
FLAME RETARDANT THERMOPLASTIC COMPOSITION AND ARTICLES COMPRISING THE SAME
CROSS REFERENCE TO RELATED APPLICATIONS This application is a continuation
in part of U.S. Patent Application Serial No. 11/091,277 filed on March 28,
2005 which is a continuation in part of U.S. Patent Application Serial No.
10/881,818 filed on June 29, 2004, which claims priority to U.S.
Provisional Patent Application Serial No. 60/651,470, filed on April 1,
2004, all of which are incorporated by reference herein. BACKGROUND OF
INVENTION The disclosure relates to flame retardant additive compositions
hi particular, the invention relates to flame retardant additive
compositions useful in a variety of thermoplastics. A wide variety of
applications require flame retardant thermoplastic compositions hi addition
to being flame retardant, the thermoplastic compositions must often meet a
range of criteria ranging from physical performance to appearance to
environmental impact. In recent years there has been an increasing trend to
employ phosphates as the flame retardant in order to meet many or all of
these criteria. While the use of phosphates has been successful in many
instances, highly flammable compositions have continued to be problematic.
Highly flammable thermoplastic compositions frequently require high levels
of phosphate flame retardants to obtain the desired level of flame
retardancy but high levels of phosphate flame retardants can result in
objectionable physical properties such as plate-out and migration. Plate
out and migration refer to the movement of solid and liquid component to
the surface of the article as evidenced in some cases by a powdery or tacky
feel to the surface. Other flame retardants such as magnesium hydroxide and
aluminum trihydrate are known but at high levels frequently have a negative
impact on physical properties. Accordingly there remains a need in the art
for a flame retardant composition that provides excellent flame retardance
to thermoplastic compositions and has little or no negative impact on the
physical properties of the thermoplastic composition.BRIEF DESCRIPTION OF
THE INVENTION The above described needs are addressed by a flame retardant
thermoplastic composition comprises: a poly(arylene ether); an impact
modifier; a polyolefin; a phosphoric acid salt selected from the group
consisting of melamine phosphate, melamine pyrophosphate, melamine
orthophosphate, diammonium phosphate, monoammonium phosphate, phosphoric
acid amide, melamine polyphosphate, ammonium polyphosphate, polyphosphoric
acid amide, and combinations of two or more of the foregoing; a metal
hydroxide; and an organic phosphate wherein the amount of phosphoric acid
salt by weight is greater than or equal to the amount of organic phosphate
by weight. i another embodiment, a flame retardant thermoplastic
composition comprises: a poly(arylene ether); an impact modifier; a
polyolefin; 7 to 20 weight percent of a phosphoric acid salt selected from
the group consisting of melamine phosphate, melamine pyrophosphate,
melamine orthophosphate, diammonium phosphate, monoammonium phosphate,
phosphoric acid amide, melamine polyphosphate, ammonium polyphosphate,
polyphosphoric acid amide, and combinations of two or more of the
foregoing; 4 to 15 weight percent of a metal hydroxide; and3 to 11 weight
percent of an organic phosphate wherein weight percent is with respect to
the combined weight of the poly(arylene ether), impact modifier,
polyolefin, phosphoric acid salt, metal hydroxide and organic phosphate. In
another embodiment, electrical wire comprises: a conductor, and a covering
disposed over the conductor wherein the covering comprises: a flame
retardant thermoplastic composition comprises: a poly(arylene ether); an
impact modifier; a polyolefin; a phosphoric acid salt selected from the
group consisting of melamine phosphate, 



melamine pyrophosphate, melamine orthophosphate, diammonium phosphate,
monoammonium phosphate, phosphoric acid amide, melamine polyphosphate,
ammonium polyphosphate, polyphosphoric acid amide, and combinations of two
or more of the foregoing; a metal hydroxide; and an organic phosphate
wherein the amount of phosphoric acid salt by weight is greater than or
equal to the amount of organic phosphate by weight. In another embodiment,
electrical wire comprises: a conductor, and a covering disposed over the
conductor wherein the covering comprises: a flame retardant thermoplastic
composition comprises: a poly(arylene ether);an impact modifier; a
polyolefin; 7 to 20 weight percent of a phosphoric acid salt selected from
the group consisting of melamine phosphate, melamine pyrophosphate,
melamine orthophosphate, diammonium phosphate, monoammonium phosphate,
phosphoric acid amide, melamine polyphosphate, ammonium polyphosphate,
polyphosphoric acid amide, and combinations of two or more of the
foregoing; 4 to 15 weight percent of a metal hydroxide; and 3 to 11 weight
percent of an organic phosphate wherein weight percent is with respect to
the combined weight of the poly(arylene ether), impact modifier,
polyolefin, phosphoric acid salt, metal hydroxide and organic phosphate.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic representation of
a cross-section of electrical wire. Figures 2 and 3 are perspective views
of an electrical wire having multiple layers. Figure 4 is a perspective
view of a jacketed wire. DETAILED DESCRIPTION The flame retardant additive
composition comprises a phosphoric acid salt selected from the group
consisting of melamine phosphate, melamine pyrophosphate, melamine
orthophosphate, ammonium phosphate, phosphoric acid amide, melamine
polyphosphate, ammonium polyphosphate, polyphosphoric acid amide and
combinations of two or more of the foregoing; a metal hydroxide; and an
organic phosphate. The flame retardant additive composition has the
advantage of providing excellent flame retardance at lower levels of
organic phosphate than organic phosphate alone, thus decreasing or
eliminating plate-out and migration in thermoplastic compositions. The
flame retardant additive composition can be used with a wide range of
thermoplastics and combinations of thermoplastics to decreasethe
flammability of the thermoplastic and to yield flame retardant
thermoplastic compositions. In one embodiment the flame retardant additive
composition consists essentially of a phosphoric acid salt selected from
the group consisting of melamine phosphate, melamine pyrophosphate,
melamine orthophosphate, ammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide
and combinations of two or more of the foregoing; a metal hydroxide; and an
organic phosphate. "Consisting essentially of as used herein allows the
inclusion of additional components as long as those additional components
do not materially affect the basic and novel characteristics of the flame
retardant additive, such as the ability to provide the same or greater
level of flame retardance to a thermoplastic composition at lower levels of
organic phosphate than organic phosphate alone and/or being essentially
free (containing less than 0.05 weight percent, or, more specifically less
than 0.005 weight percent, based on the combined weight of phosphoric acid
salt, metal hydroxide and organic phosphate) of chlorine and bromine. hi
another embodiment the flame retardant additive composition consists of a
phosphoric acid salt selected from the group consisting of melamine
phosphate, melamine pyrophosphate, melamine orthophosphate, monoammonium
phosphate, diammonium phosphate, phosphoric acid amide, melamine
polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and
combinations of two or more of the foregoing; a metal hydroxide; and an
organic phosphate. As mentioned above, the phosphoric acid salt can be
selected from the group consisting of melamine phosphate (for example, CAS
No. 20208-95-1), melamine pyrophosphate (for example, CAS No. 15541-60-3),
melamine orthophosphate (for example, CAS No. 20208-95-1), monoammonium
phosphate (for example, CAS No. 



7722-76-1), diammonium phosphate (for example, CAS No. 7783-28-0),
phosphoric acid amide (for example, CAS No. 680-31-9), melamine
polyphosphate (for example, CAS No. 218768-84-4 or 56386-64-2), ammonium
polyphosphate (for example, CAS No. 68333-79-9), polyphosphoric acid amide
and combinations of two or more of theforegoing phosphoric acid salts. The
phosphoric acid salt can be surface coated with one or more of compounds
selected from melamine monomer, melamine resin, modified melamine resin,
guanamine resin, epoxy resin, phenol resin, urethane resin, urea resin,
silicone resin, and the like. The identity of the surface coating, when
present, is typically chosen based upon the identity of the thermoplastic
components of the fire retardant thermoplastic composition. In one
embodiment the phosphoric acid salt comprises melamine polyphosphate.
Phosphoric acid salts are commercially available or can be synthesized by
the reaction of a phosphoric acid with the corresponding amine containing
compound as is taught in the art. The phosphoric acid salt can be present
in the flame retardant additive composition in an amount of 10 to 40 weight
percent, based on the combined weight of phosphoric acid salt, metal
hydroxide and organic phosphate. Within this range the phosphoric acid salt
can be present in an amount greater than or equal to 12, or, more
specifically, greater than or equal to 14, or, even more specifically,
greater than or equal to 16 weight percent based on the combined weight of
phosphoric acid salt, metal hydroxide and organic phosphate. Also within
this range the phosphoric acid salt can be present in an amount less than
or equal to 35, or, more specifically, less than or equal to 30, or, even
more specifically, less than or equal to 28 weight percent based on the
combined weight of phosphoric acid salt, metal hydroxide and organic
phosphate. m one embodiment, the phosphoric acid salt can be present in the
flame retardant additive composition in an amount of 30 to 60 weight
percent, based on the combined weight of phosphoric acid salt, metal
hydroxide and organic phosphate. Within this range the phosphoric acid salt
can be present in an amount greater than or equal to 32, or, more
specifically, greater than or equal to 34, or, even more specifically,
greater than or equal to 36 weight percent based on the combined weight of
phosphoric acid salt, metal hydroxide and organic phosphate. Also within
this range the phosphoric acid salt can be present in an amount less than
or equal to 57, or, more specifically, less than or equal to 55 weight
percent based on the combined weight of phosphoric acid salt, metal
hydroxide and organic phosphate.Suitable metal hydroxides include all those
capable of providing fire retardance, as well as combinations thereof. The
metal hydroxide can be chosen to have substantially no decomposition during
processing of the fire additive composition and/or flame retardant
thermoplastic composition. Substantially no decomposition is defined herein
as amounts of decomposition that do not prevent the fire retardant additive
composition from providing the desired level of fire retardance. Exemplary
metal hydroxides include, but are not limited to, magnesium hydroxide (for
example, CAS No. 1309-42-8), aluminum hydroxide (for example, CAS No.
21645-51-2), cobalt hydroxide (for example, CAS No. 21041-93-0) and
combinations of two or more of the foregoing. In one embodiment, the metal
hydroxide comprises magnesium hydroxide. In some embodiments the metal
hydroxide has an average particle size less than or equal to 10 micrometers
and/or a purity greater than or equal to 90 weight percent. In some
embodiments it is desirable for the metal hydroxide to contain
substantially no water, i.e. a weight loss of less than 1 weight percent
upon drying at 1200C for 1 hour. In some embodiments the metal hydroxide
can be coated, for example, with stearic acid or other fatty acid. The
metal hydroxide can be present in the flame retardant additive composition
in an amount of 10 to 45 weight percent, based on the combined weight of
phosphoric acid salt, metal hydroxide and organic phosphate. Within this
range the metal hydroxide can be present in an amount greater than or equal
to 12, or, more specifically, greater than or equal to 14, or, even more
specifically, greater than or equal to 16 weight percent based on the
combined weight of phosphoric acid salt, metal hydroxide and organic
phosphate. Also within this range the metal hydroxide can be present in an
amount less than or equal to 40, or, more specifically, less than or equal
to 37, or, even more specifically, less than or equal to 35 weight percent
based on the combined weight of phosphoric acid salt, metal hydroxide and
organic phosphate. In one embodiment the weight ratio of metal hydroxide to
phosphoric acid salt is greater than or equal to 0.8, or, more
specifically, greater than or equal to 1.0. In another embodiment, the
weight ratio of metal hydroxide to phosphoric acid salt is 0.3 to 0.8.The
organic phosphate can be an aromatic phosphate compound of the formula
(IX): 



