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1
GLUCOSE POLYMERS AND METHOD OF PRODUCING SAME

CROSS-REFERENCE TO RELATED APPLICATION:

. This application is a continuation-in-part of
our co-pending application Serial No. 249,647 filed March 31,
1981 entitled "Glucose Polymers and Method of Producing

Same."

BACKGROUND OF THE INVENTION:

1. Field of the Invention.
This invention relates to glucose polymers which
are useful for the nourishment via the gastrointestinal

tract of patients, who, on account of a variety of coexist-
ing medical and/or surgical disorders are not able to eat
sufficient food to maintain their nutritional state.,

More particularly the invention relates to a new
process and product wherein long chain glucose polymers
have been produced by the fractionation of a hydrolysate
‘of corn starch. The said materiai consists of glucose
polymers composed of 10-40 glucose units linked by 1-4
alpha and 1-6 alpha-D-glycosidic chemical bonds. The in-
vention also contemplates treating such glucose polymers,
or selecting the source material, to provide glucose
polymers of the stated degree of polymerization which have
enhanced 1~4 alpha linkages and diminished 1-6 alpha

linkages.

2. Description of the Prior Art.

The use of shorter chain glucose polymers for
nutritional purposes is well known. The use of oligo-
saccharides which are glucose polymers of short chain
length for intravenous injection has been proposed. Among
prior patents in this regard are the following: Ramsey et
al., U.S. Patent 4,182,756 provides glucose polymers having
an average degree of polymerization (DP) of 4 to 10 in
intravenous solution. A profile of the glucose polymers
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employed for this purpose is described in that patent at
column 4, lines 59 to 65, as follows:

“According ‘to the present invention, it has
been found that a glucose polymer mixture
having at least 99% of its molecules less than
26 glucose units, at least 85% of its molecules
less than 11 glucose units and at least 20% of
its molecules less than 4 gluccse units can be
utilized by a human patient when intravenously -
administered by a peripheral vein of the
patient.”

Milner, U.S. Patent 3,928,135, relates primarily
to preparations of glucose polymers intended for intra-
venous injection and is limited to starch sources contain-
ing not more than 20% amylopectin because of the lack of
enzymes in the blood which are capable of breaking down
amylopectins;' The glucoée polymers of the Milner patent,
when used for intravenous injection, are said to contain
not more than 10 glucose units. The mixture does, however,
contain substantial proportions of glucose and maltose. As
stated in this patent at column 4, lines 22—36,

"The invention also includes the novel glucose
polymers that are suitable for intravenous use
which comprise a mixture of polymers each of
which is substantially no more than 10 glucose
units long. The difference between this
intravenous product and the oral product is
~that the oral product also contains a propor-
tion, e.g., 1l0% by weight of polymers more
than 10 glucose units long, and may have
present an unspecified number of 1-6 linked
units."
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McKay U.S. Patent No. 4,021,543 relates to the
utilization of glucose polymers having an average short
chain length of about 3 to 8 units in an oral electrolyte
solution wherein the unpleasant taste of saline is sub-
stantially reduced and simultaneously affording an increased

caloric intake.

Formulated hospital diets indicated specifically
for patients who have difficulty in eating or digesting
normal foods have been developed to provide high biological
value proteins, carbohydrates, fats, minerals, and vitamins.
These complete foods have formulas of widely variable values
with respect to ingredients which affect viscosity, osmolar-

ity, and taste, to mention a few.

One critical factor which determines the value of
formulated enteral feeding solutions is the inherent
osmolarity. Osmolarity is a function of the number of
individual ions per unit of solution. Osmotic pressure
gradients are established across the membranes of cells
lining the intestinal lumen. If the tonicity of the fed
solution is high, water will cross from inside the cell and
between cells to dilute the hypertonic solution. Thus, the
lumen becomes filled with water, and this net efflux of

water alone will result in filling the lumen and causing

diarrhea.

