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PRODUCTION OF BETA-GLUCANS AND 
MANNANS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/677,973, filed May 5, 2005, the subject 
matter of which is hereby fully incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to B-glucan/mannan prepa 
rations and to methods for their preparation. In particular, 
the invention relates to preparations, including B-(1.3/1.6) 
glucan and mannan, produced from microorganisms includ 
ing, but not limited, to yeasts. 

0003 “Glucan' is a generic term referring to an oligo- or 
polysaccharide composed predominantly or wholly of the 
monosaccharide D-glucose. Glucans are widely distributed 
in nature, and are particularly important for their role in 
maintaining the structural integrity of bacterial, yeast, and 
plant cells. For example, glucan, in combination with other 
polysaccharides Such as mannan and chitin, is responsible 
for the shape and mechanical strength of the cell wall. 
Glucans typically accounts for approximately 40% to 50% 
of the weight of the cell wall in these cells. 
0004 As polymers of D-glucose, the D-glucose units 
may be linked together in a variety of ways. For example, 
glucans with (1.3), (1,4), (1,6) and (1.2) linkages (glucosidic 
linkages) are all known. The variety of linkages possible 
means that glucans are normally highly branched com 
pounds. Many forms are possible as a result of this highly 
variable manner in which this individual glucose units can 
be joined as well as the overall steric shape of the parent 
molecule. A common glucan is B-(1,3)-linked glucopyra 
nose (commonly referred to as B-glucan). Cell walls of 
several species include 3-(1,3)-linked glucopyranose 
coupled with B-(1,6)-linked glucopyranose. For example, 
the cell wall of Saccharaomyces cerevisiae is primarily 
composed of B-linked glucan, which is mainly a backbone 
of B-(1-3)-linked glucose units, with a minor component of 
inter and intra molecular branching via B-(1-6)-linkages. 

0005 Because of their chemical properties, glucans have 
found a wide variety of uses in the chemical, food and 
pharmaceutical industries. For example, they may be useful 
as Viscosity imparting agents, emulsifiers, fibers, films, 
coating Substances, Supports for affinity chromatography 
and gel electrophoresis, in cell culture media, as filter pads, 
and in cement. They are also widely used as food thickeners 
and as a source of dietary fiber, and as carriers and coating 
agents in pharmaceutical products. Glucans have been 
shown to have immunopharmacological activity in humans 
and animals. For example, strong immunostimulation and 
protection against pathogenic microorganisms have been 
demonstrated in shrimp, fish, poultry, Swine, cattle, rabbits, 
mice, rats and humans. Yeast B-glucans may stimulate the 
innate (non-specific) immune response of vertebrates and 
invertebrates via interaction with the Toll-like receptor Dec 
tin-1. Such binding stimulates the production of active 
oxygen species in macrophages and enhances their phago 
cytosis and killing of microorganisms. These stimulated 
immune cells also produce cytokins which can circulate 
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throughout the animal and interact with other immune cells 
to enhance the immune status of the animal. 

0006 The purification of B-glucans from yeast and other 
organisms has been extensively investigated, and a variety 
of methods is known. Most of these rely on the insolubility 
of B-(1-3)-glucan in alkali or in organic solvents. The 
principal known methods are: (a) high temperature extrac 
tion with concentrated sodium hydroxide, followed by high 
temperature extraction with acid and precipitation with 
ethanol (see, e.g., Manners, D. J. et al., Biochem. J. 135 
19-30 (1973), Jamas, S. et al., U.S. Pat. Nos. 4,810,646, No. 
5,028,703, and No. 5.250,436). Many of these protocols 
require preliminary homogenization of the yeast cells, and 
many require multiple repetition of each extraction steps; (b) 
extraction of yeast cell wall preparations resulting from 
autolysis or enzyme degradation of yeast with concentrated 
phenol: water (1:1) (see, e.g., U.S. Pat. No. 4,138.479 by 
Truscheit, E. et al.); and (c) extraction with organic solvents 
Such as isopropanol, ethanol, acetone, or methanol either 
alone or in the presence of alkali (see, e.g., European Patent 
Application No. 515216). Acid treatment is known to reduce 
the number off3-(1-6)-linkages in the glucan material, which 
results in an increase in Viscosity. 
0007 Mannan is a polymer composed of mannose units. 
In yeasts, mannan is associated with protein in both the 
external Surface of the yeast cell wall, as a muscigenous 
polysaccharide, and in the inner cell membrane. It generally 
accounts for about 20-50% of the dry weight of the cell wall. 
Mannan is linked to a core-peptide chain as an oligomer or 
polymer. The complex contains about 5-50% proteins. Oli 
gomeric mannan is bonded directly to serine and threonine, 
whereas polymeric mannan is bonded to aspargine via 
N-acetylglucosamine. In the manno-protein complex, the 
mannose units are linked by C-16, C-12 and C-1.3-link 
ageS. 

0008 Mannan-oligosaccharides (MOS) can be released 
from yeast cell walls by proteolytic action. The released 
MOS can effectively bind to bacterial pathogens of the 
intestinal tract and block their ability to colonize the intes 
tinal tract. For example, E. coli, Salmonella spp. and Vibrio 
cholera have proteins on their surface (lectins) which bind 
specifically to the mannose sugar residues of the MOS. 
0009 Considering the many uses and applications of 
glucans, there is a clear need in the art for a method of 
B-glucan/mannan extraction which avoids the use of high 
concentrations of alkali or acid and the use of high tem 
peratures, which has improved recovery of glucans and 
mannans, and which results in a biologically useful prepa 
ration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a flowchart of one embodiment of a 
process for production of B-glucan/mannan preparations in 
accordance with the present invention. 
0011 FIG. 2 is a flowchart of another embodiment for 
process for production of B-glucan/mannan preparations in 
accordance with the present invention. 

SUMMARY OF THE INVENTION 

0012. In one aspect, the present invention provides a 
method for processing yeast cells using the steps of auto 
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lyzing the yeast cells to release yeast cell walls, incubating 
the yeast cell walls with an exogenous protease, separating 
the yeast cell walls into a glucan-enriched component and a 
mannan enriched component, and ultrafiltering the mannan 
enriched component to form a filtrate and a retentate. 
0013 In another aspect, the invention provides a method 
for processing yeast cells using the steps of autolyzing the 
yeast cells at a temperature of 40° C. to 65° C. to release 
yeast cell walls, incubating the yeast cell walls with an 
exogenous protease at a pH of 9 to 10, and incubating the 
protease-treated cell walls with an enzyme such as an 
amylase, lipase or a combination thereof. 
0014. In another aspect, the invention provides a com 
position comprising C-mannans, wherein at least 85% (w/w) 
of the total C.-mannans have a molecular weight of 10,000 
Da or more. 

0015. Other embodiments of the invention include ani 
mal feeds, food Supplements, pharmaceuticals, cosmetics 
and neutraceuticals that comprise glucans or mannans made 
by methods of the invention. 

BRIEF DESCRIPTION OF THE INVENTION 

0016. In one embodiment, the invention provides a pro 
cess that produces insoluble cell wall preparations enriched 
in B (1.3) and B (1,6) glucans and a soluble fraction enriched 
in mannans. The process in accordance with the present 
invention includes an autolysis step of a source of cell walls, 
for example, yeast, such as brewer's yeast or baker's yeast, 
followed by an enzymatic digestion step. In one aspect, the 
enzymatic digestion is carried out using a high-pH protease. 
In another aspect, the enzymatic digestion is carried out 
using a combination of enzymes, such as a high-pH pro 
tease, an amylase, glucoamylase and/or lipase. In one 
embodiment, the enzymatic digestion is carried out using a 
high-pH protease followed by one or more other enzymes, 
Such as amylase, glucoamylase and/or lipase. 
0017. In another embodiment the invention provides a 
cell wall preparation that is enriched B-(1,3) and B-(1,6) 
glucans, and in another embodiment, a soluble fraction 
enriched in mannans. 