where each R is independently an alkyl, cycloalkyl, aryl, alkyl substituted
aryl, halogen substituted aryl, aryl substituted alkyl, halogen, or a
combination of any of the foregoing, provided at least one R is aryl or
alkyl substituted aryl. Examples include phenyl bisdodecyl phosphate,
phenylbisneopentyl phosphate, phenyl-bis (3,5,5'-tri-methyl-hexyl
phosphate), ethyldiphenyl phosphate, 2-ethylhexyldi( p-tolyl) phosphate,
bis-(2-ethylhexyl) p-tolylphosphate, tritolyl phosphate, bis-(2-ethylhexyl)
phenyl phosphate, tri-(nonylphenyl) phosphate, di (dodecyl) p-tolyl
phosphate, tricresyl phosphate, triphenyl phosphate, dibutylphenyl
phosphate, 2- chloroethyldiphenyl phosphate, p-tolyl
bis(2,5,5'-trimethylhexyl) phosphate, 2- ethylhexyldiphenyl phosphate, and
the like. In one embodiment the phosphate is one in which each R is aryl
and/or alkyl substituted aryl, such as triphenyl phosphate and tris(alkyl
phenyl) phosphate. Alternatively, the organic phosphate can be a di- or
polyfunctional compound or polymer having the formula (X), (XI), or (XII)
below: or (XI)or including mixtures thereof, in which R1, R3 and R5 are,
independently, hydrocarbon; R2, R4, R6 and R7 are, independently,
hydrocarbon or hydrocarbonoxy; X1 , X2 and X3 are, independently, halogen;
m and r are 0 or integers from 1 to 4, and n and p are from 1 to 30.
Examples include the bis diphenyl phosphates of resorcinol, hydroquinone
and bisphenol-A, respectively, or their polymeric counterparts. Methods for
the preparation of the aforementioned di- and polyfunctional aromatic
phosphates are described in British Patent No. 2,043,083. Exemplary organic
phosphates include, but are not limited to, phosphates containing
substituted phenyl groups, phosphates based upon resorcinol such as, for
example, resorcinol bis-diphenylphosphate, as well as those based upon
bis-phenols such as, for example, bis-phenol A bis-diphenylphosphate. In
one embodiment, the organic phosphate is selected from tris(butyl phenyl)
phosphate (for example, CAS No. 89492-23-9, and 78-33-1), resorcinol
bis-diphenylphosphate (for example, CAS No. 57583-54-7), bis-phenol A
bis-diphenylphosphate (for example, CAS No. 181028-79- 5), triphenyl
phosphate (for example, CAS No. 115-86-6), tris(isopropyl phenyl) phosphate
(for example, CAS No. CAS No. 68937-41-7) and mixtures of two or more of
the foregoing. The organic phosphate can be present in the flame retardant
additive composition in an amount of 15 to 80 weight percent, based on the
total weight of the flame retardant additive composition. Within this range
the organic phosphate can be present in an amount greater than or equal to
25, or, more specifically, greater than or equal to 30,or more
specifically, greater than or equal to 35 based on the total weight of the
flame retardant additive composition. Also within this range the organic
phosphate can be present in an amount less than or equal to 75, more
specifically, less than or equal to 70, or, even more specifically, less
than or equal to 65 based on the total weight of the flame retardant
additive composition. In one embodiment, the organic phosphate can be
present in the flame retardant additive composition in an amount of 9 to 45
weight percent, based on the total weight of the flame retardant additive
composition. Within this range the organic phosphate can be present in an
amount greater than or equal to 10 weight percent based on the total weight
of the flame retardant additive composition. Also within this range the
organic phosphate can be present in an amount less than or equal to 43, or,
more specifically, less than or equal to 4 1 weight percent based on the
total weight of the flame retardant additive composition. In one embodiment
when the weight ratio of metal hydroxide to phosphoric acid salt is greater
than 0.8 the fire retardant additive composition can comprise 5 to 30 mole
percent (mol%) phosphorous, 23 to 79 mol% nitrogen, and 7 to 68 mol% metal
hydroxide, based on the total moles of phosphorous, nitrogen and metal
hydroxide. Within the preceding range the phosphorous can be present in an
amount greater than or equal to 6 mol%, or, more specifically, in an amount
greater than or equal to 10 mol%. Also within the preceding range the
phosphorous can be present in an amount less than or equal to 28 mol%, or,
more specifically in an amount less than or equal to 24 mol%. Within the
preceding range the nitrogen can be present in an amount greater than or
equal to 30 mol%, or, more specifically, in an amount greater than or equal
to 40 mol%. Also within the preceding range the nitrogen containing can be
present in an 



amount less than or equal to 70 mol%, or, more specifically in an amount
less than or equal to 60 mol%. Within the preceding range the metal
hydroxide can be present in an amount greater than or equal to 15 mol%, or,
more specifically, in an amount greater than or equal to20 mol%. Also
within the preceding range the metal hydroxide can be present in an amount
less than or equal to 55 mol%, or, more specifically in an amount less than
or equal to 45 mol%. The components of the flame retardant additive
composition can be mixed together to form an additive composition.
Alternatively, as discussed in detail below, the components can be blended
with a thermoplastic to form a masterbatch or added individually,
simultaneously, sequentially or a combination thereof, to the thermoplastic
composition during or after its formation. The flame retardant
thermoplastic composition comprises a thermoplastic resin in addition to
the flame retardant additive composition. The thermoplastic resin can be
selected from the group consisting of poly(arylene ether); poly(arylene
ether) blends; styrenic polymers and copolymers and their blends;
polyolefin; polyolefin blends; polyethers and their blends; and polyamides
and their blends. Exemplary poly(arylene ether) blends include
compatibilized poly(arylene ether)/polyamide blends; poly(arylene
ether)/polyolefin blends such as poly(arylene ether)/olefinic
thermoplastics vulcanizates, poly(arylene ether)/ethylene-propylene rubber,
and poly(arylene/ether)/EPDM; poly(arylene ether)/styrenic polymer or
copolymer blends; impact modified poly(arylene ether) blends; and
poly(arylene ether)/thermoplastic polyurethane blends. A flame retardant
thermoplastic composition is herein defined as a thermoplastic composition
having, according to the procedure of Underwriter's Laboratory Bulletin 94
entitled "Tests for Flammability of Plastic Materials, UL94" (UL94) at a
thickness of 3.2 millimeters, a V2 rating or better. In one embodiment the
flame retardant thermoplastic composition has a Vl rating or better. In
another embodiment the flame retardant thermoplastic composition has a VO
rating. In one embodiment the thermoplastic resin comprises poly(arylene
ether) and an impact modifier. The thermoplastic resin may additionally
comprise a polyolefin. In this embodiment the phosphoric acid salt may also
be melem polyphosphate or melam polyphosphate. In one embodiment, the flame
retardant thermoplastic composition has a Durometer hardness (Shore A), as
determined by ASTM D 2240 measured on a specimen havinga 3 millimeter
thickness, greater than or equal to 60. The Shore A hardness can be greater
than or equal to 65 or greater than or equal to 70. The composition may
have a Shore D hardness, as determined by ASTM D 2240 measured on a
specimen having a 3 millimeter thickness, of 20 to 60. Within this range
the Shore D hardness can be greater than or equal to 23 or greater than or
equal to 26. Also within this range the Shore D hardness can be less than
or equal to 55 or less then or equal to 50. In some embodiments flame
retardant thermoplastic composition has a flexural modulus, as determined
by ASTM D790 using bars with a thickness of 6.4 millimeters (mm), of less
than or equal to 1172 megapascals (MPa). The flexural modulus can be less
than or equal to 517 MPa or less than or equal to 482 MPa. A flame
retardant thermoplastic composition with the above described Shore A and
flexural modulus finds use in a variety of applications requiring a
flexible material, particularly wire coating and film, tubes, ducts,
electrical insulator, insulation barrier, insulation breaker plate, wall
paper, pipe and other applications where the combination of flame
retardance, softness and flexibility are required. In one embodiment an
electrical wire comprises a covering disposed over a conductor. The
covering comprises the fire retardant thermoplastic composition. The
electrical wire may additionally comprise an adhesion promoting layer
disposed between the electrically conductive wire and the thermoplastic
composition. In one embodiment the flame retardant thermoplastic
composition is applied to the conductor by a suitable method such as
extrusion coating to form an electrical wire. For example, a coating
extruder equipped with a screw, crosshead, breaker plate, distributor,
nipple, and die can be used. The melted thermoplastic composition forms a
covering disposed over a circumference of the conductor. Extrusion coating
may employ a single taper die, a double taper die, other appropriate die or
combination of dies to position the conductor centrally and avoid die lip
build up. In one embodiment the covering has a thickness of 0.1 mm to 1.0
mm. Ln some embodiments it may be useful to dry the flame retardant
thermoplastic composition before extrusion coating the wire. Exemplary
drying conditions are 60-90C for 2-20 hours. In one embodiment, drying
conditions are 70-85C for 3-8 hours. Additionally, the flame retardant
thermoplastic composition may be filtered 



prior to applying it to the conductive wire, typically through a filter
having a mesh size of 30-300. In one embodiment the diameters of the
openings in the filter are 175 micrometers to 74 micrometers. A color
concentrate or masterbatch may be added to the flame retardant
thermoplastic composition prior to extrusion coating. When a color
concentrate is used it is typically present in an amount less than or equal
to 5 weight percent, based on the total weight of the flame retardant
thermoplastic composition. As appreciated by one of skill in the art, the
color of the flame retardant thermoplastic composition prior to the
addition of color concentrate may impact the final color achieved and in
some cases it may be advantageous to employ a bleaching agent and/or color
stabilization agents. Bleaching agents and color stabilization agents are
known in the art and are commercially available. The processing temperature
during extrusion coating is generally less than or equal to 32O0C, or, more
specifically, less than or equal to 300C, or, more specifically, less than
or equal to 2800C. The processing temperature is greater than or equal to
200C. Additionally the processing temperature is greater than or equal to
the softening temperature of the poly(arylene ether). In one embodiment the
processing temperature during extrusion coating is generally less than or
equal to 290C, or, more specifically, less than or equal to 280C, or, more
specifically, less than or equal to 2700C. The processing temperature is
greater than or equal to 2000C. Additionally the processing temperature is
greater than or equal to the softening temperature of the poly(arylene
ether). After extrusion coating the coated wire may be cooled using a water
bath, water spray, air jets or a combination comprising one or more of the
foregoing cooling methods. Exemplary water bath temperatures are 5 to 80C,
or, in some embodiments 5 to 6O0C. After cooling the coated wire is wound
onto a spool or like device, typically at a speed of 50 meters per minute
(m/min) to 500 m/min, or, more specifically 50 m/min to 300 m/min.In one
embodiment the composition is applied to a conductor having one or more
intervening layers between the conductor and the covering to form a
covering disposed over the conductor. For instance, an optional adhesion
promoting layer may be disposed between the conductor and covering. In
another example the conductor may be coated with a metal deactivator prior
to applying the covering. In another example the intervening layer
comprises a thermoplastic or thermoset composition that, in some cases, is
foamed. The conductor may comprise a single strand or a plurality of
strands. In some cases, a plurality of strands may be bundled, twisted,
braided, or a combination of the foregoing to form a conductor.
Additionally, the conductor may have various shapes such as round or
oblong. Suitable conductors include, but are not limited to, copper wire,
aluminum wire, lead wire, and wires of alloys comprising one or more of the
foregoing metals. The conductor may also be coated with, e.g., tin or
silver. A cross-section of an exemplary electrical wire is seen in Figure
1. Figure 1 shows a covering, 4, disposed over a conductor, 2. In one
embodiment, the covering, 4, comprises a foamed thermoplastic composition.
Perspective views of exemplary electrical wires are shown in Figures 2 and
3. Figure 2 shows a covering, 4, disposed over a conductor, 2, comprising a
plurality of strands and an optional additional layer, 6, disposed over the
covering, 4, and the conductor, 2. In one embodiment, the covering, 4,
comprises a foamed thermoplastic composition. Conductor, 2, can also
comprise a unitary conductor. Figure 3 shows a covering, 4, disposed over a
unitary conductor, 2, and an intervening layer, 6. In one embodiment, the
intervening layer, 6, comprises a foamed composition. Conductor, 2, can
also comprise a plurality of strands. In addition, the covering described
herein may be used to form a jacket surrounding two or more electrical
wires wherein the electrical wires comprise a covering disposed over a
conductor. Figure 4 shows a jacket, 8, disposed over a plurality of covered
conductors (electrical wires), 10. In one embodiment the coating of the
coated wire has tensile strength greater than or equal to 10 MegaPascals
(Mpa) and ultimate elongation greater than or equal to 100% as determined
by UL1581. The coated wire can also have flame resistance of VW-I.The
coated wire is useful for low voltage applications such as direct current
electrical cords, USB cable, audio/visual cable and the like. In some
embodiments the flame retardant thermoplastic composition may have a
tensile strength greater than or equal to 7.0 megapascals and a tensile
elongation greater than or equal to 100%, or, more specifically, greater
than or equal to 110%, or, even more specifically, greater than or equal to
120%. Tensile strength and elongation are both determined by ASTM D638 on
Type I specimens having a thickness of 3.2 