The foregoing knowledge aids those skilled in the
art to administer for nourishment of patients low residue
liguid diets that have an osmolarity as near as possible to
that of circulating blood plasma. Because existing average

' short-chain length glucose polymer energy sources used in
these diets exert a relatively high osmotic pressure, only
relatively small guantities per unit volume can be used in

these diets.
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SUMMARY OF THE INVENTION:

Prior to this invention, purified long chain
glucose polymers have not been utilized for the nourishment
of patients. The advantages of the present invention are
that the long chain glucose polymer material is rendered
soluble, the exerted osmotic pressure is lower, and the
caloric content higher than the existing average short chain
length glucose polymers presently in use and described above.

Additional advaﬁtages of the present invention are
that the long chain length glucose polymers have unexpect-
edly favorable digestion and absorption properties, thereby
improving the kinetics of the resulting glucose adsorption
in the human intestine. These characteristics of the product
provide efficient adsorption of fluid and electrolytes. On
account of these properties the product can be administered
to patients with abnormalities of digestive and adsorptive
functions as well as those with normal gastrointestinal
function. A further advantage is that the long chain length
glucose polymers have favorable taste and processing prop-
erties. In spite of their long chain length these polymers
do not appreciably increase the viscosity of products to
which they are added.

Yet a further advantage of the DP 1l0-40 mixture
is that it has a considerably lower reducing sugar content
than glucose and short chain glucose polymers whereby the
phenomenon of browning or the Maillard reaction does not
occur or occurs in much diminished degree during the
customary heat treatment of canning and sterilizing opera-
tions. This property renders fluid products using whole
proteins or protein hydrolysate whiter (which therefore
simulates whole milk) when processed through a high temper-

ature sterilizer.
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Difficulties with preparations intended for
intravenous use are apparent. The product must be sterile,
it must be free of particulate matter, it must be free of
pyrogens, and it must be substantially free of glucose
polymers which cannot be depolymerized by enzymes in the
blood. The preparation of such a material is laborious
and time-consuming and its administration requires medical
skill and is hazardous unless employed with care and the

proper equipment.

By way of contrast, carbohydrates taken enterally
{either by mouth, by nasdéastric feeding techniques or if
needed, by an abdominal ostomy) need not be sterile but
only sanitary within the general requirements of food. These
carbohydrates need not be free of pyrogens, and they need
not be free of amylopectin. Heretofore, as far as wve know,
no one has formulated a carbohydrate which can be admin-
istered orally or ingested actually as described above
which has such a favorable caloric content and low osmotic
pressure and such favorable absorptive properties to make it
compatible for use in clinical conditions where there is
_either abnormal gastrointestinal function or reduced Iuminal
hydrolysis (exocrine pancreatic insufficiency)'or conditions

in which there is loss of small intestinal absorptive

capacity.

It is an object of the present invention to pro-
vide a carbohydrate formulation to be taken enterally either

by mouth or nasogastric means or by an abdominal ostomy
which is characterized by satisfactory digestive and absorp-

tive properties and does not give rise to hypertonicity.

7 The above and other objects of the invention will
be apparent from the ensuing description and the appended

claims.
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DETAILED DESCRIPTION OF THE INVENTION:

We have discovered a certain fraction of glucose
polymers resulting from a process for the hydrolysis of
starch that is useful and advantageous. The fraction con-

- sists predominantly of glucose polymers having glucose
chain lengths of 10 to 40 glucose units with negligible
amounts of glucose, maltose and glucose polymers having a
chain length of less than 10 units. Unexpectedly, the
fraction is satisfactorily digested and absorbed in the
absence of luminal alpha-amylase activity and is therefore
advantageous in cases of pancreatic malfunction where suf-
ficient amounts of the enzyme amylase is lacking. In the
presence of pancreatic amylase the fraction exhibits

- advantageous absorptive properties since glucose derived
from the fraction's digestion is absorbed faster than when
free glucoée is presented for absorption to the cells lining
the gut. Consequently, the long chain length glucose
polymers are particularly advantageous for those persons
having normal pancreatic function. As will be shown, the
long chain length gluccse polymers have a further unexpected
and substantial stimulating effect on water and electrolyte
absorption making them particularly advantageous for those
patients who suffer from diarrhea that results from exces-
sive water and electrolyte secretion, however induced.

