
EP 0 514 467 B1 Description Background 5     Browning of foods is a major
problem in the food and beverage industry. Browning, or oxidative
darkening, can be the result of the action of an enzyme, such as polyphenol
oxidase (PPO), or the result of non-enzymatic chemical reactions, for
example, due to polymerization of phenolic compounds which are present in
some foods. High PPO activity is present in foods which are susceptible to
browning, e.g., shrimp, bananas and mushrooms. Browning causes deleterious
changes in the appearance and texture of 10  foods and beverages. Both
enzymatic and non-enzymatic browning constitute serious problems for the
food industry and result in millions of pounds of wasted food products per
year. Enzymatic browning, in particular, has been the subject of much
research, particularly as the causative agent of shrimp melanosis, which is
characterized by the formation of dark spots on shrimp. Faulkner et al.,
Advanced Food Research, 19:302-310 (1953). Enzymatic browning is the result
of PPO-catalyzed oxidation 15  of mono- and diphenols to o-quinones which
polymerize spontaneously to form dark-colored, high molecular weight
polymers, leading to the characteristic browning or formation of dark
spots. Several methods have been developed to prevent browning, including
heat inactivation of PPO and various chemical treatments, such as altering
the pH of the food. Heat inactivation is not appropriate for fresh foods,
such as fruits and seafood, as the high temperatures necessary to
inactivate PPO change the 20  quality and texture of the foods. Likewise,
reducing the pH by adding an acid (e.g., citric acid or phosphoric acid)
deleteriously affects the appearance and quality of some foods. The control
of PPO-catalyzed enzymatic browning in mushrooms using citric acid was
reported by McCord and Kilara in the Journal of Food Science, 48:1479-1483
(1983). The inhibition of polyphenol oxidase activity in an extract of
Jerusalem artichokes using various sulfite compounds was described in 25
Zawistowski et al., in Can. Inst. Food Sci. Tech. J., 20(3):162-164 (1987).
The use of cinnamic acid, p- coumaric acid and ferulic acid to control
enzymatic browning in fruit juices was described by J.R.L. Walker in Food
Technology, 11:341-345 (1976). T. C. Wong et al. report in Plant. Physiol.,
48:24-30 (1971) that phloroglucinol and resorcinol, and their derivatives
d-catechin and orcinol react with 4-methyl-o-quinone which is formed by PPO
in peaches, although these compounds are not substrates for PPO. R. Kuttner
and 30 H. Wagreich, Arch. Biochem. Biophys., 43:80-87 (1952) report that
mushroom PPO (catecholase) is inhibited by benzoic acid and selected
benzoic acid derivatives. None of these methods have proven entirely
satisfactory, however, due to expense, lack of availability, or inferior
performance. Labuza in Cereal Foods World, 34(4):353 (1989) describes the
use of proteases, especially ficin, in the control of enzymatic browning of
certain foods. The author attributed this effect to attack on PPO by the 35
protease. Another method for reducing browning which has been prevalent in
the food industry is adding sulfite salts to foods and beverages. Some
forms of enzymatic browning, such as shrimp melanosis, have traditionally
been treated by dipping or coating the shrimp or other food in a sulfite
solution, such as sodium bisulfite. Sulfites are also added to wines to
prevent oxidation. Sulfites reduce o-quinones to the mono- 



40  and/or diphenols, thereby inhibiting the browning reaction. However,
the use of sulfite in foods has been restricted due to adverse health
effects in certain individuals, and may be restricted further or even
eliminated completely. Dumbroff et al. (WO88/02602) describe a method of
inhibiting ethylene production and lipoxy-genese in fruits, vegetables and
flowers, using phenolic compounds. 45     Sagi et al. (Acta Allimentaria
12:143-148, 1983) studied the content of 5-alkylresorcinols in bran,
semolina and flour fractions. They noted  that there was a negative
correlation between pasta brownness and kernel 5-alkylresorcinol. Summary
of the Invention 60 The invention relates to compounds and methods for
inhibiting oxidative browning of foods and beverages, particularly
enzymatic browning caused by PPO activity. The compounds are resorcinol
derivatives having the general formula: 55 2    EP 0 514 467 B1 [err] 10
wherein [err] are independently selected from the group consisting of: H,
[err] COR', CR', P03R'R" and SO R'R" wherein R' and R" are independently H
or an alkyl group having from 1 to 6 carbon atoms in a linear, branched or
cyclic configuration or a substituted aromatic compound; and [err] is an
organic or inorganic substituent selected so that the resulting compound
has inhibitory activity. For example, [err] can 15   be a heteroatom or a
group containing a heteroatom, a saturated or unsaturated alkyl group, a
substituted aromatic compound or an organic functional group selected so
that the compound has inhibitory activity. The heteroatom can include, for
example, oxygen (O), nitrogen (N), sulfur (S), phosphorus (P) or halogens
such as chlorine (Cl), bromine (Br), iodine (I) or fluorine (F) . The
saturated or unsaturated alkyl group can have from 1 to 30 carbon atoms in
a linear, branched or cyclic configuration. 20  The alkyl substitutents or
organic functional groups can contain a heteroatom or heteroatoms, for
example oxygen (O), nitrogen (N), sulfur (S), phosphorus (P) or halogens
such as chlorine (Cl), bromine (Br), iodine (I) or fluorine (F). 4-Alkyl
resorcinol compounds are particularly effective for inhibiting melanosis in
most foods. For example, 4-hexylresorcinol, (wherein [err] are both H and
[err] is [err] which has the following formula: 25 30 [err] 



Formula II 35 is highly effective for this purpose. In one embodiment,
[err] has the general structure: [err] 45 wherein n is 1 or 2 and Z is an
alkyl or other organic functional group selected so that the compound has
inhibitory activity. Z can be an alkyl substituent containing at least one
heteroatom, such nitrogen (N), oxygen (O), sulfur (S) or phosphorus (P) or
halogens such as chlorine (Cl), bromine (Br), iodine (I) or fluorine (F).
In a preferred embodiment, Z is selected from the group consisting of:
OH,[err] [err] amino acids, polyamine metabolites, such as [err] 50   [err]
wherein x and y independently can be any integer from 0 to 5; and higher
polyamine oligomers or substituted oligomers consisting of at least three
monomers, wherein the monomer is a [err] diaminoalkane and [err] has the
following formula: 55 3    EP 0 514 467 B1 0 OR2 10 wherein n, [err] are as
defined above. Compounds which are particularly effective inhibitors of
oxidative browning are resorcinol derivatives having the general formula:
[err] 25  wherein n is 1 or 2 and [err] and Z are as defined above.
Particularly useful resorcinol derivatives for inhibiting enzymatic
browning are obtained when n = 2, [err] and [err] are both H and Z is OH,
NH[err] i.e., where x=4 and [err] is as defined above,) or [err] (where
x=4, y=3 and R4 is as defined above). These compounds are shown as Formulae
IV, V, VI and VII respectively: 30 35 40 45 50 55 4  



EP0514467B1 [err] 40 The substituted resorcinols  represented by general
Formula I comprise a class of compounds which are highly effective in
inhibiting the browning of foods. 4-Hexylresorcinol, which is a
commercially available 45 compound, is particularly effective for this
purpose. Of the derivatives represented by Formula III, three of these
compounds were isolated from a natural source and their structures
unambiguously determined by standard analytical organic chemistry
procedures, specifically [err] and mass spectra. These three specific
derivatives have the structures represented by Formulae IV, V and VII,
respectively. Formula V, VI and VII represent polyamine derivatives which
have not previously been isolated and/or characterized, 50 whereas Formula
IV represents a resorcinol derivative which had not previously been found
in nature. Methods of preparing anti-browning compositions containing
resorcinol derivatives are also the subject of the present invention.
Certain resorcinol derivatives can be prepared synthetically or isolated
from natural sources, such as plants. In one embodiment, the derivatives
are isolated and purified to homogeneity from a botanical source, e.g., fig
latex, by the steps of aqueous extraction, ultrafiltration, ion exchange
chromatog- 55  raphy and reverse phase HPLC. A method of inhibiting
browning of foods using the present compounds is described. In this method,
foods which are susceptible to browning, including, for example, certain
shellfish, crustaceans, fruits, vegetables and beverages, such as fruit
juices and wines are treated with a composition containing an 5    EP 0 514
467 B1 amount of the present resorcinol derivatives sufficient to inhibit
the browning reaction. The present resorcinol derivatives represented
generally by Formulae I and III, and specifically by Formulae II and IV,
and the resorcinol-polyamine derivatives represented specifically by
Formulae V, VI and VII, are very effective in inhibiting browning in foods.
The present compositions and methods are more 5  effective than crude latex
preparations and sodium bisulfite in inhibiting oxidative browning. Smaller
amounts of the present compositions are needed to inhibit browning in most
foods than the amounts of sodium bisulfite which are presently used to
obtain the same level of inhibition. The present compounds provide an
effective treatment for inhibiting or preventing browning in selected foods
and beverages, without adversely affecting the appearance, taste, texture
or quality of the food or beverage. 10 Brief Description of the Figures
Figure 1 is a graph comparing the effects of sodium bisulfite and various
concentrations of a YM5 



extract (F100) on the formation of melanosis in shrimp. 15     Figure 2 is
a graph comparing the effects of sodium bisulfite, various concentrations
of ficin and a YM5 extract (F100) on the formation of melanosis in shrimp.
Figure 3 is a graph comparing the effects of sodium bisulfite, a YM5
extract (1% by wt.) and the compound of Formula V (0.1% by wt.) on the
formation of melanosis in shrimp. Figure 4 is a graph comparing the effects
of sodium bisulfite and various concentrations of the 20  compound of
Formula V on the formation of melanosis in shrimp. Figure 5 is a schematic
illustration of showing the synthesis steps for the compounds of Formula V
and Formula VII. Figure 6 is a graph comparing the effects of various
concentrations of the compound of Formula V on the formation of melanosis
in fresh pink shrimp; that is, shrimp which were not frozen prior to
treatment. 26     Figure 7 is a graph comparing the effect of no rinse and
a post-treatment sea water rinse on the inhibition of shrimp  melanosis by
0.025% of the compound of Formula V. Figure 8 is a graph comparing the
inhibition of shrimp melanosis by a sea water or fresh water solution of
0.01% the compound of Formula V. Figure 9 is a graph comparing the
inhibition of shrimp melanosis upon repeated dips of different one 30
pound batches of untreated shrimp into the same one liter of 0.01% the
compound of Formula V solution in sea water. Figure 10 is a graph comparing
the effect of sodium bisulfite, sea water, and various concentrations of
the compound of Formula II on the formation of melanosis in pink shrimp.
Figure 11 is a graph comparing the effect of sodium bisulfite, sea water,
and various concentrations of 35  the compound of Formula II on the
formation of melanosis in pink shrimp. Figure 12 is a graph comparing the
effect of sodium bisulfite, sea water, and various concentrations of the
compound of Formula IV on the formation of melanosis in pink shrimp. Figure
13 is a graph comparing the effect of sodium bisulfite, sea water, and
various concentrations of the compound of Formula V on the formation of
melanosis in Texas brown shrimp. 40 Detailed Description of the Invention
The present invention is based on the discovery that a class of resorcinol
derivatives, some of which occur naturally in plants, can inhibit browning
of foods. The present compounds are resorcinol derivatives 45 which have
the general formula shown as Formula I: 50 56
[err] wherein [err] are independently selected from the group consisting
of: [err] and [err] wherein R' and R" are independently H or an alkyl group
having from about 1 to about 6 6   



EP 0 514 467 B1 carbon atoms in a linear, branched or cyclic configuration
or a substituted aromatic compound [err] can be a heteroatom or a group
containing a heteroatom or a saturated or unsaturated alkyl group, a
substituted aromatic compound or an organic functional group selected so
that the compound has inhibitory activity. The heteroatom can include, for
example, oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), halogen such
5  as chlorine (Cl), bromine (Br), or fluorine (F). The saturated or
unsaturated alkyl group can have from 1 to 30 carbon atoms in a linear
branched, or cyclic configuration or a substituted aromatic compound. The
alkyl substitutents or organic functional group can contain a heteroatom or
heteroatoms, for example oxygen (0), nitrogen (N), sulfur (S), phosphorus
(P) or a halogen such as chlorine (Cl), bromine (Br), iodine (I) or
fluorine (F). 10     Alkyl resorcinol compounds are particularly effective
for inhibiting melanosis in most foods. For example, 4-hexylresorcinol,
which has the following formula: 15 [err[ is very effective for this
purpose. In one embodiment [err] has the general structure: 25 wherein n is
1 or 2, and Z is an alkyl or organic functional group selected so that the
compound has inhibitory activity. Z can be an alkyl substituent containing
at least one heteroatom, for example, nitrogen 35  (N), oxygen (0), sulfur
(S) and phosphorus (P) or a halogen such as chlorine (Cl), bromine (Br),
iodine (I) or fluorine (F). In a preferred embodiment, Z is selected from
the group consisting of: OH, [err] [err] amino acids (such as lysine,
ornithine, serine or cysteine); a polyamine metabolite such as [err]
wherein x and y can be an integer from 0 to 5; and polyamine oligomers or
substituted polyamine 40   oligomers consisting of at least three monomers,
wherein the monomer is a [err] diaminoalkane and [err] has the following
formula: [err] wherein n, R[err] are as defined above. Compounds which are
also very effective inhibitors of oxidative browning are resorcinol
derivatives 55 having the following general formula: 7    EP 0 514 467 B1
[err] 10 



Formula III wherein n is 1 or 2 and R1, R2 and Z are as defined above. 15
Particularly useful resorcinol derivatives for inhibiting enzymatic
browning are obtained when n =2, [err] and R2 are H and Z is OH,[err] is as
defined above) or NH(CH2)- [err] y=3, and [err] is as defined above). These
compounds have the formulae shown as Formulae IV, V, VI and VII
respectively: [err] 40                                        Formula  V 45
50 55 8    EP 0 514 467 B1 HO             O
[err] 20 Formula VII The invention includes functional equivalents of these
formulae (Formulae I-VII). The term "functional 25 equivalents" means a
chemical derivative or analog of the compound which has similar
anti-browning activity. As used herein, a molecule is said to be a
"derivative" of another molecule when it contains additional or different
chemical moieties not normally part of the molecule. Analyses of the
structures of Formulae V, VI and VII show the resorcinol moieties linked
through an amide bond to diaminobutane (V and VI) and spermidine (III),
respectively. The diamine diaminobutane, and 30 the polyamine spermidine,
are amino-acid derived aliphatic nitrogeneous compounds widely distributed
throughout the plant and animal kingdoms. Flores, H.E., Protacio, C.M., and
Signs, M.W. (1989) in Plant Nitrogen Metabolism. In: Recent Advances in
Phytochemistry Vol. 23, (E.E. Conn, Ed.) Plenum Press, New York. The
hydroxycinnamic amide (HCA) derivatives of diaminobutane:
p-coumaryldiaminobutane, ferulyl- diaminobutane, caffeoyldiaminobutane, and
di-p-coumaryldiaminobutane; and of spermidine: p-coumaryl- 35  spermidine,
have been found in 13 families of higher plants (Martin-Tanguy, J. (1985)
Plant Growth Regul. 3, 381-400) and are believed to be involved in flower
development. The HCAs are closely related in structure to Formulae V, VI
and VII. Although much research is currently being performed on HCAs, there
are no prior accounts in the literature on the presence of Formulae V, VI
and VII. Formulae V and VII are novel, naturally-occurring polyamine
derivatives. The compound of Formula VI, which has not been found in 40
nature at this time, also represents a previously unknown polyamine
derivative. Besides their efficacy as inhibitors of PPO-catalyzed
melanosis, the compounds represented by Formulae V, VI and VII represent a
novel class of polyamine derivatives whose distribution, metabolism and
physiological effects are unknown. 