0018. Other aspects of the invention will become appar 
ent by consideration of the detailed description and accom 
panying drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019. Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention 
is not limited in its application to the details of components 
and the arrangement of components set forth in the follow 
ing description or illustrated in the drawings. The invention 
is capable of other embodiments and of being practiced or of 
being carried out in various ways. Also, it is to be understood 
that the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as lim 
iting. The use of “including.”"comprising,” or “having and 
variations thereof herein is meant to encompass the items 
listed thereafter and equivalents thereofas well as additional 
items. 

0020. It also is understood that any numerical range 
recited herein includes all values from the lower value to the 
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upper value. For example, if a concentration range is stated 
as 1% to 50%, it is intended that values such as 2% to 40%, 
10% to 30%, or 1% to 3%, etc., are expressly enumerated in 
this specification. These are only examples of what is 
specifically intended, and all possible combinations of 
numerical values between the lowest value and the highest 
value enumerated are to be considered to be expressly stated 
in this application. 
0021. Unless otherwise indicated, all numbers expressing 
quantities of ingredients, reaction conditions, and so forth 
used in the specification and claims are to be understood as 
being modified in all instances by the term “about.” Accord 
ingly, unless indicated to the contrary, the numerical param 
eters set forth in the following specification and attached 
claims are approximations that may vary depending upon 
the desired properties sought to be obtained by the present 
invention. At the very least, and not as an attempt to limit the 
application of the doctrine of equivalents to the scope of the 
claims, each numerical parameter should at least be con 
Strued in light of the number of reported significant digits 
and by applying ordinary rounding techniques. 
0022 Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximation, the numerical values set forth in the specific 
examples are reported as precisely as possible. Any numeri 
cal value, however, inherently contain certain errors neces 
sarily resulting from the standard deviation found in their 
respective testing measurements. 
0023 f-glucan/mannan preparations can be prepared 
from microorganisms, such as yeast, using a simple autoly 
sis process, at slightly acidic/near-neutral pH and only 
moderately elevated temperature. Autolysis is followed by 
an enzymatic digestion. In one embodiment, the enzymatic 
step utilizes a high pH protease (e.g., Protex 6L available 
from Genencore International or from fermentation of Bacil 
lus lichenformis), typically about 0.05%-1% by weight, at an 
alkaline pH, and elevated temperature. 
0024 Suitable yeast species as a source of B-glucans/ 
mannans include, but are not limited to, yeast strains of 
Saccharomyces cerevisiae (including baker's yeast strains 
and brewer's yeast strains), Kluyveromyces fragilis, and 
Candida Strains, such as Candida utilis, and combinations 
thereof. Other strains of yeast which are suitable sources of 
B-glucans/mannans include, but are not limited to, Saccha 
romyces delbruekii, Saccharomyces rosei, Saccharomyces 
microellipsodes, Saccharomyces Carlsbergensis, Schizosac 
charomyces pombe, Kluyveromyces lactis, Kluyveromyces 
polysporus, Candida albicans, Candida cloacae, Candida 
tropicalis, Candida guilliermondii, Hansenula wingei, 
Hansenula arni, Hansenula henricii, Hansenula Americana 
and combinations thereof. These yeast strains can be pro 
duced using culture in food grade nutrients either by batch 
fermentation or continuous fermentation. 

0025. Many other species of microorganisms, including, 
but are not limited to, bacteria, fungi, and plants, for 
example, unicellular algae, have been reported in the art as 
a source of B-glucans/mannans. Other microorganisms 
which may be useful in the invention as sources off-glucans 
and/or mannans include, but are not limited to, bacteria, Such 
as Alkaligenes, especially Alkaligenes faecalis Var. mixo 
genes (ATCC-21680), Agrobacterium, Cellulomonas, such 
as ATCC 21399 and Cellulomonas flavigena (ATCC 53703), 
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and Pesialotia; fungi, for example Aureobasidum Such as 
Aureobasidum pullulans strain IF0446 and Aureobasidum 
species K-1 (FERMP1289), Agaricus, Lentinus, Pleurotus 
Ostrealus, Macrophomopsis such as Strain KOB55; Giano 
derma, Schizophylla, Fachyma hoelen, Pestalotia, Coriolus, 
and combinations thereof. Non-microorganisms, such as 
plants, may also be useful in the invention as sources of 
B-glucans and/or mannans. 
0026 Specifically, the process in accordance to the 
present invention relates to the generation of cell wall 
preparations enriched in C-(1,3)- and B-(1,6)-glucan content 
and mannan content, produced from microorganisms includ 
ing, but not limited to, yeast. In an exemplified embodiment, 
the process includes a first step of autolysis of yeast, e.g., 
brewer's yeast, (typically a 7% to 18%, particularly a 10% 
to 17%, and more particularly a 8% to 12% or 13% to 16% 
solids slurry). The autolysis may suitably be carried out at a 
pH of at least 4, particularly at least 4.5, and more particu 
larly at least 5. The autolysis may suitably be carried out at 
a pH of less than 8, particularly less than 7, and even more 
particularly less than 6. The temperature for carrying out the 
autolysis may suitably be at least 30°C., particularly at least 
35° C., more particularly at least 40° C., and even more 
particularly at least 45° C. The temperature for carrying out 
the autolysis may suitably be less than 55° C., particularly 
less than 52°C., and even more particularly less than 50° C. 
The autolysis may suitably be carried out for at least 10 
hours, particularly at least 16 hours, and more particularly at 
least 24 hours. The autolysis may suitably be carried out for 
less than 100 hours, particularly less than 48 hours, and even 
more particularly less than 36 hours. The yeast is then 
separated, Suitably by centrifugation, to produce an extract, 
and a cell wall stream of low B-glucan content. A further step 
treats the cell wall stream with an enzyme including, but not 
limited to, a protease, e.g., an alkaline protease, at a pH of 
at least 8.5, particularly at least 9, and more particularly at 
least 9.2. The pH may also suitably be less than 10.5, 
particularly less than 10, and even more particularly less 
than 9.8. The protease treatment may suitably be carried out 
at a temperature of at least 45° C., particularly at least 50° 
C., more particularly at least 53° C. The protease treatment 
may suitably be carried out at a temperature of less than 70° 
C., particularly less than 65° C., more particularly less than 
60° C., and even more particularly less than 57°C. The 
protease treatment may be suitably carried out for at least 5 
hours, particularly at least 8 hours, more particularly at least 
10 hours, even more particularly at least 12 hours. The 
protease treatment may be suitably carried out for less than 
48 hours, particularly less than 36 hours, more particularly 
less than 24 hours, and even more particularly less than 18 
hours. The second product is then separated by centrifuga 
tion to produce an extract enriched with mannan (C.-man 
nan), and a cell wall product enriched in B-glucan. This 
B-(1,371,6) cell wall product is then dried, e.g., spray dried, 
which results in aggregation of the product to particles of 
about 100-300 microns or larger. The mannan extract is then 
subjected to a 10,000 molecular weight ultrafiltration to 
yield a high-molecular weight retentate that is enriched in 
aa. 

0027. This exemplified process described above is shown 
in the flowchart of FIG. 1. Live yeast are subjected to 
autolysis in a process in which endogenous yeast enzymes 
break down and solubilize some yeast macromolecules. 
Soluble extract is separated from insoluble yeast cell walls 
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by centrifugation. The cell walls are then treated with a 
high-pH protease to further remove protein from the cell 
walls, and Subsequently also remove the mannan which is 
attached to the cell wall protein. The B-glucan enriched cell 
walls are then separated from the secondary extract by 
centrifugation. Mannan, which has a high molecular weight, 
can be further purified and concentrated by passing the 
secondary extract through a 10,000 Da ultrafilter. 

