
seaweed) and sea vegetables, such as the sea cucumber body wall; in particular the α-fucan present in the cell walls
of marine brown algae, and the egg jelly coat of sea urchin eggs. Ideally the present invention utilises fucoidan, the α-
fucan present in brown seaweed.
[0045] Preferably, the composition contains a high proportion of β-glucans and/or α -fucans and natural minerals and
a corresponding low proportion of alginate and polyphenols. In some preferred aspects of the invention, the prebiotic
composition comprises a mixture of at least about 8% by weight β-glucans and at least about 8% α-fucans. Preferably,
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the composition comprises between about 8% and 30% β-glucans and between about 8% and about 30% α-fucans.
The combined amount of β-glucans and α -fucans may be up to about 60% (w/w) of the said composition; preferably
the β-glucans and/or α -fucans are present in a combined amount of between about 20% to about 30 % of the composition.
Some embodiments of the invention may provide different ratios depending on the intended usage, for example, some
embodiments may provide increased α -fucan proportion to provide increased effect as an antibiotic substitution. Other
applications of non-equal ratios will be readily apparent to the skilled person, taking into account the different relative
qualities of β-glucans and α-fucans and the intended usage thereof.
[0046] The compositions of the invention may further comprise mannitol. While not wishing to be bound by theory, it
is believe that mannitol when used in combination with one or both of β -glucans and α -fucans, provides a co-operative
effect to increase the overall efficacy; due in part to mannitol increasing the sweetness of the feed supplement or mannitol
aiding the translocation of minerals and/or trace elements in the digestive tract due to its smaller molecular size. Preferably,
mannitol is present in an amount of between about 5% and about 25% (w/w) of the composition. In addition, lactose
(pure or as whey) may be also be provided with the compositions of the invention. Preferably, lactose is present in an
amount of between about 5% and about 30% (w/w) of the composition. The composition may also further comprise
minerals and trace elements. The levels of minerals can be from 5 to 40% depending on the application. Favourably,
the compositions of the invention may be used in combination with animal feed. Ideally, the compositions of the invention
may be used in combination with animal feed in an amount of about 0.1 to about 10% by weight. In alternate embodiments,
the animal feed may also contain up to 30% of lactose. The lactose can act synergistically with the other components
of the composition.
[0047] In preferred embodiments, the β-glucans and/or α -fucans are derived from natural materials such as seaweed,
barley, mushrooms, oats, yeast and other microbial sources. The seaweed may be one or more selected from the group
consisting of Laminariaceae, Fucacea, Gigartinaceae, Ascophyllum, Laminaria, Durvillea, Macrocystis, Chondrus and
Ecklonia. Particularly preferred are Laminaria and/or Ascophyllum. The β-glucans and/or α-fucans may be derived from
more than one source. Other components of the invention may be derived from the same or alternative sources.
[0048] The composition may be provided in a powder form. The total solid content may be above about 90 % of the
total weight. The following are examples of ideal ranges by weight of some of the typical constituents of the composition:

total ash content may be below about 40%;

total protein content may be in the range of about 3 to about 7 %;

the total fat content may be about 4%;

total carbohydrate content may be about 50%;

reducing sugar content may be in the range of about 1 to about 5%;

total concentration of β-glucans and/or α-fucans may be about 20% to about 25% ;

Insoluble (non-dietary) fibre content may be in the range of about 2 to about 6%;

methylpentosan content may be in the range of about 2 to about 6%;

total phenol content may be below about 5 % , and ideally below 2%;

total content of antioxidants (including BHA, BHT, Ethoxyquin, Vitamin C, Tocopherols) may be up to about 5%,

total content of alginate may be less than about 5% and ideally less than about 2%.

[0049] The composition may also contain contains trace (less than about 500 ppm) amounts of plant growth hormones
like Cytokinins, Auxins, Gibberellin and Betaines; The prebiotic composition may also contain an appropriate amount of
a low pH food grade preservative, such as sodium benzoate, although a huge variety of food preservatives would be
suitable.
[0050] In alternative embodiments of the invention, the prebiotic composition may be provided in a liquid form such
that it contains about 10 to about 50 % (w/v) of the powder as previously described. The liquid extract may then be spray
dried to obtain an extract in powder form, which may, for example, be cream-coloured.
[0051] The invention may also be provided in the form of an animal feed composition comprising animal feed and the
prebiotic composition of the invention, wherein said composition is present at about 0.001 to about 10 % by weight, said
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amount being sufficient to effect prebiotic action and pH lowering action in an animal and which is orally administered
as part of said animal feed composition. The animal feed compositions and/or prebiotic compositions of the invention
may be administered independently to the animals or along with a carrier selected from a group consisting of but not
limited to water, oil, milk and mixtures thereof.
[0052] The prebiotic composition may be mixed together with one or more probiotic cultures, suitably as a tablet or a
capsule. Some embodiments may contain over 10% or more probiotic culture, while in other embodiments, the ratio of
prebiotic to probiotic culture is 1:3 A broad range of probiotic cultures may be suitable for use in the various embodiments
of the invention, such as Bifidobacteria Lactobacilli, leichmannii, L. plantarum, L. cellobiosius, B. adolescentis and/or
L. acidophilus. In preferable embodiments the probiotic culture is a Lactobacilli or Bifidobacteria.
[0053] The invention also provides for a pharmaceutical preparation comprising a suitable pharmaceutical carrier and
one or more of the compositions of the present invention.
[0054] The invention also relates to a method of obtaining such a composition from seaweed consisting of a novel
acid extraction step combined with a nanofiltration step. The inventors have found that subjecting the acid extract of
seaweed such as laminaria spp to a nanofiltration step results in a clear separation of the salts and results in light green
liquid which can be dried into a cream colored powder which is ideal for the purposes of this invention. The liquid may
also be used independently. This additional step of combining an acid extraction step with a nanofiltration step is novel.
A further aspect of the invention is a method for the extraction of β-lucans, α-fucans and mannitol from seaweed. The
seaweed may be of different species, for example: Ascophyllum nodosum, Fucus , Laminarin digitata, Laminaria sac-
charina, Laminaria hyperborea.
[0055] The invention provides a process for obtaining a composition from seaweed comprising;