The molecules shown as Formulae IV, V and VII can be purified from plants.
Preparations from various botanical sources are effective inhibitors of
certain enzymatic reactions. For example, latex derived from the 45  fig
tree, Ficus sp. (F.sp.) contains a protease, ficin. P.T. Englund et al.,
Biochemistry, 7:163 (1963). Extracts containing ficin prepared from the fig
latex have been shown to be effective inhibitors of the enzymatic browning
reaction. Labuza et al., Cereal Foods World, 34(4):353 (1989). However,
ficin treatment is detrimental to the texture and quality of foods because
ficin's proteolytic activity degrades protein in the foods. For example, a
commercial latex extract prepared from fig latex can be used as the
starting material. 50 Fig latex extracts contain ficin and other compounds
and are referred to as "crude ficin" or "crude ficin extracts". Crude ficin
extracts are useful as a source for obtaining Formulae IV, V and VII
because these extracts are commercially available. Crude ficin extracts are
generally available in solid form, as a powder or tablet. The crude ficin
preparations are characterized in that the major protease component is
ficin, a protein having a molecular weight of about 20,000 daltons. The
presence of ficin can be detected by a 55 method which separates materials
based on molecular weight, such as, for example, gel permeation-high
performance liquid chromatography (GPC-HPLC), and by the ficin-catalyzed
hydrolysis of benzoyl-L- arginine-p-nitroanilide (L-BAPNA), which is a
sensitive assay for ficin activity. A method of obtaining Formula IV, V and
Formula VII from crude latex or a crude latex extract is set out in
Examples 2, 3 and 4, 9    EP 0 514 467 B1 respectively. Formula I
represents several commercially available compounds, such as
alkylresorcinols, which have been used for other applications. Applicants
have now discovered that compounds having the structure shown as Formula I
are effective inhibitors of oxidative browning in many foods susceptible to
such 5  browning. For example, 4-hexyl-resorcinol, Formula II, has been
used as a medication, and is described in The Merck Index, 10th edition,
pp. 681, Merck & Co., Inc., Rahway, NH (1983). The anti-browning compounds
represented by Formulae II and IV-VII can be prepared by synthetic methods.
In one embodiment, Formula V is synthesized according to the following
general procedure which is set 10 out in detail in Example 5:
7-hydroxycoumarin is hydrogenated to 7-hydroxydihydrocoumarin, followed by
reaction with an excess of diaminobutane to yield Formula V
(2,4-dihydroxyphenylpropionyidiaminobutane). The synthesized compound is
identical to the compound isolated from the crude ficin extract, as
determined by [err] and 13C NMR, mass spectral analysis, elemental analysis
and TLC. In another embodiment, the compounds of Formulae V and VII can be
synthesized according to the is following procedure, which is shown
schematically in Figure 5: resorcinol (1,3-dihydroxybenzene) is derivatized
by treatment with a reagent which results in the addition of one C atom to
an aromatic ring, e.g., Gatterman reagent (Zn(CN)2,HCI) or Villsmeier
reagent [err] to add an aldehyde group to the ring 



thereby forming 2,4-dihydroxybenzaldehyde. This compound is further reacted
with malonic acid (CH2- (COOH)2) in a basic organic solvent such as
pyridine and piperidine, at an elevated temperature (e.g., about 20 [err]
to yield 2,4-dihydroxycinnamic acid. The double bond in the side chain of
2,4-dihydrox- ycinnamic acid is hydrogenated, for example using hydrogen
and palladium, to form 2,4-dihydroxyphenyl- propionic acid. Reaction of
this compound with an excess of diaminobutane yields Formula V (2,4-
dihydroxyphenylpropionyldiaminobutane), while reaction with spermidine (in
the correct molar ratio) yields the bis-phenolic compound, Formula VII
(bis-2,4-dihydroxyphenylpropionylspermidine). 25     The present resorcinol
derivatives can be applied to various foods and beverages to prevent or
inhibit browning, particularly enzymatic browning. The term "enzymatic
browning" as used herein refers to oxidative darkening or discoloration
resulting from the formation of o-quinone and quinone polymers which result
from the action of PPO in forming quinones or from the polymerization of
quinones, and with other components, which occur naturally in foods. 30
To prevent browning, the resorcinol derivatives are used to treat the food
or beverage in an amount or concentration sufficient to inhibit or prevent
browning. The form of treatment will depend upon the food or beverage being
treated, and the results sought, and can include, e.g., dipping, spraying,
dusting, sprinkling, immersing, mixing and/or soaking. The compounds can be
added to an aqueous diluent, for example water, salt water or buffer, and
applied to the food, or can be added neat, e.g., to fruit juice. The amount
needed 35  will depend upon the susceptibility of the food or beverage to
browning, the condition of the food and the storage conditions. The amount
sufficient to prevent or inhibit browning can be determined empirically by
one skilled in the food art. In one embodiment of the present invention,
pink shrimp were treated with an aqueous solution of the compound of
Formula II. Formula II was used at concentrations ranging from 0.0001 to
0.005%, and 40 compared to shrimp treated with sodium bisulfite and sea
water. The results are shown in Figure 10. The sea water treated shrimp
developed melanosis spots within 1-2 days. Formula II was more effective on
a weight basis than sodium bisulfite in inhibiting browning of the shrimp.
For example, a solution containing as little as 0.005% by weight of Formula
II was almost as effective in inhibiting shrimp melanosis as a solution of
1.25% by weight bisulfite. A concentration of up to about 0.1% of Formula
II can be used for 45 inhibiting browning. In another embodiment of the
present invention, pink shrimp were treated with an aqueous solution of
Formula V prepared as described herein. Formula V was used at
concentrations ranging from about 0.1% by weight to about 0.001% by weight
and compared to shrimp treated with sodium bisulfite, and untreated shrimp.
The results are shown in Figure 4. The untreated shrimp quickly developed
black spots (within 1-2 so  days). Formula V was more effective on a weight
basis than sodium bisulfite in inhibiting browning of the shrimp. For
example, a solution containing as little as about 0.005% by weight of
Formula V was as effective in inhibiting shrimp melanosis as a solution of
1.25% by weight of sodium bisulfite. A concentration of about 0.1% by
weight of the present resorcinol derivatives is particularly effective for
this purpose. The compositions and methods of the present invention are
useful in preventing or significantly 55 inhibiting browning in many foods
and beverages which are susceptible to browning. Such foods and 



beverages include, but are not limited to, shrimp, potatoes, apples,
bananas, lettuce, peaches, wines and some fruit juices. The present
composition does not cause degradation of foods, particularly shrimp.
Browning is "prevented" if it is completely eliminated. Browning is
"significantly inhibited" if browning takes 10    EP 0 514 467 B1 place at
a significantly lower rate compared to untreated foods in the same time
frame. The invention is further illustrated by the following examples.
EXAMPLES Example 1 Preparation Of YM5 Eluate By Ultrafiltration of Crude
Ficin 10    A 50 mg/mL solution of crude EDC ficin (Enzeco Ficin, Enzyme
Development Corp., (EDC) New York, NY) was prepared in 50 mM sodium
phosphate, pH 6.5 (Sigma Chemical Co., St. Louis, MO). A 5 mL aliquot was
filtered with a [err] filter producing a clear filtrate. A subaliquot (2.5
mL) of the filtrate was ultrafiltered using an Amicon 5000 MWCO YM5
membrane (Amicon Corp., Danvers, MA). The ultrafiltered eluate is referred
to as the "YM5 eluate". The 0.45 [err] and the YM5-ultrafiltered material
were 15 analyzed by gel permeation chromatography-high performance liquid
chromatography (GPC-HPLC) and found to be free of any absorbance at 214 nm
in the retention time range corresponding to ficin. Also, no ficin activity
was detected in the YM5 eluate using the chromophoric substrate
benzoyl-L-arginine-p-nitro- anilide (L-BAPNA). Following ultrafiltration,
the crude ficin, the 0.45 [err] filtrate, and the YM5 eluate were assayed
for 20 inhibition of polyphenol oxidase (PPO) using the model system
described below. The model assay system consisted of the following
reagents: 50 mM sodium phosphate, pH 6.5 (Sigma Chemical Co.); 0.5 mM
L-dihydroxyphenylalanine (L-DOPA; Sigma Chemical Co.); PPO (mushroom, Sigma
Chemical Co.); 25     +/- varying concentrations of the crude EDC ficin;
and YM5 preparations in a 1 mL total volume. These reagents were combined,
and the rate of the reaction determined by monitoring the change in optical
density per minute (OD/min.) at 475 nm in a 1 cm pathlength cuvette using a
Perkin Elmer UV-VIS spectrophotometer thermostatted to 25 [err]C.
Inhibition of PPO activity was assayed by varying the concentra- 30 tion of
the crude ficin and YM5 preparations by the addition of varying aliquots of
the test solutions to a cuvette containing the PPO and buffer. The cuvette
was preincubated at [err]for 1 minute and the reaction initiated by the
addition of L-DOPA. PPO assays were performed in the absence and presence
of each of the ficin preparations and the ficin-free YM5 eluate. All three
preparations showed comparable levels of inhibition. Therefore, the
inhibition of PPO activity could not be due to the action of ficin on PPO. 



35 Example 2 Purification of Melanosis Inhibitor (Formula IV) from Crude
Ficin 40     The crude EDC ficin (50 g) was extracted with 400 mL of
methanol. The supernatant was rotary evaporated to dryness. The solid
obtained was partially purified by reverse phase HPLC (RP-HPLC). Reverse
phase HPLC is a purification method based on the separation of molecules
according to their interaction with a hydrophobic stationary phase within
an HPLC column as the hydrophobicity of the mobile phase increases. In this
case the stationary phase (column packing) was a resin coated with
octadecyl 45  groups [err] and the mobile phase (the solvent which flows
through the column) was 0.1% trifluoroacetic acid (TFA) with varied amounts
of acetonitrile present. A purification protocol was developed on an
analytical scale and then adapted to the preparative scale using a Waters
DeltaPrep HPLC system. (Waters Associates, Millipore Corp., Milford, MA). A
linear gradient of increasing acetonitrile concentration was developed and
the compound eluted at 50 about 20% acetonitrile. The peak inhibitor
fraction was pooled and further purified by HPLC using a Waters Delta Pak
column [err] 7.8 x 30 cm). The eluant was monitored at 214 nm and the
fractions were assayed to confirm the presence of the inhibitor. The peak
fractions were pooled and concentrated. Samples of the Formula IV compound
(isolated as described above or synthesized) were analyzed by several
analytical techniques: [err] and 13C NMR and mass spectral analysis and the
results were consistent with the structure 55 assigned to Formula IV.    EP
0 514 467 B1 [err] 10 [err] Example 3 20 Purification of Melanosis
Inhibitor (Formula V) From Crude Ficin The YM5 eluate obtained in Example 1
was further purified by ion-exchange chromatography and RP- HPLC. A
solution of YM5 eluate obtained as described in Example 1 in 2 mM sodium
phosphate (pH 6.5) 25  was loaded onto a column of SP-Sephadex resin
(Pharmacia, Uppsala, Sweden). The material which did not adsorb to the
resin was washed off by pumping two volumes of 2 mM sodium phosphate (pH
6.5) through the column. A linear sodium chloride gradient (0-0.2 M) was
applied to the column which elutes molecules as a function of their
strength of interaction with the resin, thereby effecting separation of the
previously adsorbed molecules. The eluted material was monitored for
absorbance at 214 and 280 nm, and collected 30  in 20 mL fractions. The
total gradient volume was two liters. Fractions were tested for the
presence of inhibitor using the model assay system described in Example 1.
Five peaks of inhibition were found upon 



