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tion of food-grade sugars containing D-fructose, in car-
amels enriched in oligosaccharides with prebiotic activity
by using solid acid catalysts, such as zeolites, clays or
ion-exchange resins in its acid form, under heterogene-
ous conditions, orby usingsoluble acid polymer catalysts
of high molecular weight, under homogeneous condi-
tions, with the possibility of recycling the catalyst, being
compatible with discontinuous or continuous production
processes. The resulting caramel exhibits prebiotic prop-
erties, favoring the development of a beneficial intestinal
flora and a repairing effect in the damaged colon.
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Description
OBJECT OF THE INVENTION

[0001] The present invention relates to a new method
of producing caramels with a high content in oligosac-
charides with prebiotic activity and the caramel products
produced thereby. The present invention also relates to
the use of these caramels as ingredients or additives in
the elaboration of food products for animal feeding or of
specific food products for humans. More precisely, the
present invention relates to the transformation of food-
grade sugars in caramels enriched in oligosaccharides
with prebiotic activity by using solid acid catalysts, such
as zeolites, clays or ion-exchange resins in its acid form,
under heterogeneous conditions, or by using soluble acid
polymers of high molecular weight as catalysts. An im-
portant advantage of the method is the possibility of re-
cycling the catalyst, being compatible with both discon-
tinuous and continuous production processes. According
to this invention, the starting food-grade sugar can be D-
fructose, sucrose or any oligo- or polysaccharide con-
taining fructose as constituent, including the glycosylfruc-
toses such as palatinose or leucrose, fructooligosaccha-
rides such as 1-kestose or nystose, fructans and inulin.
These starting sugars can be used alone or in combina-
tion in different proportions, as well as in combination
with other food-grade sugars, including glucose, galac-
tose, maltose, lactose orraffinose. The resulting products
of the activation of these sugars with the indicated cata-
lysts display a high proportion of fructose-containing ol-
igosaccharides and exhibit prebiotic properties, favoring
the development of a beneficial intestinal flora, in partic-
ular Bifidobacteria and Lactobacillus, and exerting a re-
paiting effect in the damaged colon.

STATE OF THE TECHNIQUE

[0002] The oligosaccharides that contain D-fructose in
their structure named generically fructooligosaccha-
rides, have demonstrated to have beneficial nutritional
properties when incorporated in the animal as well as in
the human diet. These oligosaccharides modify the in-
testinal flora favoring, particularly, an increase in the pro-
portion of bacteria of the Bifidus genus in the gut. Con-
sequently, the caramels that contain an elevated propor-
tion of this oligosaccharides present important nutritional
advantages.

[0003] Thecaramelsare productsarisingformthe heat
treatment of sugars, such as sucrose, fructose, glucose
or others. This heat treatment can take place on the dry
sugar or in the presence of water, in the absence or in
the presence of acid or basic additives, salts or nitrogen-
containing compounds. Its composition has been studied
previously and it consists, basically, in a volatile fraction
in which the major component is 2-hidroxyimethylfurfural
(HMF) and in a nonvolatile fraction constituted by a var-
iable proportion of the starting sugar or of its monosac-
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charide components and by oligosaccharides formed
from them during the caramelization process. In partic-
ular, for the case of industrial caramels prepared from
sucrose in the presence of a food-grade acid, the major
components of this oligosaccharidic fraction, which can
reach up to 20% of the total mass, have the difructose
dianhydride structure. Up to 13 different isomers with this
general structure, resulting from the dimerization of D-
fructose with formation of two reciprocal glycosidic link-
age, have been identified in caramels. Higher oligomers,
resulting of the addition of D-fructose or D-glucose units,
arising from hydrolysis of sucrose during caramelization,
on a central nucleus of difructose dianhydride, as well as
reversion glucooligosaccharides, are also presentincar-
amel. Both difructose dianhydrides as well as their glyc-
osylated derivatives have shown to have prebiotic prop-
erties.

[0004] The preparation of caramels enriched in difruc-
tose dianhydrides and fructooligosaccharides thereof
presents the difficulty associated to the reversible char-
acter of the dimerization reaction of fructose and the gly-
cosylation reactions. Moreover, these reactions compete
with nonspecific dehydration reactions.

[0005] Inthe documents WO 87/07275, 837 EP 0 252
A1,788 FR 2680 789 A1 and FR 2 680 A1, Defaye and
coworkers have described the use of anhydrous hydro-
gen fluoride or acid reagents derived from hydrogen flu-
oride, such as poly(hydrogen fluoride) piridinium, to favor
the formation of difructose dianhydrides and their glyco-
sylated derivatives from fructose, sucrose, fructooli-
gosaccharides or inulin. Although high conversions into
oligosaccharides are reached, the use of hydrogen fluo-
ride presents technical difficulties associated to its toxic-
ity, its corrosive character and to the elimination of fluo-
rine traces in the final product.

[0006] Inthe document U.S. 5 454 874, Richards has
described the preparation of caramels with a high content
in fructooligosaccharides by a procedure that consists of
intimately milling sucrose and a food-grade acid, prefer-
ably citric or tartaric acid, both components finely divided,
and subjecting the mixture to heat treatment (130-160
°C), The product thus obtained contains between 20 and
50% of fructooligosaccharides, including difructose dian-
hydrides and their glicosilated derivatives, with a degree
of polymerization (DP) ranging from 2 to 20.

[0007] In the document WO 96/39444, the same au-
thor has extendedthe previous method to the preparation
of caramels enrichedin difructose dianhydrides and high-
er oligomers from the polysaccharide inulin by pyrolysis
at 150-205 °C. In this case, the composition of the result-
ing product has been studied in detail. In particular, it was
established that the relative proportions of the different
difructose dianhydride isomers present in the final prod-
uct do not correspond with a thermodynamic distribution,
differing substantially from the product that is obtained
by activation with hydrogen fluoride.