(i) Maintaining the temperature of a seaweed solution at about 50°C to about 80°C;

(ii) Maintaining the pH of the solution at acidic pH;

(iii) Decanting the solution;

(iv) Clarifying the solution;

to yield a clarified seaweed extract.
[0056] On the process side, most researchers in the field have focused on the extraction of pure β-(1,3) (1,6) glucans
in their native conformational state as this is necessary for them to exhibit their immunological action. The β-glucans
from yeast have been shown to exert immunological effects in humans and animals and most patents in the space have
focused on extracting such glucans, usually in a microparticulate form, and then solubilizing them to render them safe
for an intravenous application. Water solubility is achieved either through the cleavage of the large microparticulate
glucan form to smaller molecules using processes such as enzymatic digestion or vigorous pH adjustments, or by
complexing to salts such as amines (US 4,761,042), sulphates and phosphates (US 4,739,046). The principal advantage
of the smaller, water soluble form vs. the larger microparticulate form is that it is safer when given by parenteral routes
of administration, such as intravenously. Also, it is more likely that the smaller size molecules are more bio-available on
a molar basis.
[0057] A process for the extraction of immunologically active glucans is described in various papers including Freimund
et al (2003) who use an enzymatic process for the extraction of pure soluble β-glucans and Muller et al (1997), who
have studied the influence of various protic acids used in extraction on the integrity and biological activity of the extracted
glucans. Similarly US 5,633,369 and US 5,705,184, US 2004008253, US 20020143174 (very high molecular weight
glucans) and US 20020032170 discuss a process for producing soluble glucans with a direct biological activity from
yeasts. A subset of any of these processes can be used to make, for example, the β-(1,3) (1,6) glucans from yeast for
some favourable aspects of the present invention. In the present invention, it is not essential to separate the cell wall
manno-proteins and lipids, as these may have beneficial biological effects of their own when applied to animals.
[0058] The present invention is a significant improvement over developments disclosed in the prior art. Known acid
extraction methods, for example GB 727,013, are known to be somewhat uneconomical as a relatively low yield of
nutrients is obtained. Primarily for this reason, the tendency has been to use an alkali extraction process as these typically
obtain higher nutrient yields than previously known acid extraction methods. However, research has shown that, sur-
prisingly, using alkaline extracted seaweed extracts resulted in a tendency to reduce weight gain in test animals (Pierce,
A, 2002).
[0059] Thus, there was a need for an acid extraction process that could be carried out economically at a large scale
and gave yields that were commercially viable. The above process is such an extraction process and can be used to
produce the composition on a large scale.
[0060] Gore Vivian et al in US 6,342,242, US6,432,443, US 6,338,856, US 6,312,709, US 6,270,812, US 6,383,538,
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US 6,391,331 and US 20030003134 and US 20020022049 refer to the use of seaweed extract from Ascophyllum
nodosum and meal in animal diet. The seaweed was found to enhance immune response in mammals and poultry,
reduce E.Coli content in beef and improve the shelf life of the carcass. These documents teach a seaweed extract
obtained by alkali hydrolysis. This alkali method of extraction provides a higher proportion of total nutrients, although a
low proportion of β-glucans; of no more than 8% and typically 6%-7.5%, and α-fucans; typically of 6%-8%, although
yields of up to 9% are potentially possible. Alkaline extracts will typically include 25% Alginate and 7% polyphenols. The
acid extraction methods of the present invention yield 80% less alginates and polypheonls than normal alkali extractions,
for example, producing up to about 5% alginates and up to about 1-2% polyphenols. In contrast, the present invention
provides particular components of the seaweed extract (α-fucans and/or β-glucans), derived by novel extraction proc-
esses that are beneficial to animal and human health. Furthermore, the mode of action prescribed in those documents,
i.e. through a stimulation of the immune system is quite different from the mode of action of our composition, which acts
as a prebiotic in large mammals and an anti-microbial in young mammals.