analysis. The fractions found under these peaks were pooled, frozen, and
lyophilized. Two peaks labeled Pool IV and Pool V appeared to be the most
potent inhibitors based on the ratio of % inhibition to peak size, and were
chosen for further purification with RP-HPLC, as described in Example 2. 35
The Iyophilized material from SP-Sephadex Pool IV was dissolved in the
mobile phase, centrifuged to remove particulates, and loaded onto the HPLC
column. A linear gradient of increasing acetonitrile concentration was
developed and the inhibitor eluted at about 15% acetonitrile. The eluant
was monitored at 214 and 280 nm with a multichannel UV-Vis detector and in
certain runs the fractions were assayed to confirm the presence of the
inhibitor. The peak inhibitor fractions were pooled, concentrated in a
SpeedVac, 40  frozen, and lyophilized. Re-analysis by RP-HPLC in a
TFA/methanol gradient system indicated a high degree of purity for the
recovered inhibitor. The purified Pool IV inhibitor was analyzed by several
physical methods and chemical tests. A UV-Vis spectrum of the inhibitor
showed an absorbance maximum at 280 nm, typically in the wavelength range
for an aromatic or phenolic compound. Reaction with bicinchonic acid and
ninhydrin indicated the presence of 45  an amide bond and a primary amine,
respectively. Samples of the inhibitor were analyzed by several analytical
techniques: [err] and 13C NMR and mass spectral analysis. The results were
consistant with the structure assigned to Formula V:    EP 0 514 467 B1 10
[err] Example 4 Purification of Melanosis Inhibitor (Formula VII) from
Crude Ficin 15     The lyophilized material from SP-Sephadex Pool V
obtained according to the procedure described in Example 2, was further
purified by RP-HPLC. The conditions for the purification were the same as
those used in Example 2. A linear gradient of increasing acetonitrile
concentration was developed and the compound, Formula VII, eluted at about
30% acetonitrile. The eluant was monitored at 214 and 280 nm with a
multichannel UV-Vis detector and in certain runs the fractions were assayed
to confirm the presence of 20  the inhibitor, represented by Formula VII.
The peak inhibitor fractions were pooled and further purified by HPLC using
a Waters Delta Pak column [err] 7.8 x 30 cm). The eluant was monitored at
214 nm and the fractions were assayed to confirm the presence of the
inhibitor. The peak fractions were pooled and concentrated. Re-analysis of
RP-HPLC indicated a high degree of purity for the recovered inhibitor.
Samples of the Formula VII compound were analyzed by several analytical
techniques [err] mass 25 spectral analysis) and were consistent with the
assigned structure: [err] 35 [err] 45 



Synthesis of the Formula V Compound The compound represented by Formula V
(2,4-dihydroxyphenylpropionyldiaminobutane): [err]    EP 0 514 467 B1 was
synthesized according to the following procedure: A solution of
7-hydroxycoumarin (5.0g, 0.031 mol; Aldrich Chemical Company) in absolute
ethanol (200mL) was hydrogenated under pressure in a Parr apparatus over
10% Pd/C (Catalyst; 500 mg, 50% water; Kodak, Inc., Rochester, NY) for 24
hours at [err] Thin layer chromatography (TLC; Silica gel: 5  EtOAc/hexane:
1:1) showed completion of the reaction. The reaction mixture was then
filtered over a bed of Celite (Rohm and Haas Co., Philadelphia, PA) and
evaporated in vacuo to provide the crude product (4.5g). A portion (2.5g)
of this material was recrystallized from toluene and dried under vaccuum to
provide 7- hydroxydihydrocoumarin. Yield: 1.83g; melting point [err]
intensity). [err] is     Diaminobutane (3.0 mL: 0.3 mol; Aldrich Chemical
Co.) was warmed to 55 C under nitrogen in a three- necked flask fitted with
an addition funnel. 7-Hydroxydihydrocoumarin (1.0g, .006 mol) in methanol
(15mL) was added dropwise. Upon completion of addition, the reaction
mixture was evaporated to dryness and the residue was triturated repeatedly
with ethyl acetate. The remaining gum was dried under high vacuum. The
material was purified by flash column chromatography [silica; gradient
eluent of 20% [err] 20  (5%) to 30% [err] (5%)]. The fractions were
combined on the basis of TLC to provide Formula V (1.0g) [err]  mass
spectra and analytical analysis showed that the synthetic compound was
identical to that isolated from the YM5 eluate in Example 3. [err]
(overlapping multiplets, 4H, [err] 13C NMR [err] 75.47 MHz (J-Modulated
spin echo method) [err] (C=O), [err] Found C 61.97, H 7.96, N 11.01 Mass
Spectra DCI m/z M+H+253, 165 (M-NH2(CH2)4NH2) El m/z M+252, 164, 136, 123,
FAB m/z M+H+ 253 35 Synthesis of the Formula VI Compound The compound
represented by Formula VI (bis-2,4-dihydroxyphenylpropionyldiaminobutane)
was syn- thesized by a modification of the procedure described in Example
5. Diaminobutane (1.09 mL, 5.48 4o mmoles) was dissolved in 30 mL absolute
ethanol. To it was slowly added 7-hydroxydihydrocoumarin (4.5g ). The
resulting solution was allowed to stir at room temperature for 1 hour. The
solvent was removed by rotary evaporation, resulting in a reddish gum.
Addition of excess ethyl acetate followed by rotary evaporation resulted in
a pinkish solid which was washed with excess ethyl acetate and then dried
in a vacuum desiccator to give 4.6 g (82% yield) of the Formula VI
compound. The isolated compound was 



45  analyzed by several analytical techniques: [err] and mass spectral
analysis. The results were consistent with the structure assigned to
Formula VI. [err]    EP 0 514 467 B1 [err] 10
[err] Example 7 Inhibition of PPO By Various Resorcinol Derivatives 15
In order to determine the effect of various resorcinol compounds on the
inhibition of PPO (mushroom), a linear spectrophotmetric assay system
similar to that described in Example 1 was used. The assay mixture
consisted of: 5 mM sodium phosphate, pH 6.5; 0.133 mM
L-dihydroxyphenylalanine (L-DOPA); 20     PPO (mushroom); and +/- varied
concentrations of the compound to be tested The rate of the reaction was
monitored by measuring the change in absorbance per minute at 475 nm at
[err] The apparent inhibition constants [err] are shown in Table 1. 25
Table 1 Compound                    [err] Resorcinol
2700 30                      Formula II
0.5 Formula IV                                    25 Formula V
5 Formula VI                                     5 Formula VII
5 35                      4-Ethylresorcinol
0.8 4-n-Propylresorcinol                           1.8 4-Dodecylresorcinol
0.3 4-Cyclohexylresorcinol                         0.2 4-Hexanoylresorcinol
750 40                      4-Carboxyresorcinol (2,4-Dihydroxybenzoic Acid)
150 [err] represents the concentration of inhibitor necessary to obtain
fifty (50%) percent inhibition of the enzyme. The results show that much
lower concentrations of the resorcinol derivatives were needed to reach the
same level of inhibition compared to resorcinol. 45 



Example 8 Effect of YM5 Eluate on Pink Shrimp Melanosis 50     Pink shrimp
(Penaeus duorarum) were caught and frozen in Key West, Florida and thawed
prior to treatment. Melanosis was rated in the shrimp according to the
scale developed to describe melanosis shown in Table 2. 55 15    EP 0 514
467 B1 Table 2. Scale used to describe and rate the occurrence of melanosis
(blackspot) on pink shrimp. Melanosis  Scale 0   Absent 10             2
Slight,  noticeable  on  some  shrimp 4   Slight,  noticeable  on most
shrimp 6   Moderate,  noticeable  on most  shrimp 8   Heavy,  noticeable
on most  shrimp 15            10   Heavy,  totally  unacceptable 20     The
melanosis scale can be related to existing recommendations developed by the
National Marine Fisheries Service for grading raw shrimp. Code of Federal
Regulations (1982) Title 50, Part 265, Subpart A, United States General
standards for Grades of Shrimp, pp. 262-268. A scale rating of 4 or greater
represents a measurable defect in product quality. A rating of 8 or greater
would represent a severe defect approaching an unacceptable product. 25
Harvests were arranged such that fresh, heads-on pink shrimp were obtained
within less than 12 hours post-harvest at the dock. All shrimp were
routinely washed on-board and temporarily stored in ice. The basic
procedure was to rinse 400-600 grams of shrimp in 2.5 liters of variable
dip compositions and concentrations for 1 minute, then drain and package in
plastic bags to be stored in ice. The bags were considered necessary to
eliminate the variable influence of melting ice. Iced containers with
packaged 30  shrimp were stored in [err]  refrigeration with reicing every
other day. Development of melanosis was scored and photographed routinely
during 2 weeks of storage. The bags of shrimp had been numbered such that
the investigator could not distinguish amongst the various treatments. One
experienced investigator did all scoring relative to the aforementioned
scale (Table 2). The scale was accompanied by pre-developed color prints
depicting common examples of the advancing stages 35  for melanosis. The
intent was to screen for obvious differences between treatments, thus
selecting the best treatments for subsequent tests with statistical
evaluations. The various dips or chemical treatments included tap water as
a control, sodium bisulfite at a 



concentration of 1.25%, crude EDC ficin and the YM5 eluate prepared
according to the procedure outlined in Example 1, which is designated
"F100". The dip solution was fresh tap water. 40     The treatment (dips)
and ratios of shrimp to dip solution are shown in Table 3. Table 3 Dip
Solution                                            Shrimp to Dip 45
Ratio Vol./Vol. Control I (tapwater)
1/5 Control II (tapwater)                                        1/1 BIS
(Sodium bisulfite)                                       1/5 50
Ficin, tablet form                                           1/5 F1p, ficin
powder vial I                                    1/1 F2p, ficin powder vial
11                                   1/1 F100, YM5 eluate (1/5 thru 1/20
dilution with or without buffer B)  1/2 55  The treatments contained
variable additions to tap water, unless otherwise specified in batches made
with distilled water. All treatments were complete submergence of the
shrimp in the dips for 60 to 80 seconds followed by brief (5-10 seconds)
colander drain with mild agitation. 16    EP 0 514 467 B1 The results are
shown in Figures 1 and 2. Figure 1 shows that the YM5 eluate, F100, was as
effective as, or better than, sodium bisulfite in reducing melanosis.
Figure 2 shows that F100 was as effective as crude ficin and more effective
than sodium bisulfite in reducing melanosis. 5   Example 9 Inhibition of
Enzymatic Browning Of Apples by YM5 Eluate Fresh, whole McIntosh apples,
held at ambient temperature (22 to [err] were sliced into quarters, 10
cored and cut into 1/4 inch slices. The apple slices were treated by
brushing the sliced surfaces or dipping the slices by totally immersing
them for various time periods: less than 5 seconds, 10 seconds, 1 minute, 2
1/2 minutes and 5 minutes, with the solutions shown in Table 4. Following
treatment, the apple slices were allowed to stand at ambient temperature,
exposed to air. The slices were checked visually for browning after 0, 1,
2, 3, 4 and 24 hours. 15 Table 3 Apple Treatments Controls 20 1)     no
liquid,  i.e.,  air  only 2)   deionized water, pH 5.8 



3)   50 mM, sodium phosphate buffer, pH 6.7 25         4)   50 mM,
phosphate buffer, pH 2.7 (raised from pH 2.0 using 4.0N NaOH) 30
Experimental 5)   YM5 eluate, pH 6.3, about 100 mg/mL, prepared as
described in Example 1 from (200 mg/mL) 35 crude ficin in sodium phosphate
40 6)   YM5 eluate, final pH 4.6, about 100 mg/mL, prepared as described in
Example 1 from (200 mg/mL) crude ficin in phosphate buffer, (50 45 mM), pH
2.7 (raised from pH 2.0 using 4.0 N NaOH) 50     The results showed that
treatments 5 and 6 (Table 4) using the YM5 eluate minimized the extent of
browning of the apple slices. All samples were initially (time 0) white in
color. Browning of the controls (treatments 1 through 4, Table 4) was
observed after 1 hour, with maximum browning occurring after about 3 hours.
After 3 hours, no significant browning was observed in slices receiving
treatments 5 and 6. After 24 hours, the slices which received treatments 5
and 6 were slightly browned, but exhibited significantly less 55 browning
than the controls. 17    EP 0 514 467 B1 Example 10 Inhibition of Browning
in Apples by the Compound of Formula V and YM5 Eluate 5      Two fresh and
unbruised whole McIntosh apples, held at ambient temperature, were sliced
with a stainless steel paring knife into quarters, cored, then cut into
1/4-inch slices. A volume of 0.8 mL of each of the treatment solutions
listed in Table 5 at ambient temperature was applied onto the top exposed
surface of freshly cut white slices, triplicate samples per treatment. The
Formula V compound was synthesized as described in Example 5. Following
application, the slices stood at ambient temperature, exposed to air and 10
light, for periodic visual observation of relative rate and extent of
browning, from 15 minutes to 4 hours. Table 5  Apple Treatments 15       At
controlled  pH:    6.7-7.0 1)   Sodium phosphate Buffer (5mM) 2)     Sodium
phosphate  Buffer  (5mM)  +  Lactose*  (9.0%) 