0028. In another embodiment, the process includes a first 
step of autolysis of yeast, e.g., brewers yeast, (typically a 
8%–12% solids slurry). The autolysis is suitably carried out 
at a pH of at least 4, particularly at least 4.5, and more 
particularly at least 5. The pH may also suitably be less than 
8, particularly less than 7, and even more particularly less 
than 6. The temperature for carrying out the autolysis may 
suitably be at least of at least 30°C., particularly at least 40° 
C., and more particularly at least 45° C. The temperature 
may also suitably be less than 55° C., particularly less than 
53° C., and even more particularly less than 50° C. The 
autolysis may suitably be carried out for at least 10 hours, 
particularly at least 16 hours, and more particularly at least 
24 hours. The autolysis may suitably be carried out for less 
than 100 hours, particularly less than 48 hours, and even 
more particularly less than 36 hours. The yeast is then 
separated, Suitably by centrifugation, to produce an extract, 
and a cell wall stream of low B-glucan content. A further step 
treats the cell wall stream with enzymes. The enzymatic step 
utilizes first a high pH protease at an alkaline pH, for 
example, at a pH of at least 8.5, particularly at least 9, and 
more particularly at least 9.2. The pH may also suitably be 
less than 10.5, particularly less than 10, and even more 
particularly less than 9.8. The protease treatment may suit 
ably be carried out at a temperature of at least 45° C. 
particularly at least 50° C., more particularly at least 53° C. 
The protease treatment may suitably be carried out at a 
temperature of less than 70° C., particularly less than 65°C., 
and more particularly less than 60° C., and even more 
particularly less than 57°C. The protease treatment may be 
suitably carried out for at least 5 hours, particularly at least 
8 hours, more particularly at least 10 hours, even more 
particularly at least 12 hours. The protease treatment may be 
suitably carried out for less than 48 hours, particularly less 
than 36 hours, more particularly less than 24 hours, and even 
more particularly less than 18 hours. The protease enzymatic 
step is followed by incubation with glucoamylase (e.g. from 
Aspergillus species), an amylase (e.g., C.-amylases from 
Bacillus subtili, Aspergillus Oryzae; amyloglucosidases from 
Aspergillus niger or Rhizopus mold) and/or a lipase (e.g., 
lipase from Pseudomonas cepacia, Candida rugosa and 
Mucor javanicus; typically about 0.05%-1% by weight), The 
incubation with glucoamylase, amylase and/or lipase is 
Suitably carried out at neutral to slightly acidic pH and 
elevated temperature. For example, the pH may suitably 
range from at least 3.5, particularly from at least 4, and even 
more particularly from at least 4.5. The pH may also suitably 
range from less than 7, particularly less than 6, and even 
more particularly less than 5.5. The temperature for carrying 
out the incubation with glucoamylase, amylase and/or lipase 
may suitably range from at least 40°C., particularly at least 
45° C. more particularly at least 50° C. and even more 
particularly at least 53° C. The temperature may also suit 
ably range from less than 70° C., particularly less than 65° 
C., more particularly less than 60° C., and even more 
particularly less than 58°C. Temperatures of at least 60°C., 
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at least 65° C., at least 70° C., at least 75° C., at least 80°C., 
at least 85°C., or at least 90° C. may be suitably be used, 
particularly if the protease, amylase or lipase is a thermo 
stable enzyme. The incubation with the alkaline protease can 
also be followed by incubation with a combination of a 
glucoamylase and a lipase, a combination of an amylase and 
a lipase or a combination of a glucoamylase, an amylase and 
a lipase. 

0029. The exemplified process described above is shown 
in the flowchart of FIG. 2. In the process depicted in FIG. 
2, live yeast are subjected to autolysis in a process where 
endogenous yeast enzymes break down and solubilize some 
yeast macromolecules. The cell walls from the autolysis are 
first treated with the high pH-protease. The incubation with 
the high-pH protease is suitably carried out at a temperature 
of 50° to 65° C. for approximately 10 to 16 hours. The cell 
walls are then treated with an amylase (or other glucanase) 
or lipase, or a combination of amylase and lipase. The 
incubation with the amylase and/or a lipase is Suitably 
carried out at a pH of 4 to 7 and a temperature of 50° to 65° 
C. for approximately 4 to 10 hours. The amylase may digest 
residual alpha-glucans Such as glycogen that may still reside 
with the cell wall. The lipase may degrade cell wall mem 
branes enriched with lipids and fats. The cell wall stream 
may then be separated by centrifugation to produce a 
secondary extract enriched with mannan, and a cell wall 
product enriched in B-glucans. The cell wall product may be 
dried, e.g., spray dried. The secondary mannan extract may 
be passed through an ultrafilter, such as a 10,000 Da 
ultrafilter, a 50,000 Da ultrafilter, or a 100,000 Da ultrafilter 
to enrich the mannan content of the retentate. 

0030 The preparations of the invention may be dried by 
any suitable process including, but not limited to, freeze 
drying, roller drum drying, oven-drying, spray-drying, ring 
drying, and combinations thereof and/or dried using film 
forming equipment, and either may be used without further 
processing, or may be milled using any suitable technique. 

0.031) Suitably, the high-pH protease may have an opti 
mum proteolytic activity at a pH above 7. Suitable proteases 
include, but are not limited to, those obtained from Actinidia 
Chinensis, Ananas COmosus, Aspergillus spp. (e.g. A. niger, 
A. niger var. awamori, A. Oryzae, A. Sojae, A. melleus), 
Bacillus spp. (e.g. B. subtilis, B. alcalophilus, B. amylolique 
faciens, B. halodurans, B. lentus, B. licheniformis, B. Stearo 
thermophilus, B. thermoproteolyticus), Carica papya, Cry 
phonectria parasitica, Endothia parasitica, Ficus glabrata, 
Kluyveromyces lactis, Penicillum citrinum, Rhizomucor 
miehei, Rhizopus niveus, from calf, goat or oX stomachs or 
porcine pancreases, and combinations thereof. Suitable pro 
teases may include, but are not limited to, commercially 
available enzymes such as subtilisin Carlsberg, subtilisin 
BPN', subtilisin Novo, subtilisin 309, Subtilisin 147 and 
subtilisin 168, AlcalaseTM, SavinaseTM, PrimaseTM, Dur 
alaseTM, DurazymTM, EsperaseTM, and KannaseTM (available 
from Novo Nordisk A/S); MaxataseTM, MaxacalTM, Max 
apemTM, OptimaseTM, ProperaseTM, PurafectTM, Purafect 
OxPTM, FN2TM, and FN3TM (available from Genencor Inter 
national Inc.); and ValidaseTM AFP. ValidaseTMFP Concen 
trate, ValidaseTM FP 500, ValidaseTM FP II, ValidaseTM TSP 
Concentrate, Alkaline Protease Concentrate, Bromelain 
(available from Valley Research, South Bend, Ind.), and 
combinations thereof. 
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0032 Suitable amylases include those of plant, animal, 
bacterial or fungal origin, and combinations thereof. Amy 
lases include, but are not limited to, glucoamylases or 
C.-amylases obtained from Bacillus spp., (e.g., B. licheni 
formis, B. amyloliquefaciens, B. subtilis, B. Stearothermo 
philus), Aspergillus Oryzae, Aspergillus niger; Aspergillus 
niger var. awamori, Microbacterium imperiale, Ther 
momonospora viridis, barley malt (Hordeum spp.), porcine 
pancreas (Sus spp.), and combinations thereof. Examples of 
useful amylases include, but are not limited to, commer 
cially available amylases such as Glucoamylase Concen 
trate, DuramylTM, TermamylTM, FungamylTM and BANTM 
(available from Novo Nordisk A/S); RapidaseTM and 
PurastarTM (available from Genencor International Inc.); and 
ValidaseTM BAA, ValidasemTM HT340L, ValidaseTM FAA, 
ValidaseTM AGS, ValidaseTM GA, ValidaseTM RGA (avail 
able from Valley Research, South Bend, Ind.), and combi 
nations thereof. The amylase may be suitably used at a final 
concentration of at least 0.001%, particularly at least 0.01% 
and even more particularly at least 0.02%. The amylase may 
be suitably used at a final concentration of less than 0.1%, 
particularly less than 0.05%, and even more particularly less 
than 0.1%. 