[0008] An inherent problem of the above commented
methods, in which caramelization takes place under ho-
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mogenous conditions, is that the acid catalyst used to
promote the formation of the fructooligosaccharides is
present in the final product. In the case of the use of
hydrogen fluoride, its elimination represents an addition-
al cost and entails a considerable risk. The food-grade
acids, on the other hand, are much weaker acids and
they lead to conversions in fructooligosaccharides that,
generally, are lower than 50%. In addition, the fact that
the catalyst remains in the final product limits the propor-
tion in which it can be used and is going to affect signif-
icantly the organoleptic properties of resulting caramels.
[0009] An additional problem of the previous proce-
dures is that the used of weak acids as caramelization
promoters results in kinetic distributions of difructose di-
anhydrides that, since they are not in thermodynamic
equilibrium, can evolve with time altering the composition
of the product. This is aggravated by the fact that the
isomerization and nonspecific dehydration reactions are
also catalyzed by the acid used as caramelization pro-
moter. In general, in a distribution of difructose dianhy-
drides close to the thermodynamic equilibrium the major
isomer contains one unit of fructose in the pyranose form,
whereas in kinetic distributions the major compound con-
tains the two fructose units in the furancse form.

[0010] Therefore, there is a need of methods of pre-
paring caramels with a high content of prebiotic oligosac-
charides derived from difructose dianhydrides that allow
withdrawing the acid catalyst at the end of the process,
leading preferentially to well-defined distributions, next
to the thermodynamic equilibrium, of the final compo-
nents.

[0011] Accordingtothe presentinvention, we have dis-
covered that the use of solid acid catalysts, such as ze-
olites, bentonite or ion-exchange resins in its acid form,
is able to promote the formation of caramels with a high
content in difructose dianhydrides and glycosylated di-
fructose dianhydrides under heterogeneous conditions,
starting from fructose, food-grade sugars that contain
fructose such as sucrose, glycosylfructoses, fructooli-
gosaccharides, fructans or inulin, or from mixtures of
these, or even from mixtures that contain other food-
grade sugars like, for example, glucose, galactose, lac-
tose, maltose, or raffinose. The transformation takes
place at elevated concentration of the starting sugar or
mixture of sugars, preferably in the range 60-95%
(weight/volume) in water and with an effective stirring, at
temperatures that vary between 60-110 °C, preferably
between 70-90 °C, and reaction times that depend on
the catalyst, goingfrom 5 minutesto one week, preferably
between 15 minutes and 3 hours when the starting sugar
is fructose and between 3 and 48 hours when the starting
material contains a different sugar. The resulting product
can be easily separated from the catalyst by filtration and
contains a high proportion of difructose dianhydrides and
of glycosylated difructose dianhydrides. The proportion
of difructose dianhydrides and of glycosylated difructose
dianhydrides can be modulated by adjusting the reaction
conditions, varying between 40-85% and being prefera-
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bly in the range 50-80%. The distribution of different di-
fructose dianhydride isomers in the final caramel is close
to that expected for a thermodynamic distribution and,
afterthe separation of the catalyst, it does not experience
significant variations upon storage for a 12 months’ pe-
riod.

[0012] Accordingtothe presentinvention, carameliza-
tion can also take place under homogenous conditions
using a soluble acid polymer of high molecular weight as
catalyst, obtaining also in this case a product with an
elevated content in prebiotic oligosaccharides, prefera-
bly between 50-80%. The separation of the catalyst of
the final product is carried out, in this case, by the use of
membranes that allows separation of the high molecular
weight polymers from the prebiotic oligosaccharides.
[0013] An additional advantage of the methodology
developed in this invention is the possibility of regener-
ating and recycling the acid catalyst after separation and
its compatibility with discontinuous or continuous proc-
esses.

[0014] Thecaramels obtained accordingtothe present
invention exhibit prebiotic properties and they are usable
as ingredients or additives in the elaboration of food for
animal feeding or in the elaboration of specific food prod-
ucts intended for humans. Thus, the products obtained
in agreement with the present invention favor the devel-
opment of a beneficial intestinal flora. In particular, they
increase the proportion of Bifidobateria and Lactobacillus
in models animals. In addition, they show a repairing ef-
fect on the damaged colon in a model animal that corre-
sponds with diseases such as Crohn disease in humans.
Consequently, the caramels prepared according to this
invention can be considered as nutraceuticals useful for
the treatment of this pathology and other related pathol-
ogies in humans and in animals.

DESCRIPTION OF THE FIGURES
[0015]

Figure 1. Structures of the difructose dianhydrides
(DFAs) present in sucrose caramels (excepting in
compound 8, the two monosaccharide subunits de-
rivefrom D-fructose; Fru = D-fructose; Git D-glucose;
f= furanose; p = pyranose).

Figure 2. Relative proportions of the different DFA
isomers obtained by caramelization of D-fructose
(90% wi/v in water) with Degussa FAU 110 zeolite
(82%) at 90 °C during 3 h.

Figure 3. Relative proportions of the different DFA
isomers obtained by caramelization of D-fructose
(90% w/v in water) with Lewatit® S2328 ion-ex-
change resin (20%) at 90 °C during 2 h.

BRIEF DESCRIPTION OF THE INVENTION

[0016] A first object of the present invention is the pro-
duction of caramels with a high content in prebiotic oli-



5 EP 2 138 048 A1 6

gosaccharides from food-grade sugars that contain fruc-
tose in their composition, from mixtures of several of
these sugars or from mixtures of them with other sugars,
by means of procedures that allow the separation of the
used acid catalyst at the end of the process in a simple
way, typically by filtration, centrifugation or dialysis.
[0017] A second object of the present invention is a
procedure that allows maximizing the content of prebiotic
oligosaccharides of the difructose dianhydride and glyc-
osylated difructose dianhydride type in caramels, favor-
ing preferably isomeric distributions of difructose dianhy-
drides close to the thermodynamic equilibrium.