3)   Sodium phosphate Buffer (5mM) + Lactose  (9.0%) + YM5 (1.0%; without
lactose) 4)   Sodium phosphate Buffer (5mM) + Lactose  (9.0%) + Formula V,
0.5% by wt, (20mH) 25       5)   Sodium phosphate Buffer (5mM) + Lactose
(9.0%) + 1,4-Diaminobutane, 50mL/100mL, (5mM) 6)   Sodium phosphate Buffer
(5mM) + Formula V, 30               0.5%,   (20mM) 7)     Air  only.
Lactose was added due to its presence in the crude 35 ficin preparation
which was diluted with lactose solids by the suppliers. 40     All freshly
cut samples initially were white in color. Within 15 minutes after
treatment, some browning occurred in all samples except those treated with
solutions 3, 4, and 6, which remained white. After one hour, samples
treated with 4 and 6 were still white, while the other samples showed a
varying extent of browning. The extent of browning of the other samples, in
order of least browned to the most browned were 3 < 2, 5 < 1, 7. After
about 3 hours, maximum extent of browning occurred in samples 1, 2, 3, 5
and 7, 45  ranked as noted above after 1 hour. Samples treated with
solutions 4 and 6 remained white and essentially unchanged in color. Under
the examined conditions, the compound of Formula V at a concentration of 20
mM inhibited browning of apples more effectively than the YM5 eluate and
crude ficin. Lactose and/or 1,4-diaminobutane did not prevent browning. 50
Example 1 Effect of the YM5 Eluant and the Formula V Compound on Pink
Shrimp Melanosis 55     Pink shrimp (penaeus duorarum) were caught and
frozen in Key West, Florida and thawed prior to treatment. Melanosis was
rated in the shrimp according to the scale developed to describe melanosis,
as shown in Example 8, Table 2. 18    EP0514467B1 The basic procedure was
to rinse the shrimp in variable dip compositions and concentrations for 1
minute (for test solutions containing the two highest concentrations of the
Formula V compound, i.e., 0.1% and 0.05%, due to lack of sufficient
material, the test solution was painted onto 6 individual shrimp), then
drain and package in plastic bags to be stored in ice. The bags were
considered necessary to eliminate the 



5  variable influence of melting ice. Iced containers with packaged shrimp
were stored in [err] (1.7 C) refrigeration with reicing every other day.
Development of melanosis was scored and photographed routinely during 7
days of storage as described in Example 8. The various dips or chemical
treatments included tap water as a control, sodium bisulfite at a
concentration of 1.25%, YM5 eluant (prepared according to Example 1) at a
concentration of 1%, and 10  varying concentrations of the Formula V
compound as indicated in Figures 3 an 4. The results shown in Figure 3 show
that the compound of Formula V at a concentration of 0.1% by weight was as
effective as bisulfite in reducing melanosis. Figure 4 shows that as little
as 0.005% of the Formula V compound was as effective as sodium bisulfite in
reducing melanosis. 15 Example 12 Effect of the Formula V Compound on Fresh
Pink Shrimp Melanosis Pink shrimp (Penaeus duorarum) were treated  and
evaluated as described in Example 8 except that the 20  experiment was
carried out on a shrimp boat with freshly caught shrimp. The shrimp were
not frozen prior to treatment with various concentrations of the compound
of Formula V. All solutions were prepared in sea water. The results are
shown in Figure 6. The Formula V compound is effective in the prevention of
fresh pink shrimp melanosis. 25  Example 13 Effect of Post-treatment Rinse
on the Performance of the Formula V Fresh pink shrimp were treated and
evaluated as described in Example 12. The shrimp treated with 30  0.025% of
the compound of Formula V were stored directly or following a sea water
rinse, post-treatment. The result is shown in Figure 7 and shows that a
post-treatment rinse has no significant effect on the inhibition of shrimp
melanosis by the compound of Formula V. Example 14 35 The Effect of the Use
of Sea Water or Fresh Water as Solvent for Formula V Compound Solutions
Fresh pink shrimp were treated and evaluated as described in Example 12.
The shrimp were dipped in a 0.01% solution of the compound of Formula V
made up in either sea or fresh water. The data is 40  presented in Figure 8
and shows that there is no significant effect on the inhibition of shrimp
melanosis by the Formula V compound when the solutions are prepared in
fresh or sea water. Example 15 45  The Effect of Repeated Dips of Shrimp
Into 0.01% of the Formula V Compound Fresh pink shrimp were treated and
evaluated as described in Example 12. In this example, different one pound
batches of shrimp were dipped into the same one liter solution of 0.01% of
the Formula V compound for one minute each. A total of eight dips were
performed. The results are presented in Figure 9 50  and show that the
Formula V compound is still an effective melanosis inhibitor even after
eight dips into the same 0.01% solution. Example 1 6 55 The Effect of
4-Hexylresorcinol on the Development of Shrimp Melanosis 



Pink shrimp were treated and evaluated as described in Example 8 except
that the compound of Formula II (4-hexylresorcinol, Sigma Chemical Co.) was
substituted for the Formula V compound. Pink 19    EP 0 514 467 B1 shrimp
were dipped into solutions of 0.0001 - 0.005% of the Formula II compound
and stored as described above. The data is graphed in Figure 10 and shows
the Formula II compound to be a potent inhibitor of the formation of shrimp
melanosis at concentrations as low as 0.0005%. 5  Example 17 The Effect of
the Formula VI Compound on the Development of Shrimp Melanosis Pink shrimp
were treated and evaluated as described in Example 8 except that the
compound of 10  Formula VI (see Example 6) was substituted for the Formula
V compound. Pink shrimp were dipped into solutions of 0.001 - 0.025% of the
Formula VI compound and stored as described above. The data is shown
graphically in Figure 11 and shows the Formula VI compound to be a potent
inhibitor of the formation of shrimp melanosis at concentrations as low as
0.005%. 15  Example 18 The Effect of the Formula IV Compound on the
Development of Shrimp Melanosis Pink shrimp were treated and evaluated as
described in Example 8 except that the compound of 20  Formula IV
(2,4-dihydroxyphenylpropionic acid) was substituted for the Formula V
compound. Pink shrimp were dipped into solutions of 0.001 - 0.1% the
Formula IV compound and stored as described above. The data is shown
graphically in Figure 12 and shows the Formula IV compound to be an
inhibitor of the formation of shrimp melanosis at concentrations as low as
0.05%. 25  Example 19 Effect of the Formula V Compound on Fresh Brown
Shrimp Melanosis Brown shrimp were treated and evaluated as described for
pink shrimp in Example 8. The results, 30  shown in Figure 13, indicate
that the compound of Formula V is as effective in inhibiting melanosis
development in brown shrimp as in pink shrimp. Example 20 35  Effect of the
Formula V Compound on PPO Isolated from Tiger Shrimp PPO was isolated from
Taiwanese Black Tiger Shrimp (Penaeus monodon) according to the following
procedure: Tiger shrimp heads were frozen in liquid nitrogen and then
ground to a fine powder. The powdered shrimp heads were extracted into
phosphate buffer by stirring. The crude extracts were subjected 40 to
ammonium sulfate precipitation between 0-40% ammonium sulfate saturation
and subsequently purified by preparative hydrophobic interactive on
Phenyl-Sepharose CL-4B (Pharmacia) at 4 C. Purified PPO fractions were
concentrated via ultrafiltration. The purity of the enzyme was evaluated
using gel elec- trophoresis. Laemmli, U.K. , Nature, 227:680-685 (1970). 



A control run was made as follows: A 50 [err] aliquot of 5 mM sodium
phosphate (pH 6.5) was added to 45  880 [err] of 5 mM L-DOPA, 5 mM sodium
phosphate (pH 6.5). 70 [err] of Tiger shrimp PPO (6.3 mg total protein
stock solution) were added and the reaction was immediately monitored using
a Beckman DU Spectrophotometer, at 475 nm for 10 minutes, at 35 [err] To
test the inhibitor, a 50 [err] aliquot of the compound of Formula V (20 mM)
prepared as described in Example 5, was added to 880 [err] of L-DOPA. 70
[err] of Tiger Shrimp PPO (6.3 mg total protein stock 50    solution) were
added and the reaction immediately monitored spectrophotometrically as
described above for the control. Each test was run in triplicate. The
results are shown in Table 6: 55 20    EP 0 514 467 B1 Table 6 Treatment
Reaction Rate [err] 475 nm/min)   Activity Control              [err] 1 mM
Formula V      1.5 x [err] The results show substantial inhibition of PPO
activity by the compound of Formula V. Example 21 Effect of the Formula V
Compound on the Enzymatic Browning of Avocados Avocados undergo
PPO-catalyzed browning upon damage, cutting, or blending of the avocado
pulp [Kahn, V., Journal of the Science of Food and Agriculture, 42:38-43
(1975)] which is a serious limiting factor in the marketability of
processed avocado products. The functionality of the Formula V compound as
an inhibitor of avocado browning was evaluated in the following manner:
Avocados were halved and blended in a food processor in the presence of
various test solutions including 0.1% Formula V (w/w), 1% lemon juice
(w/w), the combination of 0.1% Formula V and 1% lemon 20 juice, and water
as a negative control. The concentration shown is the final concentration
in the blended preparation of avocado. Formula V was prepared as a 2% stock
solution in water. Test solutions were added to the avocado pulp during
processing which was performed immediately after slicing of the avocado.
Approximately 100 g of blended avocado was used for each test sample. The
samples were allowed to stand at room temperature for four hours followed
by extended storage at 25  [err] The samples were subjected to visual
evaluation by sensory panelists. After three hours storage at room
temperature, the water and lemon juice control samples showed significant
browning whereas the Formula V sample was only slightly brown. The Formula
V/lemon juice sample showed no evidence of browning. After 24 hours the
water and lemon juice controls were an unacceptable brown color as opposed
to the Formula V and Formula V/lemon juice samples which were still an
acceptable yellow-green color. The 



samples were re-evaluated at 96 hours storage time with similar results,
i.e., the Formula V sample was only slightly discolored and the Formula
V/lemon juice samples remained virtually unchanged. The water and lemon
juice controls exhibited a dark brown discoloration. It was concluded that
0.1% Formula V was effective in the inhibition of avocado browning and the
combination of 0.1% Formula V and 1% lemon juice 35 was of even greater
efficacy. Example 22 Effect of Varied Concentrations of the Formula V
Compound on the Inhibition of Avocado Browning 40 Avocado samples and test
solutions were prepared and treated samples were evaluated as in Example 21
except the final concentration of the Formula V compound in the avocado
blend was varied. Formula V concentrations of 0.05, 0.025, 0.005, and
0.001% were employed. All test samples and controls were prepared in the
presence of 1% lemon juice. Following blending all samples were stored at
[err] After 24 45 hours, only the control samples showed significant
browning. Slight browning was observed in the 0.001 and 0.005% Formula V
samples after 72 hours refrigerated storage while the controls were a deep
brown. The 0.025 and 0.05% Formula V samples were still an acceptable
yellow-green color. After 96 hours both the 0.025 and 0.05% Formula V
samples continued to exhibit no signs of enzymatic browning whereas the
lower concentrations showed significant browning and the controls were a
very deep brown color. 0.025 and 0.05% Formula V appeared to be very
effective in preventing avocado browning for at least 96 hours under these
conditions. Claims Claims for the following Contracting States: AT, BE, CH,
DE, DK, FR, GB, GR, IT, LI, LU, NL, SE 1. A method for inhibiting enzymatic
browning of foods or beverages susceptible to such browning, comprising
applying to the foods or beverages an amount of a 4-substituted resorcinol
derivative sufficient to inhibit the browning of the foods, wherein the
resorcinol derivative has the following general formula: 21    Table 6
Treatment        Reaction Rate [err]475 nm/min)   Activity 5
Control                   [err] 1 mM Formula V      1.5 x [err]
8 The results show substantial inhibition of PPO activity by the compound
of Formula V. 10 Example 21 Effect of the Formula V Compound on the
Enzymatic Browning of Avocados 15     Avocados undergo PPO-catalyzed
browning upon damage, cutting, or blending of the avocado pulp [Kahn, V.,
Journal of the Science of Food and Agriculture, 42:38-43 (1975)] which is a
serious limiting factor 



in the marketability of processed avocado products. The functionality of
the Formula V compound as an inhibitor of avocado browning was evaluated in
the following manner: Avocados were halved and blended in a food processor
in the presence of various test solutions including 0.1% Formula V (w/w),
1% lemon juice (w/w), the combination of 0.1% Formula V and 1% lemon 20
juice, and water as a negative control. The concentration shown is the
final concentration in the blended preparation of avocado. Formula V was
prepared as a 2% stock solution in water. Test solutions were added to the
avocado pulp during processing which was performed immediately after
slicing of the avocado. Approximately 100 g of blended avocado was used for
each test sample. 25     The samples were allowed to stand at room
temperature for four hours followed by extended storage at [err] The
samples were subjected to visual evaluation by sensory panelists. After
three hours storage at room temperature, the water and lemon juice control
samples showed significant browning whereas the Formula V sample was only
slightly brown. The Formula V/lemon juice sample showed no evidence of
browning. After 24 hours the water and lemon juice controls were an
unacceptable brown color as opposed 30 to the Formula V and Formula V/lemon
juice samples which were still an acceptable yellow-green color. The
samples were re-evaluated at 96 hours storage time with similar results,
i.e., the Formula V sample was only slightly discolored and the Formula
V/lemon juice samples remained virtually unchanged. The water and lemon
juice controls exhibited a dark brown discoloration. It was concluded that
0.1% Formula V was effective in the inhibition of avocado browning and the
combination of 0.1% Formula V and 1% lemon juice 35 was of even greater
efficacy. Example 22 Effect of Varied Concentrations of the Formula V
Compound on the Inhibition of Avocado Browning 40     Avocado samples and
test solutions were prepared and treated samples were evaluated as in
Example 21 except the final concentration of the Formula V compound in the
avocado blend was varied. Formula V concentrations of 0.05, 0.025, 0.005,
and 0.001% were employed. All test samples and controls were prepared in
the presence of 1% lemon juice. Following blending all samples were stored
at 4  C. After 24 45 hours, only the control samples showed significant
browning. Slight browning was observed in the 0.001 and 0.005% Formula V
samples after 72 hours refrigerated storage while the controls were a deep
brown. The 0.025 and 0.05% Formula V samples were still an acceptable
yellow-green color. After 96 hours both the 0.025 and 0.05% Formula V
samples continued to exhibit no signs of enzymatic browning whereas the
lower concentrations showed significant browning and the controls were a
very deep brown color. 0.025 and 0.05% Formula V appeared to be very
effective in preventing avocado browning for at least 96 hours under 50
these conditions. Claims Claims for the following Contracting States: AT,
BE, CH, DE, DK, FR, GB, GR, IT, LI, LU, NL, SE 55 1. A method for
inhibiting enzymatic browning of foods or beverages susceptible to such
browning, comprising applying to the foods or beverages an amount of a
4-substituted resorcinol derivative sufficient to inhibit the browning of
the foods, wherein the resorcinol derivative has the following general
formula: 



