
2198/OF41 1   METHOD FOR IMPROVING THE EXPLOITABILITY AND PROCESSABILITY
OF GUAR ENDOSPERM                AND PRODUCTS OBTAINED USING SAID METHOD
The invention relates to a method for improving the exploitability and
processability of guar endosperm and products obtained using said method in
the form of ammonia-exploded guar endosperm halves (guar splits), guar
flour and guaran powder.                Guar flour is used in the food
industry as a stabilizer for ice cream and sherbet and some soft cheeses,
as a binder and thickening agent for sauces and similar products as well as
also in the cosmetic industry. In industry, guar flour is used for
finishing and sizing textiles and as a thickening agent for textile
printing pastes. A large amount of guar flour is also used in the paper
industry as a beater additive for producing stronger papers.
The main constituent of guar flour is guaran. Guaran is a galactomannan,
which consists of approximately 36% D-galactose and 64% mannose. The
mannose units are linked together in pyranose form [err]-1,4 glycosidically
into long main chains, to which the galactose units are fixed in pyranose
form by a-1,6 glycosidic bonds. In the case of guaran, each second mannose
building block of the main chain carries a galactose side group. The
average molecular weight of guaran is significantly greater than 200,000.
Guaran is contained in the endosperm of the seed of the guar bean,
Cyamopsis tetragonoloba, which is widespread in India and has been
cultivated since 1944 on a larger scale in the USA. The endosperm is a food
store for the development of the embryo during germination. Because guar is
a dicotyledonous plant, there are two endosperm halves in each seed. These
endosperm halves surround the embryo and, in turn, are surrounded by a seed
coat, which usually has a light brown color. The endosperm itself consists
of a layer of cells, the aleuron, and of a nutrient and reservoir substance
for the embryo, namely the guaran.
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The cells of the aleuronic layer contain many aleuron grains, that is, the
thickened protein vacuoles. During the germination of the guar seeds,
enzymes are synthesized in the aleuron cells and delivered to the
endosperm, in order to mobilize reserve materials. The two predominant
enzyme activities are [err]-galactosidase and [err]-mannase activities.
The seed coat and the embryo are removed industrially by milling steps and
mechanical sorting. The different hardness of the seed components is used
for this purpose. The multi-step milling and screening steps are frequently
combined with other mechanical treatments for breaking open the seeds and
sorting the components. There are different types of mills, which can be
used in conjunction with roasting processes or the treatment of the seed
with water or acid. If used for foods, special attention must be paid to
the thorough removal of the embryo. The purified endosperm is sold under
the name of "guar splits".                 Guar splits usually are ground
into a powder, which is called guar flour or guar gum powder. The
protein-containing endosperm sheath of the guar splits usually is not
removed during the milling. For certain applications, the protein portion
in the guar flour, introduced by the protein-containing sheath, interferes.
There is therefore a need for a simple and efficient method, with which
guaran can be isolated in very pure form from the guar splits.
The milling of the guar splits is, moreover, associated with the
expenditure of appreciable electrical energy. The milling conditions
furthermore affect the viscosity of the aqueous solution of guaran or its
derivatives. There is therefore a need for a method, for which milling of
guar splits is not required.                 Aqueous solutions of
conventional commercial guar flour usually are cloudy. The cloudiness is
caused mainly by the presence of insoluble portions of the endosperm.
Derivatives, produced from guar flour, admittedly generally show an
improved solubility and clarity of the solution. The improved clarity is
due to the derivatization and solubilization of insoluble seed impurities.