It is an advantage of the said process for
producing the average long chain length glucose polymer
product that when it is desirable to maximize the rate of
intestinal absorption of glucose following enteral admin-
istration, for example when gastrointestinal function is
normal, the ratio of 1-6 alpha:1-4 alpha-D-glycosidic bonds
can be decreased by seleculon of the type of corn starch
or by incubating the natlve corn starch with bacterlal
iso~-maltose enzymes which cleave the branched 1l-6 alpha-
D-glycosidic linkages leaving predominantly 1-4 alpha-D-
glycosidically linked long chain length glucose polymers.
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The ensuing examples will show that this aspect of the
invention produces favorable absorption properties,
hitherto not previously described. A suitable process is
that described by Morehouse and Day, U.S. Patent No.
3,663,369. In accordance with that patent, corn starch is
subjected to hydrolysis by acid or a suitable enzyme to

the point of liguefying the starch and to provide an
aqueous dispersion which is substantially free of residual

starch granules and which has a dextrose equivalent value
not substantially above three. This intermediate product
is then subjected to a second step in which a dextrinizing
enzyme is used to produce a hydrolysate having a dextrose
equivalent (D.E.) value not substantially above 18. The
hydrolysate of the Morehouse patent contains a more or less
_continuous profile or spectrum of glucose polymers ranging
from polymers having a DP of about 40 down to glucose. For
our purposes this hydrolysate is a useful starting material
and it may be treated, as illustrated in Example 1, to

seéarate the desired fraction of glucose polymers.

Examgle 1l

A starch hydrolysate prepared in accordance with
the Morehouse patent was used as the starting material. It
contained a small quantity of glucose and maltose (e.g.,
less than 2%). This starch hydrolysate was placed in
aqueous solution in a concentration of between 10% and 30%,

e.g. 20%, and the solution was pumped into a chamber con-
taining a filter whose passage pore size was such that

materials greater than a 2000 molecular weight cannot pass
through the membrane. This provided a cut-off sieving of
glucose polymers which are approximately 10 glucose units

in length.

Two methods were used to accomplish the separation
of the two major fractions (one above 10 glucose unit
polymer; one below). The fraction above 10 units is the
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product of this invention. Fraction I was mainly 3 to 10
glucose units long, and Fraction II was greater than 10
but with most polymer under 30 glucose units long. The
first method filters the solution containing the original
mixture of solubilized starch past the filter so that the
filtrate contains less than 10 glucose unit polymers and
the retentate contains the glucose polymers with glucose
units greater than 10. '

In the second method, which is more efficient and
is called the diafiltration method of ultrafiltration, an
amount of water is added to the original solution equivalent
to that which passes through the filter. This also dilutes
the retentate and prevents pile up on the filter and permits
larger amounts of lower than G1l0 material to pass through
the filter.

The type of ultrafiltration equipment, the amount
of dilution (diafiltration), and the time the material
circulates in front of the filter determines the complete-
ness of fractionation of the two groups of polymers. In
the method we employed, the low molecular weight Fraction I
(short chain polymers under G1l0) were in the solution at
about 1 to 2% solids with less than 2% of the high molecular
weight fraction present as a contaminant. By using reverse
osmosis, the solution was concentrated to 10% solids. The
product was concentrated further by evaporation under
vacuum until it was 30% solids. This low molecular weight
fraction was then spray éried to a white, fine, highly
soluble powder of glucose polymers from 3 to 10 with a
dextrose equivalent (D.E.) of about 14 to 15.

The high molecular weight Fraction II was back-
flushed off of the filter and placed in a vacuum evaporator,
taken to a 40% solids solution and spray dried. The final
product contained less than 5 per cent low molecular weight

(DP <10) fractions and had a dextrose equivalent of
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approximately 4.