0033 Lipases useful in the invention include, but are not 
limited to, lipases from Humicola (synonym Thermomyces), 
e.g. from H. lanuginosa (T. lanuginosus), H. insolens, a 
Pseudomonas lipase, e.g. from Palcaligenes or P. pseudoal 
calligenes, P. cepacia, P Stutzeri, Pfluorescens, Pseudomo 
nas sp. strain SD 705, P wisconsinensis, a Bacillus lipase, 
e.g. from B. subtilis, B. Stearothermophilus or B. pumilus 
(WO 91/16422); Aspergillus Oryzae, Aspergillus niger, Can 
dida lipolytica, Candida rugosa, Mucorjavanicus, Penicil 
lum roqueforti, Rhizomucor miehei, Rhizopus deleimar, 
Rhizopus niveus, Rhizopusoryzae, Rhizopus arrhizus, and 
combinations thereof. Commercially available lipase 
enzymes include, but are not limited to, LipolaseTM and 
Lipolase UltraTM (Novo Nordisk A/S), and Fungal Lipase 
8000 and Pancreatic Lipase 250 (available from Valley 
Research, South Bend, Ind.). 
0034. The product resulting from autolysis of the yeast 
cells Suitably also comprises, at least 20%, particularly at 
least 23% and more particularly at least 25% protein of the 
total product on a dry solids basis. The product also suitably 
comprises less than 45%, particularly less than 40% and 
more particularly less than 35% protein of the total product 
on a dry solids basis. The product resulting from autolysis of 
the yeast cells suitably comprises at least 20%, particularly 
at least 23% and more particularly at least 25% total glucans 
of the total product on a dry solids basis. The product also 
suitably comprises less than 45%, particularly less than 40% 
and more particularly less than 35% total glucans of the total 
product on a dry solids basis. 
0035. The product resulting from autolysis of the yeast 
cells suitably comprises, at least 5%, particularly at least 7% 
and more particularly at least 10% alpha-glucans of the total 
product on a dry solids basis. The product also Suitably 
comprises less than 20%, particularly less than 18% and 
more particularly less than 15% alpha-glucans of the total 
product on a dry solids basis. The product resulting from 
autolysis of the yeast cells suitably comprises, at least 7%. 
particularly at least 10% and more particularly at least 12% 
beta-glucans of the total product on a dry solids basis. The 
product also suitably comprises less than 22%, particularly 
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less than 20% and more particularly less than 18% beta 
glucans of the total product on a dry solids basis. The 
product resulting from autolysis of the yeast cells Suitably 
comprises, at least 5%, particularly at least 7% and more 
particularly at least 10% mannans of the total product on a 
dry Solids basis. The product also suitably comprises less 
than 20%, particularly less than 18% and more particularly 
less than 15% mannans of the total product on a dry solids 
basis. 

0036) The enriched B-(1,371,6) glucan product cell wall 
product is characterized, for example, as at least 50%, at 
least 55%, at least 60% or at least 65% f-(1.3/16) glucan 
with a protein content of less than 20%, less than 15%, or 
less than 10%. The enriched mannan product (secondary 
mannan extract) may be characterized as containing at least 
50%, particularly at least 55% and even more particularly at 
least 57% mannan. The enriched mannan product may also 
be characterized as containing less than 70%, particularly 
less than 68%, and even more particularly less than 65% 
mannan. The enriched mannan product (secondary mannan 
extract) may be also characterized as containing at least 
25%, particularly at least 27%, and more particularly at least 
29% protein. The enriched mannan product may be also 
characterized as containing less than 35%, particularly less 
than 32%, and more particularly less than 30% protein. 
0037. The ultrafiltration step may be carried out by 
forcing an extract produced from the processes described 
herein, such as a secondary mannan extract, through an 
ultrafilter under pressure. Suitably, the ultrafilter comprises 
one or more semi-permeable membranes. The semi-perme 
able membrane or ultrafilter may have a molecular weight 
cut-off of for example, at least 8,000 Da, particularly at least 
10,000 Da, more particularly at least 25,000 Da, even more 
particularly at least 50,000 Da, still more particularly at least 
100,000 Da, and yet still more particularly at least 150,000 
Da. It is to be understood that the ultrafilter may have a 
molecular weight cut of any value between those recited 
herein including, but not limited to, a molecular weight cut 
off of at least 15,000 Da, 20,000 Da, 30,000 Da, 40,000 Da, 
60,000 Da, 70,000 Da, 80,000 Da, 90,000 Da, 110,000 Da, 
120,000 Da, 130,000 Da and 140,000 Da. Suitable ultrafilter 
membranes include, but are not limited to, hollow fiber 
membranes available from A/G Technology Corp. 
Needham, Mass. 
0038. At least 80% (w/w), particularly at least 85% 
(w/w), and more particularly at least 90% (w/w) of the total 
secondary mannans in the retentate following filtration of a 
secondary mannan extract may have a molecular weight 
above the molecular weight cut off of the filter used. For 
example, if a 10,000 Da cut off is used with a secondary 
mannan extract, typically at least 80% (w/w), particularly at 
least 85% (w/w), and more particularly at least 90% (w/w) 
of the total mannans in the retentate may have a molecular 
weight above 10,000 Da. If a 50,000 Da cut off is used with 
a secondary mannan extract, typically at least 80% (w/w), 
particularly at least 85% (w/w), and more particularly at 
least 90% (w/w) of the total mannans in the retentate may 
have a molecular weight above 50,000 Da. If a 100,000 Da 
cut off is used with a secondary mannan extract, typically at 
least 80% (w/w), particularly at least 85% (w/w), and more 
particularly at least 90% (w/w) of the total mannans in the 
retentate may have a molecular weight above 100,000 Da. If 
a 150,000 Da cut off is used with a secondary mannan 
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extract, typically at least 80% (w/w), particularly at least 
85% (w/w), and more particularly at least 90% (w/w) of the 
total mannans in the retentate may have a molecular weight 
above 150,000 Da. 

0039 The ultrafiltration step may optionally include 
passing the mannan extract through two or more ultrafilters 
of different molecular weight cut offs. The final retentate 
comprises an enriched mannan product wherein a majority 
of mannans have a molecular weight falling between the 
molecular weight cut-offs of the ultrafilters. In this embodi 
ment, at least 80% (w/w), particularly at least 85% (w/w), 
and more particularly at least 90% (w/w) of the total 
mannans of the final retentate may suitably have a molecular 
weight between the molecular weight cut-offs of the ultra 
filters. 

0040. The secondary mannan extract which results from 
separation from the glucan enriched product following enzy 
matic treatment of autolyzed cell walls is characterized, for 
example, from 15% to 50% mannan, 20% to 30% protein, 
and 20% to 25% other components. When the secondary 
mannan extract is ultrafiltered according to methods of the 
invention, the retentant may comprise at least 50%, particu 
larly at least 52%, more particularly at least 55% and even 
more particularly at least 60% mannan. The retentate may 
comprise less than 70%, particularly less than 65%, and 
more particularly less than 62% mannan. The retentate may 
further comprise at least 10%, particularly at least 12%, 
more particularly at least 15% and even more particularly at 
least 17% protein. The retentate may further comprise less 
than 33%, particularly less than 30%, and more particularly 
less than 22% protein. 