[0018] According with these objects of the invention
and with other objects that are mentioned hereinafter,
the present invention provides a procedure for the prep-
aration of caramels with a high content in prebiotic oli-
gosaccharides that includes:

(a) A food-grade sugar as the starting material that
is selected, preferably between D-fructose, sucrose
orany oligo or polysaccharide that contains fructose
as a component, including the glycosylfructoses
such as palatinose or leucrose, the fructooligosac-
charides like 1-kestose or nystose, fructans and in-
ulin. These starting sugars can be used alone or
combined in different proportions, as well as in com-
bination with other food-grade sugars, including glu-
cose, galactose, maltose, lactose or raffinose.

(b) The use of solid acid catalysts, such as zeolites,
bentonite orion-exchange resins in its acid form, un-
der heterogeneous reaction conditions, or soluble
acid polymers of high molecular weight under homo-
geneous reaction conditions.

[0019] Preferably, in agreement with the invention, the
caramelization is carried out in the presence of water,
with total sugar concentrations ranging between 60-95%
(weight/volume) in water and with an effective constant
stirring, at temperatures ranging between 60-110 °C,
preferably between 70-90 °C, and reactiontimes that can
vary from 5 minutes to one week, preferably between 15
minutes and 3 hours when the starting sugar is fructose
and between 3 and 48 h when the starting material in-
cludes a different sugar.

[0020] The presentinvention also provides new cara-
mels with a high content in difructose dianhydrides and
glycosylated difructose dianhydrides, between 40-85%,
preferably between 50-80%, with a composition in difruc-
tose dianhydride isomers close to that corresponding to
athermodynamic distribution and free of the acid catalyst
used as caramelization promoter, as well as the use of
these caramels as prebiotics that, among other favorable
effects, favor the development of a beneficial intestinal
flora, such as Bifidobacteria or Lactobacillus, and that
shows a repairing effect on injuries in the colon.
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DETAILED DESCRIPTION OF THE INVENTION

[0021] In agreement with the present invention, we
have found it possible to prepare caramels with a high
content in difructose dianhydrides and glycosylated di-
fructose dianhydrides from food-grade sugars, using sol-
id catalysts, such as zeolites, bentonite or ion-exchange
resins in its acid form, or soluble acid polymers of high
molecular weight, as caramelization promoters. These
oligosaccharides present prebiotic properties, exerting a
repairing effect on injuries of the colon and modifying the
intestinal flora, increasing the proportion of beneficial
bacteria like Bifidobacteria or Lactobacillus in the gut in
animals (poultry, pigs, rabbits) and in humans. The car-
amels with an elevated contentin these oligosaccharides
show, consequently, important nutritional advantages in
comparison with conventional caramels.

[0022] The starting sugar can be D-fructose, sucrose
or any oligo or polysaccharide that contains fructose as
component, including the glycosylfructoses such as pal-
atinose or leucrose, fructooligosaccharides like 1-kes-
tose or nystose, fructans and inulin. These starting sug-
ars can be used alone or combined in different propor-
tions, as well as in combination with other food-grade
sugars, including glucose, galactose, maltose, lactose or
raffinose. The caramelis prepared using an elevatedtotal
sugar concentration in water, between 60-95% and, pref-
erably, between 70-90% (weight/volume), in the pres-
ence of a proportion of the catalyst that can vary between
5-35% in weight, referred to the total sugar, preferably
between 5-20%, and at temperatures between 60-110
°C, preferably between 80-90 °C.

[0023] Inthe casethatthe starting sugar is D-fructose,
the addition of water gives rise to dissolutions in all the
range of concentrations of the invention. In this case, the
preferred caramelization times oscillate between 5 min-
utes and 3 hours. In the case of other sugars like sucrose
orinulin, or when using sugar mixtures, suspensions can
be initially obtained that, during the process of caramel-
ization in the presence of the catalyst, lead finally to dis-
solutions. The preferred caramelization times in these
cases range between 3 hours and 48 hours. In any case,
the final product once separated from the catalyst is a
homogenous caramel of amber to dark mahogany color.
[0024] In the case of solid catalysts like the zeolites,
bentonite or ion-exchange resins, the reaction takes
place under heterogeneous conditions In the case of sol-
uble acid polymer catalysts of high molecular weight, the
reaction takes place under homogenous conditions in
those cases in which the mixture of starting sugar and
water gives rise to aninitial dissolution, Inthe caseswhen
a suspension is obtained, the reaction proceeds initially
under heterogeneous conditions and evolves to a ho-
mogenous dissolution in the course of the carameliza-
tion. In all cases, the reaction takes place preferably un-
der vigorous, effective and constant stirring, for example
magnetic or mechanical, during the period of heating.
[0025] In agreement with the present invention, when
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the catalyst used for the caramelization is a zeolite in its
acid form, it can belong to any of the commercially avail-
able families of zeolites, preferably to the families of Fau-
jasite (FAU) or the beta-zeolites (BEA). The modulus of
the used zeolite (Si/Al proportion) can vary between 5
and 150, and preferably is comprised between 25 and
120. As examples, the FAU 15, FAU 25/5, FAU 25, FAU
56 or FAU 110 zeolites commercialized by Degussa and
the CBV500 and BEA CP814B-50 zeolites commercial-
ized by Zeolyst can be mentioned. In the case of zeolites
commercializedin neutral form, they are previously trans-
formed to their acid form priorto its use as caramelization
catalysts. For this purpose, a procedure consisting in the
exchange of the metal cation present in the commercial
neutral form by ammonium cation (NH4*), followed by
heating at temperatures between 100-450 °C, which
causes the elimination of ammonia (NWj), affords the
zeolite in its acid form (H*).