Potential benefits of the composition

[0061] The inventors have surprisingly found that the present invention provides compositions and methods that have
a number of uses. The compositions of the invention can act as a prebiotic, i.e. to selectively act as a substrate for, and
boost the growth of beneficial microbes like bifidobacteria in large mammals. In particular, compositions comprising
β-(1,3)(1,6) glucans, (for example, those derived from yeast or seaweeds) are suitable with compositions comprising
β-(1,3)(1,6) glucans derived from seaweed being particularly favourable. This effect is enhanced when the glucans are
fed in combination with fucoidan and mannitol.
[0062] The beneficial bacteria, through competitive exclusion and through the secretion of specific metabolites (bac-
teriocins), reduce the growth of harmful bacteria like E. Coli and Salmonella. Thus, the invention also provides methods
of reducing the growth of harmful bacteria in mammalian intestines. The composition also has a direct anti-microbial
action in young mammals, whose digestive systems may not be developed to break the constituents down into a prebiotic
form. In this way, the composition acts as an excellent replacement to in-feed antibiotics and enhances animal perform-
ance to match and even exceed the effects of those antibiotics.
[0063] The compositions of the invention also provide a means for acidification of the large intestine which is beneficial
to the animals and farming efficiency in the absence of in-feed antibiotic growth promoters. This lowering of the pH
reduces the growth of harmful microbes like E.coli and enhances the prebiotic action of these carbohydrates. Compo-
sitions of the invention may be used as replacements for in-feed antibiotics.
[0064] Another aspect of the present invention provides a synbiotic for humans or animals to restore helpful bacteria
and boost their growth in the gut.
[0065] In addition, one of the components of this composition, fucoidan (α-fucan), has been reported to have anti-
carcinogenic, anti-thrombatic and anti-viral effects in humans further boosting the utility of the composition.
[0066] The invention provides a method of improving gut health in humans or animals comprising treating the human
or animal with one of more compositions of the invention, and in particular, the β-(1,3)(1,6) glucans from yeast, plant,
fungal, microbial and algal sources. Traditionally, NSPs, particularly insoluble NSPs, have been implicated in reduced
performance and digestibility. This is because high levels of NSPs in the diet increase the size of the gut (particularly
the length of the long intestine) which places a bigger energy demand on the animal. However, if the compositions of
the invention are administered separately in the dose recommended, they actually improve performance. Overall, a
specific composition of algal polysaccharides, particularly laminarin and fuocidan have beneficial effects on pig perform-
ance as measured by food intakes, daily gain and feed conversion ratios. The invention provides for the use of algal
polysaccharides, particularly laminarin and fuocidan, in feed supplements, as there will have beneficial effects on pig
performance as measured by growth rates, daily gain and feed conversion ratios. These effects will vary depending on
the algal source and the solubilities of the resulting polysaccharides.
[0067] The invention also provides methods of improving nutrient digestibility in large animals or humans comprising
feeding the animals or humans compositions of the invention. In particular β-(1,3) (1,6) glucans from yeast, fungal,
microbial, plant or algal sources will improve nutrient digestibility in mammals. These will also improve the absorption
of minerals and micronutrients by mammals. This is due to an improved gut structure (greater area for absorption of
nutrients), and the increase of lactic acid producing bacteria particularly in large mammals.
[0068] Overall, the uses of the invention in general favour the use of the β-glucans derived from seaweed, as these
are smaller and more soluble than even the β-glucans derived from yeast.
[0069] Naturally, where uses and methods described herein relate to compositions of the invention, such compositions
also relate to pharmaceutical preparations and feedstuffs.
[0070] Aspects of the invention also provide for the use of a composition comprising one or more of the compositions
of the invention for one or more of the group consisting of: improving gut health in humans or animals, promoting the
growth of beneficial bacteria in human or animal intestines, reducing the levels of harmful microbes like E.coli and
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Salmonella in animal or human intestines, improving animal performance and acting as a replacement for in-feed anti-
biotics and improving mineral absorption and nutrient digestibility.
[0071] Further aspects provide for the use of a composition comprising β-glucans) and/or α-fucans in the preparation
of a medicament for the treatment of one or more of the group consisting of gut inflammation and gut infection.
[0072] A pharmaceutical preparation comprising one or more of the above described compositions and a suitable
pharmaceutical carrier. Suitable carriers are well known in the art and include liposomes, emulsions, surfactants, veg-
etable oils, totally or partially hydrogenated vegetable oils, lecithins, plant phosphatides and natural waxes. soya oil,
totally or partially hydrogenated soya oil, rapeseed oil, ground nut oil, soya lecithin, soya phosphatides, egg lecithin and
beeswax. The pharmaceutical preparation may also further include one or more selected from the group consisting of
an enteric coating, L- and or D-amino-acids, vitamins, trace elements, natural oils, antioxidants, salts and solvents.

EXAMPLES

Example 1: Production of the Composition

[0073] 5000 kg of the Raw material (Ascophyllum nodosum, but raw material could be any seaweed selected from
the group mentioned above) in a wet state was washed, milled to approximately 10 mm and washed again. 5000 L of
Water was added to a 15,000 L vessel and heated to 80 °C. Ten litres of 36% Hydrochloric acid was added followed by
the addition of the milled weed. The temperature was adjusted to between 75-80 °C by the addition of live steam and
the pH adjusted to pH 4 with additional HCl. The vessel was then agitated for three hours followed by cooling to 50
degrees. The mixture in the vessel was then pumped to a press. The solids retained in the press were recycled and the
procedure described above was repeated. The liquid from the press was then clarified, evaporated, and spray dried. A
cream coloured product with the following composition was obtained.

A small amount of a food-grade preservative, sodium benzoate was also added to the above composition to maintain
the integrity of the composition, hereinafter called GutCare. GutCare is a trademark

1. Total Solids. 96.335% weight.
2. Ash Content. 33.210% weight.
3. Total Protein Content. 5.775% weight.
4. Total Fat Content. 2.876% weight.
5. Total Phenols. 37.500 mg/Kg.
6. Total Alginate Content. < 5%
7. Laminarin Content. 9.850% weight.
8. Total Mannitol. 4.175% weight.
9. Fucoidin Content. 12.936% weight.
10. Total Carbohydrate Content. 59.335% weight.
11. Reducing Sugars Content. 3.500% weight.
12. Fibre Content. 4.580% weight.
13. Methypentosans. 4.775% weight
14. Antioxidant Analysis

BHA 3.558mg/Kg
BHT 5.195mg/Kg
Ethoxyquin 1.886 mg/Kg
Vitamin C 14.505mg/Kg
Tocopherols Vitamin E 2mg/mg/Kg

15. Growth Hormones
Cytokinin Content. 16.500 ppm.
Auxin Content. 10.176 ppm.
Gibberellin Content. 5.800 ppm.
Betaine Content. 26.555 ppm.
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Example 2- Digestibility

Experimental Diets

[0074] The experiment was designed as a 3 x 2 factorial (3 lactose levels x 2 GutCare levels) consisting of 6 dietary
treatments. The treatments were as follows (T1) 65 g/ kg lactose with no supplementation, (T2) 170 g/kg lactose with
no supplementation, (T3) 275 g/kg lactose with no supplementation, (T4) 65 g/kg lactose + 5 g/kg GutCare, (T5) 170 g/
kg lactose + 5 g/kg GutCare and (T6) 275 g/kg lactose + 5 g/kg GutCare. The starter diets were fed in meal form for 27
days. The compositions and chemical analysis of the experimental diets are shown in Table 1. The diets were formulated
to have identical digestible energy (16 MJ/kg) and total lysine (16 g/kg) contents by adjusting soya oil and synthetic
amino acids. Amino acid requirements were met relative to lysine (Close, 1994). All diets were milled on site. Chromic
oxide (Cr2O3) was added to the diet during milling at a concentration of 150ppm to determine nutrient digestibility.

Animals & Management

[0075] 165 piglets (progeny of Large White X (Large White X Landrace sows)) were weaned at 24 days of age and
had an initial live weight of 5.90 kg. The piglets were blocked on the basis of live weight and within each block were
randomly assigned to one of six dietary treatments. The pigs were housed on fully slatted pens (1.68 m x 1.22 m). There
were six replicates/treatment. Temperatures of the houses were kept at 30°C, during the first week and were then
reduced by 2°C per week. Each pig was weighed initially and on day 8, day 15, day 21 and day 27. The pigs were fed
ad libitum and care was taken to avoid any wastage. Feed was available up to weighing but after weighing all the
remaining feed in the trough was weighed back. Throughout the experiment samples of the feed were taken for chemical
analysis. Fresh faecal samples were collected from each pen on a daily basis from days 10-14 to measure digestibilities.
Faeces samples were also collected from each pen every second week to measure faecal pH.