millimeters. In some embodiments the flame retardant thermoplastic
composition may have a tensile strength greater than or equal to 7.0
megapascals and a tensile elongation greater than or equal to 40%, or, more
specifically, greater than or equal to 45%, or, even more specifically,
greater than or equal to 50%. Tensile strength and elongation are both
determined by ASTM D638 on Type I specimens having a thickness of 3.2
millimeters. As used herein, a "poly(arylene ether)" comprises a plurality
of structural units of the formula (I): wherein for each structural unit,
each Q1 and Q2 is independently hydrogen, primary or secondary lower alkyl
(e.g., an alkyl containing 1 to 7 carbon atoms), phenyl, haloalkyl,
aminoalkyl, alkenylalkyl, alkynylalkyl, hydrocarbonoxy, and aryl. In some
embodiments, each Q1 is independently alkyl or phenyl, for example, C1-4
alkyl, and each Q2 is independently hydrogen or methyl. The poly(arylene
ether) may comprise molecules having aminoalkyl-containing end group(s),
typically located in an ortho position to the hydroxy group. Also
frequently present are tetramethyl diphenylquinone (TMDQ) end groups,
typically obtained from reaction mixtures in which tetramethyl
diphenylquinone by-product is present.The poly(arylene ether) can be in the
form of a homopolymer; a copolymer; a graft copolymer; an ionomer, or a
block copolymer; as well as combinations comprising at least one of the
foregoing. Poly(arylene ether) includes polyphenylene ether comprising
2,6-dirnethyl-l,4-phenylene ether units optionally in combination with
2,3,6-trimethyl-l,4-phenylene ether units. The poly(arylene ether) can be
prepared by the oxidative coupling of monohydroxyaromatic compound(s) such
as 2,6-xylenol and/or 2,3,6-trimethylphenol. Catalyst systems are generally
employed for such coupling; they can contain heavy metal compound(s) such
as a copper, manganese or cobalt compound, usually in combination with
various other materials such as a secondary amine, tertiary amine, halide
or combination of two or more of the foregoing. In one embodiment, the
poly(arylene ether) comprises a capped poly(arylene ether). The terminal
hydroxy groups can be inactivated by capping with an inactivating capping
agent via an acylation reaction, for example. The capping agent chosen is
desirably one that results in a less reactive poly(arylene ether) thereby
reducing or preventing crosslinking of the polymer chains and the formation
of gels or black specks during processing at elevated temperatures.
Suitable capping agents include, for example, esters of salicylic acid,
anthranilic acid, or a substituted derivative thereof, and the like; esters
of salicylic acid, and especially salicylic carbonate and linear
polysalicylates, are preferred. As used herein, the term "ester of
salicylic acid" includes compounds in which the carboxy group, the hydroxy
group, or both have been esterified. Suitable salicylates include, for
example, aryl salicylates such as phenyl salicylate, acetylsalicylic acid,
salicylic carbonate, and polysalicylates, including both linear
polysalicylates and cyclic compounds such as disalicylide and
trisalicylide. The preferred capping agents are salicylic carbonate and the
polysalicylates, especially linear polysalicylates. When capped, the
poly(arylene ether) can be capped to any desirable extent up to 80 percent,
more specifically up to 90 percent, and even more specifically up to 100
percent of the hydroxy groups are capped. Suitable capped poly(arylene
ether) and their preparation are described in United States Pat. Nos.
4,760,118 to White et al. and 6,306,978 to Braat et al.Capping poly(arylene
ether) with polysalicylate is also believed to reduce the amount of
aminoalkyl terminated groups present in the poly(arylene ether) chain. The
aminoalkyl groups are the result of oxidative coupling reactions that
employ amines in the process to produce the roly(arylene ether). The
aminoalkyl group, ortho to the terminal hydroxy group of the poly(arylene
ether), can be susceptible to decomposition at high temperatures. The
decomposition is believed to result in the regeneration of primary or
secondary amine and the production of a quinone methide end group, which
may in turn generate a 2,6-dialkyl-l-hydroxyphenyl end group. Capping of
poly(arylene ether) containing aminoalkyl groups with polysalicylate is
believed to remove such amino groups to result in a capped terminal hydroxy
group of the polymer chain and the formation of
2-hydroxy-N,N-alkylbenzamine (salicylamide). The removal of the amino group
and the capping provides a poly(arylene ether) that is more stable to high
temperatures, thereby resulting in fewer degradative products, such as gels
or black specks, during processing of the poly(controlled distribution
arylene ether). The poly(arylene ether) can be functionalized with a
polyfunctional compound such as 



a polycarboxylic acid or those compounds having in the molecule both (a) a
carboncarbon double bond or a carbon-carbon triple bond and b) at least one
carboxylic acid, anhydride, amide, ester, imide, amino, epoxy, orthoester,
or hydroxy group. Examples of such polyfunctional compounds include maleic
acid, maleic anhydride, fumaric acid, and citric acid. The poly(arylene
ether) can have a number average molecular weight of 3,000 to 40,000 grams
per mole (g/mol) and a weight average molecular weight of 5,000 to 80,000
g/mol, as determined by gel permeation chromatography using monodisperse
polystyrene standards, a styrene divinyl benzene gel at 4O0C and samples
having a concentration of 1 milligram per milliliter of chloroform. The
poly(arylene ether) or combination of poly(arylene ether)s has an initial
intrinsic viscosity greater than or equal to 0.35 dl/g, as measured in
chloroform at 25C. Initial intrinsic viscosity is defined as the intrinsic
viscosity of the poly(arylene ether) prior to melt mixing with the other
components of the composition. As understood by one of ordinary skill in
the art the viscosity of the poly(arylene ether) may be up to 30% higher
after meltmixing. The percentage of increase can be calculated by (final
intrinsic viscosity after melt mixing - initial intrinsic viscosity before
melt mixing)/initial intrinsic viscosity before melt mixing. Determining an
exact ratio, when two initial intrinsic viscosities are used, will depend
somewhat on the exact intrinsic viscosities of the poly(arylene ether) used
and the ultimate physical properties that are desired. The poly(arylene
ether) may have a hydroxy end group content of less than or equal to 6300
parts per million based on the total weight of the poly(arylene ether)
(ppm) as determined by Fourier Transform Infrared Spectrometry (FTIR). In
one embodiment the poly(arylene ether) may have a hydroxy end group content
of less than or equal to 3000 ppm, or, more specifically, less than or
equal to 1500 ppm, or, even more specifically, less than or equal to 500
ppm. The poly(arylene ether) can be substantially free of visible
particulate impurities. In one embodiment, the poly(arylene ether) is
substantially free of particulate impurities greater than 15 micrometers.
As used herein, the term "substantially free of visible particulate
impurities" means that a ten gram sample of the poly(arylene ether)
dissolved in fifty milliliters of chloroform (CHCl3) exhibits fewer than 5
visible specks when viewed in a light box. Particles visible to the naked
eye are typically those greater than 40 micrometers in diameter. As used
herein, the term "substantially free of particulate impurities greater than
15 micrometers" means that of a forty gram sample of poly(arylene ether)
dissolved in 400 milliliters of CHCl3, the number of particulates per gram
having a size of 15 micrometers is less than 50, as measured by a Pacific
Instruments ABS2 analyzer based on the average of five samples of twenty
milliliter quantities of the dissolved poly(arylene ether) that is allowed
to flow through the analyzer at a flow rate of one milliliter per minute
(plus or minus five percent). In one embodiment the poly(arylene ether) can
be present in the flame retardant thermoplastic composition in an amount of
5 to 65 weight percent, based on the total weight of the flame retardant
thermoplastic composition. Within this range the poly(arylene ether) can be
present in an amount greater than or equal to 10, or, more specifically,
greater than or equal to 15 weight percent, or, even more
specifically,greater than or equal to 17 weight percent, based on the total
weight of the flame retardant thermoplastic composition. Also within this
range the poly(arylene ether) can be present in an amount less than or
equal to 50, or, more specifically, less than or equal to 45, or, even more
specifically, less than or equal to 40 weight percent based on the total
weight of the flame retardant thermoplastic composition. Particularly
suitable thermoplastic impact modifiers are block copolymers, for example,
A-B diblock copolymers and A-B-A triblock copolymers having of one or two
alkenyl aromatic blocks A, which are typically styrene blocks or blocks of
a copolymer of styrene and one or more 1,3-cyclodienes such as
1,3-cyclohexadiene, and a rubber block, B, which can be a polymer or
copolymer block resulting from the polymerization of a conjugated diene
such as butadiene, a 1,3-cyclodiene such as 1,3- cyclohexadiene or a
combination of conjugated dienes or a copolymer block resulting from the
copolymerization of a conjugated diene and an alkenyl aromatic compound.
The copolymer block itself can be a block copolymer. The repeating units
resulting from the polymerization of the conjugated dienes can be partially
or completely hydrogenated. After a repeating unit resulting from the
polymerization of a conjugated diene has been hydrogenated the repeating
unit may be described as an alkene unit. Each occurrence of alkenyl
aromatic block A may have a molecular weight which is the same or different
than other occurrences of alkenyl aromatic block 



A. Similarly each occurrence of rubber block B may have a molecular weight
which is the same or different than other occurrences rubber block B.
Exemplary A-B and A-B-A copolymers include, but are not limited to,
polystyrenepolybutadiene, polystyrene-poly(ethylene-propylene),
polystyrene-polyisoprene, poly(a-methylstyrene)-polybutadiene,
polystyrene-polybutadiene-polystyrene (SBS),
polystyrene-poly(ethylene-propylene)-polystyrene,
polystyrene-roly(ethylenebutylene)- polystyrene,
polystyrene-(ethylene-butylene/styrene copolymer)- polystyrene,
polystyrene-polyisoprene-polystyrene, and poly(alpha-methylstyrene)-
polybutadiene-poly(alpha-methylstyrene), as well as the selectively
hydrogenated versions thereof, and the like. Mixtures of the aforementioned
block copolymers are also useful. Such A-B and A-B-A block copolymers are
available commercially from a number of sources, including Phillips
Petroleum under the trademark SOLPRENE,Kraton Polymers Ltd. under the
trademark KRATON, Dexco under the trademark VECTOR, and Kuraray under the
trademark SEPTON. i one embodiment the impact modifier comprises impact
modifiers having varying amounts of alkenyl aromatic units. For example a
combination of a polystyrenepoly( ethylene-butylene)-polystyrene having a
polystyrene content of 10 weight percent to 20 weight percent, based on the
total weight of the block copolymer and a
polystyrene-poly(ethylene-butylene)-polystyrene having a polystyrene
content of 25 weight percent to 50 weight percent, based on the total
weight of the block copolymer. In one embodiment the impact modifier
comprises a block copolymer having (A) one or more blocks comprising
repeating alkenyl aromatic units and (C) one or more blocks that is a
controlled distribution copolymer block. Block A may further comprise
alkene units having 2 to 15 carbons as long as the quantity of alkenyl
aromatic units exceeds the quantity of alkene units. In one embodiment the
impact modifier comprises two block copolymers, one of which is a block
copolymer comprising a controlled distribution copolymer block. A
controlled distribution copolymer is a copolymer of alkenyl aromatic units
and alkylene units having 2 to 15 carbons such as ethylene, propylene,
butylene or combinations of two or more of the foregoing. The C block may
comprise some unsaturated carbon-carbon bonds. "Controlled distribution
copolymer block" refers to a molecular structure having the following
attributes: (1) terminal regions adjacent to A blocks that are rich in
(i.e., having a greater than an average amount of) alkylene units; (2) one
or more regions not adjacent to the A blocks that are rich in (i.e., having
a greater than average amount of) alkenyl aromatic units; and (3) an
overall structure having relatively low alkenyl aromatic blockiness. For
the purposes hereof, "rich in" is defined as greater than the average
amount, preferably at least 5% greater than the average amount. Low
blockiness can be shown by either the presence of only a single glass
transition temperature (Tg) for the copolymer block, when analyzed using
differential scanningcalorimetry ("DSC") thermal methods or via mechanical
methods, or shown by proton nuclear magnetic resonance ("H-NMR") methods.
The term "alkenyl aromatic blockiness", as measured by those skilled in the
art using proton NMR (H-NMR), is defined to be the proportion of alkenyl
aromatic units in the polymer having two nearest alkenyl aromatic neighbors
on the polymer chain to the total number of alkenyl aromatic units. The
alkenyl aromatic blockiness can be determined after using H-NMR to measure
two experimental quantities. First, the total number of alkenyl aromatic
units (i.e. arbitrary instrument units which cancel out when ratioed) is
determined by integrating the total aromatic signal in the H-NMR spectrum
from 7.5 to 6.2 ppm and dividing this quantity by the number of aromatic
hydrogens on each aromatic ring (5 in the case of styrene). Second, the
blocky alkenyl aromatic units are determined by integrating that portion of
the aromatic signal in the H-NMR spectrum from the signal minimum between
6.88 and 6.80 to 6.2 ppm and dividing this quantity by 2 to account for the
2 ortho hydrogens on each blocky aryl alkylene aromatic ring. The
assignment of this signal to the two ortho hydrogens on the rings of the
alkenyl aromatic units which have two alkenyl aromatic nearest neighbors
was reported in F. A. Bovey, High Resolution NMR of Macromolecules
(Academic Press, New York and London, 1972), chapter 6. The alkenyl
aromatic blockiness is simply the percentage of blocky alkenyl aromatic
units to total alkenyl aromatic units: Blocky %=100 times (Blocky Styrene
Units/Total Styrene Units). The potential for blockiness can also be
inferred from measurement of the UV-visible absorbance at a wavelength
range suitable for the detection of polystyryllithium end groups during the
polymerization of the C block. A sharp and substantial increase in this
value is indicative of a substantial increase in polystyryllithium chain
ends. This 