[0026] According to another procedure of I:he inven-
tion, the catalyst used during the caramelization can be
a commercial bentonite in its acid form. In the case that
the commercial catalyst is in the neutral form, it can be
conditioned to its acid form following, for example, the
procedure above indicated for the case of the zeolites.
[0027] Accordingtoanadvantageous procedure ofthe
present invention, caramelization can be effected using
a commercial ion-exchange resin in its acid form, as for
example the resins of styrenic or metacrylic matrices car-
rying sulfonic acid or carboxylic acid groups. As an ex-
ample, the commercial resins Lewatit® S2328, K1131,
K1469 and K2641, Amberlite® IRC50 or IR120 or
Dowex® 50WX2 can be mentioned. The resin can be
used intact or milled, modifying in this way the particle
size. The resin can be used either wet or dry.

[0028] In agreement with the invention, when the cat-
alyst used for the preparation of the caramels with high
content in prebiotic oligosaccharides is a zeolite, a ben-
tonite or an ion-exchage resin, it is separated of the final
product by filtration, eventually after centrifugation. If the
caramelization takes place in a continuous process, the
catalyst is packed in a column provided with a filter with
porosity adapted to the particle size. Inthe case of prep-
arations conducted by discontinuous batches, the cen-
trifugation/filtration of the catalystis carried out atthe end
of the heating process.

[0029] According to another procedure of the inven-
tion, the caramelization can be also effected using a sol-
uble acid polymer of high molecular weight as catalyst,
such as the polymers of poly(p-toluenesulfonate) type
commercialized by Sigma of molecular weight 7-104 and
108 Dalton. In the case of polymers commercialized in
its neutral form, they are first conditioned to their acrid
form. For this purpose, a procedure consisting in the
treatment of an aqueous solution of the polymer with an
excess of ion-exchage resin in its acid form, for example
the resin Amberlite® IR120, can be followed. Once fin-
ished the caramelization process, the polymer is sepa-
rated of the final product by physical methods. For this
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purpose, a procedure consisting in the use of a dialysis
membrane of porosity adapted to the molecular weight
of the catalyst, allowing the passage of the formed preb-
iotic oligosaccharides, can be followed.

[0030] The propotrtion of catalyst referred to the total
initial sugarweight can vary, being preferablyinthe range
5-35%. Although the use of elevated proportions of cat-
alyst does not represent technical problems, since the
catalyst is separated of the final product and can be re-
cycled, it is preferred to adapt the proportion of catalyst
to the minimum so that conversions in prebiotic oligosac-
charides of the difructose dianhydride and glycosylated
difructose dianhydride type higher than 50%, in reaction
times shorter than 3 hours at caramelization tempera-
tures of 70-90 °C, are obtained. Generally, the proportion
of catalyst ranges between 25-35% in the case of the
zeolites or bentonite, between 5-20% in the case of intact
ion-exchange resins and between 5-10% for milled ion-
exchange resins with particle size <80 um and soluble
acid polymers.

[0031] In agreement with the above considerations,
the procedure to prepare a caramel with a high content
in prebiotic cligosaccharides of the difructose dianhy-
dride and glycosylated difructose dianhydride type ac-
cording to the present invention consists, essentially, in
the heating of a dissolution or suspension of the starting
food-grade sugars at high concentration in water in the
presence of a solid acid catalyst or a soluble acid poly-
mer, with constant and effective agitation and at temper-
atures ranging between 60-110 °C, followed by the sep-
aration of the catalyst by physical methods.

[0032] A preferred procedure to prepare caramels en-
riched in prebiotic oligosaccharides in agreement with
the present invention consists in the heating of a 70-90%
(weight/volume) solution of fructose in water at 70-90 °C
in the presence of an ion-exchage resin with sulfonic
groups in its acid form, using a proportion of catalyst of
5-20% by weight referred to the starting sugar, for a pe-
riod of 0.5-3 hours, followed by separation of the resin
by centrifugation/filtration.

[0033] Another preferred procedure to prepare cara-
mels enriched in prebiotic oligosaccharides in agreement
with the invention consists in the heating of a solution of
fructose and lactose, in relative proportions by weight
that can vary from1:5 to 5:1, in a total concentration of
85-95% (weight/volume) in water, at 80-90 °C, in the
presence of an ion-exchage resin with sulfonic groups in
their acid form, using a proportion of catalyst of 10-20%
by weight referred to the starting total sugar, for a period
of 3-48 hours, followed by separation of the resin by cen-
trifugationffittration.

[0034] The composition of the resulting final caramel
can be determined by gel filtration chromatography and
gas chromatography, using additionally structural deter-
mination techniques such as mass spectrometry and pro-
ton and carbon-13 nuclear magnetic resonance. The de-
gree of polymerization (DP) of the formed prebiotic oli-
gosaccharides ranges from 2 to approximately 25, being
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generally 2-12 when the starting sugar is fructose and
increasing generally to 2-25 when the starting material
contains other sugars. The oligosaccharides formed dis-
play a broad variety of glycosidic linkages.

[0035] The caramels prepared according to the
present invention contain proportions of starting sugars
or their monosaccharide components that vary between
10-60% and of prebictic oligosaccharides of the difruc-
tose dianhydride and glycosylated difructose dianhy-
drides type between 40-85%. When the initial sugar con-
tains a monosaccharide different from fructose, the re-
sulting caramel can contain in addition variable amounts
of reversion reducing oligosaccharides resulting from
self-glycosylation reactions of the said monosaccharide.
For example, in the case of caramels obtained from su-
crose the presence of glucobioses and higher glucooli-
gosaccharides in proportions generally lower than 10%
is detected.