21    EP 0 514 467 B1 [err] 10 wherein [err] are independently selected
from the group consisting of:[err] [err]wherein R' and R" are independently
H or an alkyl group having from 1 to 6 carbon atoms in a linear, branched
or cyclic configuration or a substituted aromatic compound; and wherein R3
is selected so that the resorcinol derivative inhibits enzymatic browning.
15 2. A method of Claim 1 wherein [err] comprises a heteroatom, a saturated
or unsaturated alkyl group, a substituted aromatic group or an organic
functional group containing a heteroatom. 3. A method of Claim 2 wherein
(a) [err] comprises at least one heteroatom which is selected from the 20
group consisting of: oxygen, nitrogen, sulfur, phosphorus, chlorine,
bromine, iodine and fluorine; or (b) [err] is a saturated or unsaturated
alkyl group having from about 1 to about 30 carbon atoms in a linear,
branched or cyclic configuration; or (c) [err] is an alkyl group or organic
functional group containing a heteroatom selected from the group consisting
of: oxygen, nitrogen, sulfur, phosphorus, chlorine, bromine, iodine or
fluorine. 25 4. A method of Claim 1 wherein [err] and R2 are both H. 5. A
method of inhibiting enzymatic browning of foods or beverages susceptible
to such browning, comprising applying to the foods or beverages an amount
of a 4-substituted resorcinol derivative 30     sufficient to inhibit
browning of the foods, wherein the resorcinol derivative has the following
formula: [err] Formula II 40 6. A method of Claim 5 wherein the amount of
Formula II sufficient to inhibit browning of the foods is from about 0.0001
to about 0.1% by weight. 45 7. A method for inhibiting enzymatic browning
of foods or beverages susceptible to such browning, comprising applying to
the foods or beverages an amount of a 4-substituted resorcinol derivative
sufficient to inhibit the browning of the foods, wherein the resorcinol
derivative has the following general formula: 50 55 22 



[err] 10                                            Formula  III wherein n
is 1 or 2; [err] are independently selected from the group consisting of:
H, [err] 15      CR', [err] wherein R' and R" are independently H, an alkyl
group having from 1 to 6 carbon atoms in a linear, branched or cyclic
configuration or a substituted aromatic compound; and Z is an alkyl or
organic functional group selected so that the resorcinol derivative
inhibits enzymatic browning. 20  8.  A method of Claim 7 wherein (a) Z is
selected from the group consisting of: [err] [err] amino acids, a polyamine
substituent selected from the group consisting of: [err] wherein x and y
are independently an integer from 0 to 5; and higher polyamine oligomers or
substituted oligomers consisting of at least three [err] diaminoalkane
monomers wherein [err] has the 25     following formula: 0 30 [err] 35 or
(b) the resorcinol derivative has the following formula: 4 45 Formula IV or
(c) the resorcinol derivative has the formula: 50 55 23    EP 0 514 467 B1
0 [err] Formula V or 



(d) the resorcinol derivative has the following formula: [err] Formula VI
; 25     or (e) the resorcinol derivative has the following formula: 30 N
[err] 9. A method of any one of the preceding Claims wherein the foods or
beverages are selected from the group consisting of: crustaceans,
shellfish, fruits, vegetables, fruit juices and wines. 40 10. A method of
any of the preceding Claims wherein the enzyme is polyphenol oxidase. 11. A
method of Claim 7 or Claim 8 wherein the amount of resorcinol derivative
sufficient to inhibit browning is from about 0.001 to about 0.1% by weight.
45 12. A method of producing a resorcinol polyamine derivative having the
following formula: 0 [err] 55
Formula V comprising the steps: 24    EP 0 514 467 B1 a. reacting
7-hydroxycoumarin with hydrogen under conditions sufficient for
hydrogenation to occur, forming 7-hydroxydihydrocoumarin;and b. reacting
the 7-hydroxydihydrocoumarin with diaminobutane under the conditions
sufficient to form Formula V. 5 13. A method of producing a resorcinol
polyamine derivative having the following formula: [err] comprising the
steps of: 20       a. reacting resorcinol with a reagent which results in
the addition of one carbon atom to an aromatic ring, under conditions
sufficient to add an aldehyde group to the aromatic ring to form 2,4-
dihydroxybenzaldehyde; b. reacting the 2,4-dihydroxybenzaldehyde with
malonic acid under conditions sufficient to form 2,4- dihydroxycinnamic
acid; 



25       c. hydrogenating the 2,4-dihydroxycinnamic acid under conditions
sufficient to form 2,4-dihydrox- yphenylpropionic acid and reacting it with
diaminobutane under conditions sufficient to form Formula V. 14. A
resorcinol polyamine derivative having the formula: 30 0 [err] 15. A
composition for inhibiting enzymatic browning of foods or beverages
susceptible to such browning, consisting essentially of a resorcinol
polyamine derivative having the following formula: 45 0 [err] 55 Formula V
25    EP 0 514 467 B1 16. A method of producing a resorcinol polyamine
derivative having the following formula: 5 10          [err] Formula VI
comprising the steps of: a. reacting 7-hydroxycoumarin with hydrogen under
conditions sufficient for hydrogenation to occur, 15       forming
7-hydroxydihydrocoumarin; and b. reacting 7-hydroxydihydrocoumarin with
diaminobutane under conditions sufficient to form For- mula VI. 17. A
resorcinol polyamine derivative having the formula: 20 25 30
Formula VI 18. A composition for inhibiting enzymatic browning of foods or
beverages susceptible to such browning, 35     consisting essentially of a
resorcinol polyamine derivative having the following formula: 0 [err] 50 55



26    EP 0 614 467 B1 19. A method of producing a resorcinol polyamine
derivative having the following formula: 0 [err] comprising the steps of:
15       a. reacting 2,4dihydroxybenzene with a reagent which results in
the addition of one carbon atom to an aromatic ring, under conditions
sufficient to add an aldehyde group to the 1-position on the aromatic ring
to form 2,4-dihydroxybenzaldehyde; b. reacting the
2,4-dihydroxybenzaldehyde with malonic acid under conditions sufficient to
form 2,4- dihydroxycinnamic acid; 20       c. hydrogenating the
2,4-dihydroxycinnamic acid under conditions sufficient to form
2,4-dihydrox- yphenylpropionic acid; and d. reacting the
2,4-dihydroxyphenylpropionic acid with spermidine under conditions
sufficient to form Formula VII. 25 20. A resorcinol polyamine derivative
having the formula: [err] Formula VII 21. A composition for inhibiting
enzymatic browning of foods or beverages susceptible to such browning,
consisting essentially of a resorcinol polyamine derivative having the
following formula: 40 [err] Formula VII 50 22. A composition of any one of
Claims 15, 18 and 21 which is dissolved in an aqueous medium to form an
aqueous solution, and for example wherein the aqueous solution contains
from about 0.001 to about 0.1 55     percent by weight of the resorcinol
derivative. 23. A food or beverage susceptible to enzymatic browning which
has been treated with an amount of a 4- substituted resorcinol derivative
sufficient to prevent or inhibit browning of the food or beverage wherein
27    the resorcinol derivative is selected from the group consisting of:
Formula I, Formula 11, Formula IV, Formula V, Formula VI and Formula VII. 



Claims for the following Contracting State: ES 5 1. A method for inhibiting
enzymatic browning of foods or beverages susceptible to such browning,
comprising applying to the foods or beverages an amount of a 4-substituted
resorcinol derivative sufficient to inhibit the browning of the foods,
wherein the resorcinol derivative has the following general formula: 10 15
Formula  I 20 wherein [err] are independently selected from the group
consisting of: [err] [err]  wherein [err] are independently H or an alkyl
group having from 1 to 6 carbon atoms in a linear, branched or cyclic
configuration or a substituted aromatic compound; and wherein [err] is
selected so that the resorcinol derivative inhibits enzymatic browning. 25
2. A method of Claim 1 wherein [err] comprises a heteroatom, a saturated or
unsaturated alkyl group, a substituted aromatic group or an organic
functional group containing a heteroatom. 3.  A method of Claim 2 wherein
(a) [err] comprises at least one heteroatom which is selected from the 30
group consisting of: oxygen, nitrogen, sulfur, phosphorus, chlorine,
bromine, iodine and fluorine; or (b) [err]is a saturated or unsaturated
alkyl group having from about 1 to about 30 carbon atoms in a linear
branched or cyclic configuration; or (c) [err] is an alkyl group or organic
functional group containing a heteroatom selected from the group consisting
of: oxygen, nitrogen, sulfur, phosphorus, chlorine, bromine, iodine or
fluorine. 35 4. A method of Claim 1 wherein [err] are both H. 5. A method
of inhibiting enzymatic browning of foods or beverages susceptible to such
browning, comprising applying to the foods or beverages an amount of a
4-substituted resorcinol derivative 40     sufficient to inhibit browning
of the foods, wherein the resorcinol derivative has the following formula:
[err] Formula II 50 6. A method of Claim 5 wherein the amount of Formula 11
sufficient to inhibit browning of the foods is from about 0.0001 to about
0.1% by weight. 55 7. A method for inhibiting enzymatic browning of foods
or beverages susceptible to such browning, comprising applying to the foods
or beverages an amount of a 4-substituted resorcinol derivative sufficient
to inhibit the browning of the foods, wherein the resorcinol derivative has
the following general 28 



EP 0 514 467 B1 formula: [err] 10 Formula III 15     wherein n is 1 or 2;
[err] are independently selected from the group consisting of: [err] [err]
wherein [err] are independently H, an alkyl group having from 1 to 6 carbon
atoms in a linear, branched or cyclic configuration or a substituted
aromatic compound; and Z is an alkyl or organic functional group selected
so that the resorcinol derivative inhibits enzymatic browning. 20 8.  A
method of Claim 7 wherein (a) Z is selected from the group consisting of:
[err] [err] amino acids, a polyamine substituent selected from the group
consisting of: [err] wherein x and y are independently an integer from 0 to
5; and higher polyamine oligomers or 26     substituted oligomers
consisting of at least three [err] diaminoalkane monomers wherein [err] has
the following formula: 35 or (b) the resorcinol derivative has the
following formula: 40 [err] so     or (c) the resorcinol derivative has the
formula: 55 29    10                            [err] or (d) the resorcinol
derivative has the following formula: [err\] Formula VI 25     or 



(e) the resorcinol derivative has the following formula: [err] 9. A method
of any one of the preceding Claims wherein the foods or beverages are
selected from the group consisting of: crustaceans, shellfish, fruits,
vegetables, fruit juices and wines. 40 10. A method of any of the preceding
Claims wherein the enzyme is polyphenol oxidase. 11. A method of Claim 7 or
Claim 8 wherein the amount of resorcinol derivative sufficient to inhibit
browning is from about 0.001 to about 0.1% by weight. 45 12. A method of
producing a resorcinol polyamine derivative having the following formula: 0
[err\] Formula V comprising the steps: 30    a. reacting 7-hydroxycoumarin
with hydrogen under conditions sufficient for hydrogenation to occur,
forming 7-hydroxydihydrocoumarin;and b. reacting the
7-hydroxydihydrocoumarin with diaminobutane under the conditions sufficient
to form Formula V. 13. A method of producing a resorcinol polyamine
derivative having the following formula: 0 [err] comprising the steps of:
20       a. reacting resorcinol with a reagent which results in the
addition of one carbon atom to an aromatic ring, under conditions
sufficient to add an aldehyde group to the aromatic ring to form 2,4-
dihydroxybenzaldehyde; b. reacting the 2,4-dihydroxybenzaldehyde with
malonic acid under conditions sufficient to form 2,4- dihydroxycinnamic
acid; 25       c. hydrogenating the 2,4-dihydroxycinnamic acid under
conditions sufficient to form 2,4-dihydrox- yphenylpropionic acid and
reacting it with diaminobutane under conditions sufficient to form Formula
V. 14. A method of producing a resorcinol polyamine derivative having the
following formula: 30 Formula VI 40 



comprising the steps of: a. reacting 7-hydroxycoumarin with hydrogen under
conditions sufficient for hydrogenation to occur, forming
7-hydroxydihydrocoumarin; and b. reacting 7-hydroxydihydrocoumarin with
diaminobutane under conditions sufficient to form For- 45       mula VI.
15. A method of producing a resorcinol polyamine derivative having the
following formula: [err] 31    comprising the steps of: a. reacting
2,4-dihydroxybenzene with a reagent which results in the addition of one
carbon atom to an aromatic ring, under conditions sufficient to add an
aldehyde group to the 1-position on the aromatic ring to form
2,4-dihydroxybenzaldehyde; 5        b. reacting the
2,4-dihydroxybenzaldehyde with malonic acid under conditions sufficient to
form 2,4- dihydroxycinnamic acid; c. hydrogenating the
2,4-dihydroxycinnamic acid under conditions sufficient to form
2,4-dihydrox- yphenylpropionic acid; and d. reacting the
2,4-dihydroxyphenylpropionic acid with spermidine under conditions
sufficient to form 10       Formula VII. PatentansprUche Patentmnsprliche
fUr folgende Vertragsstaaten :AT, BE, CH, DE, D14, FR, GO, GR, IT, Li, LU,
NLI, SE 15 1. Verfahren zur Verhinderung der enzymatischen Br~unung von
Nahrungsmitteln odor Getrinken, die K....-' einer solchen Br~unung
zug~nglich sind, umnfassend die Einwirkung einer ausreichenden Menge 4-
substituierten Resorcinolderivates auf die Nahrungsmittel oder Getr~nke zur
Verhinderung der Br~u- nung der Nahrungsmittel. wobei das Resorcinolderivat
die folgende allgemneine Formel aufweist: 20 25 Formel I 30     worin Ri
und R2 unabh~ngig ausgew~hlt sind aus der Gruppe bestehend aus: H, CH9,
COR', CR'. P03R'R" und SO3WRR", wormn R' und R" unabh~ngig Wasserstoff oder
eine Alkyigruppe mit 1 bis 6 Kohlenstoffatomen in gerader, verzweigter oder
zykiischer Konfiguration darstellen oder eine substitu- ierte aromatische
Verbindung, und wormn Rs so ausgew~hlt ist, daB das Resorcinolderivat die
enzymati- sche Br~unung verhindert. 35 2. Verfahren nach Anspruch 1, worin
Ra emn Heteroatom, elne ges~ffigte oder unges~ttigto Alkylgruppe, eine
substituierte aromatische Gruppe oder eine organische funktionelle Gruppe.
die ein Heteroatom 