will only occur if the conjugated diene concentration drops below the level
necessary, typically a concentration of 0.1% wt of diene, to maintain
controlled distribution polymerization. Any alkenyl aromatic monomer that
is present at this point will add in a blocky fashion.In one embodiment the
blocky % is less than or equal to 40. In one embodiment, the block
copolymer has an alkenyl aromatic content of ten weight percent to forty
weight percent, and the blocky % is less than or equal to 10 but greater
than 0. In one embodiment the block copolymer comprises an alkenyl
aromatic/alkylene controlled distribution copolymer block, wherein the
proportion of alkenyl aromatic units increases gradually to a maximum near
the middle or center of the block and then decreases gradually until the
opposite end of the polymer block is reached. In one embodiment the first
15 to 25% and the last 15 to 85% of the alkenyl aromatic /alkylene
controlled distribution copolymer block are alkylene rich, with the
remainder considered to be alkenyl aromatic rich. The term "alkylene rich"
means that the region has a measurably higher ratio of alkylene to alkenyl
aromatic than the center region. For the controlled distribution copolymer
block the weight percent of alkenyl aromatic in each controlled
distribution copolymer block can be 10 weight percent to 75 weight percent,
or more specifically 15 weight percent to 50 weight percent, based on the
total weight of the controlled distribution copolymer block. Anionic,
solution copolymerization to form the controlled distribution copolymers
can be carried out using known methods and materials. In general, the
copolymerization is attained anionically, using known selections of adjunct
materials, including polymerization initiators, solvents, promoters, and
structure modifiers, but as a key feature, in the presence of a
distribution agent. An exemplary distribution agent is a non-chelating
ether. Examples of such ether compounds are cyclic ethers such as
tetrahydrofuran and tetrahydropyrane and aliphatic monoethers such as
diethyl ether and dibutyl ether. Production of block copolymers comprising
a controlled distribution copolymer block is taught in United States Patent
Application No. 2003/0176582. One feature of the impact modifier comprising
an alkenyl aromatic block and a controlled distribution copolymer block is
that it can have two or more Tg's, the lower being the single Tg of the
controlled distribution copolymer block. The controlled distribution
copolymer block Tg is typically greater than or equal to -60 0C, or, more
specifically, greater than or equal to -40C. The controlled distribution
copolymerblock Tg is typically less than or equal to +30 0C, or, even more
specifically, less than or equal to +10 0C. The second Tg, that of the
alkenyl aromatic block, is +80  C to +110 0C, or, more specifically, +80 0C
to +105 0C. Each A block may have an average molecular weight of 3,000 to
60,000 g/mol and each C block may have an average molecular weight of
30,000 to 300,000 g/mol as determined by gel permeation chromatography
using polystyrene standards. The total amount of alkenyl aromatic units is
15 to 75 weight percent, based on the total weight of the block copolymer.
Exemplary block copolymers are further disclosed in U.S. Patent
Applications Nos. 2003/181584, 2003/0176582, and 2004/0138371 and are
commercially available from Kraton Polymers under the trademark BGRATON.
Exemplary grades are A-RP6936 and A-RP6935. In one embodiment, the impact
modifier can be functionalized in a number of ways. One way is by treatment
with an unsaturated monomer having one or more functional groups or their
derivatives, such as carboxylic acid groups and their salts, anhydrides,
esters, imide groups, amide groups, and acid chlorides. Exemplary monomers
include maleic anhydride, maleic acid, fumaric acid, and their derivatives.
A further description of functionalizing such block copolymers can be found
in U.S. Patent No. 4,578,429 and in U.S. Pat. No. 5,506,299. In another
manner, the impact modifier can be functionalized by grafting silicon or
boron containing compounds to the polymer as taught in U.S. Patent No.
4,882,384. In still another manner, the impact modifier can be contacted
with an alkoxy-silane compound to form a silane-modified block copolymer.
In yet another manner, the impact modifier can be functionalized by
grafting at least one ethylene oxide molecule to the polymer as taught in
U.S. Patent No. 4,898,914, or by reacting the polymer with carbon dioxide
as taught in U.S. Patent No. 4,970,265. Still further, the impact modifier
can be metallated as taught in U.S. Patent Nos. 5,206,300 and 5,276,101,
wherein the polymer is contacted with an alkali metal alkyl, such as a
lithium alkyl. And still further, the impact modifier can be functionalized
by grafting sulfonic groups to the polymer as taught in U.S. Patent No.
5,516,831.In some embodiments the impact modifier is present in an amount
sufficient to attain a combination of softness (as described above by Shore
A and Shore D) and flexural 



modulus (as described above). The impact modifier can be present in the
flame retardant thermoplastic composition in an amount of 5 to 55 weight
percent, based on the total weight of the flame retardant thermoplastic
composition. Within this range the impact modifier can be present in an
amount greater than or equal to 8, or, more specifically, greater than or
equal to 12, or, even more specifically, greater than or equal to 15 weight
percent based on the total weight of the flame retardant thermoplastic
composition. Also within this range the impact modifier can be present in
an amount less than or equal to 50, or, more specifically, less than or
equal to 46, or, even more specifically, less than or equal to 42 weight
percent based on the total weight of the flame retardant thermoplastic
composition. The flame retardant thermoplastic composition may optionally
comprise a polyolefin. Polyolefins which can be included are of the general
structure: CnH2n and include, for example, polyethylene, polybutene,
polypropylene, polyisobutylene, and combinations of one or more of the
foregoing, with preferred homopolymers being polybutene, polyethylene, LDPE
(low density polyethylene), LLDPE (linear low density polyethylene), HDPE
(high density polyethylene), MDPE (medium density polyethylene),
polypropylene, and combinations of two or more of the foregoing. Polyolefin
resins of this general structure and methods for their preparation are well
known in the art and are described for example in U.S. Patent Nos.
2,933,480, 3,093,621, 3,211,709, 3,646,168, 3,790,519, 3,884,993,
3,894,999, 4,059,654, 4,166,055 and 4,584,334. Copolymers of polyolefins
may also be used such as copolymers of ethylene and alpha olefins having
three to twelve carbons or functionalized alpha olefins having three to
twelve carbons. Exemplary alpha olefins include propylene and
4-methylpentene-l, 1-butene, 2-butene, 1-pentene, 2-pentene, 1-hexene,
2-hexene and 3-hexene etc. Exemplary functionalized alpha olefins include
olefins such as ethylene functionalized with vinyl acetate, ethylene
functionalized with acrylate and ethylene functionalized with substituted
acrylate groups. Copolymers of ethylene and C -C1Omonoolefins and
non-conjugated dienes, herein referred to as EPDM copolymers, are also
suitable.Examples of suitable C -C1 monoolefins for EPDM copolymers include
propylene, 1-butene, 2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene and
3-hexene. Suitable dienes include 1,4 hexadiene and monocylic and
polycyclic dienes. Mole ratios of ethylene to other Cs-C1O monoolefin
monomers can range from 95:5 to 5:95 with diene units being present in the
amount of from 0.1 to 10 mol%. EPDM copolymers can be functionalized with
an acyl group or electrophilic group for grafting onto the polyphenylene
ether as disclosed in U.S. Patent No. 5,258,455. In one embodiment the
flame retardant thermoplastic composition comprises a liquid polyolefin,
or, more specifically, a liquid polybutene. "Liquid" as used herein with
reference to a polyolefin is defined as having a viscosity less than or
equal to 700 centiStokes (cSt), or, more specifically, less than or equal
to 300 cSt, as determined by ASTM D445 at 100C. The viscosity of the
polyolefin is greater than or equal to 7OcSt as determined by ASTM D445 at
100C. The polyolefin, when used, can be present in the flame retardant
thermoplastic composition in an amount of 2 to 50 weight percent, based on
the total weight of the flame retardant thermoplastic composition. Within
this range the polyolefin can be present in an amount greater than or equal
to 2, or, more specifically, greater than or equal to 5, or, even more
specifically, greater than or equal to 7 weight percent based on the total
weight of the flame retardant thermoplastic composition. Also within this
range the polyolefin can be present in an amount less than or equal to 40,
or, more specifically, less than or equal to 30, or, even more
specifically, less than or equal to 25 weight percent based on the total
weight of the flame retardant thermoplastic composition. The flame
retardant thermoplastic composition may optionally comprise a poly(alkenyl
aromatic) resin. The term "poly(alkenyl aromatic) resin" as used herein
includes polymers prepared by methods known in the art including bulk,
suspension, and emulsion polymerization, which contain at least 25% by
weight of structural units derived from an alkenyl aromatic monomer of the
formulawherein R1 is hydrogen, C1-C8 alkyl, or halogen; Z1 is vinyl,
halogen or C1-C8 alkyl; and p is 0 to 5. Preferred alkenyl aromatic
monomers include styrene, chlorostyrene, and vinyltoluene. The poly(alkenyl
aromatic) resins include homopolymers of an alkenyl aromatic monomer;
non-elastomeric random, radial and tapered block copolymers of an alkenyl
aromatic monomer, such as styrene, with one or more different monomers such
as acrylonitrile, butadiene, alpha-metliylstyrene, ethylvinylbenzene,
divinylbenzene and maleic anhydride; and rubber-modified 



poly(alkenyl aromatic) resins comprising blends and/or grafts of a rubber
modifier and a homopolymer of an alkenyl aromatic monomer (as described
above), wherein the rubber modifier can be a polymerization product of at
least one C4-C1O nonaromatic diene monomer, such as butadiene or isoprene,
and wherein the rubber-modified poly(alkenyl aromatic) resin comprises 98
to 70 weight percent of the homopolymer of an alkenyl aromatic monomer and
2 to 30 weight percent of the rubber modifier. Rubber-modified polystyrenes
are also known as high-impact polystyrenes or HIPS. In one embodiment the
rubber-modified poly(alkenyl aromatic) resin comprises 88 to 94 weight
percent of the homopolymer of an alkenyl aromatic monomer and 6 to 12
weight percent of the rubber modifier. The composition may comprise the
poly(alkenyl aromatic) resin, when present, in an amount of 1 to 46 weight
percent, based on the total weight of the flame retardant thermoplastic
composition. Within this range the poly(alkenyl aromatic) resin can be
present in an amount greater than or equal to 2, or, more specifically,
greater than or equal to 4, or, even more specifically, greater than or
equal to 6 weight percent based on the total weight of the flame retardant
thermoplastic composition. Also within this range the poly(alkenyl
aromatic) resin can be present in an amount less than or equal to 25, or,
more specifically, less than or equal to 20, or, even more specifically,
lessthan or equal to 15 weight percent based on the total weight of the
flame retardant thermoplastic composition. In general the fire retardant
thermoplastic composition comprises the fire retardant additive composition
in an amount sufficient to attain a V2 rating or better at a thickness of
3.2 millimeters according to UL94. The fire retardant thermoplastic
composition may comprise the fire retardant additive in an amount of 15 to
45 weight percent, based on the total weight of the thermoplastic
composition. Within this range the fire retardant additive composition can
be present in an amount greater than or equal to 18, or, more specifically,
greater than or equal to 20, or, even more specifically, greater than or
equal to 23 weight percent based on the total weight of the flame retardant
thermoplastic composition. Also within this range the fire retardant
additive composition can be present in an amount less than or equal to 40,
or, more specifically, less than or equal to 35, or, even more
specifically, less than or equal to 32 weight percent based on the total
weight of the flame retardant thermoplastic composition. Additionally, the
fire retardant thermoplastic composition may optionally also contain
various additives, for example antioxidants, such as organophosphites,
including tris(nonyl-phenyl)phosphite, tris(2,4-di-t-butylphenyl)phosphite,
bis(2,4-di-tbutylphenyl) pentaerythritol diphosphite or distearyl
pentaerythritol diphosphite, alkylated monophenols, polyphenols and
alkylated reaction products of polyphenols with dienes, such as, for
example, tetrakis[methylene(3,5-di-tert-butyl-4- hydroxyhydrocinnamate)]
methane, 2,4-di-tert-butylphenyl phosphite, butylated reaction products of
para-cresol and dicyclopentadiene, alkylated hydroquinones, hydroxylated
thiodiphenyl ethers, alkylidene-bisphenols, benzyl compounds, esters of
beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid with monohydric or
polyhydric alcohols, esters of
beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-rropionic acid with monohydric
or polyhydric alcohols, esters of thioalkyl or thioaryl compounds, such as,
for example, distearylthiopropionate, dilaurylthiopropionate,
ditridecylthiodipropionate, amides of
beta-(3,5-di-tert-butyl-4-hydroxyphenyl)- propionic acid; fillers and
reinforcing agents, such as silicates, TiO2 fibers, glass fibers (including
continuous and chopped fibers), carbon black, graphite, calciumcarbonate,
talc, and mica; mold release agents; UV absorbers; stabilizers such as
light stabilizers and others; lubricants; plasticizers; pigments; dyes;
colorants; anti-static agents; and blowing agents. In some embodiments it
is desirable to make fire retardant thermoplastic compositions in a variety
of colors. One method of achieving this is to manufacture the fire
retardant thermoplastic composition in a single color and then modify the
color by using a color concentrate which comprises a resin with a dye or
colorant in a concentration significantly higher than that found in the
final composition. In some embodiments it may be necessary to adjust the
composition of the single color fire retardant thermoplastic composition to
accomodate the later inclusion of the color masterbatch to achieve a final
colored fire retardant thermoplastic composition having the amounts of
components as described above. The flame retardant thermoplastic
composition is blended under conditions appropriate to the formation of an
intimate blend. The components are combined and mixed, using equipment such
as an extruder or kneader, typically at a temperature 