[0036] In the caramels prepared according to the
present invention, the disaccharide fraction consists
mainly of difructose dianhydrides, whereas the higher
oligosaccharides have structure of glycosylated difruc-
tose dianhydrides, essentially. The isomeric distribution
of the different difructose dianhydrides in the disaccha-
ride fraction can be determined by gas chromatography.
The protocol described by Ratsimba et al. in the docu-
ment J. Chromatogr. A. 1999, 844, 283-293 can be fol-
lowed. The chromatograms obtained from samples of
caramels of the invention indicate the presence of 13
isomeric difructose dianhydrides. In the particular case
of caramels obtained from sucrose it is identified addi-
tionally a mixed dianhydride which contains a subunit of
fructose and another of glucose in this fraction. The struc-
tures of these dianhydrides correspond with the 13 and
14 structures identified previously in industrial or home-
made caramels obtained by heat treatment of D-fructose
orsucrose, respectively, in the presence of a food-grade;
acid, shown in Figure 1, namely:

- o-D-fructofuranose B-D-fructofuranose 1.2':2,3’-di-
anhydride (compound n° 1).

- p-D-fructofuranose a-D-fructopyranose 1.2°: 2,3’-di-
anhydride (compound n° 2).

- p-D-fructofuranose B-D-fructopyranose 1.2: 2,3’-di-
anhydride (compound n° 3).

- Di-p-D-fructofuranose 1.2’: 2,3-dianhydride (com-
pound n°4).

- a-D-fructopyranose B-D-fructopyranose 1.2’: 2,1’-di-
anhydride (compound n° 5).

- p-D-fructofuranose a-D-fructopyranose 1.2°: 2,1°-di-
anhydride (compound n° 6).

- Di-a-D-ructofuranose 1.2": 2,1’-dianhydride (com-
pound n° 7).

- o-D-fructofuranose a-D-glucopyranose 1.1': 2,2’-di-
anhydride (compound n° 8).

- o-D-fructofuranose - D-fructopyranose 1.2: 2,1°-di-
anhydride (compound n° 9).

- o-D-fructofuranose - D-fructofuranose 1.2: 2, 1’-di-
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anhydride (compound n° 10).

- o-D-fructofuranose a- D-fructopyranose 1.2.”: 2,1’-
dianhydride (compound n® 11).

- Di-B-D-fructofuranose 1.2’: 2,1’-dianhydride (com-
pound n® 12).

- p-D-fructofuranose -D-fructopyranose 1.2°: 2,1’-di-
anhydride (compound n° 13).

- Di-B-D-fructopyranose 1.2”: 2,1’-dianhydride (com-
pound n® 14).

[0037] An important characteristic of the invention is
that the relative proportions of the different difructose di-
anhydride isomers in the resulting caramels correspond,
preferably, to distributions close to the thermodynamic
equilibrium. Thus, in contrast to that observed in cara-
mels obtained by procedures that use food-grade acids
as catalysts, in which the major isomer is always a di-
fructofuranose isomer, preferably the compounds n° 1,
4 or 10, the major isomer in the caramels obtained ac-
cording to the present invention is compound n°® 9, in
which one of the two subunits of fructose is in the pyran-
ose form, which is the thermodynamically more stable
isomer.

[0038] Another important characteristic of the inven-
tion is that the prebiotic oligosaccharides with structure
of difructose dianhydrides and glycosylated difructose di-
anhydrides that are the major components of the cara-
mels that are the object of the invention are not toxic and
they are not hydrolyzed or they are only partially hydro-
lyzed during the digestion. In the last case, the products
resulting of hydrolysis are food-grade sugars and, con-
sequently, devoid of toxicity. The caramels with elevated
content in difructose dianhydrides and glycosylated di-
fructose dianhydrides of the present invention exhibit,
therefore, a reduced caloric power in comparison with
other caramels of different composition.

[0039] The caramels prepared according to the
presentinvention present important nutritional advantag-
es, derived from their elevated content in prebiotic oli-
gosaccharides, in particular of difructose dianhydrides
and glycosylated difructose dianhydrides, and from the
isomeric distribution close to the thermodynamic equilib-
rium of the difructose dianhydrides, in comparison with
caramels of different composition previously prepared.
In tests made on Wistar rats to which an injury in the
colon has been induced to generate a model analogous
to the Crohn disease in humans, the caramels of the in-
vention have demonstrated to have an important repair-
ing effect, at the same time that they favor the develop-
ment of a beneficial intestinal flora of Bifidus and Lacto-
bacillus type in the colon. The results indicate that cara-
mels of the present invention exhibit these beneficial ef-
fects in greater intensity than some difructose dianhy-
drides in pure form, like for examples compounds n® 1
and 10, for which the prebiotic properties are well estab-
lished.

[0040] The caramels prepared in agreement with the
present invention have numerous applications and can,
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in a general manner, be used as a substitute of any other
caramel. The obtained caramel can be mixed with addi-
tional sugars, vitamins, aromas, colorants, with other
prebiotics, probiotics or any other substance necessary
for the elaboration of a defined food product. The ob-
tained caramel can also be decolorized, for example by
the treatment of a water solution with charcoal or with a
commercial resin approved for color adsorption in the
food industry, as for example the resin Lewatit® S6823
A. This process does no affect the composition in difruc-
tose dianhydrides and glycosylated difructose dianhy-
drides or the relative proportion of the isomeric difructose
dianhydrides.

[0041] The caramels with elevated content of difruc-
tose dianhydrides and glycosylated difructose dianhy-
drides of the invention have beneficial properties, notably
for the treatment and prevention of pathologies of the
intestinal tract in animals and in humans. Therefore, they
can be also used in the preparation of specific nutraceu-
ticals useful for the prevention and treatment of these
pathologies. In a general way, the caramels of the inven-
tion can be used as a substitute of other prebiotics in the
elaboration of products intended for food applications as
well as to improve health and well-being in animals and
humans. The final proportion of prebiotic caramel of the
invention in a product able to produce a prebiotic effect
destined to anyone of these aims can vary in an broad
range, being preferably comprise between 1 and 30%.
[0042] The following examples are presented to illus-
trate the invention, and should not be construed as a
limitation thereto.