Example 2

Fréction II of Example 1 contains long chain
'glucose polymers that have ratios of 1-6 to 1-4 alpha-D-
glycosidic linkages according to the starch used as starting
material and according to the effect of acid and enzymatic
hydrolysis on these linkages. Desired ratios of these
linkages can be provided by selection of the starch or by
treating the starch before or after fractionation with‘
bacterial isomaltase enzyme, which selectivity cleaves the

1-6 linkage.

After backflushing the high molecular weight

Fraction II of Example 1 off of the filter and concentrat-
ing to 30% solids, the pH is adjﬁsted to 7 and the bacterial

 enzyme isomaltase is added to the solution at a temperature
raﬁgé of 50°C to 95°C. The length of time of the hydrolytic
action of the enzyme determines the ratio of 1-6 to 1-4
alpha-D-glycosidically linked long chain length glucose
polymers. No simple test is known to measure the exact
amounts of 1-6 to l1l-~4 linkages. However, empifical tests
indicative of digestion can be used, such as osmolality.
When the desired conversion action is completed, the hydroly-
sis may be stopped by adjusting the pH to below 4.0 or by
heating the mixture above 110°C until the enzyme is inacti-
vated. The longer the enzyme action, the higher the
osmolality, indicating more cleavages or hydrolysis. This
enzymatically altered product has a greater l-4 to 1-6
‘ratio than Fraction II. If desired, it may be subjected to
filtration as in Example 1 to separate a Fraction IIA which
is substantially free.of glucose and glucose polymers having
a DP less than 10 which were produced by the enzymatic

treatment.

>
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An alternative process avoids having the elevated

' osmolality in the final product and the need for a second
filtration. In this alternative, the hydrolysate that
constituted the starting material of Example 1 is treated
with isomaltase to cleavé 1-6 linkages and the material is
then subjected to filtration as in Example 1. Fraction IIB
resulting from this procedure consists predominantly of
glucose polymers of DP 10 or more but with a greater ratio
of 1-4 to 1-6 linkages than Fraction II.

It is of interest to note that corn starch
" hydrolysates in common use that have a D.E. below 5 are
,reporfed to be "cloudy in solution" and add viscosity to
- products in which they are incorporated. The products of
this invention are useful in making clear solutions and does

~not add appreciable viscosity to products.

The following are examples illustrating certain
useful properties of the glucose polymers of the invention:

Examgle 3

The composition of average long chain length glu-
cose polymers presently utilized in hospital diets as
determined by high pressure liquid chromatography is shown
in Table I. Approximately 51% of the total glucose content
is contained in the G1l0-G40 fraction with 34% in the G4-G10
fraction and 14% contained as maltrotriose (G3), maltose
(G2) and free glucose (Gl). (The letter "G" signifies a
single glucose unit.)
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- =11-
Table I
Glucose Chain Length Total Glucose Content

(G1-G40) %

G10 - G40 51.5-

G4 - Gl0 37.7

G3 7.3 £ 0.2

G2 4.1 z 0.1

Gl 2.4 £ 0.3

A typical composition of the liquid of the present
invention as determined by high pressure liquid chromatog-
raphy is in Table II.

" Table II
Glucose Chain Length ' Total Glucose Content

(G1-G40) %
Gl0 - G40 - 95
G4 - Gl0 4

G3 trace

G2 trace

. Gl trace

Examgle 4

The osmolality of the product shown in Table II,
determined by the freezing point depression method, is shown
below in Table III and is compared with glucose, maltose,
Caloreen (trademark of a product of Roussel Laboratories,
Ltd., Wembley, London, U.K.), and a maltodextrin contained
in and sold as Vivonex by Morton-Norwich. The Caloreen is
said to contain an average glucose chain length of 5 units.
The Vivonex is said to contain an average glucose chain
length of 5 units based upon a dextrose equivalent of 20.
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Table III
Glucose Polymer Source Osmolality (milliosmols/kg)
{100 g/kg water) {Freezing Point Depression)
’ Glucose 569 (derived from Geigy
Scientific Tables)
Maltose 270
Caloreen 92
Maltodextrin lo4
(Vivonex) :
Long chain glucose
polymer of this ' 18

invention

Table III shows that the long chain polymers of this invention
exert a substantially lower gsmotic pressure than any of the
other sources of glucose polymers, including the average

short chain length glucose polymers of the type used as the
carbohydrate energy source of present low residue liquid
nutritional diets.