enth~It, umfa~t. 40  3. Verfahren nach Anspruch 2, wormn (a) Ra wenigstens
emn Heteroatom umfa~t, welches ausgewilhit ist aus der Gruppe bestehend
aus: Sauerstoff, Stickstoff, Schwefel, Phosphor, Chior, Brom, lod und Fluor
oder (b) R3 eine ges~ttigte oder ungesdttigte Alkyigruppe mit etwa 1 bis
etwa. 30 Kohlenstoffatomen in gerader, verzweigter oder zykiischer
Konfiguration darstellt oder (c) Rs eine Alkylgruppe oder organi- sche
funktionelle Gruppe, die emn Heteroatom aufweist, welches ausgew~hIt ist
aus der Gruppe 45     bestehend aus: Sauerstoff, Stickstoff, Schwefel,
Phosphor, Chlor, Bromn, lod oder Fluor. 4. Verfahren nach Anspruch 1, wormn
Ri und R2 beide Wasserstoff sind. 5.Verfahren zur Verhinderung der
enzymatischen Br,unung von Nahrungsmitteln oder Getr~nken, die 50
solcher Brilunung zuggnglich sind, umnfassend die Einwirkung einer
ausreichenden Menge elnes 4- substituierten Resorcinolderivates auf die
Nahrungsmittel oder Getr~nke, um das Br~unen der Nah- rungsmittel zu
verhindern, wormn das Resorcinolderivat die folgende Formel aufweist: 55 32
EP 0 514 467 B1 liii iillllllll i * C   L   M S * Formel II 10  6.
Verfahren nach Anspruch 5, worin die Menge der Formel II, die ausreichend
ist eine Braunung der Nahrungsmittel zu verhindern, von etwa 0,0001 bis
etwa 0,1 Gewichtsprozent betr~gt. 7. Verfahren zur Verhinderung der
enzymatischen Braunung von Nahrungsmitteln oder Getranken, die solcher
Braunung zug~nglich sind, umfassend die Einwirkung einer ausreichenden
Menge eines 4- 15     substituierten Resorcinolderivates auf die
Nahrungsmittel oder Getranke, um das Braunen der Nah- rungsmittel zu
verhindern, worin das Resorcinolderivat die aligemeine Formel aufweist: K>
~~~~~~~~0 20 RIO               OR1 25 Formel III 30     worin n 1 oder 2
ist, R1 und R2 unabhangig ausgewahIt sind aus der Gruppe bestehend aus: H,
CH$, COR', CR', PO3R'R" und SO3R'R",. worin R' und R" unabhangig
Wasserstoff, eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen in gerader,
verzweigter oder zyklischer Konfiguration oder eine substituierte
aromatische Verbindung umfaBt, und Z eine alkyl- oder organische
funktionelle Gruppe ausgewahit aus dem Resorcinolderivat, welches die
enzymatische Br~unung verhindert, umfaBt. 36 &  Verfahren nach Anspruch 7,
worm (a) Z ausgewlhlt ist aus der Gruppe bestehend aus: OH, NH2, 0- 



(CH2)xCH3. NHCO2(CH2),CH3, NH(CH2),CHs, Aminosluren, elnem
Polyaminsubstituenten ausgewlhlt aus der Gruppe bestehend aus: NH(CH2),NH2,
NH(CH2),NH(CH2),NH2, NH(CH2).NHR4 und NH(CH2)- xNH(CH2)yNHR4, worin x und y
unabhangig eine ganze Zahl von 0 bis 5 sind und hWhere Polyaminoli- 40
gomere oder substituierte Oligomere bestehend aus wenigstens drei
1,WDiaminoalkanmonomeren, worm Rs die folgende Formel aufweist: 0 45 IR,0
so~~~~~~~ oder (b) das Resorcinolderivat die folgende Formel aufweist: 55
33    10                              [err] oder (c) das Resorcinolderivat
die folgende Formel aufweist: oder (d) das Resorcinolderivat die folgende
Formel aufweist: 25 30
N~~~ HOO2O Formel VI 35 oder (e) das Resorcinolderivat die folgende Formel
aufweist: 40                          0
0 N~~~ 45~~ ho                                                       H 50
9. Verfahren nach einem  der vorhergehenden AnsprUche, worin die
Nahrungsmittel oder Getranke ausgewghIt sind aus der Gruppe bestehend aus:
Schalentieren, Schellfisch, FrUchten, GemUsen, Fruchtsaften und Weinen. 66
10. Verfahren nach einem der vorhergehenden AnsprUche, worin das Enzym
Polyphenoloxidase ist. 11. Verfahren nach Anspruch 7 oder Anspruch 8, worin
die Menge des zur Verhinderung der Br~unung ausreichenden
Resorcinolderivates von 0,001 bis etwa 0,1 Gewichtsprozent betr~gt. 



34    C   L   M   S 12. Verfahren zur Erzeugung eines
Resorcinol-Polyaminderivates mit der folgenden Formel: 0 5
Mo"~             NH 11             ~~H HO             OH 10 Formel V
welches die folgenden Schritte umfalt: a. Umsetzung von 7-Hydroxycumarin
mit Wasserstoff unter Bedingungen, die ausreichend sind zur 15
DurchfUhrung der Hydrierung und Bildung von 7-Hydroxydihydrocoumarin und b.
Reaklion des 7-Hydroxydihydrocoumarins mit Diaminokutan unter Bedingungen,
die ausreichend sind zur Bildung der Formel V. 13. Verfahren zur Erzeugung
eines Resorcinol-Polyaminderivates mit der folgenden Formel: 20 0 25 HO
OH 30                                  Formel V welches die folgenden
Schritte umfalt: a. Reaktion von Resorcinol mit einem Reagens, welches zur
Additon von einem Kohlenstoffatom an 35        einen aromatischen Ring
unter Bedingungen fUhrt, die ausreichend sind, um eine Aldehydgruppe an den
aromatischen Ring anzulagern, unter Bildung von 2,4-Dihydroxybenzaldehyd;
b. Umsetzung des 2,4-Dihydroxybenzaldehyds mit Malonsaure unter
Bedingungen, die ausreichend sind, um 2,4-Dihydroxyzimtsdure zu bilden; c.
Hydrierung der 2,4-Dihydroxyzimtsiure unter Bedingungen, die ausreichend
sind, um 2,4- 40        Dihydroxyphenylpropionsgure zu bilden und Umsetzung
derselben mit Diaminobutan unter Bedin- gungen, die ausreichend sind, um
Formel V zu bilden. 14. Resorcinol-Polyaminderivat mit der Formel: 45
0 50 50               ~~ ~ ~~Ho          OH Formel V 55 



15. Zusammensetzung zur Verhinderung der enzymatischen Braunung von
Nahrungsmitteln oder Getran- ken, die solcher Brdunung zug~nglich sind,
bestehend im wesentlichen aus einem Resorcinol-Polya- minderivat mit der
folgenden Formel: 35    EP 0 514 467 B1                          *        c
l  it/, it, HO               OH Formel V 10 16. Verfahren zur Erzeugung
eine Resorcinol-Polyaminderivates mit der folgenden Formel: Ky
~~~~~~~~~~~0              0 N~~~~~~ 20       ~~HO            OH
HO Formel VI 25     welches die folgenden Schritte umfa3t: a. Reaktion von
7-Hydroxycumarin mit Wasserstoff unter Bedingungen, die ausreichend sind,
um eine Hydrierung durchzufUhren unter Bildung von 7-Hydroxydihydrocumarin
und b. Umsetzung von 7-Hydroxydihydrocumarin mit Diaminobutan unter
Bedingungen, die ausreichend sind, um die Formel VI zu bilden. 30 17.
Resorcinol-Polyaminderivat mit der Formel: 0                        0 OH~~
Formel VI 18. Zusammensetzung zur Verhinderung der enzymatischen Braunung
von Nahrungsmitteln oder Gertrin- 45     ken, die solcher Br~unung
zugdnglich sind, bestehend im wesentlichen aus einem Resorcinol-Polya-
minderivat mit der folgenden Formel: 0                        0 50
~               I              N         eN- HOOHo Formel VI 55 36    



EP 0 514 467 Bi                     1111! 111111c LI 1fI II  11 19.
Verfahren zur Erzeugung eines Resorcinol-Polyaminderivates mit der
folgenden Formel: o                                       0 ZN
N No        CH                    Formel VII HI 10 welches die folgenden
Schritte umfa~t: a. Umsetzung von 2,4-Dihydroxybenzol mit einem Reagens,
welches zur Additon eines Kohlenstoff- 15        atomes an einen
arornatischen Ring fUhrt, unter Bedingungen, die ausreichen, um eine
Aldehydgrup- K-'             pe in der 1-Postion an den aromatischen Ring
zu addieren, um 2,4-Dihydroxybenzaldehyd zu bilden; b. Umsetzung von
2,4-Dihydroxybenzaldehyd mit Malonsliure unter Bedingungen, die ausreichen,
um 2,4-Dihydroxyzimtsfure zu bilden; c. Hydrierung der
2,4-Dihydroxyzimtsaure unter Bedingungen, die ausreichen, um
2,4-Dihydroxyphe- 20        nylpropionsaure zu bilden und d. Umsetzung von
2,4-Dihydroxyphenylpropionsgure mit Spermidin unter Bedingungen, die
ausrel- chen, um die Verbindung mit der Formel VII zu erzeugen. 20.
Resorcinol-Polyaminderivat mit der Formel: 25 0 I~~~ H HO              OH
Formel VII 35 21. Zusammensetzung zur Verhinderung der enzymatischen
Brfiunung von Nahrungsmitteln oder Gertran- ken, die solcher Braunung
zuganglich sind, bestehend im wesentlichen aus einem Resorcinol-Polya-
minderivat mit der folgenden Formel: 40                         o H~~~~ 45
Formel VII 50  22. Zusammensetzung nach einem der Ansprtche 15, 16 und 21,
die in einem walsserigen Medium gel6st wird, um eine wasserige Ldsung zu
bilden und worin beispielsweise die wasserige Losung etwa 0,001 bis etwa
0,1 Gewichtsprozent des Resorcinolderivates enthilt. 23. Nahrungsmittel
oder Getrank, welches der enzymatischen Briunung zuginglich ist, welches
mit einer 55     Menge eines 4-substituierten Resorcinolderivates in einer
ausreichenden Menge behandelt worden ist, um die Br~unung des
Nahrungsmittels oder des GetrAnkes zu verhindem, worin das
Resorcinolderivat ausgewihit ist aus der Gruppe bestehend aus: Formel I,
Formel II, Formel IV, Formel V, Formel VI und Formel VII. 37 



EP 0 514 467 B1 !  *   c   L   M   S PatentansprUche flr folgenden
Vertragsstaat: ES 1. Verfahren zur Verhinderung der enzymatischen Braunung
von Nahrungsmitteln oder Getr~nken, die einer solchen Br~unung zuglnglich
sind, umfassend die Einwirkung einer ausroichenden Menge 4- 5
substituierten Resorcinolderivates auf die Nahrungsmittel oder Getranke zur
Verhinderung der Brau- nung der Nahrungsmittel, wobel das Resorcinolderivat
die folgende allgemeine Formel aufweist: 70 RIO  1O Formel I worin R, und
R2 unabh~ngig ausgewAhlt sind aus der Gruppe bestehend aus: H. CHs, COR',
CR', POaR'R" und SOaR'R", worin R' und R" unabhfngig Wasserstoff oder eine
Alkylgruppe mit 1 bis 6 20     Kohlenstoffatomen in gerader, verzweigter
oder zyklischer Konfiguration darstellen odor eine substitu- lerte
aromatische Verbindung, und worn Ra SO ausgewahit ist, daB das
Resorcinolderivat die enzymati- sche Braunung verhindert. 2. Verfahren nach
Anspruch 1, worin Rs ein Heteroatom, eine gesattigte odor ungesattigte
Alkylgruppe, 25     eine substituierte aromatische Gruppe oder eine
organische funktionelle Gruppe, die ein Heteroatom enthdlt, umfaBt. 3
Verfahren nach Anspruch 2, worin (a) Ra wenigstens ein Heteroatom umfaft,
welches ausgewahit ist aus der Gruppe bestehend aus: Sauerstoff,
Stickstoff, Schwefel, Phosphor, Chlor, Brom, lod und Fluor 30     oder (b)
Rs eine gestftigte oder ungesattigte Alkylgruppe mit etwa 1 bis etwa 30
Kohlenstoffatomen in gerader, verzweigter oder zyklischer Konfiguration
darstellt oder (c) Rs eine Alkylgruppe odor organi- sche funktionelle
Gruppe, die ein Heteroatom  aufweist, welches ausgewahit ist aus der Gruppe
bestehend aus: Sauerstoff, Stickstoff, Schwafel, Phosphor, Chlor, Brom, lod
odor Fluor. K)    95  4. Verfahren nach Anspruch 1, worin R, und R2 beide
Wasserstoff sind. 5. Verfahren zur Verhinderung der enzymatischen Braunung
von Nahrungsmitteln oder Getranken, die soicher Br~unung zug~nglich sind,
umfassend die Einwirkung einer ausreichenden Menge eines 4- substituierten
Resorcinolderivates auf die Nahrungsmittel oder Getr~nke, umr das Braunen
der Nah- 40     rungsmittel zu verhindem, worin das Resorcinolderivat die
folgende Formal aufweist: 45 Formel II 50 6. Verfahren nach Anspruch 5,
worin die Menge der Formal 11, die ausreichend ist eine Braunung der
Nahrungsmittel zu verhindern, von etwa 0,0001 bis etwa 0,1 Gewichtsprozent
betragt. 7. Verfahren zur Verhinderung der enzymatischen Br~unung von
Nahrungsmitteln oder Getranken, die 