0041. The preparations in accordance with the present 
invention are contemplated to be of value in, e.g., food 
Supplements, pharmaceuticals (e.g., improving immune 
response), cosmetics, animal feeds, and neutraceuticals. For 
example, an animal feed may suitably contain 1 to 10 g of 
preparation/kg feed. Suitably, the preparation may be com 
prise at least 0.01%, particularly at least 0.02%, more 
particularly at least 0.05%, and even more particularly at 
least 0.1% and less than 5%, particularly less than 2%, more 
particularly less than 0.5%, and even more particularly less 
than 0.3% of the total weight of the feed, on a weight/weight 
basis. Suitable animal feeds include, but are not limited to, 
cattle, horse, Swine, poultry, fish (e.g., crustacean, shellfish), 
bird and pet (e.g., cat, dog) feeds. A liquid composition may 
contain 0.1%-1% by weight of the preparation in accordance 
with the present invention. Preparations according to the 
invention may also be used in a plant protection composition 
together with an agriculturally acceptable carrier, and 
optionally an agriculturally acceptable nutrient, herbicide or 
pesticide. 

0042. For example, the enriched beta-glucan fractions 
made according to the present invention may suitably be 
used as immune stimulators in animal and human foods, 
pharmaceuticals or emollients, agents to reduce cholesterol, 
and thickening agents in foods and beverages. If added to an 
emollient, lotion or cream and used to treat a condition, the 
beta glucan may be suitably present at a concentration (w/w) 
of at least 0.05%, particularly at least 0.1% and more 
particularly at least 0.5%, and less than 10%, particularly 
less than 5% and more particularly less than 2%. Suitably, 
the beta-glucan fractions made according to the present 
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invention may be used to treat eczema, for example, by 
incorporation into a cream, lotion or emollient. Eczema 
encompasses various inflamed skin conditions, including 
atopic dermatitis (“atopic eczema), and affects about 10% 
to about 20% of the world population during childhood. 
Eczema appears to be an abnormal response of the body’s 
immune system. 
0043. There are also numerous uses for the mannan 
enriched products made according to the present invention. 
For example, mannan products may be used in the animal 
feed industry, having advantageously the ability to bind 
mycotoxins and also pathogenic bacteria, preventing bacte 
ria from colonizing the intestinal tract. 
0044) In Summary, the invention provides, among other 
things, enriched preparations of B-glucans and mannans, 
utilizing processes of relatively mild process conditions. 
0045 Various features and aspects of the invention are set 
forth in the following examples. 

EXAMPLE 1. 

Processing of Yeast Using a High pH Protease 

0046 31.1 kg of the cell wall fraction from a commercial 
autolysis of brewer's yeast (Saccharomyces cerevisiae) was 
heated to 55° C. in a jacketed stainless steel vessel. The total 
solids were 10.7% and the total proportion of protein in the 
solids was 24.5%. The pH was raised to 9.5 with sodium 

Product 

Starting 
brewer's 
yeast cell 
wall 
Alkaline 
Protease Cell 
Wall 
2 Extract 
Ultrafilter 
retentate 

3 Extract 

(filtrate from 
ultrafiltration) 
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was condensed to 15.4% solids, the pH was adjusted to 7.0 
with hydrochloric acid and the fraction was spray dried. A 
portion of the extract from the Protex 6L treatment (corre 
sponding to the 20 extract shown in FIG. 1) was condensed 
to 28.3% solids, the pH was adjusted to 7.0 and the extract 
was spray dried. The remainder of the 2° extract was 
ultrafiltered using a UFP-10-C-6A 10,000 NMWC hollow 
fiber membrane (available from A/G Technology Corp, 
Needham, Mass.). The high molecular weight enriched 
mannan retentate was adjusted to pH 7.0 and spray dried. 
The 3° extract (filtrate) was adjusted to pH 7.0, condensed 
and spray dried. 
0047 The composition of the products resulting from this 
process were analyzed using the following techniques: pro 
tein was determined using a LECO protein determinator 
(LECO Corp., St. Joseph, Mich.); total glucans, alpha 
glucans and beta-glucans were measured using MegaZyme 
International Mushroom and Yeast Beta-glucan kit (avail 
able from MegaZyme International, Wicklow, Ireland); man 
nans were determined by acid hydrolysis of carbohydrates 
and linked spectrophotometric assay for free mannose, using 
hexokinase, glucose-6-phosphate dehydrogenase, phospho 
glucose isomerase and phosphomannose isomerase; fat was 
determined using the methanol-chloroform extraction 
method of Blich, E. G. and Dyer, W. J. Can. J. Biochem. 
Physiol. (1959) 37,911; free glucose was measured using 
Yellow Springs Instruments Biochemistry Analyzer (avail 
able from YSI Incorporated, Yellow Springs, Ohio). The 
results of these analyses are shown in Table 1. 

TABLE 1. 

Characterization of Products 

ND means not determined. 

hydroxide and 0.1% (total weight basis) of Protex 6L (an 
alkaline protease, available from Genencor, Palo Alto, 
Calif.) was added. The cell walls were agitated at 55° C. for 
16 hours. The Protex 6L was heat inactivated at 85°C. for 
30 minutes and the cell walls were separated with an Alpha 
Laval Gyro model bowl centrifuge, using a continuously 
decanting process. The insoluble cell wall fraction was 
washed three times with a volume of water equal to the 
volume of extract removed. The washed cell wall fraction 

Total Alpha Beta- Free 
glucans Glucans glucans Glucose Mannans Fat 96 
% (dry 9% (dry 96 (dry 96 (dry 9% (dry (dry 
solids solids solids solids solids solids 

Protein % Ash % basis) basis) basis) basis) basis) basis) 

31.4 3.5 28.9 12.4 16.5 1.2 13.6 ND 

8.6 2.5 54.6 29.2 25.4 O.O 5.7 14.2 

39.9 10.9 ND ND ND 1.O 22.6 ND 
29.6 5.9 ND ND ND O.O 62.7 ND 

52.3 13.6 ND ND ND 1.8 8.6 ND 

EXAMPLE 2 

Processing of Yeast Using a High pH Protease and 
A Glucoamylase 

0048 16,000 gal of cell wall creams from a production 
run of brewer's yeast extract were heated to 55° C. and the 
pH was adjusted to 9.5 with sodium hydroxide. Protex 6L 
was added at 0.1% (v/v), and the mixture was held at 55° C. 
for 14 hours. The pH was lowered to pH 5.0 with HC1. At 
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pH 5 the Protex 6L is inactive and will not destroy added 
enzymes. Glucoamylase Concentrate (available from Valley 
Research, South Bend, Ind.) was added at 0.0175% (weight: 
total weight). The temperature was held at 55° C. for 4 hours 
and then raised to 88° C. to inactivate the enzymes. The 
heated material was separated with a Westfalia bowl sepa 
rator (available from Westfalia Separator, Inc., Northvale, 
N.J.). Most of the extract (shown as the 2° extract in FIG. 
2) was condensed and spray dried. A portion of the 2 extract 
was ultrafiltered using a UFP-10-C-6A 10,000 NMWC 
hollow fiber membrane (available from A/G Technology 
Corp, Needham, Mass.). The retentate and the filtrate were 
condensed and spray dried. The spray dried products were 
analyzed according to the techniques described in Example 
1. The results are presented in Table 2. The cell wall fraction 
was water washed by centrifugation, condensed and spray 
dried. 