sufficient to allow melt mixing without substantial decomposition of any of
the components. Ih one embodiment components can be blended in a twin screw
extruder at a temperature of 2000C to 3000C. If using, for example, a 53
millimeter twin screw extruder the screw speed can be 200 to 600 rotations
per minute (rpm). In one embodiment the phosphoric acid salt, metal
hydroxide and organic phosphate are blended with a thermoplastic either at
a temperature above the melt temperature of the thermoplastic (melt mixing)
or at a temperature below the melt temperature of the thermoplastic to form
a masterbatch. The masterbatch can then be melt mixed with the components
of the flame retardant composition. The masterbatch can be added initially
or after some mixing of the components of flame retardant composition. In
another embodiment the phosphoric acid salt, metal hydroxide and organic
phosphate are premixed, without thermoplastic, to form a flame retardant
additive mixture. The flame retardant additive mixture can be added at any
point along the formation of the flame retardant thermoplastic composition
such as at the beginning of the melt mixing of the thermoplastic or during
the melt mixing of the thermoplastic.Alternatively the flame retardant
additive mixture can be melt mixed with a pelletized thermoplastic blend.
In another embodiment the phosphoric acid salt, metal hydroxide, and
organic phosphate are added directly to the components of the thermoplastic
composition. They can be added together or separately and at any point
during melt mixing provided the composition is sufficiently melt mixed to
disperse the flame retardant additive composition components. In one
embodiment a fire retardant additive masterbatch comprises 30 to 70 of the
flame retardant additive composition and 30 to 70 of a diluent material.
The diluent material can be a solid or liquid and may serve as a binder for
the fire retardant additive composition. While the identity of the diluent
is not crucial the choice of diluent material is typically made with
consideration of the resin or resins the masterbatch is to be combined
with. For example if the masterbatch is to be combined with poly(arylene
ether) the choices for the diluent material could include poly(arylene
ether) or a material compatible with poly(arylene ether) such as
polystyrene, polyolefin as described above, or impact modifier as described
above. In some embodiments the flame retardant thermoplastic composition is
essentially free of compounds having a functional group reactive to an
active hydrogen atom such as compounds having a functional group selected
from a cyclic ether group (e.g., an epoxy group), an acid anhydride group,
an isocyanate group, an oxazoline group, an oxazine group, or a
carbodiimide group. The flame retardant thermoplastic composition may also
be free of fluorine-containing oligomers, and/or silicone-series resins
such as poly(organosiloxane). In the absence of compounds having a
functional group reactive to an active hydrogen atom, fluorine-containing
oligomers, and/or silicone-series resins the flame retardant composition
retains hydrolysis resistance. Hydrolysis resistance can be determined by
injection molding the composition into a test piece for ISO tensile test
and carrying out the PCT test (measurement conditions: 121 C.xlOO% RH, 2
atmospheres, and 24 hours). The tensile strengths before and after PCT test
are measured, and the retention (%) of the tensile strength is an index of
hydrolysis resistance. The composition typically retains 75% to 100% of
tensilestrength. Within this range the composition can retain greater than
or equal to 80% of tensile strength, or, more specifically, greater than or
equal to 85% of the tensile strength. "Essentially free" as used herein
means that the composition contains less than 1 weight percent, or, more
specifically, less than 0.5 weight percent, or, even more specifically,
less than 0.05 weight percent, based on the total weight of the
composition. The compositions are further illustrated by the following
non-limiting examples. EXAMPLES The following examples employed the
materials listed in Table 1. All weight percents employed in the examples
are based on the weight of the entire composition except where stated.
Table 1.AMINO ACID COMPOSITION FOR IMPROVING GLUCOSE TOLERANCE FIELD OF THE
INVENTION The present invention relates to compositions comprising select
amino acid blends and to methods of using the compositions in individuals
afflicted with impaired glucoses tolerance or diabetes. BACKGROUND OF THE
INVENTION Diabetes mellitus is a disorder of carbohydrate metabolism
resulting from 



insufficient production of or reduced sensitivity to insulin. In persons
who have diabetes, the normal ability of body cells to use glucose is
inhibited, thereby increasing blood sugar levels. As more glucose
accumulates in the blood, excess levels of sugar are excreted in the urine.
Corresponding symptoms of diabetes include increased urinary volume and
frequency, thirst, hunger, weight loss, and weakness. There are two
variations of diabetes. Typel diabetes is insulin dependent diabetes
mellitus for which insulin administration is required. In a subject patient
with type I diabetes, insulin is not secreted by the pancreas and therefore
must be taken by injection or inhalation. Type 2 diabetes may be controlled
by dietary restriction, oral antihyperglycemic agents, and/or insulin
administration. Type 2 diabetes can be attributable to dilatory pancreatic
secretion of insulin and reduced sensitivity to the action of insulin on
target tissues. Complications from diabetes often involve the
cardiovascular system, which then accounts for the majority of
diabetes-related deaths. Other serious complications include diabetic
retinopathy, kidney disease, peripheral neuropathy, and/or frequent
infection. Treatment of individuals afflicted with diabetes who are unable
to produce insulin in their bodies involves the administration of regular
injection or inhalation of insulin. Insulin derived from the pancreatic
extract of pigs, sheep, and oxen can be used for this purpose, although
many individuals now use synthetic human insulin manufactured via
recombinant DNA technology. One method of treating diabetes involves
regulating or limiting calorie and carbohydrate intake by placing an
individual afflicted with diabetes on a restrictive diet designed to
facilitate reaching and maintaining normal body weight. While effective in
theory, limiting calorie and carbohydrate intake is often difficult, thus
often resulting in poor patient compliance. Medications are also used in
certain diabetic individuals to help maintain bloodglucose levels within
acceptable target ranges. These medications most typically stimulate
insulin release by the pancreas, improve the body's ability to use insulin,
and/or decrease the production of glucose b y the liver. These medications,
however, are limited in that each can have limiting side effects, none are
appropriate for non-diabetic individuals, and the various medications often
lose their effectiveness in many individuals after prolonged use. SUMMARY
OF THE INVENTION The present invention is directed to compositions and to
methods of using those compositions in treating individuals afflicted with
impaired glucose tolerance or diabetes. This invention is based upon the
discovery that the administration of certain amino acid combinations, in
defined amounts and/or weight ratios, result in a surprisingly blunted
glycemic response to a carbohydrate load. One aspect of the present
invention includes compositions comprising isoleucine, leucine, valine,
cysteine, and methionine, in weight ratios of isoleucine to leucine,
isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine,
independently of at least about 10:1. Another aspect of the present
invention includes compositions for use in treating individuals afflicted
with impaired glucose tolerance or diabetes, wherein such compositions
comprise from about 1 to about 200 mg/kg of body weight of isoleucine; from
about 0.001 to about 10 mg/kg of body weight of leucine; from about 0.001
to about 10 mg/kg of body weight of valine; from about 0.001 to about 10
mg/kg of body weight of cysteine; and from about 0.001 to about 10 mg/kg of
body weight of methionine, and wherein the weight ratios of isoleucine to
leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to
methionine are each independently at least about 10:1. Another aspect of
the present invention includes compositions for use in treating individuals
afflicted with impaired glucose tolerance or diabetes, wherein such
compositions comprise from about 10 to about 200 mg/kg of body weight of
isoleucine; from about 0.01 to about 10 mg/kg of body weight of leucine;
from about 0.01 to about 10 mg/kg of body weight of valine; from about 0.01
to about 10 mg/kg of body weight of cysteine; and from about 0.01 to about
10 mg/kg of body weight of methionine. Another aspect of the present
invention includes low-calorie beverages or other liquids comprising (A)
about 2% to about 98% carbohydrate, as a percentage of total calories,
including at least one of maltitol, erythritol, sorbitol, xylitol,
mannitol, glycerol, isolmalt, and lactitol, and (B) from about 2% to about
98% of a protein source including anyamino acid blend as described herein,
such as those comprising isoleucine, leucine, valine, cysteine, and
methionine, at weight ratios of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine independently
of at least about 10:1. These beverages or liquids have improved flavor and
are especially useful in treating individuals afflicted with impaired
glucose tolerance or diabetes Another aspect of the present invention is
directed to a method of treating 



individuals afflicted with impaired glucose tolerance or diabetes, wherein
the method comprises administering to such individuals an effective amount
of the compositions described herein. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph illustrating changes in blood glucose concentrations
over time in Fatty Zucker rats (model with impaired glucose tolerance)
after oral administration of a control (glucose) solution or an amino acid
test solution (with glucose) according to one aspect of the present
invention. Figure 2 is a graph illustrating changes in blood glucose
concentrations over time in Zucker Diabetic Fatty rats (model with type 2
diabetes mellitus) after oral administration of a control (glucose)
solution, an isoleucine solution (with glucose), or an amino acid test
solution (with glucose) according to one aspect of the present invention.
Figure 3 is a graph illustrating changes in blood glucose concentrations
over time in Fatty Zucker rats (model with impaired glucose tolerance)
after oral administration of a control (glucose) solution or an amino acid
test solution (with glucose) according to one aspect of the present
invention. DETAILED DESCRIPTION OF THE INVENTION The compositions and
corresponding methods of the present invention are directed to compositions
containing select blends of branched chain amino acids and
sulfur-containing amino acids. These and other essential or optional
elements or limitations of the compositions and methods of the present
invention are described in detail hereinafter. The compositions and methods
of the present invention may comprise, consist of, or consist essentially
of the essential elements and limitations of the invention described
herein, as well as any additional or optional ingredients, components, or
limitations described herein or otherwise useful in a nutritional or
pharmaceutical application.All percentages, parts and ratios as used herein
are by weight of the total composition, unless otherwise specified. All
such weights as they pertain to listed ingredients are based on the active
level and, therefore, do not include solvents or by-products that may be
included in commercially available materials, unless otherwise specified.
All numerical ranges as used herein, whether or not expressly preceded by
the term "about", are intended and understood to be preceded by that term,
unless otherwise specified. All references to singular characteristics or
limitations of the present invention shall include the corresponding plural
characteristic or limitation, and vice versa, unless otherwise specified or
clearly implied to the contrary by the context in which the reference is
made. All combinations of method or process steps as used herein can be
performed in any order, unless otherwise specified or clearly implied to
the contrary by the context in which the referenced combination is made.
The compositions and methods of the present invention may also be
substantially free of any optional ingredients described herein. In this
context, the term "substantially free" means that the selected composition
contains less than a functional amount of the optional ingredient,
including zero percent by weight of such optional ingredient. Product Form
The compositions of the present invention may be formulated in any known or
otherwise suitable product form for oral or parenteral administration. Oral
product forms are preferred and include any solid, liquid, or powder
formulation suitable for use herein, provided that such a formulation
allows for safe and effective oral delivery of the essential and other
selected ingredients from the selected product form. Non-limiting examples
of solid nutritional product forms suitable for use herein include snack
and meal replacement products, including those formulated as bars, sticks,
cookies or breads or cakes or other baked goods, frozen liquids, candy,
breakfast cereals, powders or granulated solids or other particulates,
snack chips or bites, frozen or retorted entrees and so forth. Non-limiting
examples of liquid product forms suitable for use herein include snack and
meal replacement products, hot or cold beverages, carbonated or non
carbonated beverages, juices or other acidified beverages, milk or
soy-based beverages, shakes, coffees, teas, enteral feeding compositions,
and so forth. These liquid compositions are most typically formulated as
suspensions or emulsions, but can also be formulated in any other suitable
form such as solutions, liquid gels, and so forth.Other non-limiting
examples of suitable oral product forms include semi-solid or semi-liquid
compositions (e.g., puddings, gels), as well as more conventional product
forms such as capsules, tablets, caplets, pills, and so forth. The quantity
of the composition for providing an effective amount of the defined amino
acid blend to the targeted user may be contained in one or a plurality of
individual dosage forms, e.g., in one tablet or a plurality of tablets. 