For certain applications, however, the properties of derivatized
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guar flour are also inadequate. For example, carboxymethylated guar has a
relatively high intrinsic viscosity with only a weakly pronounced Newtonian
range at low shear rates. When carboxymethylated guar is used as a
thickening agent in textile printing, the removability by washing from
conventional commercial products is poor. The cause presumably lies in an
inhomogeneous distribution of substituents which, in turn, is due to the
fact that the derivatizations were carried out on the milled guar splits in
a heterogeneous reaction. This disadvantage cannot be eliminated completely
even by milling to a very small particle size. There is therefore a need
for a guar product, which is completely water soluble or can be derivatized
in a homogeneous reaction.             It is therefore an object of the
invention to submit proposals, with which the requirements, addressed
above, can be satisfied. In particular, the exploitability and
processability of guar endosperm halves (guar splits) shall be improved, as
shall the millability to guar flour. Moreover, it shall be possible to
isolate pure guaran easily and efficiently from guar splits, milling of the
guar splits not being required and the guaran being completely water
soluble. Moreover, it shall be possible to derivatize the guaran by means
of a homogeneous reaction.             Pursuant to the invention, this
objective is accomplished by a method for improving the exploitability and
processability of guar endosperm, for which the guar endosperm halves (guar
splits) are brought into contact with liquid ammonia at an initial
pressure, which is higher than atmosphere pressure, and at a temperature of
at least 25[err]C, the amount of liquid ammonia being sufficient at least
to wet the surface of the guar endosperm, halves and the capacity,
available to the system comprising endosperm halves and liquid ammonia,
being enlarged explosively with a reduction in pressure by at least about
0.5 MPa (5 bar) and the sheath of the endosperm halves being torn open by
these means.             The WO 96/30411 discloses a method for activating
polysaccharides by an  ammonia explosion. In one example, guar flour is
treated with liquid ammonia and
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continuously. If the process is carried out continuously, the consideration
is tailored to an incremental amount of endosperm halves and liquid
ammonia. Preferably, the guar endosperm halves and the liquid ammonia are
brought into contact in pressure equipment and the pressure on the system
of a endosperm halves and liquid ammonia is relieved by transfer to an
explosion space, which has a capacity larger than that of the pressure
equipment. Preferably, the initial pressure is between about 0.5 and 4.6
MPa (5 and 46 bar) and especially between about 2.5 and 3.0 MPa (25 and 30
bar). The minimum pressure drop of 0.5 MPa (5 bar) is critical. If it is
not reached, the objective of the invention is not attained. No further
advantages are achieved if the upper limiting value of about 4.6 MPa (46
bar) is exceeded. Adjusting the pressure to such a high value is associated
with a relatively large expenditure for equipment, so that a further
increase in pressure is not meaningful from practical considerations. A
temperature of about 25[err] to 85[err]C or 55[err] to 65[err]C
respectively correlates with these pressure limits given. Preferably, the
initial pressure in the system of guar endosperm halves and liquid ammonia
is lowered explosively by at least about 1.0 MPa (10 bar) and especially by
about 3.0 MPa (30 bar). Preferably, the explosion takes place in an
explosion space, which is kept under a vacuum.                 A sufficient
amount of ammonia must be forced into the pressure equipment, so that
liquid ammonia is present under the conditions of pressure and temperature
required pursuant to the invention and so that at least the surface of the
guar endosperm halves is wetted. Preferably, for each part by weight of
guar endosperm halves, there is at least about 1 part by weight of liquid
ammonia and especially at least about 2 parts by weight and particularly
about 5 to 10 parts by weight of liquid ammonia.                The ammonia
explosion step of the inventive method can be carried out discontinuously
or continuously. For the discontinuous method, the apparatus essentially
has a pressure vessel, which can be filled with the material that is to be
treated, and a collection and expansion vessel, which can be connected to
the pressure vessel by way of a valve. It should be noted in this
connection that the valve, in the open state, has a large clear opening,
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and the pressure on the system of a endosperm halves and liquid ammonia is
relieved by transfer to an explosion space, which has a capacity larger
than that of the pressure equipment. Preferably, the initial pressure is
between about 0.5 and 4.6 MPa (5 and 46 bar) and especially between about
2.5 and 3.0 MPa (25 and 30 bar). The minimum pressure drop of 0.5 MPa (5
bar) is critical. If it is not reached, the objective of the invention is
not attained. No further advantages are achieved if the upper limiting
value of about 4.6 MPa (46 bar) is exceeded. Adjusting the pressure to such
a high value is associated with a relatively large expenditure for
equipment, so that a further increase in pressure is not meaningful from
practical considerations. A temperature of about 25 to 85[err]C or 55[err]
to 65[err]C respectively correlates with these pressure limits given.
Preferably, the initial pressure in the system of guar endosperm halves and
liquid ammonia is lowered explosively by at least about 1.0 MPa (10 bar)
and especially by about 3.0 MPa (30 bar). Preferably, the explosion takes
place in an explosion space, which is kept under a vacuum.             A
sufficient amount of ammonia must be forced into the pressure equipment, so
that liquid ammonia is present under the conditions of pressure and
temperature required pursuant to the invention and so that at least the
surface of the guar endosperm halves is wetted. Preferably, for each part
of weight of guar endosperm halves, there is at least about I part by
weight of liquid ammonia and especially at least about 2 parts by weight
and particularly about 5 to 10 parts by weight of liquid ammonia.