TABLE 2 

Nov. 23, 2006 

South Bend, Ind.) was added at 0.1% (weight: total weight). 
Incubation was continued for 14 hours before raising the pH 
to 9.5.0.10% Protex 6L was then added and incubation was 
continued for 4 hours. Samples were taken at various time 
points and assayed for free glucose released by the action of 
the glucoamylase. 

0051) The pH of Vessel 2 at the start was raised to 9.5 and 
0.1% Protex 6L (weight total weight) was added. The 
mixture was incubated at 55° C. for 14 hours. The pH was 
then reduced to 5.0 and 0.1% Glucoamylase Concentrate 
was added at 0.1%. Incubation continued for 4 more hours. 
Samples were taken at various time points and assayed for 
free glucose released by the action of the glucoamylase. 
Table 3 indicates the level of free glucose in both vessels at 
various times. 

Characterization of Products made according to Process Depicted in FIG. 2 

% (dry (dry 
solids solids 

basis) basis) 

4.8 15.2 

17.4 ND 

54.2 ND 

3.5 ND 

Total Alpha Beta Free 
Glucan Glucan Glucan Glucose Mannan Fat 96 

% (dry 9% (dry 9% (dry 96 (dry 
solids solids solids solids 

Product Protein % Ash % basis) basis) basis) basis) 

Cell walls 12.4 4.3 53.0 2.4 50.6 5.0 

from enzyme 
treatinents 

2 Extract 26.4 11.3 ND ND ND 29.4 

Ultrafilter 20.7 S.O 9.5 O.O O.O 9.3 

retentate 

3 extract 30.1 12.6 31.6 O.O O.O 33.9 

(filtrate from 
ultrafiltration) 

ND means not determined. 

0049. The effectiveness of the glucoamylase added in the 
process of Example 2 can be seen when comparing the data 
of Tables 1 and 2. In the process of Example 2, alpha 
glucans were not detectable in the retentate and filtrate 
following ultrafiltration. Also, the 2° and 3° extracts from 
the process of Example 2 have a much higher level of free 
glucose, as shown in Table 2 than the 2° and 3° extracts from 
Example 1, as shown in Table 1. 

EXAMPLE 3 

Processing of Yeast Using Glucoamylase and a 
High pH Protease Added To Autolyzed Yeast Cell 

Walls in Different Orders 

0050. To each of two jacketed, stainless steel vessels was 
added 25 Kg of cell walls from a commercial run of a 
brewer's yeast extract, in which yeast cells had been sub 
jected to autolysis. Solids were 11.8%. Both vessels were 
heated to 55° C. The pH of Vessel 1 was adjusted to 5.0 and 
Glucoamylase Concentrate (available from Valley Research, 

TABLE 3 

Release of glucose from C-glucans of brewers yeast 
cell walls (g/L free glucose 

Vessel 1 Wessel 2 
Glucoamylase then Protex 6L, then 

Protex 6L Glucoamylase 

Zero hours at 55° C. O.48 O48 
14 hours at 55° C. 4.52 O.35 
18 hours at 55° C. 3.63 46.2 

0052 The data of table 3 indicate that when glucoamy 
lase is added before the Protex 6L, as in Vessel 1, then the 
cell walls are not sufficiently altered to permit the glucoamy 
lase to access and digest the large molecular weight C-glu 
can (glycogen) that is trapped inside the cell walls following 
the autolysis of brewer's yeast. In contrast, in Vessel 2, 
adding protease prior to the glucoamylase, permitted the 
glucoamylase to access and digest the C-glucan, and to 
release Substantially more glucose. This is the case, even 
though the glucoamylase in vessel 1 had a longer time (14 
hours) to work at pH 5.0 than the glucoamylase of Vessel 2 
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(4 hours). Therefore, for optimal removal of glycogen/O- 
glucan from brewer's yeast cell walls, the alkaline protease 
Protex 6L should be added before the glucoamylase. 

EXAMPLE 4 

Processing of Brewers and Baker’s Yeast 
According to the Process Shown in FIG. 2. 

0053 220g of the cell walls from a commercial autolysis 
of primary grown baker's yeast (at 15% solids) or brewers 
yeast (at 11.8% solids) were heated to 55° C. and the pHs 
were adjusted to 9.5. The cell walls were then treated for 14 
hours with 0.1% (weight: total weight) Protex 6L. After 14 
hours the pHs were lowered to 5.0 and 0.0175% Glucoamy 
lase Concentrate was added to each of the vessels. The flasks 
were incubated at 55° C. for an additional 4 hours. Free 
glucose was monitored with a YSI Biochemistry Analyzer. 
The results are shown in Table 4. 

TABLE 4 

Comparison of Glucose Released From Baker's and Brewer's Yeast 
Cell Walls Using the Process Shown in FIG. 2. 

% Free Glucose Baker's Yeast Brewer's Yeast 
(dry solids basis) Cell Walls Cell Walls 

At Start O.O 0.41 
After Protex 6L O.O O.30 
After 1.2 39.2 
Glucoamylase 

0054 The cell walls resulting from the autolysis of 
baker's yeast contain lower levels of glycogen than do the 
cell walls from brewer's yeast, because primarily, aerobic 
grown baker's yeast tend to accumulate less beta-glucan 
than anaerobically grown brewer's yeast. More glucose was 
released from brewer's yeast cell walls following incubation 
with glucoamylase that from baker's yeast cell walls. The 
process of FIG. 2 is therefore extremely effective for 
processing beta-glucan from brewer's yeast cell walls. 

EXAMPLE 5 

Use of Extracts in Animal Feed 

0055. A 50:50 (dry solids basis) blend of autolyzed 
brewer's yeast cells: 2° extract from the process of FIG. 2, 
made according to Example 2 (i.e. mannans obtained prior 
following protease and amylase treatment), was formulated 
by dry blending the two components together. This blend 
was used to Supplement the diets of nursery pigs for 28 days 
post weaning. The blend was added at 3 lbs/ton of diet 
during Phase 1 (0-7 days), 2 lbs/ton of diet during Phase 2 
(7-14 days) and 2 lbs/ton of diet during Phase 3 (14-28 
days). Both control and treatment diets contained antibiotics. 
Post-weaned pigs (17-22 days old) were randomly allotted 
to the control diet or treatment diet based on body weight. 
There were 6 pens with 13 pigs for each diet. The results are 
shown in Table 5. 
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TABLE 5 

Body Weight, lb. (nean 

Days 

7 (end of 14 (end of 28 (end of 
Treatment O Phase 1) Phase 2) Phase 3) 

Control 12.22 14.02 18.35a 32.63 
50:50 Crude 12.22 14.03 19.69 33.88 
cell wall:extract 

"'Means significantly differ, P - 0.10. 

0056 Pigs fed the treatment diet were significantly 
heavier on day 14 and there was a tendency for the pigs to 
show increased in weight for the 28 days. 

EXAMPLE 6 

Use of Yeast Extracts as a Palatability Enhancer in 
Animal Feeds 

0057 Kibbles for canines were coated with oil and then 
either 1.0% of dry 3° extract from the process shown in FIG. 
2, made according to Example 2 (i.e. the filtrate following 
ultrafiltration), or 1.0% of an accepted canine palatability 
enhancer was applied by spraying onto the Surface of oil 
coated kibbles. 1000 g of each ration was offered to a panel 
of 20 dogs for two days. Bowl positions were reversed daily 
to prevent “left-right' bias. 
0058. The amount of food taken by each dog over the 
two-day period is shown in Table 6. Table 6 indicates that the 
3° extract of the process of FIG. 2, made according to 
Example 2, enhanced the palatability of a dry dog food at 
least as much as, if not more than, the standard palatant. 