Example 1:

[0043] To a 90% (weight/volume) dissolution of fruc-
tose (135 g) in water (15 mL) commercial dry zeolite 110
Degussa FAU (43.2 g; 32% relative to the initial fructose)
was added. The heterogeneous mixture was heated at
90 °C in a closed vessel with constant magnetic stirring
during 3 hours, after which it was let cool down to room
temperature and the catalyst was separated by filtration.
The product obtained in this way is an amber-colored
caramel.

[0044] The analysis of this caramel by gel filtration
chromatography using Sephadex G10 as the stationary
phase, and by gas chromatography using phenyl 3-D-
glucopyranoside as internal standard, following the pro-
tocol desctribed in the document J. Chromatogr. A. 1999,
844, 283-293, indicated the presence of fructose (35%),
difructose dianhydrides (45%) and higher fructooligosac-
charides of DP 3-12 (18%). The rest (2%) is constituted
essentially by 2-hydroxymethylfurfural (HMF) and mela-
noidines. The relative proportions of the different isomer-
ic difructose dianhydrides, determined from the corre-
sponding gas chromatogram, are presented in Figure 2.
[0045] The mild acid hydrolysis of an aliquot of the ob-
tained caramel or the fraction containing oligosaccha-
rides of DP 3-12 lead exclusively to fructose and difruc-
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tose dianhydrides, which indicates that these oligosac-
charides have a structure of fructosylated difructose di-
anhydrides. The isometic distribution profile of the difruc-
tose dianhydrides arising from hydrolysis is practically
identical to that in the difructose dianhydride fraction in
the initial caramel and shown in Figure 2.

Example 2:

[0046] The procedure of example 1 was repeated ex-
actly, using dry acid bentonite as catalyst instead of the
zeolite. The product is a mahogany-colored caramel that
contains fructose (31%), difructose dianhydrides (46%)
and higher oligosaccharides of DP 3-10 (21%). The rest
(2%) is constituted essentially by 2-hydroxymethylfur-
fural (HMF) and melanoidines. The isomer distribution
profile of difructose dianhydrides is practically identical
to that in example 1.

Example 3:

[0047] The procedure of example 1 was repeated us-
ing the dry commercial ion-exchange resin Lewatit®
52328 as catalyst (27 g, 20% by weight relative to the
initial fructose) instead of the zeolite and heating at 90
°C during 2 hours. The product is a mahogany-colored
caramel that contains fructose (8%), difructose dianhy-
drides (11%) and higher fructooligosaccharides of DP
3-25 (78%). The rest (3%) is constituted essentially by
2-hydroxymethylfurfural (HMF) and melanoidines. The
isomer distribution profile is very similar to that in exam-
ples 1 and 2 and is shown in Figure 3.

[0048] Practically identical results were obtained fol-
lowing this procedure but replacing the resin lewatit®
S2328 by another ion-exchange resin with sulfonic
groups in its acid form selected among the commercial
ion-exchange resins Lewatit® K1131, K1469 or K2641,
Amberlite® IR120 or Dowex® 50WX2.

Example 4:

[0049] The procedure of example 3 was repeated ex-
actly, but the resin was previously milled to a size of less
than 80 um, it was used in a 6% proportion by weight
relative to the initial fructose and the heating took place
at 70°C. The productis amahogany-colored caramel that
contains fructose (12%), difructose dianhydrides (41%)
and higherfructooligosaccharides of DP 3-25 (44%). The
rest (3%) is constituted essentially by 2-hydroxymethyl-
furfural (HMF) and melanoidines. The profile of isomer
distribution is practically identical to that shown in Figure
2.

Example 5:
[0050] The procedure of example 4 was repeated ex-

actly, but the heating took place at 90 °C during 50 min-
utes. The product is a dark mahogany-colored caramel
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with a composition identical to that in example 3.
Example 6:

[0051] The procedure of example 3 was repeated ex-
actly, but the acid resin was used in a proportion of 10%
by weight relative to the initial fructose and heating was
effected during 1.5 hours. The product is a dark mahog-
any-colored caramelthat contains fructose (14%), difruc-
tose dianhydrides (26%) and higher fructooligosaccha-
rides of DP 3-25 (568%). The rest (2%) is constituted es-
sentially by 2-hydroxymethylfurfural (HMF) and melanoi-
dines. The profile ofisomer distribution is practically iden-
tical to that shown in Figure 3.

Example 7:

[0052] The procedure of example 6 was repeated ex-
actly, but the resin was replaced by a water soluble poly
(p-toluenesulfonate) polymer of molecular weight 7 - 104
Daltonin its acid form. The reaction proceeds in this case
under homogenous conditions. The catalyst was sepa-
rated at the end of the caramelization process by using
a dialysis membrane with a porosity corresponding to a
cut mass of 5000 Dalton. The resulting product is a ma-
hogany-colored caramel that contains fructose (16%), di-
fructose dianhydrides (29%) and higher oligosaccha-
rides of DP 3-20 (52%). The rest (3%) is constituted es-
sentially by 2-hydroxymethylfurfural (HMF) and melanoi-
dines. The profile ofisomer distribution is practically iden-
tical to that shown in Figure 3.

[0053] An identical result was obtained when a water
soluble poly(p-toluenesulfonate) polymer of molecular
weight 108 Dalton was used.