For product forms such as lozenges, tablets (e.g. chewable, coated, etc.)
pastes, or gels, the amino acid blend may be formulated at concentrations
most typically ranging from about 5 to about 50%, including from about 15
to about 33%, and also including from about 15 to about 25%, by weight of
the product form, all in combination with excipients or other ingredients
such as carbohydrates, acidulants, flavors, and colors. The carbohydrate in
these product forms preferably contains a non-reducing sugar,
concentrations of which may range from about 5 to 100% by weight of the
carbohydrate. Non-limiting examples of acidulants in these embodiments
include citric acid, malic acid, tartaric acid, lactic acid, or
combinations thereof, to enhance salivation and to provide taste masking
for the amino acid bitter or brothy notes. Amino Acid Blend The
compositions of the present invention comprise a select blend of branched
chain amino acids and sulfur-containing amino acids, the former of which
includes valine (VAL), leucine (LEU), and isoleucine (ILE), and the latter
of which includes cysteine (CYS) and methionine (MET). The compositions of
the present invention therefore includes an amino acid blend of least
isoleucine, leucine, valine, cysteine, and methionine, the quantity or
amount of which should be sufficient to provide an effective treatment for
at least one of impaired glucose tolerance or diabetes. In one embodiment
of the present invention, the composition contains from about 1.0 to about
200 mg/kg of body weight of isoleucine; from about 0.001 to about 10 mg/kg
of body weight of leucine; from about 0.001 to about 10 mg/kg of body
weight of valine; from about 0.001 to about 10 mg/kg of body weight of
cysteine; and from about 0.001 to about 10 mg/kg of body weight of
methionine. Body weight refers to body weight of the subject or subject
patient to which the composition is administered.In another embodiment of
the present invention, the composition contains from about 120 to about 180
mg/kg of body weight of isoleucine; from about 0.25 to about 7.5 mg/kg of
body weight of leucine; from about 0.25 to about 7.5 mg/kg of body weight
of valine; from about 0.25 to about 7.5 mg/kg of body weight of cysteine;
and from about 0.2 to about 5 mg/kg of body weight of methionine. In
another embodiment of the present invention, the composition contains from
about 130 to about 170 mg/kg of body weight of isoleucine; from about 0.5
to about 5 mg/kg of body weight of leucine; from about 0.5 to about 5 mg/kg
of body weight of valine; from about 0.5 to about 5 mg/kg of body weight of
cysteine; and from about 0.3 to about 3 mg/kg of body weight of methionine.
The amount of amino acids for use in the select blends may also be
characterized as a weight ratio of the branched chain to sulfur-containing
amino acids of at least about 10:1, including at least about 50:1, and also
including at least about 100:1, and also including from 500:1 to 10:1. The
amount of amino acids for use in the selected blends may also be
characterized by other defined weight ratios of amino acids that ultimately
contribute to the efficacy of treating at least one of impaired glucose
tolerance or diabetes. In one such embodiment of the present invention, the
composition has weight ratios of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine independently
of at least about 10:1. In another embodiment, the weight ratio of at least
one (such as at least two of, at least three of, at least four of, and all
of) of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine,
and isoleucine to methionine, is at least about 50:1, including at least
about 100:1 and also including from about 50:1 to about 500:1. The
individual amino acids for use in the compositions and methods of the
present invention can be derived from or provided by any known or otherwise
conventional amino acid source, including amino acids esters or acylated
derivatives, amino acids salified with inorganic or organic bases. The
esterified forms are often derived from straight or branched chain
alcohols, whereas the salified forms often include hydrochlorides,
sulfates, acetates, glutamates, and so forth. The individual amino acids
used in the amino acid blends of the present invention include chemically
discrete amino acids unattached to any protein or other polypeptide
structure. Although less preferred, the amino acids can also be provided by
a synthetic polypeptide that provides the requisite amount and/or weight
ratios of the amino acids in thedefined blend. Although the compositions
may further comprise natural or intact proteins, or even polypeptide
fragments thereof, the amino acids in such proteins or segments are not
considered in the determination of the requisite amino acid selection,
including amounts and/or weight ratios, in the amino acid blend as defined
herein. 



The amino acids in the defined blend may be in the L or R configuration, or
a mixture thereof, although most amino acids for use in the formulation
will typically be in the L configuration. The amino acids used herein are
commercially available from a number of different material suppliers,
including Sigma-Aldrich Corporation, having a place of business at 3050
Spruce Street, St. Louis, Missouri When a composition of the present
invention is in liquid form, most typically as an oral liquid or beverage,
or after a powder embodiment is reconstituted to form an oral liquid
composition, the pH of the liquid composition is suitable for appropriate
administration to a subject, such as by oral administration. In one such
liquid embodiment, the composition has a pH from about 2.5 to about 8.0,
including from about 2.7 to about 7.0, and also including from about 3.0 to
about 5.5, and also including from about 3.0 to about 5.0. The compositions
of the present invention may further comprise one or more supplemental
amino acids, non-limiting examples of which include aspartic acid (ASP),
threonine (THR), serine (SER), glutamic acid (GLU), proline (PRO), glycine
(GLY), alanine (ALA), tyrosine (TYR), histidine (HIS), lysine (LYS),
arginine (ARG), methionine (MET), tryptophan (TRY), phenylalanine (PHE),
and combinations thereof. The compositions may contain a sufficient amount
of one or more (such as at least about 2 or more, and at least about 5 or
more) supplemental amino acids to contribute to providing a treatment for
at least one of impaired glucose tolerance and diabetes. In one embodiment
of the present invention, the composition contains one or more of from
about 0.01 to about 30 mg/kg (including from about 1 to about 30 mg/kg and
also including from about 5 to about 20 mg/kg) of body weight of each of
aspartic acid and glutamic acid; from about 0.001 to about 10 mg/kg
(including from about 0.1 to about 10 mg/kg and also including from about
0.5 to about 5 mg/kg) of body weight of each of threonine, serine, proline,
histidine, and lysine; and from about 0.001 to about 20 mg/kg (including
from about 0.1 to about 20 mg/kg and also including from about 1 to about
10 mg/kg) of body weight of each of glycine, alanine, tyrosine, arginine,
and tryptophan. In some instances, the compositions of the present
invention contain little or no phenylalanine. For example, the composition
may contain less than about 10 mg/kg of body weight of phenylalanine or
less than about 5% by weight. In another embodiment, thecomposition
contains less than about 5 mg/kg of body weight of phenylalanine. In yet
another embodiment, the composition contains zero or less than about 1
mg/kg of body weight of phenylalanine. Macronutrients The compositions of
the present invention may further comprise one or more other macronutrients
including a fat source, a carbohydrate source, and a protein source, all in
addition to the amino acids blend as defined herein. The optional
macronutrients in combination with the other essential or added ingredients
may provide up to about 1000 kcal of energy per serving or dose, including
from about 25 kcal to about 900 kcal, also including from about 75 kcal to
about 700 kcal, also including from about 100 kcal to about 500 kcal, also
including from about 150 kcal to about 400 kcal, and also including from
about 200 kcal to about 300 kcal, per serving or dose, preferably as a
single, undivided serving or dose. Many different sources and types of
proteins, lipids, and carbohydrates are known and can be used in the
various products described herein, provided that the selected nutrients are
safe and effective for oral administration and are compatible with the
essential and other added ingredients. Carbohydrates suitable for use in
the compositions of the present invention may be simple, complex, or
variations or combinations thereof. Non-limiting examples of suitable
carbohydrates include hydrolyzed or modified starch or cornstarch,
maltodextrin, glucose polymers, sucrose, corn syrup, corn syrup solids,
rice-derived carbohydrate, glucose, fructose, lactose, high fructose corn
syrup, indigestible oligosaccharides (e.g., fructooligosaccharides),
soluble or insoluble fiber, honey, sugar alcohols (e.g., maltitol,
erythritol, sorbitol), and combinations thereof. Proteins suitable for use
in the compositions of the present invention, in addition to the amino acid
blend component as described herein, include hydrolyzed, partially
hydrolyzed or non-hydrolyzed proteins or protein sources, and can be
derived from any known or otherwise suitable source such as milk (e.g.,
casein, whey), animal (e.g., meat, fish), cereal (e.g., rice, corn),
vegetable (e.g., soy), or combinations thereof. Fats suitable for use in
the compositions of the present invention include coconut oil, fractionated
coconut oil, soy oil, corn oil, olive oil, safflower oil, high oleic
safflower oil, MCT oil (medium chain triglycerides), sunflower oil, high
oleic sunflower oil, palm andpalm kernel oils, palm olein, canola oil,
marine oils, cottonseed oils, and combinations thereof. 



The concentration or amount of fat, protein, and carbohydrate in the
compositions of the present invention may vary considerably depending upon
the particular product form (e.g., solid, liquid, powder) and the various
other formulations and targeted dietary needs. These macronutrients are
most typically formulated within any of the caloric ranges (embodiments
A-D) described in the following table. * Each numerical value is preceded
by the term "about" Other Optional Ingredients The compositions of the
present invention may further comprise other optional components that may
modify the physical, chemical, aesthetic or processing characteristics of
the products or serve as pharmaceutical or additional nutritional
components when used in the targeted population. Many such optional
ingredients are known or otherwise suitable for use in medical food or
other nutritional products or pharmaceutical dosage forms and may also be
used in the compositions herein, provided that such optional ingredients
are safe for oral administration and are compatible with the essential and
other ingredients in the selected product form. Non-limiting examples of
such optional ingredients include preservatives, anti oxidants, emulsifying
agents, buffers, pharmaceutical actives, additional nutrients as described
herein, colorants, flavors, thickening agents and stabilizers, emulsifying
agents, lubricants, and so forth. The compositions of the present invention
may further comprise an sweetening agent, preferably including at least one
sugar alcohol such as maltitol, erythritol, sorbitol, xylitol, mannitol,
isolmalt, and lactitol, and also preferably including at least one
artificial or high potency sweetener such as acesulfame K, aspartame,
sucralose, saccharin, stevia, and tagatose. These sweetening agents,
especially as a combination of a sugar alcohol and anartificial sweetener,
are especially useful in formulating liquid beverage embodiments of the
present invention having a desirable favor profile. These sweetener
combinations are especially effective in masking undesirable flavors
sometimes associated with the addition of amino acids to a liquid beverage.
Optional sugar alcohol concentrations in the beverage may range from at
least about 0.01%, including from 0.1% to about 10%, and also including
from about 1% to about 6%, by weight of the beverage. Optional artificial
sweetener concentrations may range from about 0.01%, including from about
0.05% to about 5%, also including from about 0.1% to about 1.0%, by weight
of the beverage. The compositions of the present invention may further
comprise any of a variety of other vitamins or related nutrients,
non-limiting examples of which include vitamin A, vitamin D, vitamin E,
vitamin K, thiamine, riboflavin, pyridoxine, vitamin Bn, carotenoids (e.g.,
beta-carotene, zeaxanthin, lutein, lycopene), niacin, folic acid,
pantothenic acid, biotin, vitamin C, choline, inositol, salts and
derivatives thereof, and combinations thereof. The compositions may further
comprise any of a variety of other additional minerals, non-limiting
examples of which include calcium, phosphorus, magnesium, iron, zinc,
manganese, copper, sodium, potassium, molybdenum, chromium, chloride, and
combinations thereof. Low-calorie Beverage or Liquid The compositions of
the present invention include low-calorie beverages or other liquids
formulated to mask or otherwise minimize undesirable flavor associated with
the amino acid blends described herein. These low calorie beverages or
liquids include those embodiments comprising from about 2% to about 98% of
a protein source, as a percentage of total calories, including any of the
amino acid blends as desecribed herein, such as those comprising
isoleucine, leucine, valine, cysteine, and methionine, at weight ratios of
isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and
isoleucine to methionine independently of at least about 10:1; and from
about 2% to about 98% carbohydrate, as a percentage of total calories,
including at least one of maltitol, erythritol, sorbitol, xylitol,
mannitol, glycerol, isolmalt, and lactitol; wherein the nutritional liquid
has a pH of from about 2.5 to about 8.0, preferably from about 2.5 to 4.6,
and a caloric density of from about 8.1 kcal/lOOml to about 40 kcal/lOOml,
including from about 16 kcal/100 ml to about 32 kcal/100ml. These low
calorie beverages or liquids preferably include erythritol, concentrations
of which may range from about 0.1 to about 10%, including from about 1 to
about 5%, andalso including from about 1.5 to about 3%, all by weight of
the beverage or liquid. These low calorie beverages or liquids preferably
include at least one additional sweetening agent, some non-limiting
examples of which include acesulfame K, aspartame, sucralose, saccharin,
stevia, and tagatose. These low calorie beverages or liquids may further
comprise any one or more of the other optional or other ingredients as
described herein. Manufacture 