55     solcher Br~unung zug~nglich sind, umfassend die Einwirkung einer
ausreichenden Menge eines 4- substituierten Resorcinolderivates auf die
Nahrungsmittel oder Getranke, umr das Br~unen der Nah- rungsmittel zu
verhindern, worin das Resorcinolderivat die aligemeine Formel aufweist: 38
* EP 0 514 467 B1                      1       111111 11111 11111 11111 *
C   L   M   S   * 0 5 R,0                OR2 10
Formel III worin n 1 odor 2 ist, RI und R2 unabhgngig ausgew~hIt sind aus
der Gruppe bestehend aus: H, CH3, COR', CR', P039R'R" und SO3R'R", worin R'
und R" unabhangig Wasserstoff, eine Alkylgruppe mit 1 15     bis 6
Kohlenstoffatomen in gerader, verzweigter oder zyklischer Konfiguration
oder eine substituierte aromatische Verbindung umfaBt, und Z eine alkyl-
oder organische funktionelle Gruppe ausgewdhlt aus dem Resorcinolderivat,
welches die enzymatische Braunung verhindert, umfaBt. &  Verfahren nach
Anspruch 7, worin (a) Z ausgewdhIt ist aus der Gruppe bestehend aus: OH,
NH2, 0- 20     (CH2),CHs, NHCO2(CH2),CH3, NH(CH2),CH3, Aminosduren, einem
Polyaminsubstituenten ausgewahit aus der Gruppe bestehend aus: NH(CH2),NH2,
NH(CH2),NH(CH2),,NH2, NH(CH2).NHRF und NH(CH2)- xNH(CH2)YNH-R. worin x und
y unabhangig eine ganze Zahl von 0 bis 5 sind und hWhere Polyaminoli-
gomere oder substituierte Oligomere bestehend aus wenigstens drel
1,wDiaminoalkanmonomeren, worn R4 die folgende Formel aufweist: 25 0 30
R0 35     oder (b) das Resorcinolderivat die folgende Formel aufweist: 0 40
1 45 Formel IV oder (c) das Resorcinolderivat die folgende Formel aufweist:
50 Ho                OH Formel V 



39    oder (d) das Resorcinolderivat die folgende Formel aufweist: INO~O 10
N Formel VI 15     oder (e) das Resorcinolderivat die folgende Formel
aufweist: K>                      0
0 20 N OH           H 25 9. Verfahren nach einem der vorhergehenden
Anspr~che, worin die Nahrungsmittel oder Getranke 30     ausgewAhlt sind
aus der Gruppe bestehend aus: Schalentieren, Schellfisch, FrUchten,
Gemusen, Fruchtslften und Weinen. 10. Verfahren nach elnem der
vorhergehenden AnsprUche, worin das Enzym Polyphenoloxidase lst. J'   35
11. Verfahren nach Anspruch 7 oder Anspruch 8, worin die Menge des zur
Verhinderung der Braunung ausreichenden Resorcinolderivates von 0,001 bis
etwa 0,1 Gewichtsprozent betragt. 12. Verfahren zur Erzeugung eines
Resorcinol-Polyaminderivates mit der folgenden Formel: 40
0 Formel V 50     weiches die folgenden Schritte umfaBt: a. Umsetzung von
7-Hydroxycumarin mit Wasserstoff unter Bedingungen, die ausreichend sind
zur DurchfUhrung der Hydrierung und Bildung von 7-Hydroxydihydrocoumarin
und b. Reaktion des 7-Hydroxydihydrocoumarins mit Diaminobutan unter
Bedingungen, die ausreichend sind zur Bildung der Formel V. 55 40    EP O
514 467 B1                    1111111 111111 Hili* c1   Iill 13. Verfahren
zur Erzeugung eines Resorcinol-Polyaminderivates mit der folgenden Formel:
0 



No              oH 10 Formel V 5s     welches die folgenden Schritte
umfagt: a. Reaktion von Resorcinol mit einern Reagens, welches zur Additon
von einem Kohlenstoffatom an einen aromatischen Ring unter Bedingungen
fMhrt, die ausreichend sind, um eine Aldehydgruppe an den aromatischen Ring
anzulagern, unter Bildung von 2.4-Dihydroxybenzaldehyd; b. Umsetzung des
2,4-Dihydroxybenzaldehyds mit Malonsaure unter Bedingungen, die ausreichend
20       sind, um 2,4-Dihydroxyzimtsaure zu bilden; c. Hydrierung der
2.4-Dihydroxyzimtsdure unter Bedingungen, die ausreichend sind, um 2,4-
Dihydroxyphenylpropionsaure zu bilden und Umsetzung derselben mit
Diaminobutan unter Bedin- gungen, die ausreichend sind, um Formel V zu
bilden. 25 14. Verfahren zur Erzeugung eines Resorcinol-Polyaminderivates
mit der folgenden Formel: 30                                    N
NH     e H               OHt                                       H Formel
VI 95 welches die folgenden Schritte umfalt: a. Reaktion von
7-Hydroxycumarin mit Wasserstoff unter Bedingungen, die ausreichend sind,
um 40       eine Hydrierung durchzufUhren unter Bildung von
7-Hydroxydihydrocumarin und b. Umsetzung von 7-Hydroxydihydrocumarin mit
Diaminobutan unter Bedingungen, die ausreichend sind, um die Formel VI zu
bilden. 15. Verfahren zur Erzeugung eines Resorcinol-Polyaminderivates mit
der folgenden Formel: 45 o                                      0 Formel
VII                    HO 55 welches die folgenden Schritte umfaBt: a.
Umsetzung von 2,4-Dihydroxybenzol mit einem Reagens, welches zur Additon
eines Kohlenstoff- atomes an einen aromatischen Ring fUhrt, unter
Bedingungen, die ausreichen, um eine Aldehydgrup- 41    EP 0 514 467 B1
Iii iil ii ii ll * c   L  H   s* pe in der 1-Postion an den aromatischen
Ring zu addieren, um 2,4-Dihydroxybenzaldehyd zu bilden; b. Umsetzung von
2,4-Dihydroxybenzaldehyd mit Malonsture unter Bedingungen, die ausreichen, 



um 2,4-Dihydroxyzimtsdure zu bilden; c. Hydrierung der
2,4-Dihydroxyzimtsgure unter Bedingungen, die ausreichen, um
2,4-Dihydroxyphe- 5        nylpropionsaure zu bilden und d. Umsetzung von
2,4-Dihydroxyphenylpropionsaure mit Spermidin unter Bedingungen, die
ausrei- chen, um die Verbindung mit der Formel VII zu erzeugen.
Revendlcatlons 1O  Revendicatlons pour les Etats contractants suivants: AT,
BE, CIH, DE, DK, FR, GB, OR, IT, Li, LU, NL, SE 1. Une methode pour inhiber
le brunissement enzymatique des aliments ou des boissons sensibles a un tel
brunissement, comprenant l'application sur ces aliments ou boissons, d'une
quantite d'un deriv6, 15     substitud en position 4, du resorcinol,
suffisante pour inhiber le brunissement de ces ailments, dans laquelle le
derive du r6sorcinol a la formule generale suivante: K>~~~~~~~~~~~~~R 20 25
Formule I, dans laquelle R. et R2 sont, independamment l'un de l'autre,
choisis dans le groupe consistant en: H. CHa, COR', CR', PO3R'R", et SOs
R'R", oO R' et R" sont, ind6pendamment l'un de l'autre, H,un groupe alkyle
ayant de 1 A 6 atomes de carbone, dans une configuration lineaire, ramMee
ou cyclique, ou un 30     compose aromatique substitue; et dans laquelle Re
est choisi de sorts quo le derive du resorcinol inhibe le brunissement
enzymatique. 2. Une methode, selon la revendication 1, dans laquelle R9
comprend un heteroatome, un group alkyle sature ou insatur6, un groups
aromatique substitue ou un groupe fonctionnel organique contenant un i
a35     heteroatome. 3. Une methode, selon la revendication 2, dans
laquelle (a) R3 comprend au moins un heteroatome qui est choisi dans le
groupe consistant en: oxygene, azote, soufre, phosphore, chlore, brome,
iode et fluor; ou (b) Re est un groupe alkyle satur4 ou insature ayant de
environ 1 & environ 30 atomes de carbone, 40     dans une configuration
lindaire, ramifi6e ou cyclique; ou (c) R3 est un groups alkyle ou un groups
fonctionnel organique contenant un h6t6roatome choisi dans le groupe
consistant en: oxygene, azote, soufre, phosphors, chlore, brome, iode ou
fluor. 4. Une m6thods, selon la revendication 1, dans laquelle R1 et R2
sont tous les deux H. 46 5. Une methode d'inhibition du brunissement
enzymatique des aliments ou des boissons sensibles a un tel brunissement,
comprenant I'application sur ces ailments ou boissons, d'une quantite d'un
derive, substitu6 en position 4. du r6sorcinol, suffisante pour inhiber le
brunissement de ces ailments, dans laquelle le deriv6 du r6sorcinol a la
formula suivante: 50 65~~~~H Formule II 



42    C   L   M   S* 6. Une m6thode, selon la revendication 5, dans
laquelle la quantite de compose de Formule II, suffisante pour inhiber le
brunissement des aliments est de environ 0,0001 a environ 0,1 % en poids.
7. Une m6thode pour inhiber le brunissement enzymatique des ailments ou des
boissons sensibles & un 5      tel brunissement, comprenant l'application
sur ces ailments ou boissons, d'une quantit6 d'un ddriv6, substitue en
position 4, du resorcinol, suffisante pour inhiber le brunissement de ces
ailments, dans laquelle le derive du resorcinol a la formule g6nerale
suivante: 0 10 t6                                RIO               OAS
Formule  III dans laquelle n est 1 ou 2; RI et R2 sont, independamment l'un
de I'autre, choisis dans le groupe 20     consistant en: H. CH3, COR', CR',
PO3R'R", et SO3R'R", dans lesquels R' et R' sont, ind6pendam- ment l'un de
l'autre, H, un groupe alkyle ayant de 1 a 6 atomes de carbone, dans une
configuration lineaire, ramifi6e ou cyclique, ou un compose aromatique
substitu6; et Z est un group alkyle ou un groupe fonctionnel organique
choisi de sorte que le deriv6 du r6sorcinol inhibe le brunissement
enzymatique. 25 8. Une methode, selon la revendication 7, dans laquelle (a)
Z est choisi dans le groupe consistent en: OH, NH2, O(CH2),CHa,
NHCO2(CH2),CH3, NH(CH2),CH3, des acides amines, un substituant polyamine
choisi dans le groupe consistent en: NH(CH2),NH2, NH(CH2),NH(CH2)yNH2,
NH(CH2),NHR4 et 30     NH(CH2),NH(CH2),NHR4, dans lesquels x et y sont,
ind6pendamment l'un de I'autre, des entiers de 0 A 5; et des oligombres
polyamines sup6rieurs ou oligombres substitu6s consistant en au.moins trois
monomeres de 1,w di-aminoalcane, dans lesquels R4 a la formule suivante: 35
0 40                           RO              ORR ou (b) le derive du
rdsorcinol a la formule suivante: 45 50 Formule IV 55 ou 