The ammonia explosion step of the inventive method can be carried out
discontinuously or continuously. For the discontinuous method, the
apparatus essentially has a pressure vessel, which can be filled with the
material that is to be treated, and a collection and expansion vessel,
which can be connected to the pressure vessel by way of a valve. It should
be noted in this connection that the valve, in the open state, has a large
clear opening, so that the guar endosperm halves do not back up during the
explosion process, leaving the ammonia as the only material to escape. The
capacity of the explosion vessel is a multiple of that of the pressure
vessel. For example, the capacity of the pressure vessel is 1 L and the
capacity of the explosion vessel 30 L. The pressure vessel is connected
with a pipeline supplying ammonia, in which optionally a
pressure-increasing mechanism                        is
connected.                  In
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addition, to increase the pressure further, a pipeline for supplying inert
gases, such as nitrogen, may be provided.                 The method can be
carried out continuously using a tubular or cylindrical, pressure-resistant
reactor, in which the guar endosperm halves are brought into contact with
the liquid ammonia in the cylinder of the reactor and the impregnated
material is transported as a plug through the reactor with the help of a
screw conveyor and discharged intermittently through a valve or a suitable
system of pressure locks into a collection space.                 The
contact time between the liquid ammonia and the guar endosperm halves is
not critical. Preferably, it is at least 1 minute and usually it is 4 to 8
minutes or longer. After the explosion, the material obtained generally
contains less than about 2 percent by weight of ammonia. The residual
ammonia content is not critical for the further method.                 In
an advantageous further development of the inventive method, the (ammonia-)
exploded material is treated with an extraction agent, so that the guaran
essentially goes into solution and the endosperm sheaths essentially remain
undissolved, the endosperm sheaths are separated and guaran optionally is
recovered from the guaran solution.                 Preferred extraction
agents for the treatment of the ammonia-exploded material are aqueous
media, especially water, or other solvents with comparable dissolving
properties. During the extraction of the ammonia-exploded material with,
for example, water, the polysaccharide portion of the guar splits is
dissolved readily, while the sheath, surrounding the splits, remains
undissolved and can be removed by the usual techniques, for example, by
filtration or centrifugation. The exploded material is treated with the
extraction agent preferably at a temperature of about 25[err] to 95[err]C.
The aqueous guaran solution can be used as such, for example, for making
derivatives in a homogeneous, aqueous phase or dried by the usual methods.
Spray drying or                                              6       



drum drying are particularly suitable for the drying process. The powder
obtained has outstanding solubility in water with formation of very clear
solutions.                 According to the inventive method, guaran is
obtained as an aqueous solution or as a powder with outstanding water
solubility, so that no further derivatization is required to bring about
water solubility. If required in a particular case, derivatization of
guaran, produced pursuant to the invention, leads to products with
surprisingly improved properties, since more homogeneous derivatization
products are obtained due to the improved accessibility for the reagents
producing the derivatives. The derivatives can be produced using less
chemicals and obtaining fewer by-products. At the same time, the
homogeneity of the distribution of the substituents is greater. The
inventive method does not result in any decrease in the DP of the guaran
worth noting. It was possible to show by X-ray spectra that the guaran,
which originally was at least partially crystalline, is now amorphous. The
molecular weight is clearly less than that of the native starting material.
The molecular weight boundaries for the guaran, obtained pursuant to the
invention by extraction from the ammonia-exploded guar splits, are set at
about 1.5 to 2.5 million and especially at about 1.8 to 2.2 million. The
proportion of water-soluble fraction in the guar splits, ammonia-exploded
pursuant to the invention, ranges from about 53 to 59% by weight and
especially from 56 to 66% by weight. If the ammonia-exploded guar splits,
obtained pursuant to the invention, are subjected to conventional milling
to a particle size of a little more than about 100 [err]m, then this leads
to a further decrease in the molecular weight of the guaran in the milled
material. Molecular weights of about 1.4 to about 1.65 million are obtained
here, while the water- soluble portion is about 65 to 77% by weight.