Example 5

One of the critical factors which determine the
value of formulated enteral feeding solutions, namely, the '
inherent osmolarity, will be considerably improved if the
said long chain glucose polymer product is utilized as the
carbohydrate source. This is so because on a caloric per
fluid unit basis the product of this invention exerts a
substantially reduced osmotic pressure compared to control
formulations. In this way, if equicaloric amounts of the
invented products are used for enteral feeding, the upper
gut lumen will become filled with less water, thereby
reducing diarrhea. '

A second critical factor which determines the

value of formulated enteral feeding solutions is the kinetics

2, OMPI
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of digestion and transport across the intestinal mucosa
which result from the chemical form of the nutrients. The
absorptive properties of the longrchain glucbse polymer of
this invention were investigated in the jejunum of normal
human subjects using an in vivo steady state segmental
' perfusion technigue as described in the journal GUT, Volume
11, page 947, 1970. Luminal alpha-amylase was therefore
excluded from the 25 cm segment of jejunum studied by means
of an occlusive balloon described in the cited reference.
Sugar-saline solutions with a measured osmolality of 285~
295 mOsm/Kg, and a nonabsorbable marker (polyethylene
glycol 4000) were infused at 20 ml/minute. The test solu-
tion containing the long chain glucose polymer product of
the invention yielded 140 mmol/L glucose after complete
hydrolysis. Suitable control solutions containing glucose
and containing the aforesaid maltodextrin glucose polymer
mixture. of the elemental diet Vivonex, both yielding 140
mmol/L free glucose after complete hydrolysis, were also
peffused as shown in Table IV.

Table IV

Glucose Content |
after complete hydrolysis  Glucose Absorption

Test Solution mmol/L mmols/hr/25 cm
Product of
invention
(Fraction II) 140 31.5 £ 3.8
Fraction I 140 51.9 £ 5.4
Maltodextrin 140 49,5 = 7.4

| Glucose 140 72.6 + 8.9

Bearing in mind that the product of the invention
had very little G4 to Gl0 glucose oligomers and only traces
of glucose, maltose and triose, it is evident from Table IV
that glucose absorption from Fraction II occurs quite
satisfactorily notwithstanding the fact that the product was
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of high molecular weight. The high molecular weight polymers

of the invention result in efficient brush border ‘intestinal ~
hydrolysis, therefore they can be efficiently utilized by .
patients with pancreatic malfunctions who have a reduced -
luminal amylase activity.

Since the perfusion technique that was employed
occuled pancreatic amylase activity from the segment of
intestine studied, it is apparent that only digestive
enzymes normally in the brush border sufficed for the very
satisfactory breakdown of the long glucose chains, i.e.,
pancreatic alpha amylase activity was unnecessary. At the
same time the osmolality of the fluids in the test section
of the intestine was much lower; see Table III. The higher
rate of absorption of the maltodextrin product and of Frac-
tion I was to be expected because of the much lower average
molecular weight of the élucose polymers. Any advantage of
this high rate of absorption is more than offset by the
greatly diminished osmolality of the prodﬁct of the.invention.

The absorptive properties of the long chain length
glucose polymers in patients with normal pancreatic function
were investigated by hydrolyzing the product of the invention
to completion in vitro with pancreatic alpha-amylase and
studying glucose absorpiion using the same experimental

.technique. The results were as follows:

Table V
Glucose Content Glucose Absorption
Test Solution after complete hydrolysis mmols/hr/25 cm s

100% alpha-amylase
digested product 140 49.8 £ 7.6 *
of the invention

Unhydrolyzed product
of the invention 140 31.5 = 3.8
(for comparison)

Glucose 140
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As can be seen, the specially formuiated long chain length
glucose polymers of the present invention, when hydrolyzed
with pancreatic alpha-amylase compare favorably with glucose
as to the transport kinetics across the intestinal mucosa.
Thus a hitherto undescribed finding is that the product of
the invention, under circumstances of normal gastrointestinal
function, actually exerts a kinetic absorption egual to '
or perhaps slightly greater than glucose absorption, further
illustrating the advantages of using such products as this

is accomplished with greatly diminished osmolality.