TABLE 6 

1.0% Standard 
WT. 1.0% 3° Extract Palatant 

DOG fi Kg. DAY1 DAY 2 DAY1 DAY 2 

1 22.7 366 178 125 325 
2 32.O 385 591 18O 40 
3 27.2 879 1OOO 65 119 
4 22.4 2 670 571 O 
5 23.3 34 274 656 438 
6 21.9 412 576 4 O 
7 29.1 456 219 111 374 
8 25.3 561 455 68 148 
9 24.6 83 400 622 431 
10 25.4 382 507 126 191 
11 22.9 683 696 187 288 
12 28.1 278 2 221 583 
13 2S.O O 672 3OO O 
14 26.6 53 O 341 425 
15 36.8 89 444 642 406 
16 22.5 S60 536 149 69 
17 28.9 286 394 98 O 
18 22.O 220 494 309 184 
19 24.8 32O 4 1 391 
2O 16.8 220 470 26S 50 

TOTAL SO8.3 

TOTAL 6269 8582 SO41 4462 
per day 

GRAND 14851 = 14.6 95.03 - 9.3 
TOTAL gKg day gKg day 
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EXAMPLE 7 (PROPHETIC) 

Characteristics of Yeast Cell Wall—Spray Dried 
0059 A highly purified yeast cell wall product of Sac 
charomyces cerevisiae is produced o the process described 
in Example 2. It has a high concentration of (B-1.3/1.6) 
product is G.R.A.S. (Generally Recognized as Safe) by the 
FDA. The product to supplement in a wide variety of foods 
with a high quality natural source of (B-1.3/1,6) glucan. This 
biologically active material has been shown to stimulate the 
immune wide range of animals. The composition and char 
acteristics of the product are ble 7. 

TABLE 7 

Characteristics Value Average Method 

Chemical 

50.0% Minimum 
15.0% Maximum 
6.0% Maximum 

3-1,3-1,6 glucan 
Protein (NX 6.25) 
Moisture 

MegaZyme Method 
PerkinElmer 
Standard method 

pH (10% Solution) 5 O.3 pH Meter 
Microbiological 

Total Bacterial Count 15,000 g Max. BAM 
Yeast and Mold 100 g Max. BAM 
Coliform Organisms 10/g Max. BAM 
E. Coi Negative BAM 
Saimoneiia Negative BAM 

EXAMPLE 8 (PROPHETIC) 
0060 Brewer's yeast cell wall cream is heated to 131° F. 
(55° C.). The pH is raised to 9.5 with 50% sodium hydroxide 
(about 5 ml per Kg of cell wall cream). Protex 6L (Genen 
core) is added to 0.1% (vol: total weight of cell wall cream). 
The mixture is held at 131° F. for 14 hours. The pH is 
lowered to 5.0 with 28% HCl (muriatic acid) and 0.017.5% 
(weight: total weight) Glucoamylase Concentrate (Valley 
Research) is added. The mixture is held at 55° C. for 4 hours, 
before heat inactivating the enzymes by heating to 185-195° 
F. The fractions are separated. Prior to spray drying the 
beta-glucan enriched insoluble fraction, the pH is adjusted to 
6.5. The beta-glucan enriched insoluble fraction is spray 
dried. 

0061. A highly purified yeast cell wall product of Sac 
charomyces Cerevisiae is produced. It has a high concen 
tration of (B-1.3/1,6) glucan. The product is a G.R.A.S. by 
the FDA. The product can be used to supplement in a wide 
variety of foods with a high quality natural Source of 
(B-1.3/1,6) glucan. This biologically active material has 
been shown to stimulate the immune system of a wide range 
of animals. The composition and characteristics of the 
product are shown in Table 7. 

EXAMPLE 9 

Processing of Yeast Using a High pH Protease and 
A Lipase 

0062 220 g of cell walls (at 15% solids) from a com 
mercial baker's yeast autolysis were placed in a glass flask 
and stirred. The temperature was raised to 55° C. and the pH 
raised to 9.5 with HC1. O.1% Protex 6L was added and the 
sample was incubated for 14 hours. At this time, 30 g 
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aliquots were dispensed into 50 ml centrifuge tubes (avail 
able from Nalgene) suitable for use in a Sorval SS34 
centrifuge rotor. A magnetic stirring bar was added to each 
tube. The following additions, A, B or C, were made to the 
centrifuge tubes: 
0063 A. 0.0175% Glucoamylase Concentrate (available 
from Valley Research) 
0064 B. 0.1% Lipase CR (a triacylglycerol lipase avail 
able from Valley Research) 
0065 C. 0.0175% 
Lipase CR. 
0.066 Each tube was incubated at 55° C. for four hours 
with stirring. The enzymes were heat killed at 85°C. for 15 
minutes, and the cell walls were pelleted using a SorvallTM 
centrifuge with a SS34 rotor (at 12,000 rp.m. for 10 min). 
The pellets were then washed three times with a volume of 
water equal to the volume of soluble extract removed. The 
cell walls were resuspended to about 15% solids and spray 
dried with a Buchi Mini Spray Dryer B-191. The dried cell 
walls were analyzed for protein (nitrogen X 6.25; LECO 
protein determinator, available from LECO Corp., St. 
Joseph, Mich.) and beta-glucan was measured using Mega 
Zyme International Mushroom and Yeast Beta-glucan kit 
(available from MegaZyme International, Wicklow, Ireland). 
The results are shown in Table 8. 

Glucoamylase Concentrate--0.1% 

TABLE 8 

Enzyme treatment 
for 4 hour after Beta-glucan 96 
Protex 6L Protein 96 (dry solids basis) 

A: Glucoamylase 34.2 27.3 
Concentrate 
B: Lipase CR 34.3 27.1 
C: Glucoamylase 3O.S 30.8 
Concentrate plus 
Lipase CR 

EXAMPLE 10 (PROPHETIC) 
Use of the Beta-Glucan Enriched Product of 

Example 2 in Broiler Chicken Feed 
0067 Standard chicken feed (without antibiotics) either 
containing 1 g/Kg of beta-glucan enriched product of 
Example 2, or containing no beta-glucan (control), is fed 
daily to broiler chickens from age day 1. After 7 days both 
the control and the beta-glucan fed chicks are given a 
respiratory challenge with a strain of E. coli pathogenic for 
chickens. The chicks are continued on their respective diets, 
and mortality is recorded for one month. 
0068 The mortality of the beta-glucan fed chickens is 
expected to be significantly lower than that for those on the 
standard feed. The beta-glucan stimulation of the immune 
system of the chickens is valuable for decreasing production 
losses due to respiratory infection. 

EXAMPLE 11 (PROPHETIC) 
Use of the Mannan Enriched Ultrafiltrate Retentate 

of Example 1 in Broiler Chicken Feed 
0069 Standard chicken feed (without antibiotics) either 
containing 1 g/Kg of the enriched mannan ultrafiltration 
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retentate of Example 1, or containing no enriched mannan 
(control), is fed daily to broiler chickens for two weeks. The 
broiler chickens (both the control and the mannan fed 
groups) are then given an oral inoculation of a strain of 
Salmonella pathogenic for the chickens. The chickens are 
continued on their respective diets, and mortality and mor 
bidity are monitored for one month. 
0070 The mannan binds to the Salmonella and prevents 

it from binding to the intestinal tract of the chickens on the 
mannan feed. This is expected to result in a significant 
reduction in morbidity and mortality for the mannan fed 
chickens. 