Example 8:

[0054] A suspension of 90% (weight/volume) sucrose
(135 g) in water (15 mL) was heated at 90 °C until satu-
ration. The commercial dry ion-exchange resin Lewatit®
52328 was the added as catalyst (13,5 g, 10% by weight
relative to the initial sucrose). The heterogeneous mix-
ture was heated at 90 °C in a closed vessel with constant
magnetic stirring for 72 hours, after which it was allowed
to cool down to room temperature and the catalyst was
separated by filtration. The product obtained in this way
is a dark mahogany-colored caramel that contains fruc-
tose (1%), glucose (23%), difructose dianhydrides
(11%), and higher oligosaccharides of DP 2-25 (57%).
The rest (8%) is constituted essentially by 2-hy-
droxymethylfurfural (HMF) and melanoidines.

[0055] The mild acid hydrolysis of an aliquot of the ob-
tained caramel or of the fraction containing oligosaccha-
rides of DP higher than 3 led exclusively to fructose, glu-
cose and difructose dianhydrides, which indicates that
these oligosaccharides have, in this case, a structure of
fructosyl- or glucosyl-difructose dianhydrides. Reversion
oligosaccharides are also present in this fraction This is
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also in agreement with the data of mass spectrometry.
The isomeric distribution profile of the difructose dianhy-
drides arising from hydrolysis is practically identical to
that of the difructose dianhydride fraction in the initial
caramel and agrees with that shown in Figure 3.

Example 9:

[0056] A 1:1 (weight/weight) mixture of lactose and
fructose (135 g total mass) was suspended in water (15
mL; meaning a 90% weight/volume proportion of total
sugar) and the resulting suspension was heated at 90 °C
until almost total dissolution. The commercial dry ion-
exchange resin Lewatit® S2328 was then added as cat-
alyst (13,5 g, 10% by weight relative to the initial total
sugar material). The heterogeneous mixture was heated
at 90 °Cin aclosed vessel with constant magnetic stirring
during 72 hours, after which it was allowed to cool down
to room temperature and the catalyst was separated by
filtration. The product obtained in this way is a dark ma-
hogany-colored caramel that contains fructose (1%), di-
fructose dianhydrides (1%), lactose (1%), glucose and
galactose (25% altogether) and higher oligosaccharides
of DP 2-25 (68%). The rest (4%) is constituted essentially
by 2-hydroxymethylfurfural (HMF) and melanoidines.
[0057] The mild acid hydrolysis of an aliquot of the ob-
tained caramel or the fraction containing higher oligosac-
charides of DP higher than 3 led exclusively to fructose,
glucose, galactose and difructose dianhydrides, which
indicates that these oligosaccharides have, in this case,
a structure of fructosyl-, glucosyl-, galactosyl- and lacto-
syl-difructose dianhydrides. Reversion oligosaccharides
are also present in this fraction. This is also in agreement
with the mass spectrometry data. The profile of isomeric
distribution of the difructose dianhydrides arising from
hydrolysis is practically identical to that of the difructose
dianhydride fraction in the initial caramel and agrees with
that shown in Figure 3.

Example 10: In vivo evaluation of the intestinal anti-in-
flammatory effect of caramels of the invention obtained
accordingto examples 3 and 8 inthe experimental model
of colitis induced by dextransulfate sodium (DSS) in rats.

[0058] The animalsthatwere used inthese experienc-
es are Wistar rats, of 200-230 g of weight, provided by
the Animal Experimentation Service of the University of
Granada. The selected model of experimental inflamma-
tion consists in the administration of DSS (5% weight/
volume) in the drink water during one week. This model
is characterized by generating an inflammatory process
in the colon of the rat, with numerous similarities with the
intestinal inflammatory disease in humans (Crohn dis-
ease), regarding the tissue damage that it generates and
the production of mediators involved in the inflammatory
response. In order to carry out these studies, different
animal groups (n = 10) received the diet supplemented
with the appropriate proportion of prebiotic caramel of
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the examples. This treatment began two weeks before
the incorporation of the DSS in the drink water and it was
continued for one more week. Atthis momentthe animals
were sacrificed and the colonic damage was evaluated.
In order to be able to evaluate the efficiency of the treat-
ment with the prebiotic caramels, control groups of colitic
animals (n = 10) that received the standard diet contain-
ing cellulose instead of the caramel were used. Addition-
ally, a control group (n = 10) that did not receive any
dietetic treatment and that was not induced intestinal in-
flammation was used.

[0059] The macroscopic evaluation of the intestinal in-
flammatory process was made by determination of the
colon weight/length relationship (macroscopic damage
index, MDI). The followed protocol was, basically, that
reported in the publication by D. Camuesco et al. in J.
Nutr. 2005, 135, 687-94. For the colon weight/length re-
lationship of the control animals that have not suffered
injurythe MDlis defined as 0.0, whereas this index reach-
es an average value of 7.5 in the control group that was
treated with DSS and that did not receive prebiotic car-
amels in their diet. In animals that received caramels of
examples 3 and 8, this value decreased to 5.5 and 6.0
respectively, which considering the aggressiveness of
the model of inflammatory colitis used represents a very
significant capacity for protection/regeneration after the
inflammation of the colon.

Example 11: In vivo evaluation of the effect of caramels
of the invention obtained according to examples 3 and 8
in the bacterial flora in rats.

[0060] Ontheanimals subjectedtotreatmentwith DSS
andto which a diet containing the prebiotic caramels pre-
pared according to examples 3 and 8 was provided, as
well as on the corresponding control groups, the counts
of Lactobacillus and Bifidobacterium was cartied out. The
population of these bacteria decreased in the animals
treated with DSS to 30 and 20% of the values observed
in healthy non-treated animals, respectively. In the case
of animals fed with the caramels of examples 3 and 8, a
very significant recovery of the corresponding bacterium
populations was observed, reaching counts close to the
initials values.