The compositions of the present invention may be prepared by any known or
otherwise effective manufacturing technique for preparing the selected
product form. Many such techniques are known for any given product form
such as nutritional liquids or nutritional bars and can easily be applied
by one of ordinary skill in the art to the nutritional products described
herein. The compositions of the present invention can likewise be prepared
by any known or otherwise effective manufacturing technique for preparing
the various phapnaceutical product forms. Many such techniques are known
for any given pharmaceutical product form such as capsules, tablets,
liquids, and so forth, and can easily be applied by one of ordinary skill
in the art to the compositions described herein. As a basic liquid
formulation, the compositions of the present invention may be prepared by
dissolving each of the selected amino acids in water or a dilute acid
solution, and then combining the different amino acid solutions to form a
liquid embodiment of the present invention. As a basic solid formulation,
the compositions of the present invention may be prepared by combining the
different powder forms of the selected amino acids, along with any tablet
forming materials or other excipients, and then dry blending the powders
prior to processing it into the desired solid product form, e.g., tablet,
capsule, caplet, and so forth. In yet another embodiment, the compositions
of the present invention may be formulated as a nutritional liquid,
including a juice or milk or soy-based liquid, comprising the selected
amino acid blend. Such an embodiment may be prepared by first forming an
oil and fiber blend containing all formulation oils, any emulsifier, fiber
and fat-soluble vitamins. Additional slurries (typically a carbohydrate and
two protein slurries) are prepared separately by mixing the carbohydrate
and minerals together and the protein in water. The slurries are then mixed
together with the oil blend. The resulting mixture is homogenized,
heatprocessed, standardized with any water-soluble vitamins, flavored and
the liquid terminally sterilized or aseptically filled or dried to produce
a powder. Other product forms such nutritional bars may be manufactured,
for example, using cold extrusion technology as is known and commonly
described in the bar manufacturing art. To prepare such compositions,
typically all of the powdered components are dry blended together, which
typically includes the amino acid blend and any proteins, vitamin premixes,
certain carbohydrates, and so forth. The fat-soluble components are then
blended together and mixed with any powdered premixes. Finally any liquid
components are then mixed into the composition, forming a plastic like
composition or dough. The resulting plastic mass can then be shaped,
without further physical or chemical changes occurring, by cold forming or
extrusion, wherein the plastic mass is forced at relatively low pressure
through a die, which confers the desired shape. The resultant exudate is
then cut off at an appropriate position to give products of the desired
weight. If desired the solid product is then coated, to enhance
palatability, and packaged for distribution. The solid nutritional
embodiments of the present invention may also be manufactured through a
baked application or heated extrusion to produce solid product forms such
as cereals, cookies, crackers, and similar other product forms. One
knowledgeable in the nutrition manufacturing arts is able to select one of
the many known or otherwise available manufacturing processes to produce
the desired final product. The compositions of the present invention may,
of course, be manufactured by other known or otherwise suitable techniques
not specifically described herein without departing from the spirit and
scope of the present invention. The present embodiments are, therefore, to
be considered in all respects as illustrative and not restrictive and that
all changes and equivalents also come within the description of the present
invention. The following nonlimiting examples will further illustrate the
compositions and methods of the present invention. Method of Use The
compositions of the present invention may be used in individuals afflicted
with or otherwise at risk of developing impaired glucose tolerance or
diabetes. These compositions can also be administered, however, in any
individual as a nutrition source, especially in those in whom a blunted
glycemic response is desirable. The compositions and methods of the present
invention may be directed to any individual, including humans and other
mammals such dogs, cats, rodents, cows, sheep,swine, goats, horses and
other hoofed animals, and so forth. Healthy individuals at risk of type 2
diabetes may be administered the compositions as well. The compositions of
the present invention may be administered before, during, or after
carbohydrate intake (such as from a meal, drink, or snack) to improve
glucose tolerance and reduce the glycemic response. In one embodiment, the
administration of the amino acid composition is conducted within about one
hour of carbohydrate consumption by the subject. 



In another embodiment, the administration of the amino acid composition is
conducted within about 30 minutes of carbohydrate consumption by the
subject. The compositions of the subject invention may be used to treat
glucose tolerance, diabetes, obesity, and/or symptoms and side effects of
glucose tolerance, diabetes, and obesity. Specifically, the compositions
may be used to treat type 2 diabetes, type 2 diabetes and/or symptoms of
any thereof. Symptoms and side effects of diabetes include one or more of
high blood glucose levels, sleep habits such as insomnia, general energy
level such as lethargy, strength, body weight/poor or increased appetite,
reflux, irregularity, stomach neuropathy, kidney failure, heart disease,
stroke, and deteriorating eyesight. In one aspect of the invention,
administration of the compositions of the subject invention to a subject in
need thereof after, during, or before carbohydrate ingestion decreases
blood glucose levels compared to carbohydrate ingestion without the
administration of the compositions of the subject invention. Blood glucose
levels may be determined using whole blood, blood plasma or blood serum.
Unless otherwise indicated, blood glucose levels refer to analysis of whole
blood. Administration of the amino acid compositions decreases blood
glucose levels after carbohydrate ingestion (compared to blood glucose
levels after carbohydrate ingestion without administration of the amino
acid compositions) in at least one of about 30 minutes after carbohydrate
intake, about 60 minutes after carbohydrate intake, about 90 minutes after
carbohydrate intake, and about 120 minutes after carbohydrate intake. In
another aspect of the invention, administration of the compositions of the
present invention to an individual before, during, or after carbohydrate
intake decreases blood glucose levels compared to the same carbohydrate
intake without the administration of the compositions of the present
invention by at least about 5% in at least one of about 30 minutes after
carbohydrate intake, about 60 minutes after carbohydrate intake, about 90
minutes after carbohydrate intake, and about 120 minutes after carbohydrate
intake. In yet another aspect of the invention, administration of the
compositions of the present invention to a subject before, during, or after
carbohydrate intake decreases bloodglucose level compared to the same
carbohydrate intake without the administration of the compositions of the
subject invention by at least about 10% in at least one of about 30 minutes
after carbohydrate intake, about 60 minutes after carbohydrate intake,
about 90 minutes after carbohydrate intake, and about 120 minutes after
carbohydrate intake. In still yet another aspect of the invention,
administration of the compositions of the subject invention to a subject
before, during, or after carbohydrate intake decreases blood glucose levels
compared to the same carbohydrate intake without the administration of the
compositions of the subject invention by at least about 20% in at least one
of about 30 minutes after carbohydrate intake, about 60 minutes after
carbohydrate intake, about 90 minutes after carbohydrate intake, and about
120 minutes after carbohydrate intake. EXAMPLES The following examples
illustrate specific embodiments of the compositions and methods of the
present invention, including some suitable techniques to prepare the
compositions. The examples are given solely for the puipose of illustration
and are not to be construed as limitations of the present invention, as
many variations thereof are possible without departing from the spirit and
scope of the invention. Examples 1-3 Examples 1-3 illustrate nutritional
liquid embodiments of the present invention. Also included are
corresponding methods of using the compositions in accordance with the
methods of the present invention. The ingredients for each exemplified
composition are described in the following table. All ingredient amounts
are listed as kg per 1000 kg batch of product, unless otherwise specified.
Low-calorie Beverage**Total calories: 72.432 kcal/11 oz (23 kcal/lOOml)
Each of the exemplified embodiments of the present invention as referenced
in the preceding table may be prepared, for example, in accordance with the
following batching and processing instructions. The amino acid blend is
prepared by conventional methods as a powder comprising each of the
identified amino acids. The amino acid powder is added slowly, with
agitation, to a kettle containing the specified amount of water. Once the
amino acids are fully dispersed, the solution pH is reduced to 2.4 using an
80% phosphoric acid solution, and thereafter increased to 3.2 using a 45%
KOH solution. To the pH-adjusted blend, the specified amounts of the premix
flavor blend, citric acid, erythritol, powdered maltitol, 10% Acesulfame
potassium solution, and liquid sucralose, are added and allowed to mix
thoroughly. The resulting mixture is then subjected to minimal
homogenization pressure, UHT (ultra high temperature) processing at 1040C
for 5 



seconds, and then hot aseptic filling into suitable containers at a
temperature of 88-99C. The pH of the final product is approximately 3.2.
Each exemplified beverage has a weight ratios of isoleucine to leucine,
isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine,
of at least about 10:1. Each of the exemplified beverages is used to treat
individuals afflicted with impaired glucose tolerance. Each is
administered, within one hour of a carbohydrate-containing meal or other
carbohydrate challenge, to such individuals to the extent necessary to
provide 1-200 mg/kg of body weight of isoleucine; 0.001-10 mg/kg of body
weight of leucine; 0.001-10 mg/kg of body weight of valine; 0.001-10 mg/kg
of body weight of cysteine; and 0.001-10 mg/kg of body weight of
methionine. Blood glucose levels in these individuals following the
carbohydrate-containing meal or other carbohydrate challenge are reduced as
compared to blood glucose levels without administration of the beverage by
at least 5-10% in at least one of about 30 minutes after carbohydrate
intake, about 60 minutes after carbohydrate intake, about 90 minutes
aftercarbohydrate intake, and about 120 minutes after carbohydrate intake.
Examples 4-6 Examples 4-6 illustrate some of the possible tablet
embodiments of the present invention. Also included are corresponding
methods of using the tablets in accordance with the methods of the present
invention. The tablets are made by methods well known in the formulation
arts. *Amino acid blend from Example 1 Each exemplified tablet has weight
ratios of isoleucine to leucine, isoleucine to valine, isoleucine to
cysteine, and isoleucine to methionine, of at least about 10:1. Each of the
exemplified tablets is used to treat individuals afflicted with impaired
glucose tolerance. Each is administered, as single or multiple tablets,
within one hour of a carbohydrate-containing meal or other carbohydrate
challenge, to such individuals to the extent necessary to provide 1-200
mg/kg of body weight of isoleucine; 0.001-10 mg/kg of body weight of
leucine; 0.001-10 mg/kg of body weight of valine; 0.001-10 mg/kg of body
weight of cysteine; and 0.001-10 mg/kg of body weight of methionine. A
typical dose is 25 tablets daily, taken orally in divided doses. These
tablets may be swallowed whole or chewed, but are most typically chewed.
Blood glucose levels in these individuals following the
carbohydrate-containing meal or other carbohydrate challenge are reduced as
compared to blood glucose levels without administration of the beverage by
at least 5-10% in at least one of about 30 minutes after carbohydrate
intake, about 60 minutes after carbohydrate intake, about 90 minutes after
carbohydrate intake, and about 120 minutes after carbohydrate
intake.EXPERIMENT The following experiments are directed to the
compositions of the present invention, and include the administration of
these compositions to rats with impaired glucose tolerance (Fatty Zucker
rats) or to rats with Type 2 diabetes mellitus (Zucker Diabetic Fatty rats)
and the subsequent evaluation of the blood glucose response in each animal.
Experiment 1 An amino acid test formula and control are prepared. The
control is a 22.5% glucose solution. The amino acid test formula is
prepared by weighing and dissolving each of the following amino acids in
separate tubes: ASP (66.55 mg) is dissolved in 1.0 ml of IN HCL; THR (7.21
mg) is dissolved in 1.0ml of water; SER (7.97 mg) is dissolved in 1.0 ml of
water; GLU (102.3 mg) is dissolved in 1.0 ml of IN HCL; PRO (8.6 mg) is
dissolved in 1.0 ml of water; GLY (29.15 mg) is dissolved in 1.0 ml IN HCL;
ALA (33.27 mg) is dissolved in 1.0 ml of water; CYS (5.28 mg) is dissolved
in 1.0 ml IN HCL; VAL (6.68 mg) is dissolved in 1.0 ml of water; MET (3.36
mg) is dissolved in 1.0 ml of water; ILE (7.34 mg) is dissolved in 1.0 ml
of IN HCL; LEU (6.58 mg) is dissolved in 1.0 ml of IN HCL; TRY (33.55 mg)
is dissolved in 1.0 ml of IN HCL; PHE (20.8 mg) is dissolved in 1.0 ml of
IN HCL; HIS (6.9 mg) is dissolved in 1.0 ml of IN HCL; LYS (11.8 mg) is
dissolved in 1.0 ml of water; ARG (34.38 mg) is dissolved in 1.0 ml of
water; TRP (9.46 mg) is dissolved in 1.0 ml of 1N HCL. Each amino acid
additive is contained within in its own individual tube and is mixed within
that tube until a clear solution forms. Among the different amino acid
solutions formed, those dissolved with HCL are then combined in a 50 ml
beaker, after which 937.5mg of ILE is added to the beaker and mixed until
dissolved. Once the ILE is dissolved, all amino acid solutions once
dissolved in water are then added to the beaker, followed by 25 ml of a 45%
glucose solution. The resulting glucose-containing blend is stirred until
thoroughly mixed, the pH of which is then adjusted to 7.0 +/- 1.0 with a
50% sodium hydroxide solution (buffer may be added to stabilize pH). The pH
adjusted mixture is transferred to a 50 ml volumetric flask and brought to
volume with distilled water. The mixture is transferred to a beaker with a
stir bar and stirring is 