Finally, if the guar splits are dried and then milled to a particle size of
about 100 [err]m, then the molecular weight of the guaran is lowered
particularly extensively. In these cases, the molecular weight of the
guaran is between about 450,000 and 900,000, the water-soluble portion
being between about 71 and 85% by weight.                 The guar splits,
obtained pursuant to the invention and exploded with ammonia, can
furthermore be characterized as follows. They have sheaths, which are torn
open by the ammonia explosion. These sheaths essentially remain chemically
unchanged                                                7
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materials than do the comparison splits. Moreover, the clarity of the
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is slightly higher than that of the comparison splits. This improved
transparency leads to the assumption that the ammonia-exploded splits
contain less water-insoluble material.                 A further
development of the inventive method consists therein that the exploded guar
splits, obtained by the ammonia explosion utilized pursuant to the
invention, are milled in the usual manner to guar flour. In this
connection, it is generally preferred that water be added during the
milling process. If in a particular case, water is not to be present during
the milling, then the milling advisably is preceded by a drying step.
The invention will now be explained in greater detail by the following
examples and the appended Figures, of which   Figure 1    shows an electron
microscope photograph of guar splits, treated pursuant to               the
invention,   Figure 2    shows an electron microscope photograph of
untreated guar splits and   Figure 3    shows the course of the viscosity
of the aqueous solution, when guar splits,              treated pursuant to
the invention or not treated, are stirred in water or  when
untreated guar splits are stirred in an ammonium hydroxide solution.
Example 1   Conventional, commercial guar splits (300 g) are added to a 1
liter autoclave with a double wall for steam heating. Subsequently, 500 g
of liquid ammonia were forced into the autoclave over a valve. By the
additional steam heating of the autoclave, the temperature was raised to
66[err]C, the pressure within the autoclave increasing to about 2 MPa (20
bar). The system was maintained for 60 seconds under these conditions.
Subsequently, by opening a valve (with an opening having a diameter of 4
cm), the pressure was reduced
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water be added during the milling process. If in a particular case, water
is not to be present                 during the milling, then the milling
advisably is preceded by a drying step.                             The
invention will now be explained in greater detail by the following examples
and the appended Figures, of which                   Figure 1 shows an
electron microscope photograph of guar splits, treated pursuant to the
invention,                   Figure 2 shows an elcetron microscope
photograph of untreated guar splits and                   Figure 3 shows
the course of the viscosity of the when guar splits; treated pursuant to
the invention or not treated, are stirred in water or when
untreated guar splits are stirred in an ammonium hydroxide solution.
Example 1                             Conventional, commercial guar splits
(300 g) are added to a 1 liter autoclave                  with a double
wall for steam heating. Subsequently, 500 g of liquid ammonia were forced
into the autoclave over a valve. By the additional steam heating of the
autoclave, the                  temperature was raised to 66[err]C, the
pressure within the autoclave increasing to about 2                  MPa
(20 bar). The system was maintained for 60 seconds under these conditions.
Subsequently, by opening a valve (with an opening having a diameter of 4
cm), the                  pressure was reduced suddenly and completely in a
collection vessel having a capacity of                  30 liters. The
ammonia content of the product obtained in the collection vessel was about
0.8% by weight, base on the guar.                              It can be
seen in Figures 1 and 2, that the ammonia explosion leads to a tearing
open of the surface of the splits; in the case of the untreated split, on
the other hand, the                  surface appears smooth and closed.
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Example 2                 Ammonia-exploded guar splits (8 g) were brought
into a heated jacketed vessel, which contained 192 g of water at a
temperature of 50[err]C. The vessel was equipped with a stirrer (Heidolph
RZR2101 electronic drive), which made it possible to follow the torque of
the stirred mass. The stirrer used was a surface stirrer, which was
operated at 250 rpm. The course of the torque corresponds to the resistance
exerted by the aqueous solution on the stirrer and, with that, to the
viscosity of the aqueous solution. The viscosity depends on the amount of
guaran dissolved and increases as the concentration of this biopolymer
increases. After 2[err] hours, the course of the torque reaches a plateau.
It can be concluded from this that the dissolving process has ended. During
visual observation, undissolved particles (endosperm sheaths) can be
recognized, which fall to the bottom of the vessel when the stirrer is
switched off. The supernatant solution is clear and can be decanted off.
In comparison experiments, untreated guar splits (a commercial version)
were stirred in water under the same conditions and the course of the
torque was followed. Furthermore, untreated splits were stirred in a 4%
ammonium hydroxide solution at 25[err]C. The respective course of the
torque is shown in Figure 3.  During the comparison experiments, there was
no increase in viscosity worth mentioning. This indicates that guaran was
not dissolved from the untreated guar splits.                Further
determinations reveal the following. By gel chromatographic analysis, it
was noted that the ammonia-exploded guar splits contained guaran having a
molecular weight of 1,996,000 and a water-soluble portion of 61% by weight.