(c) le derive du resorcinol a la formule 43    EP 0 514 467 B1
1 I!DIICI 111111 IIIM  IED 10~~~~~~~ ou~~~~~~ 15
ov                    N0 HO              OH Formule V 10 ou (d) le derivb
du resorcinol a la formule suivante: 15                        0~~o 20 ~
~~~~ HO         OH Formule VI 26 ou (. ) le dmrive du rbsorcinol a la
formule suivante: 60~~~~ 30 35 9. Una methode, salon l'une quelconqu4 des
revendications pr4dentes, dans laquelle les aliments ou 40     boissons
sont choisis dans le groupe consistant en: crustaces, fruits-dle-mer,
fruits, legumes, jus de fruit et vins. 10. Une methode, selon l'une
quelconque des revendlications presdentes, dans laquelle l'enzyme est la
polyphbnol oxydase. 45 11. Une methode, selon la revendication 7 ou la
revendication 8, clans laquelle la quantite de derive du r~sorcinol
suffisante pour inhiber le brunissement est de environ 0,001 a environ 0,1
% en poids. 50 55 44    EP                                I 614 467 B
ll/Ill 111    11 IIIIII 



12. Une methode de fabrication d'un d6rive polyamin6 du rdsorcinol ayant la
formule suivant: 0 HO             cm 10
Formule V comprenant les etapes de: a. faire reagir l'hydroxy-7 coumarine
avec de l'hydrogene, sous des conditions suffisantes pour quo 15
l'hydrogenation se produise, formant ainsi I'hydroxy-7 di-hydrocoumarine;
et b. faire reagir I'hydroxy-7 di-hydrocoumarine avec du diaminobutane sous
des conditions suffisantes pour former le compose de formulo V. 13. Une
methode de fabrication d'un d6riv6 polyamin6 du resorcinol ayant la formule
suivante: 20 a HOH on 30                               Formule V,
compronant les 6tapes de: a. faire reagir le r6sorcinol avec un reactif qui
rdsulte on I'addition d'un atome de carbone sur un anneau aromatique, sous
des conditions suffisantes pour ajouter un groupe aldehyde a l'anneau 35
aromatique, afin de former le di-hydroxy 2,4 benzaldehyde; b. faire reagir
le di-hydroxy 2,4 benzaldehyde avoc de I'acide malonique, sous des
conditions suffisantes pour former I'acide di-hydroxy 2,4 cinnamique; c.
hydrogenor I'acide di-hydroxy 2,4 cinnamique sous des conditions
suffisantes pour former I'acide di-hydroxy 2,4 ph6nylpropionique, et le
faire r6agir avec du di-aminobutane sous des conditions 40
suffisantes pour former le compose de la Formulo V. 14. Un derive polyamin6
du r6sorcinol ayant la formulo: 45 50 Formule V 5s 1. Une composition pour
inhiber le brunissoment enzymatique des aliments ou des boissons, sensibles
a un tel brunissement, consistant essentiellement en un derive polyamine du
resorcinol ayant la formulo suivante: 45    EP O 514 467 B1 * C   L   M   S
* 



0 6                        HO           .            AH OH 0N Formule V. 10
16. Une m~thode de fabrication d'un d6rive polyamine du r~sorcinol ayant la
formule suivante: K)                              ~~~~~~~~~~~0
5~~~~~~~~~~~~~ 20                    N o                OH OH Formule VI,
25     comprenant les etapes de: a. faire reagir l'hydroxy-7 coumarine avec
de l'hydrogene, sous des conditions suffisantes pour que P'hydrogdnation se
produise, formant ainsi l'hydroxy-7 di-hydrocoumarine; et b. faire reagir
l'hydroxy-7 di-hydrocoumarine avec du di-aminobutane sous des conditions
suffisan- tes pour former le compos4 de formule VI. 30 17. Un derive
polyamind du rdsorcinol ayant la formule: 0 Kjs OH 35 ~      H 40 Formule
VI 18 Une composition pour inhiber le brunissement enzymatique des ailments
ou des boissons, sensibles A 45     un tel brunissement, consistant
essentiellement en un d6riv6 polyamine du resorcinol ayant la formule
suivante: 0                          0 50
N                  N H HO              ON Formule VI 46    EP0 6514 467B1
111111J1I 111111 11111 HIlII ai 19. Une methode de fabrication d'un deriv6
polyamine du r~sorcinol ayant la formule suivant: o 



HO              CH 10 Formule VII comprenant les 6tapes de: 15       a.
faire r6agir le di-hydroxy 2,4 benzbne avec un reactif qui r6sulte en
l'addition d'un atome de K,.             carbone sur un anneau aromatique,
sous des conditions suffisantes pour ajouter un groupe ald6hyde a la
position 1 sur l'anneau aromatique, afin de former le di-hydroxy 2,4
benzaldehyde; b. faire reagir le di-hydroxy 2,4 benzaldehyde avec de
l'acide malonique, sous des conditions suffisantes pour former lacide
di-hydroxy 2,4 cinnamique; 20       C. hydrog6ner l'acide di-hydroxy 2,4
cinnamique sous des conditions suffisantes pour former I'acide di-hydroxy
2,4 phenylpropionique; et d. faire r6agir l'acide di-hydroxy 2,4
ph6nylpropionique avec de la spermidine sous des conditions suffisantes
pour former le compos4 de Formule VII. 25 20. Un derive polyamin6 du
resorcinol ayant la formule: 30~ ~~ Noe~~~~~ H 36
Formule VII 21. Une composition pour inhiber le brunissement enzymatique
des aliments ou des boissons, sensibles a 40     un tel brunissement,
consistant essentiellement en un derive polyamine du resorcinol ayant la
formule suivante: 0                                       0 $40 t H H H
<~~N 50                              Formule VII. 22. Une composition,
selon l'une quelconque des revendications 15, 18 et 21, qui est dissoute
dans une milieu aqueux pour former une solution aqueuse, et par exemple,
dans laquelle la solution aqueuse 65     contient environ 0,001 a environ
0,1 % en poids, du derive du resorcinol. 23. Un aliment ou une boisson
sensible au brunissement enzymatique, qui a Mt4 trait4 avec une quantitd de
derive, substitu6 en position 4, du r6sorcinol, suffisante pour prdvenir ou
inhiber le brunissement de 47    EP 0 514 467 B1                    1
111111 111111111 11111 11I I'aliment ou de la boisson, dans loquel le
d6riv4 du r6sorcinol est choisi dans le groupo consistent on: composes de
Formulo I, de Formulo II, de Formulo IV, de Formulo V, de Formulo VI ot de
Formulo VII. Revendicatlons pour I'Etat contractant suivant: ES 



5 1. Uno methode pour inhiber le brunissement enzymatique des aliments ou
des boissons sensibles a un tel brunissement, compronant I'application sur
ces aliments ou boissons, d'une quantitd d'un derive, substitue en position
4, du rdsorcinol, suffisante pour inhibor le brunissement de ces aliments,
dens laquelle le derive du resorcinol a la formulo generale suivante: 10
to~~~~~~~~~~~~~~~~~t 16                                    Rio Formule I,
20     dans laquelle RI ot R2 sont, independamment l'un de I'autre, choisis
dans le groupo consistent en: H, CHa, COR', CR', PO R'R", et SO3R'R", oO R'
et R" sont, indepondamment I'un de I'autre, Hun groupo alkyle ayant de 1 &
6 atomes de carbone, dans une configuration lineaire, ramifieo ou cyclique,
ou un compose aromatique substitue; et dans laquelle Re est choisi de sorte
quo le derive du resorcinol inhibe le brunissement enzymatique. 25 2. Uno
methode, selon la revendication 1, dans laquolle Re comprend un
heteroatome, un group alkyle saturd ou insature, un groupo aromatique
substitu6 ou un groupo fonctionnel organique contenant un heteroatome. 30
3. Uno methode, selon la revendication 2, dens laquelle (a) RF comprend au
moins un heteroatome qui est choisi dans le groupo consistent en: oxygene,
azote, soufre, phosphoro, chlore, brome, iode et fluor; ou (b) Re est un
groupo alkyle sature ou insaturE ayant de onviron 1 a onviron 30 atomes de
carbone, dans une configuration lineaire, ramifiee ou cyclique; ou (c) R3
est un groupo alkyle ou un groupe fonctionnel organique contenant un
hetdroatome choisi dans le groupo consistent en: oxygene, azote, J K>  35
soufre, phosphore, chlore, brome, iode ou fluor. 4. Uno methode, selon la
revendication 1, dans laquelle RI et R2 sont tous les deux H. 5. Uno
m~thode d'inhibition du brunissoment enzymatique des aliments ou des
boissons sensibles A un 40     tel brunissoment, comprenant I'application
sur ces aliments ou boissons, d'une quantite d'un derive, substitue en
position 4, du resorcinol, suffisante pour inhiber le brunissement de ces
aliments, dans laquelle le derive du rdsorcinol a la formulo suivante: 45
HOz O 60                                           Formule  II 6. Uno
mdthode, selon la revendication 5, dans laquelle la quantitE de compose de
Formulo II, suffisante 55     pour inhiber le brunissement des aliments est
de environ 0,0001 A environ 0,1 % on poids. 7. Uno mdthode pour inhiber le
brunissoment enzymatique des aliments ou des boissons sensibles a un tol
brunissement, comprenant I'application sur ces aliments ou boissons, d'une
quantitd d'un derive, 48  



substitue en position 4, du resorcinol, suffisante pour inhiber le
brunissement de ces ailments, dans laquelle le derive du resorcinol a la
formule gen6rale suivante: 5~~~~~~~~~ 10
tO                OR2 Formule  III dans laquelle n est 1 ou 2; RI et R2
sont, independamment l'un de l'autre, choisis dans le groupe 15
consistant en: H, CH3, COR', CR', PO3R'R", et SOaR'R", dans lesquels R' et
R" sont, ind6pendam- ment l'un de l'autre, H, un groupe alkyle ayant de 1 a
6 atomes de carbone, dans une configuration lineaire, ramifide ou cyclique,
ou un compose aromatique substitue; et Z est un group alkyle ou un groupe
fonctionnel organique choisi de sorte que le ddriv6 du resorcinol inhibe le
brunissement enzymatique. 20 a  Une methode, selon la revendication 7, dans
laquelle (a) Z est choisi dans le groupe consistant en: OH, NH2,
O(CH2),CH3, NHCO2(CH2).CH3, NH(CH2)xCH3, des acides amines, un substituant
polyamine choisi dans le groupe consistant en: NH(CH2),NH2,
NH(CH2),NH(CH2)yNH2, NH(CH2)XNHR4 et 25     NH(CH2)xNH(CH2)yNHRs. dans
lesquels x et y sont, ind6pendamment l'un de l'autre, des entiers de 0 a 5;
et des oligombres polyamin6s sup6rieurs ou oligombres substituds consistant
on au moins trois monombres de 1,w di-aminoalcane, dans lesquels Rs a la
formule suivante: Q  35                                             OR2 36
ou (b) le derive du rdsorcinol a la formule suivante: 40 45 Formule IV 50
ou (c) le ddrivd du resorcinol a la formule 55 49    EP 0 514 467 B1 1
I!IIII1    11111 III! II II 8~~~~~~~ Formule V 



10 ou (d) le d6rive du resorcinol a ia formule suivante: 15 K>
o                         0~~~~ g    X ~~~~~ t~N                   zN OH~~
20 Formule VI 25 ou (e) le derive du resorcinol a la formule suivante: 30
0 N H~~ ~ ~ ~
~~~ H  H< 9. Une methode, selon l'une quelconque des revendications
precedentes, dans laquelle les ailments ou 40     boissons sont choisis
dans le groupe consistant en: crustaces, fruits-de-mer, fruits, legumes,
jus de fruit et vins. 10. Une methode, selon l'une quelconque des
revendications pr6cedentes, dans laquelle I'enzyme est la polyphenol
oxydase. 45 11. Une methode, selon la revendication 7 ou la revendication
8, dans laquelle la quantite de d&nv4 du resorcinol suffisante pour inhiber
le brunissement est de environ 0,001 a environ 0,1 % en poids. 50 55 50
12. Une methode de fabrication d'un derivd polyamine du resorcinol ayant la
formule suivant 0 5 ~~~ ~~~N4 N Formule V comprenant les etapes de: a.
faire reagir l'hydroxy-7 coumarine avec de l'hydrogbne, sous des conditions
suffisantes pour que is       I'hydrogdnation se produise, formant ainsi
l'hydroxy-7 di-hydrocoumarine; et 



b. faire reagir l'hydroxy-7 di-hydrocoumarine avec du diaminobutane sous
des conditions suffisantes pour former le compos6 de formule V. 13 Une
methode de fabrication d'un d riv6 polyamine du rdsorcinol ayant la formule
suivante: 20 25                                                  H Formule
V, 30 comprenant les etapes de: a. faire reagir le resorcinol avec un
reactif qui resulte en I'addition d'un atome de carbone sur un anneau
aromatique, sous des conditions suffisantes pour ajouter un groupe aldehyde
a I'anneau 35       aromatique, afin de former le di-hydroxy 2,4
benzalddhyde; b. faire r6agir le di-hydroxy 2,4 benzald~hyde avec de
l'acide malonique, sous des conditions suffisantes pour former I'acide
di-hydroxy 2,4 cinnamique; c. hydrog~ner I'acide di-hydroxy 2,4 cinnamique
sous des conditions suffisantes pour former l'acide di-hydroxy 2,4
phenylpropionique, et le faire reagir avec du di-aminobutane sous des
conditions 40       suffisantes pour former le compose de la Formule V. 14.
Une mdthode de fabrication d'un dWriv4 polyamine du rdsorcinol ayant la
formule suivante: 45                                   0
0 50                       I              H Formule VI, comprenant les
6tapes de: a. faire reagir I'hydroxy-7 coumarine avec de I'hydrogbne, sous
des conditions suffisantes pour quo 55       I'hydrogenation se produise,
formant ainsi l'hydroxy-7 di-hydrocoumarine; at b. faire reagir l'hydroxy-7
di-hydrocoumarine avec du di-aminobutane sous des conditions suffisan- tes
pour former le compos6 de formule VI.    EP O 514 467
B1i.111111||11111|111111111111111 * C   L   M   S * 15. Une m6thode de
fabrication d'un d6riv6 polyamine du resorcinol ayant la formule suivant: o
0tI  H Formule VII comprenant les etapos de: a. faire reagir le di-hydroxy
2,4 benzene avec un reactif qui resulte en l'addition d'un atome do 15
carbone sur un anneau aromatique, sous des conditions suffisantes pour
ajouter un groupe ald6hyde a la position 1 sur I'anneau aromatique, afin de
former le di-hydroxy 2,4 benzaldehyde; b. faire reagir le di-hydroxy 2,4
benzald6hyde avec de I'acide malonique, sous des conditions 



suffisantes pour former I'acide di-hydroxy 2,4 cinnamique; c. hydrogdner
I'acide di-hydroxy 2,4 cinnamique sous des conditions suffisantes pour
former I'acide 20        di-hydroxy 2,4 ph6nylpropionique; et d. faire
rdagir I'acide di-hydroxy 2,4 phenylpropionique avec de la spermidine sous
des conditions suffisantes pour former le composd de Formule VII. 25 30 35
40 45 60 55 52    