EXAMPLE 12 (PROPHETIC) 

Use of the Beta-Glucan Enriched Product of 
Examples 1 or 2 in Tiger Shrimp Cultivation 

0071. One group of tiger shrimp (Penaeus monodon) are 
immersed in a solution that does not contain enriched 
beta-glucan (control group). This group is fed a commercial 
pellet not containing enriched beta-glucan during the course 
of the study. A second group of tiger shrimp are immersed 
in a solution containing 0.1% of the enriched beta-glucan 
from Example 1, and then fed a commercial pellet contain 
ing 0.1% of the enriched beta-glucan from Example 1. A 
third group of tiger shrimp are immersed in a solution 
containing 0.1% of the enriched beta-glucan from Example 
2, and then fed a commercial pellet containing 0.1% of the 
enriched beta-glucan from Example 2. The mortality of each 
group is monitored over several months. 
0072 There is historically a high rate of mortality in 
shrimp rearing. The yeast beta-1,3-1,6-glucans from 
Examples 1 and 2 are each expected to stimulate the immune 
response of shrimp when the shrimp are immersed in 
Solutions containing beta-glucan, and when the shrimp are 
Subsequently fed a feed containing beta-glucan, compared 
with the control group. The groups oftiger shrimp immersed 
in and fed the yeast beta-glucan diets are expected to grow 
faster and are expected to have reduced mortality compared 
with the control group, due to the stimulation of their innate 
immune systems. 

EXAMPLE 13 (PROPHETIC) 

Use of the Beta-Glucan Enriched Product of 
Example 2 in Treatment of Eczema 

0073. A select group of children suffering from eczema 
that is not responsive to current accepted skin lotion treat 
ments is treated with a lotion containing a 1% Suspension of 
the enriched f-glucan product of Example 2. The lotion is 
applied twice daily. The skin is evaluated weekly by a 
dermatologist for improvement of lesions and pain. The 
B-glucan lotion is expected to decrease the lesions associ 
ated pain and quickens the healing of the lesions. 

EXAMPLE 14 (PROPHETIC) 

Use of the Beta-Glucan Enriched Product of 
Example 2 in the Production of Healthy Snack 

Foods 

0074 Yeast beta-glucan extract from Example 2 is added 
to ice-cream at 1% (W/w) as a partial replacement for fat. 
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The beta-glucan adds a firmness and body to the ice-cream 
without affecting the texture. The beta-glucan Supplemented 
ice-cream contains fewer calories than ice-cream not con 
taining beta-glucan. Upon ingestion of the Supplemented 
ice-cream, the beta glucans are expected to stimulate the 
innate immune system of the intestinal tract and benefit the 
immune status of the consumer. 

0075. The yeast beta-glucan extract from Example 2 is 
added at 0.5% (w/w) and 1% (w/w) to cookies, snack bars 
and bakery items. The beta-glucan Supplemented cookies, 
Snack bars and bakery items contain fewer calories than 
cookies, Snack bars and bakery items not containing beta 
glucan. Upon ingestion of the Supplemented cookies, Snack 
bars and bakery items, the beta glucans are expected to 
stimulate the innate immune system of the intestinal tract 
and benefit the immune status of the consumer. 

0.076 While the present invention has now been 
described and exemplified with some specificity, those 
skilled in the art will appreciate the various modifications, 
including variations, additions, and omissions that may be 
made in what has been described. Accordingly, it is intended 
that these modifications also be encompassed by the present 
invention and that the scope of the present invention be 
limited solely by the broadest interpretation that lawfully 
can be accorded the appended claims. 
0077 All patents, publications and references cited 
herein are hereby fully incorporated by reference. In case of 
conflict between the present disclosure and incorporated 
patents, publications and references, the present disclosure 
should control. 

What is claimed is: 
1. A method for processing microorganism cells compris 

ing: 
(a) autolyzing the microorganism cells to release micro 

organism cell walls; 
(b) incubating the microorganism cell walls with an 

exogenous protease; 

(c) separating the microorganism cell walls into a glucan 
enriched component and a mannan enriched compo 
nent; and 

(d) ultrafiltering the mannan-enriched component of step 
(c) to form a filtrate and a retentate. 

2. The method of claim 1, wherein the microorganism 
comprises at least one of a yeast, fungi, bacteria or plant. 

3. The method of claim 1, wherein the microorganism 
cells comprise yeast cells. 

4. The method of claim 1, wherein the protease of step (b) 
is inactivated prior to step (c). 

5. The method of claim 1, wherein the incubation of step 
(b) is carried out at a pH of 9 to 10, and a temperature of 50° 
C. to 65° C. 

6. The method of claim 1, wherein the retentate comprises 
mannans, and wherein at least 85% (w/w) of the mannans 
have a molecular weight of at least 10,000 Da. 

7. The method of claim 1, wherein step (a) is carried out 
at a pH of 4 to 8. 

8. The method of claim 1, wherein step (a) is carried out 
for 24 to 36 hours. 

9. The method of claim 1, wherein step (a) is carried out 
at a temperature of 35° C. to 55° C. 
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10. The method of claim 1, further comprising using the 
glucan-enriched component of step (c) in an animal feed. 

11. The method of claim 1, further comprising using the 
protease-treated cell walls of step (b) in an animal feed. 

12. The method of claim 1, further comprising using the 
filtrate of step (d) in an animal feed. 

13. The method of claim 1, further comprising using the 
glucan-enriched component of step (c) in a product selected 
from a food Supplement, pharmaceutical, cosmetic and 
neutraceutical. 

14. The method of claim 1, further comprising using the 
protease-treated cell walls of step (b) in a product selected 
from a food Supplement, pharmaceutical, cosmetic and 
neutraceutical. 

15. The method of claim 1, further comprising using the 
filtrate of step (d) in using the glucan-enriched component of 
step (c) in a product selected from a food Supplement, 
pharmaceutical, cosmetic and neutraceutical. 

16. A method for processing yeast cells comprising: 
(a) autolyzing the yeast cells at a temperature of 50° C. to 

65° C. to release yeast cell walls; 
(b) incubating the cell walls with an exogenous protease 

at a pH of 9 to 10; and 
(c) incubating the protease-treated cell walls of step (b) 

with an enzyme comprising at least one of an amylase, 
lipase and a combination thereof. 

17. The method of claim 16, wherein the yeast cells 
comprise brewer's yeast cells. 

18. The method of claim 16, further comprising using the 
cell walls treated with the enzyme of step (c) in an animal 
feed. 

19. The method of claim 16, further comprising using the 
cell walls treated with the enzyme of step (c) in a product 
selected from a food Supplement, pharmaceutical, cosmetic 
and neutraceutical. 
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20. The method of claim 16, wherein step (c) is carried out 
at a pH of 4 to 6. 

21. The method of claim 20, further comprising 
(d) separating the enzyme-treated cell walls of step (c) 

into a glucan-enriched component and a mannan-en 
riched component. 

22. The method of claim 21, further comprising using the 
glucan-enriched component of step (d) in an animal feed. 

23. The method of claim 21, further comprising using the 
glucan-enriched component of step (d) in a product selected 
from a food Supplement, pharmaceutical, cosmetic and 
neutraceutical. 

24. The method of claim 21, further comprising 
(e) ultrafiltering the mannan-enriched component of step 

(d) to form a filtrate and a retentate. 
25. The method of claim 24, wherein the retentate com 

prises mannans, and wherein at least 85% (w/w) of the 
mannans have a molecular weight of at least 10,000 Da. 

26. The method of claim 24, further comprising using the 
filtrate of step (e) in an animal feed. 

27. The method of claim 24, further comprising using the 
filtrate of step (e) in a product selected from a food supple 
ment, pharmaceutical, cosmetic and neutraceutical. 

28. A composition comprising a-mannans, wherein at 
least 85% (w/w) of the total a-mannans have a molecular 
weight of 10,000 Da or more. 

29. A food supplement, pharmaceutical, cosmetic or neu 
traceutical comprising the composition of claim 28. 

30. An animal feed comprising the composition of claim 
28. 

31. The animal feed of claim 30, wherein the animal feed 
is a dog, cat, pig, fish or cattle feed. 

k k k k k 