Faeces Scoring

[0076] The pigs were closely monitored for any signs of diarrhoea and a scoring system was used to indicate the
presence and severity of this. Faeces scoring was carried out on Day 0 and continued up until day 27. The faeces scoring
applied was: 1 = watery like faeces, 2 = semi-liquid faeces, 3 = soft but partially solid faeces, 4 = slightly soft faeces, 5
= solid faeces.

Laboratory Analysis

[0077] Both concentrates and faeces were analysed for nitrogen, dry matter, ash, gross energy, neutral detergent
fibre and chromium concentration. After collection, the faeces were dried at 100°C for 72 hours. The concentrates and
dried faeces were then milled through a 1-mm screen (Christy and Norris hammer mill). The dry matter was determined
after drying overnight (min 16 hours) at 103°C. Ash was determined after ignition of a known weight in a muffle furnace
(Nabertherm, Bremen, Germany) at 550° for 4 hours. Crude protein was determined as Kjeldahl N x 6.25 using both a
Buchi 323 distillation unit and a Buchi 435 5 digestion unit (Buchi, Flawil/Schweiz, Switzerland) according to AOAC
(1980). Neutral detergent fibre and crude fibre was determined using a Fibertec extraction unit (Tecator, Hoganans,
Sweden). The Neutral detergent fibre was determined according to
[0078] Van Soest (1976).
[0079] Gross energy of both the feed and faecal samples was determined using a Parr 1201 oxygen bomb calorimeter
(Parr, Moline, Illinois, USA). The chromium concentration was determined according to Williams et al. (1962).

Statistical Analysis

[0080] The experimental data was analysed as a 3x2 factorial using the General Linear Model procedure of Statistical
Analysis System Institute (1985). The models for performance and digestibility analysis included the main effects of
lactose level, the composition of the invention or GutCare and the interaction between lactose level and the composition
of the invention or GutCare. Initial liveweight at weaning was included as a covariate in the model.

Results

Nutrient Digestibility & Faecal Analysis

[0081] The effects of dietary treatment on faecal DM, faecal pH, faecal score and apparent nutrient digestibilities of
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the diets are presented in Table 2. Pigs offered diets containing GutCare had harder faeces between days 15-21 than
pigs offered diets without GutCare. There was a significant interaction between lactose level and GutCare for faeces
score during days 15-21. Pigs offered diets containing 275 g/kg lactose with GutCare had softer faeces compared to
pigs offered diets containing 275 g/kg without GutCare. This is probably due to the overloading effect of excess carbo-
hydrates in the lower gut. Pigs offered diets containing GutCare had solider faeces between days 21-27 than pigs offered
diets without GutCare. Pigs offered diets containing GutCare had a significantly lower faeces pH compared to pigs
offered diets without GutCare. There was a significant interaction between lactose level and GutCare in dry matter (DMD)
(P<0.01), organic matter (OMD) (P<0.01), neutral detergent fibre (NDF) (P<0.05), nitrogen (P<0.001) and gross energy
(GE) (P<0.001) digestibilities. The inclusion of GutCare extract to 275g/kg lactose significantly reduced apparent nutrient
digestibilities of DMD, OMD, NDF nitrogen and gross energy compared to pigs offered 275 g/kg lactose without GutCare.
However, the inclusion of GutCare to 65 g/kg lactose significantly improved apparent nutrient digestibilities of DMD,
OMD, NDF, nitrogen and digestible energy compared to pigs offered 65 g/kg lactose without GutCare.

Discussion of Example 2

[0082] The results show that the inclusion of GutCare reduces the requirement for high lactose in antibiotic free piglet
diets, and improve digestibility in low lactose diets. There was a significant interaction between lactose and GutCare in
DMD, NDF, OMD, nitrogen and GE digestibility. The pigs offered the low level of lactose with the GutCare had significant
improvements in DMD, NDF, OMD, nitrogen and digestible digestibility of 0.02, 0.06, 0.02, 0.03 and 0.03 respectively
compared with pigs offered diets containing the low level of lactose without GutCare.
[0083] However, the inclusion of GutCare to the high lactose diets resulted in a decrease in DMD, NDF, OMD, nitrogen
and GE digestibility of 0.02, 0.12, 0.02, 0.05 and 0.03 respectively compared to the high lactose diet unsupplemented
with GutCare. The combination of the high lactose and GutCare resulted in an excessive quantity of carbohydrate
entering the colon that exceeded the fermentation capacity of the piglet. Mul and Perry (1994) showed that an excess
intake of oligosaccharides can result in excessive fermentation which may lead to undesirable conditions in the large
intestine.
[0084] The significant interaction between lactose level and GutCare in faecal consistency when pigs were offered
diets containing the high level of lactose supplemented with GutCare resulted in softer faeces than pigs offered diets
containing the high level of lactose unsupplemented with GutCare indicating such an overload.
[0085] The inclusion of GutCare to the low, medium and high lactose diets resulted in a significant reduction in faecal
pH.This lowering of the pH is due to the increased production of VFAs in the hind gut and indicates a prebiotic effect for
GutCare.
[0086] In conclusion, the inclusion of the GutCare to the low lactose diets improved nutrient digestibility however, the
inclusion of GutCare to the high lactose diets reduced nutrient digestibility due to an overloading of the gut as described
above. However, the inclusion of GutCare in the diet lowered the pH of the faeces, indicating a prebiotic effect.

Example 3

[0087] A process for producing the composition from algae comprises the following:

1) Washing the sand and grit off the wet weed, chopping the wet weed to pieces, about 3 to about 10 mm followed
by sand separation.