The corresponding values for the comparison splits were a molecular weight
of 278,900 and a water-soluble portion of 51% by weight.
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Example 3                The effect of milling and, optionally, of the
prior drying on the molecular weight of the guaran in the guaran flour
obtained, as well as on the proportion of the water- soluble fraction, are
determined here. The native guar splits, as well as the ammonia- exploded
guar splits of Example 2, were therefore used. In one case, milling was
carried out  only to an average particle diameter of more than 100 [err]m.
This was done in a so-called cryo mill under gentle conditions and with the
addition of liquid nitrogen. Moreover, an experiment was conducted, in
which the milling was carried out to an average particle diameter of about
100 [err]m, the material being dried in a vacuum drying oven overnight at a
temperature of 40[err]C. The data, given in the Table below, was then
obtained.                                            Table
Native Guar Splits      Ammonia-Treated Guar Splits
Molecular    Water-soluble    Molecular    Water-soluble
weight       fraction       weight        fraction Guar splits
2,789,000        51%          1,996,000       61% Guar splits
1,720,000       60%          1,510,000       71% after milling 1) Guar
splits      1,129,000       66%          577,400         78% after drying
and milling 2)   Comments:        Gentle cryo milling, with addition of
liquid nitrogen, to a particle diameter greater       than 100 [err]m. 2)
Initially, material is dried overnight at 40[err]C under a vacuum. This is
followed by       gentle cryo milling with addition of liquid nitrogen to
an average particle size of 100       [err]m.      



Claims                 1. A method for improving the exploitability and
processability of guar endosperm, for which the guar endosperm halves (guar
splits) are brought into contact with liquid ammonia at an initial
pressure, higher than atmospheric pressure, and at a temperature of at
least 25[err]C, the amount of liquid ammonia being sufficient at least for
wetting the surface of the guar endosperm halves and the capacity,
available to the system of guar endosperm halves and liquid ammonia, being
increased explosively by lowering the pressure by at least about 0.5 MPa (5
bar) and, by these means, the sheaths of the guar endosperm halves being
torn open.                 2. The method of claim 1, characterized in that
the explosive increase in capacity is carried out within a time of less
than 1 second.                 3. The method of claims 1 or 2,
characterized in that the guar endosperm halves and the liquid ammonia are
brought into contact in the pressure equipment and the pressure on the
system of guar endosperm halves and liquid ammonia is reduced by transfer
into an explosion space having a capacity larger than that of the pressure
equipment.                4. The method of at least one of the claims 1 to
3, characterized in that the initial pressure is adjusted to a value
between about 0.5 and 4.6 MPa (5 and 46 bar).                5. The method
of claims 3 or 4, characterized in that the temperature in the pressure
equipment is adjusted before the explosive increase in capacity to a value
between about 25[err] and 85[err]C.                6. The method of at
least one of the preceding claims, characterized in that initial pressure
is lowered explosively by at least about 1 MPa (10 bar).
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7. The method of at least one of the preceding claims, characterized in
that at least one part by weight of liquid ammonia is used per part by
weight of guar endosperm halves.                 8. The method of at least
one of the preceding claims, characterized in that the exploded material is
treated with an extraction agent, so that the guaran essentially goes into
solution and the endosperm sheaths essentially remain undissolved, the
endosperm sheaths are removed and, optionally, guaran is recovered from the
guaran solution.                 9. The method of claim 8, characterized in
that an aqueous extraction agent, especially water, is used.
10. The method of claims 8 or 9, characterized in that the exploded
material is treated with the extraction agent at a temperature of about
25[err] to 95[err]C.                 11. The method of one of the claims 8
to 10, characterized in that the endosperm sheaths are removed by
filtration or centrifugation.                 12. The method of one of the
claims 8 to 11, characterized in that the guaran is obtained by spray
drying.                 13. Guaran powder, obtainable by the method of one
of the claims 8 to 12.                 14. The method of claim 1,
characterized in that the ammonia-exploded material is milled into guar
flour.                 15. Ammonia-exploded guar endosperm halves (guar
splits), obtainable by the method of at least one of the claims 1 to 7.
16. Guar flour obtainable by the method of claims 14.
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