Example 6

An additional critical factor that determines the
value of formulated enteral feeding solutions is the ability
of the administered nutrients to stimulate fluid and electro-
lyte absorption from the lumen of the human small intestine.
Experiments were performed to investigate and compare the
fluid and ‘electrolyte absorption from isotonic solutions of
glucose and the alpha-amylase digest of the long chain
length glucose polymers of the invention. The results were

as follows:

Table VI

Glucose Content
Test after complete Sodium Absorption Water Absorption

Solution hydrolysis mmol/hr/25 cm ml/hxr/25 cm

Alpha-

amylase

digested

product of

the inven-

tion 140 16.4 - 85.5

i+

25

Glucose 140 _-0.1 ' 85.3 + 36

These experiments illustrate the advantages which the long
chain length glucose polymers in the digested form exhibit
in terms of their marked stimulaﬁing effects on fluid and

SUREAY
4 CMPI
WIFO &,
}ERNA'NOK‘V




WO 82/03329

PCT/US82/00390

16

electrolyte absorption. The productﬂof the invention there-
fore not only exerts a low osmotic pressure and improves the -
transport kinetics across the intestinal mucosa, but also
acts as a powerful stimulant to fluid and electrolyte
absorption in the human intestine. For persons with normal
pancreatic function and for persons with abnormal pancreatic
function a nutrient is provided which contributes a larger
caloric intake per unit osmotic pressure as compared to
average short chain glucose polymers or dextrose without the
adverse effects caused by the osmotic pressure difference.

The following are examples of typical formulations
for various products which can be made using the high
molecular weight or long chain glucose polymer of the
invention:

Example 7

A whole protein, lactose-free, complete dietary
food with a low osmolarity in a rotary-retort sterilized
can is provided as follows. This product is intended pri-
marily as a tube diet fed.via the nasogastric route.

Component Percentage
Water ' 78.3

Protein as calcium caseinate

and soy protein isolate 4.0
Long chain glucose polymer 13.0
Corn and soy oil 3.25

Also added are quantities of vitamins and minerals to meet
the Recommended Daily Allowances of. the National Research
Council. This product had the following analytical results

in proximate analysis (w/v):
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Protein = 34.8 g/L. -
Fat - 34.8 g/L.
CHO - 136.0 g/L.
Ash - 5.5 g/L.

Osmolarity was 348 mOsm/L.

Examgle 8

The protein source of this (a dry mix to be
reconstituted with water) is a lactalbumin hydrolysate
consisting primarily of di- and tri-peptides with 20% free
amino acids. 1In this case, the glucose polymer is sprayed
with a mixture/emulsion containing the o0il, emulsifiers,
and fat-soluble vitamins. The dry and coated powders are
then blended. '

Ingredient ' % w/w
Oligopeptide (lactalbumin) 19.0

- Long chain glucose polymer 74.2
-SOY and medium chain triglyceride oil 4.4
Lecithin and Tween 80 4 0.3
Vitamin and mineral mix 2.1
100.0

This product reconstitutes to a clear solution with a stable
emulsion and had a 480 mOsm/L. osmolarity.

Example 9

(a) As noted above certain glucose polymers are
known to have higher 1-6 to l-4 alpha-D-glycosidic bonds
than others. They are digested more slowly when presented
to the brush border of the normal human gut while occluding
pancreatic enzymes. Isomaltase enzymes, whose function it
is to cleave 1l-6 bonds, are secreted at the brush border of
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the cells lining the mammalian gut. Heretofore, it was not
observed that this enzyme is either limited in its rate of
reaction or that the gquantity secreted is limited when
compared with substrate l1-6 linkages.