2) Extracting the chopped weed in water at a temperature ideally between about 70 -80 deg C for about 2-3 hours
at a pH of about 3.5 to about 4.5 and preferably about pH 4. The seaweed is preferably combined with water. The
water may be brought to, or is at, a temperature between about 0°C to about 100°C, preferably between about 37°C
and 95°C, more preferably about 50°C to about 80°C, and most preferably about 75°C.
The process of the invention is ideally carried out at pH 1 to pH 7, more preferably pH 1 to pH 6, more preferably
about pH 4 to about pH 5 and most preferably about pH 4.5. In one embodiment the pH of the solution can be
adjusted to about pH 4.5 prior to the agitation step. While not wishing to be bound by theory, it is believed that a pH
between about pH 4 and about pH 5 optimises yield, while lowering the requirement for addition of acids, minimising
the hydrolysis effects and harm thereof. Ideally, the acid used is chosen from a group consisting of inorganic acids
like hydrochloric acid, phosphoric acid and sulphuric acid and organic acids like lactic acid, formic acid and propionic
acid, or any soluble inorganic or organic acid.

3) The process of extraction is further aided by continuous agitation. Ideally, the mixture is agitated for a period of
time, preferably between about 1-10 hours, and most preferably about 3 hours. The agitation creates a slurry.
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4) The processed material can then be cooled to 10-50°C thus protecting sensitive compounds and/or making the
material safe to press.

5) Ideally, the mixture may then be decanted or pressed.

6) The insoluble material may be collected and reprocessed using the same procedure outlined above.

7) The liquid plus small insoluble residue is pumped to a clarifier where the remaining insoluble fractions are removed.
The product may be clarified to yield a liquid composition.

8) The clarified liquid can be pumped to a storage tank (direct to nanfiltration unit or evaporator) from where it can
be pumped to evaporator for concentration or to nanofiltration (NF) plant where up to 70% of the chloride salts are
removed and up to 30% of the sodium and potassium salts are removed. This desalting helps to remove the salty
taste in the product. The operating pressure in the NF step is between 20- 40 bar and preferably 25 bar and the
membrane pore size is 10-3 -10-2um.

9) If the application requires a high degree of desalination the product can be processed by either Electrodialysis
or Ion Exchange.

10) The concentrated, nanofiltered or demineralised product can be evaporated and a preservative such as sodium
benzoate added if required in liquid form.

11) As a further embodiment to make a purified β-glucan & α-fucan evaporated product, the product can be crystalised
in crystallation tanks where the mannitol is converted to crystals and removed by centrifugation. This involves
obtaining a highly concentrated liquid, followed by transfer to crystallation tanks, followed by seeding, followed by
cooling at a predetermined time and temperature. When the crystals are formed the product is then centrifuged is
a two step separation process separating the crystals for drying in a fluid bed dryer and the balance of the product
which is high in β-glucans and α-fucans available to be dried in a spray dryer.

12) The evaporated product can be dried in a spray dryer. The resultant powder is a cream colour.

13) Solubilisation of the laminarin may be required if the starting raw material is Laminaria hyperborea. In this case
the product after clarification is subjected to pH modification as per the process described for yeast glucans in US
Pat. No 20040082539.

Example 4- Performance

Diets

[0088] The experiment was arranged as a 4 x 3 factorial (4 GutCare levels and 3 lactose levels), over four consecutive
runs. 384 piglets (progeny of Large White x (Large White x Landrace)) were selected after weaning at 21 days with an
initial live weight of 7.43kg. The pigs in run 1, 2, 3 and 4 had an initial live weight of 7.88kg, 7.57kg, 6.56kg and 7.72kg
respectively. The pigs were blocked on the basis of live weight and within each block assigned to one of twelve dietary
treatments. The dietary treatments consisted of (T1) 24.3 g/kg lactose with 0 g/kg GutCare, (T2) 24.3 g/kg lactose with
3 g/kg GutCare, (T3) 24.3 g/kg lactose with 6 g/kg GutCare (T4) 24.3 g/kg lactose with 12 g/kg GutCare, (T5) 15.3 g/kg
lactose with 0 g/kg GutCare, (T6) 15.3 g/kg lactose with 3 g/kg GutCare. (T7) 15.3 g/kg lactose with 6 g/kg GutCare.
(T8) 15.3 g/kg lactose with 12 g/kg GutCare. (T9) 6.3 g/kg lactose with 0 g/kg GutCare. (T10) 6.3 g/kg lactose with 3
g/kg GutCare. (T11) 6.3 g/kg lactose with 6 g/kg GutCare. (T12) 6.3 g/kg lactose with 12 g/kg GutCare. The starter diets
were milled on site and offered in meal form for 21 days post weaning. Diets were formulated as described in Example
2 except chromium oxide was at a concentration of 200 p.p.m. The ingredient composition and chemical analysis of the
dietary treatments are presented in Table 3. The composition of the invention used in this example was a liquid sample
with 33% solids.

Management

[0089] Pigs were housed in groups of four (eight replicates per treatment) as described in Example 2.. Pigs were
weighed initially and on days 7, 14 and 21. Fresh faecal samples were collected once daily from all pens on days 10 to 15.
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Statistical analysis

[0090] The experimental data were analysed as a 4 x 3 factorial as described in Example 2