continued while filling syringes. Fatty Zucker rats are received at the
animal facility for at least one week before testing. Each is weighed the
day before the experiment and then assigned to one of two groups matched
for body weight. Only rats that weigh at least 300 gm are included in the
study. After an overnight fast, each rat is weighed again and then dosed at
8ml/kg bodyweight (oral gavage) with the control or the amino acid test
solution. Blood glucose concentrations are then measured from the tip of
the tail of each animal at 30, 60, 90 and 120 minutes following the gavage.
The data from this experiment are summarized in Figure 1, which shows that
the amino acid test mixture, when administered to the rats, significantly
reduces blood glucose concentrations relative to the control at 60 minutes
following gavage. Experiment 2 The control formula (22.5% glucose solution)
and the amino acid test formula described in Experiment 1 are prepared and
subsequently used in this second experiment, along with an isoleucine
mixture as described below. In this second experiment, a high dose
isoleucine mixture is prepared by adding Lisoleucine (1338.7 g) to 50 ml
beaker followed by 10 ml of IN HCL. The beaker contents are mixed until
dissolved, and thereafter to it is added with agitation 25 ml of a 45%
glucose solution. The pH of the resulting mixture is adjusted to 7.0 (+/-
1.0) with a 50% sodium hydroxide solution (buffer may be added to stabilize
pH). The pH adjusted mixture is transferred to a 50ml volumetric and
brought to volume with distilled water. The mixture is transferred to a
beaker with stir bar and continually stirred while filling syringes. Zucker
Diabetic Fatty rats, a model of type 2 diabetes, are received at the animal
facility for at least one week before testing. Each is weighed the day
before the experiment and then assigned to one of two groups matched for
body weight. After an overnight fast, each rat is weighed and then dosed at
8ml/kg body weight (oral gavage) with the glucose control, the amino acid
test mixture, or the isoleucine solution. Blood glucose concentrations are
then measured from the tip of the tail of each animal at 30, 60, 90 and 120
minutes following the gavage. The data from this experiment are summarized
in Figure 2. As shown in the illustrated data, high dose isoleucine
(isoleucine alone) does not significantly affect blood glucose
concentrations relative to the control, whereas the amino acid test mixture
significantly decreases blood glucose concentrations relative to the
control at 60 minutes following gavage. Experiment 3 To determine the
minimal amino acid solution needed to improve glycemia, an amino acid
mixture is prepared in the following manner (weigh each amino acid and
place it into itsown individual tube): CYS (5.28 mg) is dissolved in 1.0 ml
IN HCL; VAL (6.68 mg) is dissolved in 1.0 ml of water; MET (3.36 mg) is
dissolved in 1.0 ml of water; and LEU (6.58 mg) is dissolved in 1.0 ml of
IN HCL. Each tube is mixed until a clear solution is obtained. In a 50 ml
beaker, ILE (927.5 mg) is dissolved in 10 ml HCL. All amino acid tubes
dissolved in acid are added to the 50 ml beaker (use a pipette to transfer)
and stirred. All of the amino acids once dissolved in water are then added
to the beaker (transfer via pipette), followed by 25 ml of 45% glucose
solution. The resulting blend is stirred until thoroughly mixed. The pH of
the blend is adjusted to about 7 with a 50% sodium hydroxide solution. A
buffer may be added to stabilize the pH. The blend is then transferred to a
50 ml volumetric flask and brought to volume with distilled water. The
resulting mixture is compared to a control solution of 22.5% glucose in the
following experiment. Fatty Zucker rats are received at the animal facility
for at least one week before testing. Each is weighed the day before the
experiment, and then assigned to one of two groups matched for body weight.
Only rats that weigh at least 300 gm are included in the study. After an
overnight fast, the rats are weighed and dosed at 8ml/kg body weight (oral
gavage) with either control or the amino acid test mixture. Blood glucose
concentrations are then measured from the tip of the tail of each animal at
30, 60, 90 and 120 minutes from the tip of the tail. The data from this
experiment are summarized in Figure 3, which shows that the amino acid test
mixture (five amino acid combination) significantly decreases blood glucose
concentration relative to the control at 60 minutes following gavage.WHAT
IS CLAIMED IS: 1. A composition for treating individuals afflicted with
diabetes or impaired glucose tolerance, comprising: from about 1 to about
200 mg/kg of body weight of isoleucine; from about 0.001 to about 10 mg/kg
of body weight of leucine; from about 0.001 to about 10 mg/kg of body
weight of valine; from about 0.001 to about 10 mg/kg of body weight of
cysteine; and 



from about 0.001 to about 10 mg/kg of body weight of methionine, wherein
weight ratios of isoleucine to leucine, isoleucine to valine, isoleucine to
cysteine, and isoleucine to methionine are independently at least about
10:1. 2. The composition of claim 1 further comprising at least one of:
from about 0.01 to about 30 mg/kg of body weight of aspartic acid; from
about 0.001 to about 10 mg/kg of body weight of threonine; from about 0.001
to about 10 mg/kg of body weight of serine; from about 0.01 to about 30
mg/kg of body weight of glutamic acid; from about 0.001 to about 10 mg/kg
of body weight of proline; from about 0.001 to about 20 mg/kg of body
weight of glycine; from about 0.001 to about 20 mg/kg of body weight of
alanine; from about 0.001 to about 20 mg/kg of body weight of tyrosine;
from about 0.001 to about 10 mg/kg of body weight of histidine; from about
0.001 to about 10 mg/kg of body weight of lysine; from about 0.001 to about
20 mg/kg of body weight of arginine; and from about 0.001 to about 20 mg/kg
of body weight of tryptophan. 3. The composition of claim 1, wherein the
weight ratio of at least one of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine is at least
about 100:1. 4. The composition of claim 1 comprising less than about 10
mg/kg of body weight of phenylalanine. 5. The composition of claim 1
further comprising at least one of vitamins, minerals,carbohydrate, and
fat. 6. The composition of claim 5 comprising, as a percentage of total
calories, from about 10% to about 75% carbohydrate, from about 20% to about
85% fat, and from about 5% to about 70% protein. 7. The composition of
claim 1 wherein the composition is an oral tablet. 8. The composition of
claim 1 wherein the composition is an oral liquid. 9. A composition for
treating individuals afflicted with diabetes or impaired glucose tolerance,
comprising isoleucine, leucine, valine, cysteine, and methionine; the
composition having weight ratios of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine independently
of at least about 10:1. 10. The composition of claim 9, wherein the weight
ratios of isoleucine to leucine, isoleucine to valine, isoleucine to
cysteine, and isoleucine to methionine are independently at least about
100:1. 11. The composition of claim 9 having weight ratios of branched
chain amino acids to sulfur containing amino acids of at least about 50:1.
12. The composition of claim 9 comprising less than about 5% by weight of
phenylalanine. 13. The composition of claim 9 further comprising at least
one of vitamins, minerals, carbohydrate, and fat. 14. The composition of
claim 13 comprising, as a percentage of total calories, from about 10% to
about 75% carbohydrate, from about 20% to about 85% fat, and from about 5%
to about 70% protein. 15. The composition of claim 9 wherein the
composition is an oral tablet. 16. The composition of claim 9 wherein the
composition is an oral liquid.17. A composition for treating individuals
afflicted with diabetes or impaired glucose tolerance, comprising: from
about 10 to about 200 mg/kg of body weight of isoleucine; from about 0.01
to about 10 mg/kg of body weight of leucine; from about 0.01 to about 10
mg/kg of body weight of valine; from about 0.01 to about 10 mg/kg of body
weight of cysteine; and from about 0.01 to about 10 mg/kg of body weight of
methionine. 18. The composition of claim 17 wherein, weight ratios of
isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and
isoleucine to methionine are independently at least about 10:1. 19. The
composition of claim 17, wherein weight ratios of at least one of
isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and
isoleucine to methionine is at least about 100:1. 20. The composition of
claim 17 comprising less than about 10 mg/kg of body weight of
phenylalanine. 21. The composition of claim 17 further comprising at least
one of vitamins, minerals, carbohydrate, and fat. 22. The composition of
claim 17 comprising, as a percentage of total calories, from about 10% to
about 75% carbohydrate, from about 20% to about 85% fat, and from about 5%
to 



about 70% protein. 23. The composition of claim 17 wherein the composition
is an oral tablet. 24. The composition of claim 17 wherein the composition
is an oral liquid. 25. A method of treating individuals afflicted with
impaired glucose tolerance or diabetes, said method comprising
administering to the individual an effective amount of a composition
comprising from about 1.0 to about 200 mg/kg of body weight of isoleucine,
from about 0.001 to about 10 mg/kg of body weight of leucine, from about
0.001 to about 10 mg/kg of body weight of valine, from about 0.001 to about
10 mg/kg of body weight of cysteine, andfrom about 0.001 to about 10 mg/kg
of body weight of methionine. 26. The method of claim 25, wherein the
composition is administered orally. 27. The method of claim 25, wherein the
composition is administered within about one hour of carbohydrate intake by
the individual. 28. The method of claim 27, wherein administration of the
composition to a subject decreases blood glucose levels compared to blood
glucose levels without administration of the composition by at least about
5% in at least one of about 30 minutes after carbohydrate intake, about 60
minutes after carbohydrate intake, about 90 minutes after carbohydrate
intake, and about 120 minutes after carbohydrate intake. 29. The method of
claim 27, wherein administration of the composition to a subject decreases
blood glucose levels compared to blood glucose levels without
administration of the composition by at least about 10% in about 60 minutes
after carbohydrate intake. 30. The method of claim 27, wherein the
composition has weight ratios of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine independently
of at least about 10:1. 31. A nutritional liquid, comprising (A) from about
2% to about 98% of a protein source, as a percentage of total calories,
including an amino acid blend comprising isoleucine, leucine, valine,
cysteine, and methionine, at weight ratios of isoleucine to leucine,
isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine
independently of at least about 10:1; and (B) from about 2% to about 98%
carbohydrate, as a percentage of total calories, including at least one of
maltitol, erythritol, sorbitol, xylitol, mannitol, glycerol, isolmalt, and
lactitol; wherein the nutritional liquid has a pH of from about 2.5 to
about 8.0 and a caloric density of from about 8.1 kcal/lOOml to about 40
kcal/lOOml. 32. The nutritional liquid of claim 31 wherein the pH ranges
from about 2.5 to about 4.6.33. The nutritional liquid of claim 3 1 wherein
the caloric density ranges from about 16 kcal/lOOml to about 32 kcal/lOOml.
34. The nutritional liquid of claim 31 further comprising at least one of
fat, minerals, and vitamins. 35. The nutritional liquid of claim 34,
wherein the liquid comprises, as a percentage of total calories, from about
10% to about 75% carbohydrate, from about 20% to about 85% fat, and from
about 5% to about 70% of the protein source including the amino acid blend.
36. The nutritional liquid of claim 3 1 wherein the liquid further
comprises at least one of acesulfame K, aspartame, sucralose, saccharin,
stevia, and tagatose. 37. The nutritional liquid of claim 31 wherein the
liquid comprises erythritol. 38. The nutritional liquid of claim 37 wherein
the liquid comprises from about 1% to about 10% by weight of erythritol. 