We have found that glucose polymers of Gl0 or
greater with all of their advantages of digestibility and
enhanced transport of electrolytes and water as shown above
can be selected to have a relatively high 1-6 to 1-4 linkage
ratio and, thereby, their digestion and resulting glucose
transport can be significantly slowed. This property of
selective digestion rate is of value, for example, in feed-
ing patients who are in need of tube feedings from gastroin-
testinal disease, such as described above, but who are also
diabetic, for example. In these cases, it is of considerable
value to be able to feed a carbohydrate that is “programmed"”
to transport glucose slowly from the lumen, through the
intestinal wall, to the serosal side and thereby not present
a plasma glucose peak but provide a low but steady rate of
infusion of glucose thereby diminishing glucose's insulin-
stimulating effect. This example further illustrates the
value and medical properties of the greater than 10 glucose
unit polymer of this invention. '

(b) Conversely, when it is desirable to feed
carbohydrate at a rapid rate, for example, to a patient who
has been burned and needs a high caloric intake to survive,
it is possible to produce a glucose polymer of greater than
G1l0 that has low 1l-6 to 1-4 alpha-D-glycosidic bonds. .Here,
the caloric density combined with tolerable osmolarity and
rapid transport gives a set of properties highly desirable
for a tube diet for trauma or severely catabolic patients.

High 1-6 to 1-4 ratio polymers as in Example 9 (a)
can be provided by selection of a starch having such pro-
portions and proceeding as in Example 1. High 1-4 to 1-6

ratio polymers as in Example 9 (b) can be provided as in

W
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Example 2.

) The high 1-6 to l1-4 ratio polymers of Example 9 (a)
and the high 1-4 to 1-6 ratio polymers of Example 9 (b) may
be formulated as in appropriate examples above.

An added and important advantage of the glucose
preparation of the present invention, when prepared by the
procedure of Example 1 including the step of ultrafiltration,
is that when formulated as in Examples 7 and 8 to provide
complete formulations, the formulations are much more stable
on storage and do not stratify, separate or form gels on
standing as do other similar formulations containing other
glucose polymers. This is illustrated by the table below:

(1) (2) (3) (4) (5) (6)
. Stability

Formulation Polymer Ca Mg Na P Duration
__Days

I (a) Polymer of present
) invention contain-
ing predominantly
glucose polymers
having a degree of

polymerization of ,
10 to 40 59 21 205 10 600

II (b) 50/50 mixture of
(weight basis) of
glucose polymers of
(i) 2 to 10 degree
of palymerization
and (ii) 10 to 40

degree of poly-
merization _ 240 100 805 74 90

* : III (¢) Polymer prepared

by the method of

Morehouse U.S.

Patent 3,663,369,

1st stage 244 47 886 74 30

The figures in Columns (2) to (5) are parts per million of
the elements indicated. Formulations I, II and III were
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prepared identically except that Formulation I contained

polymer (a), Formulation II contained polymer (b) and '
formulation III contained polymer (c) as the carbohydrate - 2
component. The other components of each formulation were )
standard ingredients (protein, lipid, vitamins and minerals)

used in a complete dietary formula.

Polymer (a) was prepared as in Example 1, which
was Fraction II (predominantly glucose polymers of 10 to
40 degrees of polymerization) and had been produced as
retentate in ultrafiltration. The low content of calcium,
magnesium, sodium and phosphorus was due to the fact that
the corresponding salts diffused through the filter medium
into the filtrate. Polymer (b) contained the mineral
content of the 2-10 DP component. Polymer (c) was prepared
as in Morehouse U.S. Patent No. 3,663,369, first stage;
i.e., by treatment of starch with acid or enzyme to provide
a liguid product free from residual starch but having a
low dextrose equivélent. This polymer as produced for
purposes of the present invention, consisted primarily of
glucose polymers having a degree of polymerization of 10 to
40, but it also contained the mineral content of the starch
and resulted, when formulated as Formulation III, in an
unstable product.

Formulations I, II and III may be typically as
described in Examples 7 and 8.