Results

Performance

[0091] The effects of lactose level and GutCare concentration on average daily gain (ADG), food intake and food
conversion ratio (FCR) are presented in Table 4. There was a significant interaction between lactose and GutCare
(P<0.05) on average daily gain (ADG) between days 0-7. Pigs offered diets containing no GutCare supplementation
and low lactose levels had lower ADGs than pigs offered diets containing GutCare and high lactose. There was significant
lactose by GutCare interaction on ADG in the overall growing period (days 0-21). Pigs offered diets containing GutCare
and low lactose levels had lower ADGs than pigs offered diets containing GutCare and high lactose. GutCare also had
a significant independent linear effect on daily gain (P< 0.01) and led to an improvement in daily gain, at all lactose levels.
[0092] There was a significant interaction between lactose and GutCare (P<0.05) during the starter period (days 0-7)
on average daily feed intake (ADFI). Pigs offered high lactose diets and 3g/kg GutCare had the overall highest ADFI.
The inclusion of 6g/kg and 12g/kg GutCare at the high levels of lactose decreased ADFI. However, pigs offered medium
levels of lactose and 12g/kg GutCare and pigs offered low lactose diets and 6g/kg GutCare obtained higher ADFIs than
the pigs offered the same levels of lactose but no GutCare.
[0093] There was also a linear increase in ADFI. (P<0.05) as the level of GutCare increased between days 7-14 and
again between days 14-21. There was a linear increase to both lactose level (P<0.05) and GutCare supplementation
(P<0.05) on ADFI during the overall starter period (0-21) as the level of both increased.
[0094] There was a significant interaction between lactose and GutCare (P<0.05) on food conversion ratio (FCR)
during days 0-7. There was an improvement in FCR as the level of GutCare increased at both medium and low lactose
level. However, at medium levels of lactose there was an improvement in FCR up to 6g/kg GutCare where there was
deterioration thereafter. There was a linear decrease (P<0.05) in FCR, representative of improved feed efficiency, during
the overall starter period (days 0-21) as the level of GutCare increased. Likewise there was also a tendency of a significant
lactose by GutCare interaction (P<0.09) during days 0-21. Overall GutCare improved the feed conversion ratio in most
of the diets. Furthermore, GutCare also led to more solid faeces, particularly during day 0-7 as shown in Table 9.
[0095] There was also a numberical tendency (p=0.13) for a drop in feacal pH on addition of GutCare at low lactose
levels, indicating a prebiotic effect.

Discussion

[0096] The above experiments show the benefit of GutCare on animal performance in the absence of in feed antibiotics.
The effect is as strong as the effect of the antibiotics the formulation is meant to replace. There is an improvement in
daily gain, intake as well as feed conversion ratio, which are the key performance parameters. The composition interacts
with lactose, which is to be expected, as both consist primarily of carbohydrate components, and giving an excess of
the two could result in an overloading effect on the digestive system. This is discussed in greater detail in Example 2.
GutCare works best at low and medium levels of lactose, providing an effective means to reduce the level of lactose
(an expensive component) needed in animal diets. The harder faeces as observed in Day 0-7 are representative of a
reduction in scouring, which is a key health parameter in young piglets, which are especially susceptible to diarrhoea.

Experiment 5- Anti-microbial

Animals and Experimental Diets

[0097] The experiment was designed as a 2x1 factorial. Ten piglets (progeny of Large White x (Large White x Landrace))
were selected from four closely related sows at 24 days of age. The piglets had a weaning weight of 7.8 (s.d 0.83) kg.
They were blocked on the basis of litter, weight and sex and within each block randomly assigned to one of two dietary
treatments. The dietary treatments were as follows: T1) Standard Diet; T2) Standard Diet + 1.8 g/kg GutCare. Diets
were formulated as described in Experiment 2.

Management

[0098] The pigs were housed individually as described in Experiment 2.



EP 1 965 809 B9

15

5

10

15

20

25

30

35

40

45

50

55

Microbiology

[0099] The effect of GutCare on selected microbial populations in the caecum and colon are shown in Table 5.GutCare
had a significant effect on the microbial populations in the caecum with a decrease in the E.coli (P<0.01), Bifidobacteria
(P<0.05), and Lactobacilli (P<0.05) populations. GutCare had a significant effect on the E.coli population (P<0.01) and
the Lactobacilli population (P<0.001) of the colon, causing a decline.

Discussion

[0100] The composition has a pronounced anti-microbial action, similar to in-feed antibiotics in piglets. This is beneficial
from a performance perspective, as a lower microbial load will result in a lower energy cost to the pig. Also, the removal
of harmful bacteria like E.coli helps control disease rates in piglets.
[0101] As mentioned above, the composition plays a role similar to the antibiotics in small pigs, acting as a replacement
for them. This behaviour is different to the behaviour in large pigs where the formulation plays more of a prebiotic role.
The reason for the difference could be the inability of the small pigs to break down some of the components in the
composition to a form in which they act as a prebiotic. This is in line with the objectives of the formulation to act as a
substitute for antibiotics in the small pig.

Example 6 Prebiotic and Mineral Absorption

Experimental design and diets

[0102] The experiment was designed as a complete randomised design comprising of five dietary treatments. All diets
were formulated to have identical concentrations of net energy (9.8 MJ/kg) and total lysine (10.0 g/kg). The amino acid
requirements were met relative to lysine (Close, 1994). All diets were fed in meal form. GutCare was supplied by
BioAtlantis Ltd. (Kerry Technology Park, Tralee, Ireland). The dietary composition and analysis are presented in Table 6.
[0103] The experimental treatments were as follows:

(1) 0 g/kg GutCare (control)
(2) 0.7 g/kg GutCare
(3) 1.4 g/kg GutCare
(4) 2.8 g/kg GutCare,
(5) 5.6 g/kg GutCare

Animals and Management

[0104] Sixteen finishing boars (progeny of Meat line boars x (Large White x Landrace sow)) with an initial live weight
of 51 kg (s.d = 3.4 kg) were used in this experiment. The pigs were blocked on the basis of live weight and were randomly
allocated to one of five dietary treatments. The pigs were allowed a 14-day dietary adaptation period after which time
they were weighed and transferred to individual metabolism crates. The pigs were given a further 5 days to adapt to the
metabolism crates before collections began. The collection period was sub-divided into two parts to facilitate studies on
apparent digestibility (days 3 to 7). The daily feed allowance (DE intake = 3.44 x (live weight) 0.54 (Close, 1994) was
divided over two meals. Water was provided with meals in a 1:1 ratio. Between meals, fresh water was provided ad
libitum. The metabolism crates were located is an environmentally controlled room, maintained at a constant temperature
of 22°C (�1.5°C).

Apparent digestibility study

[0105] During collections, urine was collected in a plastic container, via a funnel below the crate, containing 20ml of
sulphuric acid (25% H2SO4). The urine volume was recorded daily and a 50ml sample was collected and frozen for
laboratory analysis. Total faeces weight was recorded daily and oven dried at 100°C. At the end of the collection period,
the faeces samples were pooled and a sub-sample retained for laboratory analysis. Feed samples were collected each
day and retained for chemical analysis.