Claims

1. Procedureforthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides from: (a) a food-grade sugar that con-
tains D-fructose and (b) an acid catalyst that acts as
caramelization promoter, which involves the heating
of a dissolution or a concentrated suspension of the
starting sugar material in water in the presence of
the catalyst and the subsequent separation of the
acid catalyst from the caramel thus obtained at the
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end of the process by physical methods.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claim 1, wherein the starting
sugar is D-fructose, sucrose orany oligo- or polysac-
charide that contains fructose as a constituent, in-
cluding the glycosylfructoses such as palatinose or
leucrose, fructooligosaccharides such as 1-kestose
ornystose, fructans andinulin. These startingsugars
can be used alone or combined in different propor-
tions, as well as in combination with other food-grade
sugars, including glucose, galactose, maltose, lac-
tose or raffinose.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 and 2, wherein the
acid catalyst is a zeolite, a clay as bentonite or an
ion-exchage resin in its acid form, under heteroge-
neous reaction conditions, or a soluble acid polymer
of high molecular weight, under homogeneous reac-
tion conditions.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 3, wherein the
total concentration of the starting sugar material in
water ranges between 60-95% (weight/volume),
preferably between 70-90%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 4, wherein the
temperature of heating ranges between 60-110 °C,
preferably between 70-90 °C.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 5, wherein the
heating period ranges between 5 minutes and one
week, preferably between 15 minutes and 48 hours.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 6, wherein the
proportion in weight of the catalyst, referred to the
total starting sugar, ranges between 5-35% by
weight.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
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fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 7, wherein the
caramelization processis carried outby acontinuous
method, packing the solid catalyst in a column
through which a concentrated dissolution of the sug-
ar material is passed.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 7, wherein the
caramelization process is carried by a discontinuous
method, by batches, using an effective agitation dur-
ing the period of heating.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 9, wherein the
catalyst is a zeolite in its acid form with a Si/Al mod-
ulus that ranges between 5-150, preferably between
25-120, in a proportion in weight referred to the total
starting sugar material ranging between 25-35%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 9, wherein the
catalyst is a bentonite in its acid form in a proportion
in weight referred to the total starting sugar material
rangingbetween 25-35%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 9, wherein the
catalyst is an intact ion-exchange resin, in its acid
form, in a proportion in weight referred to the total
starting sugar material ranging between 10-20%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claims 1 to 9, wherein the
catalyst is a milled ion-exchange resin, preferably to
a size of inferior particle to 80 wm, in its acid form,
in a propotrtion in weight referred to the total starting
sugar material ranging between 5-10%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claim 13, wherein the resin
incorporates acid groups of the sulfonic acid type or
acid groups of the carboxylic acid type.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
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fructose dianhydrides and glycosylated difructose di-
anhydrides accordingto claims 1to 7 and 9, wherein
the catalyst is a soluble acid polymer of high molec-
ular weight, preferably higher or equal to 104 Dalton,
in its acid form, in a proportion in weight referred to
the total starting sugar material ranging between
5-10%.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides according to claim 15, wherein the poly-
mer incorporates acid groups of the sulfonic acid

type.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides, wherein the caramelization process
consists in heating a dissolution of fructose at
70-90% (weight/volume) in water at 70-90 °C in the
presence of an ion-exchage resin with sulfonic
groups in its acid form, using a proportion of catalyst
of 5-20% by weight referred to the starting sugar, by
aperiod of 0.5-3 hours, followed by separation of the
resin by filtration for further recycling.

Procedure forthe preparation of caramels with a high
content in prebiotic oligosaccharides of the type di-
fructose dianhydrides and glycosylated difructose di-
anhydrides, wherein the caramelization process
consists in heating a dissolution of fructose and lac-
tose, in relative proportions by weight that can vary
from 1:51t0 5:1, at a concentration ranging between
85-95% (weight/volume) in water at 80-90 °C, in the
presence of an ion-exchage resin with sulfonic
groups in its acid form, using a proportion of catalyst
of 10-20% by weight referred to the total starting sug-
ar material, for a period of 3-48 hours, followed by
separation of the resin by filtration for further recy-
cling.

A caramel obtained according to the method de-
scribed in claim 1.

A caramel obtained according to the method de-
scribed in claim 1, wherein the content of prebiotic
oligosaccharides of the type difructose dianhydrides
and glycosylated difructose dianhydrides of DP
ranging from 3 and 25 is equal or higher than 40%,
with a distribution of isomeric difructose dianhy-
drides close to that corresponding for a thermody-
namic equilibrium, in which the major isomer is a-D-
fructofuranose B-D-fructopyranose 1.2’: 2,1’- dian-
hyidride.

A caramel according to claims 20 containing, addi-
tionally, other sugars different from fructose, such
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as for example glucose, galactose, sucrose, mal-
tose, lactose or raffinose, oreven reversion oligosac-
charides formed by the condensation of these sug-
ars.

A caramel according to claims 20 and 21, totally or
partially decolorized by treatment with vegetal char-
coal or with an appropriate commercial resin for the
adsorption of colored products, as for example the
resin Lewatit® S6823 A.

A caramel according to claims 20 to 22 containing,
additionally, at least aus a component selected be-
tween the families of vitamins, flavors, colorants,
prebiotics or probiotics.

Aproductintendedforthe human oranimal diet, con-
taining a caramel according to claims 20 to 23 in
proportion ranging preferably between 1 and 30%
by weight, able to induce a significant increase of
Bifidobacteria or Lactobacillus in the intestinal track.

A product intended to the prevention or the treatment
of pathologies, in special of pathologies affecting the
digestive system, in animals or humans, containing
acaramel accordingto claims 20 to 23in a proportion
ranging preferentially between 1 and 30%, able to
induce prebiotics effects.

A caramel according to claims 19 to 22, intended at
increasing the population of beneficial bacteria, such
as Bifidobacteria or Lactobacillus, in the intestinal
track of humans or animals.

A caramel according to claims 19 to 22, intended at
preventinginjuries inthe digestive system of humans
or animals.
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