The foregoing invention can now be practiced by
those skilled in the art. Such skilled persons will know
that the invention is not necessarily restricted to the
particular embodiments herein. The scope of the invention
is to be defined by terms of the following claims as given
meaning by the preceding description.

@
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WHAT IS CLAIMED IS:

1. A glucose polymer preparation in which the
glucose polymers consist predominantly of those polymers
having a degrée of polymerization of 10-40 with no
substantial quantities of lower polymers.

2. The preparation of Claim 1 wherein the propor-
tion of polymers below 10 and of glucose and of maltose does
not exceed about 10% and the proportion of glucose polymers
having a degree of polymerization in excess of 30 does not
exceed about 15%, such percentages being by weight based upon
the total weight of glucose and glucose polymers.

3. The glucose polymer preparation of Claim 2 in
the form of an agueous solution.

4. The glucose polymer preparation of Claim 2 in
the form of a dry material which can be reconstituted by the

addition of water.

5. The glucose polymer of Claim 2 or 3 which has
a mineral content sufficiently low that when formulated with
protein and other nutrients a product with a stable emulsion

results.

6. The glucose polymer preparation of Claim 2 or
5 in admixture with a proteinaceous component and a lipid
component, such protein component being one or more of whole
protein ingredient, polypeptide ingredient and amino acid
ingredient, along with vitamins and minerals.

7. The preparation of Claim 6 in the form of an

aqueous solution.

8. The preparation of Claim 6 in the form of a

dry material which can be reconstituted by adding water.

427—73327"gy
ErRnaTION




WO 82/03329

PCT/US82/00390

22

9. A nutrient material suitable for ingestion by
a person having-pancieatic malfunction, said material con-
taining as a principal caloric component, and as its sub-
stantially sole carbohydrate component, a fraction of glucose
polymers defined as in Claim 1 or 5, which are capable of
transport at the brush border of the small intestine.

10. The nutrient material of Claim 9 in aqueous

solution suitable for enteric ingestion.

11. The nutrient material of Claim 9 in solid form
capable of bein§ reconstituted by the addition of water.

12. A glucose preparation as in Claim 1 or 5 in
which 1-4 alpha linkages predominate over 1l-6 alpha linkages.

13. The glucose preparation of Claim 12 wherein
such predominance arises from the choice of source material
for the glucose polymers.

14. The glucose preparation of Claim 12 wherein
such predominance arises from the fact that hydrolysate of
the source material has been treated enzymaticélly to
selectively cleave 1-6 alpha linkage.

15. A glucose polymer preparation as in Claim 1
or 5 in which the 1-6 alpha linkage predominates over the
1-4 alpha linkage.

16. A method of producing a glucose polymer product
having a high caloric content coupled with a low osmolality
compared to glucose, maltose and triose, said method compris-

ing:

(a) providing a starch hydrolysate containing
a mixture of glucose, maltose and higher polymers including

polymers of degree of polymerization between 10 and 40, and

r
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(b) separating from such mixture a fraction
~ , predominating in those polymers having a degree of polymer-
ization between about 10 and 40 and substantially free of

v lower and higher polymers.

* 17. The method of Claim 16 wherein the mixture of
polymers of degree of polymerization resulting from step (b)
is subjected to enzymatic action to selectively cleave 1l-6
alpha leakage and thereby produce a mixture having an

enhanced 1-4 to 1-6 ratio.

18. The method of Claim 16 wherein the hydrolysate
resulting from step (a) is subjected to enzymatic action to
selectively cleave 1-6 alpha linkages and the resulting mix-

ture is then subjected to step (a).

19. The method of Claim 16 wherein the starch which
is subjected to hydrolysis step (a) is selected to have a

predominance of 1-4 alpha linkages.

20. The method of Claim 16 wherein the starch which
is subjected to hydrolysis step (a) is selected to have a
predominance of 1l-6 alpha linkages.

21. The method of Claim 16 in which separation
step (b) is carried out by filtration and the resulting
polymers of 10 to 40 degree of polymerization has a much
lower mineral content than the starting material.
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