Microbiology

[0106] All animals remained on their respective dietary treatments until slaughter. Digesta samples (approximately
10g � 1g) were aseptically removed from the colon of each animal immediately after slaughter, stored in sterile containers
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(Sarstedt, Wexford, Ireland) on ice and transported to the laboratory within 7 h. Bifidobacteria spp. and E.coli were
isolated and counted according to the method described by O’Connell et al., (2005). Bifidobacteria spp was chosen
because of its positive effect on gut health while E.coli species was chosen because of its negative effect on gut health
(De Lange, 2000).

Laboratory Analysis of samples

[0107] Proximate analysis of diets for dry matter (DM) and ash was carried out according to Association of Analytical
Chemists, (1980). The dry matter of the feed was determined after drying overnight at 103°C. Ash was determined after
ignition of a known weight of concentrates or faeces in a muffle furnace (Nabertherm, Bremen, Germany) at 500°C for
four hours. The gross energy (GE) of feed and faeces samples was measured using an adiabatic bomb calorimeter
(Parr Instruments, II, USA).

Results

Microbiology Study

[0108] The effect of dietary treatment on selected microbial populations and pH in the colon are presented in Table 7.
[0109] There was a significant response to GutCare on colonic E.coli and colonic bifidobacteria populations (quadratic
P<0.05). There was a significant (quadratic) decrease in E.coli population while there was an increase in bifidobacteria
populations, up to a certain level. At high concentrations, these populations decreased, indicating overloading of the gut.

Total tract digestibility.

[0110] The effect of dietary treatment on ash total tract digestibility is presented in Table 8. There was a significant
linear increase (P<0.01) in total tract ash digestibility with increasing extract concentration.

Discussion

[0111] This experiment shows the effect of GutCare on the gut microflora in growers and on mineral absorption
(represented as ash digestibility). As can been seen from the results, the composition resulted in an increase in beneficial
bacteria levels and a reduction in the levels of harmful microbes. This response is typical of prebiotic formulations. At
higher dosages, the levels of all microbes changed, indicating overloading of the gut, again a response typical of prebiotic
formulations.. Furthermore, the increase in ash digestibility (which consists of micro and macro nutrients) indicates
increased absorption of these nutrients in the gut.
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Claims

1. A composition comprising at least 8% by weight of β-glucans, and at least 8% by weight of α-fucans or a mixture
thereof.

2. A composition as claimed in claim 1 wherein the β-glucans are present in an amount of between 8% and 30% by
weight.

3. A composition as claimed in claim 1 or 2 wherein the α-fucans are present in an amount of between 8% and 30%
by weight.

4. A composition as claimed in any preceding claim wherein the β-glucans comprise laminarin and/or the α-fucans
comprise fucoidan.

5. A composition as claimed in any preceding claim further comprising one or both of mannitol and lactose.

6. A composition as claimed in any preceding claim further comprising one or more probiotic cultures.
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7. A process for obtaining a composition of Claim 1 from seaweed comprising;

(i) Maintaining the temperature of a seaweed solution at 50°C to 80°C, preferably at 75°C;
(ii) Maintaining the pH of the solution at pH 4 to pH 5, preferably at about pH 4.5.
(iii) Decanting the solution by centrifugation.
(iv) Clarifying the solution by centrifugation.

to yield a clarified seaweed extract.

8. A process as claimed in claim 7 wherein the seaweed solution is agitated to create a slurry, for up to about ten
hours, preferably 3 hours.

9. A process as claimed in either claim 7 or 8 wherein the solution is mechanically pressed.

10. A process as claimed in any of claims 7 to 9 wherein the mixture is subsequently filtered through a nanofilter
comprising a membrane pore size of between 10-3 to 10-2 Pm

11. A feedstuff comprising food ingredients and a composition as claimed in any of claims 1 to 6, preferably present in
an amount in the range of 0.001 to 10% by weight of the feedstuff.

12. A pharmaceutical preparation comprising the composition of any of claims 1-6 and a suitable pharmaceutical carrier.

13. A composition as claimed in any of claims 1- 6, a feedstuff of claim 11 or a pharmaceutical preparation of claim 12
for use in one or more of: improving gut health in humans or animals, promoting the growth of beneficial bacteria
in human or animal intestines, reducing the levels of harmful microbes like E.coli and Salmonella, improving animal
performance including an increase in average daily gain, a reduction in scouring and an improvement in feed
conversion ratio and daily feed intake, reducing the amount of lactose required in young mammal diets, increasing
mineral and micronutrient absorption and increasing nutrient digestibility in animals or humans.

14. Use of a composition as claimed in any of claims 1-6, in the preparation of a medicament for use in treating or
preventing infections in animals and/or humans.

15. Use of a composition comprising β-glucans and α-fucans in the preparation of a medicament for the treatment of
one or more of gut inflammation and gut infection.

Patentansprüche

1. Zusammensetzung, die wenigstens 8 Gew.-% β-Glucane und wenigstens 8 Gew.-% α-Fucane oder ein Gemisch
derselben umfasst.

2. Zusammensetzung gemäß Anspruch 1, wobei die β-Glucane in einer Menge zwischen 8 und 30 Gew.-% vorhanden
sind.

3. Zusammensetzung gemäß Anspruch 1 oder 2, wobei die α-Fucane in einer Menge zwischen 8 und 30 Gew.-%
vorhanden sind.

4. Zusammensetzung gemäß einem der vorstehenden Ansprüche, wobei die β-Glucane Laminarin umfassen und/
oder die α-Fucane Fucoidan umfassen.

5. Zusammensetzung gemäß einem der vorstehenden Ansprüche, die weiterhin Mannit und/oder Lactose umfasst.

6. Zusammensetzung gemäß einem der vorstehenden Ansprüche, die weiterhin eine oder mehrere probiotische Kul-
turen umfasst.

7. Verfahren zur Gewinnung einer Zusammensetzung gemäß Anspruch 1 aus Seetang, umfassend:

(i) Halten der Temperatur einer Seetanglösung auf 50°C bis 80°C, vorzugsweise auf 75°C;
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(ii) Halten des pH-Werts der Lösung auf pH 4 bis pH 5, vorzugsweise auf etwa pH 4,5;
(iii) Dekantieren der Lösung durch Zentrifugation;
(iv) Klären der Lösung durch Zentrifugation;

unter Bildung eines geklärten Seetangextrakts.

8. Verfahren gemäß Anspruch 7, wobei die Seetanglösung bis zu etwa 10 Stunden lang, vorzugsweise 3 Stunden
lang, unter Bildung einer Aufschlämmung gerührt wird.

9. Verfahren gemäß Anspruch 7 oder 8, wobei die Lösung mechanisch gepresst wird.

10. Verfahren gemäß einem der Ansprüche 7 bis 9, wobei das Gemisch anschließend durch einen Nanofilter, der eine
Membranporengröße von 10-3 bis 10-2 Pm filtriert wird.

11. Nahrungsmittel, das Nahrungsbestandteile und eine Zusammensetzung gemäß einem der Ansprüche 1 bis 6, die
vorzugsweise in einer Menge im Bereich von 0,001 bis 10 Gew.-% des Nahrungsmittels vorhanden ist, umfasst.

12. Pharmazeutisches Präparat, das die Zusammensetzung gemäß einem der Ansprüche 1 bis 6 und einen geeigneten
pharmazeutischen Träger umfasst.

13. Zusammensetzung gemäß einem der Ansprüche 1 bis 6, Nahrungsmittel gemäß Anspruch 11 oder pharmazeuti-
sches Präparat gemäß Anspruch 12 zur Verwendung zu einem oder mehreren der folgenden Zwecke: Verbessern
der Darmgesundheit bei Menschen oder Tieren, Fördern des Wachstums von nützlicen Bakterien in menschilichen
oder tierischen Därmen, Reduzieren der Mengen von schädlichen Mikroben wie E. coli und Salmonella, Verbessern
der Leistungsfähigkeit von Tieren einschließlich einer Erhöhung der mittleren täglichen Gewichtszunahme, einer
Reduktion des Scheuerns und einer Verbesserung des Futterumwandlungsverhältnisses und der täglichen Futter-
aufnahme, Reduzieren der Menge an Lactose, die im Futter junger Säuger erforderlich ist, Erhöhen der Resorption
von Mineralien und Mikronährsstoffen und Erhöhen der Nahrungsverdaulichkeit in Tiere oder Menschen.

14. Verwendung einer Zusammensetzung gemäß einem der Ansprüche 1 bis 6 bei der Herstellung eines Medikaments
zur Verwendung bei der Behandlung oder Prävention von Infektionen bei Tieren und/oder Menschen.

15. Verwendung einer Zusammensetzung, die β-Glucane und α-Fucane umfasst, bei der Herstellung eines Medika-
ments zur Behandlung einer Darmentzündung und/oder Darminfektion.

Revendications

1. Composition comprenant au moins 8 % en poids de β-glucanes et au moins 8 % en poids d’α-fucanes ou un mélange
de ceux-ci.

2. Composition selon la revendication 1, dans laquelle les β-glucanes sont présents dans une quantité comprise entre
8 % et 30 % en poids.

3. Composition selon les revendications 1 ou 2, dans laquelle les α-fucanes sont présents dans une quantité comprise
entre 8 % et 30 % en poids.

4. Composition selon l’une quelconque des revendications précédentes, dans laquelle les β-glucanes comprennent
de la laminarine et/ou les α-fucanes comprennent du fucoïdan.

5. Composition selon l’une quelconque des revendications précédentes, comprenant en outre un ou plusieurs éléments
parmi le mannitol et le lactose.

6. Composition selon l’une quelconque des revendications précédentes, comprenant une ou plusieurs cultures pro-
biotiques.

7. Procédé pour obtenir une composition selon la revendication 1, à partir d’algues, comprenant :
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(i) le maintien de la température d’une solution d’algues à 50 °C à 80 °C, de préférence à 75 °C,
(ii) le maintien du pH de la solution au pH 4 au pH 5, de préférence environ au pH 4,5,
(iii) le décantage de la solution par centrifugation,
(iv) la clarification de la solution par centrifugation,

pour donner un extrait d’algues clarifié.

8. Procédé selon la revendication 7, dans lequel la solution d’algues est agitée pour créer une pâte, pendant un
maximum d’environ dix heures, de préférence pendant 3 heures.

9. Procédé selon les revendications 7 ou 8, dans lequel la solution est comprimée mécaniquement.

10. Procédé selon l’une quelconque des revendications 7 à 9, dans lequel le mélange est ensuite filtré à travers un
nanofiltre ayant une taille de pore de membrane comprise entre 10-3 et 10-2 Pm.

11. Aliments pour animaux comprenant des ingrédients alimentaires et une composition selon l’une quelconque des
revendications 1 à 6, de préférence présente dans une quantité comprise entre 0,001 et 10 % en poids des aliments
pour animaux.

12. Préparation pharmaceutique comprenant la composition selon l’une quelconque des revendications 1 à 6, et un
excipient pharmaceutique adapté.

13. Composition selon l’une quelconque des revendications 1 à 6, un aliment pour animaux selon la revendication 11
ou une préparation pharmaceutique selon la revendication 12, à utiliser dans une ou plusieurs des applications
suivantes : améliorer la santé des intestins chez les humains ou les animaux, promouvoir la croissance des bactéries
bénéfiques dans les intestins des êtres humains ou des animaux, réduire les niveaux de microbes dangereux tels
que les E.coli et la Salmonelle, améliorer les performances animales y compris l’augmentation du gain journalier
moyen, réduire le dégraissage et améliorer le rapport de conversion d’alimentation et la prise journalière, réduire
la quantité de lactose requise dans les régimes de jeunes mammifères, augmenter l’absorption de micronutriments
et de minéraux et augmenter la digestibilité des nutriments chez les animaux ou les êtres humains.

14. Utilisation d’une composition selon l’une quelconque des revendications 1 à 6, dans la préparation d’un médicament
à utiliser dans le traitement ou la prévention des infections chez les animaux et/ou les êtres humains.

15. Utilisation d’une composition comprenant des β-glucanes et des α-fucanes dans la préparation d’un médicament
pour le traitement d’une inflammation intestinale ou d’une infection intestinale.
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