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The Invention concerns a flavour active composition obtainable by a multi-step reaction comprising a first reaction between an
amino compound and a carbonyl compound to obtain a first intermediate reaction mixture, a second reaction with a second amino
compound alone or in combination with a carbonyl compound to obtain a second intermediate reaction mixture, further separate
reactions with another amino compound alone or in combination with a carbonyl compound to obtain further intermediate reaction
mixture, further separate reactions with compounds from other chemical classes such as alcohols, phenolic compounds, epoxydes
or organic acids and combinations thereof leading to suitable intermediates, a last reaction comprising a mixture of all the
preceding Intermediate mixtures alone or in combination with amino and/or carbonyl compounds to obtain the final flavour

composition.
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(57) Abstract: The invention concerns a flavour active composition obtainable by a multi-step reaction comprising a first reaction
between an amino compound and a carbonyl compound to obtain a first intermediate reaction mixture, a second reaction with a
second amino compound alone or in combination with a carbonyl compound to obtain a second mtermediate reaction mixture,
further separate reactions with another amino compound alone or in combination with a carbonyl compound to obtain further m-
termediate reaction mixture, further separate reactions with compounds from other chemical classes such as alcohols, phenolic
compounds, epoxydes or organic acids and combinations thereof leading to suitable itermediates, a last reaction comprising a
mixture of all the preceding mtermediate mixtures alone or in combination with amino and/or carbonyl compounds to obtain the
final tlavour composition.
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A flavour active composition.

The present 1nventlon concerns a

composl

OroOCess

C10n,

as well as 1ts use 1n

for 1ts preparation.

PCT/EP2010/059683

food and pe

"lavour active

“food and

—

Che

The Mailllard reaction 1s a complex network of reactions

that alters

colour,

used by the

durlng processing (1n-process flavour generation)

nutrition value,

lmportant food attributes such

produce process/reaction flavours.

food and flavour i1ndustry to generate

However, the control of

as Tflavour,

antioxlidant propertilies, etc. It 1s
flavour

and TO

pre——
—

the Mailllard reaction 1s very challenglng as the

composition of the reaction products
quantitative)

conditions such as temperature,

—

cype O:

reactants etc.

—

—

(both gqualitative and
strongly depends on the reaction/processing
time, pPH, water activity

The control of the flavour generated

during the Mailllard reaction 1s even more challenglng as

the odorants are generally
very low vields.

through better reaction control would signi:

pr—

pre——

the flavour qgquality of thermally processed

Orocess

precursors systems.

flavours as well as the cost e

pre——

This could be achileved by per:

pr——
—

formed by slde reactions and 1n
Increasing the vyvield of key odorants
"lcantly 1mprove
foods and/or
"1clency of flavour

"orming

the reaction 1n several steps as opposed to one step

reaction.

but also to

The concept can be applied to process

foods, petfoods and beverages

flavours

The Maillard reaction together with lipid oxidation plays

an essential role 1n the

processing,

pre——

and 1n production of

flavour generation during

process flavours.

food

In a

common approach, the process flavours are prepared by

—

mixing of all the 1ngredients at once while applying the

optilmised reactilion conditions.

the reaction conditions 1s gJgenerally an

1ssue,

However the optimisation of

pre——
—

because
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pr——

the later stages of the Maillard reaction vilia a cascade of

reaction steps.

flavour compounds are typilically formed by side reactions 1n

1

Several 1ntermediates are often necessary to form a

p— [

speclfic flavour compound. In many cases, The optimal

g

reaction conditions for the dJeneration of one group of

pr——
—

intermedlates are not optimal or not even sultable for the

pr— pr—

generation of other groups of 1ntermediates.

pre——

formation of all 1ntermediates 18 essential.

However,

pre——
—

one oI

several 1ntermediates are missing or are formed 1n low

—

amounts, the formation of the flavour compound 1s limilted

or 1nhibited. This 1s often the case, when the Maillard

reaction 1s performed 1n one step. In thilis approach, the

reaction conditions must permlt the formation o:

- all the

ilntermedliates. As a conseguence, the reaction conditions

are not optimal for the generation of 1ndividual
intermediates which results 1n low vields of flavour
compounds (odorants, tastants).

Low vields of flavour compounds together with high prices

—

of certaln precursors often hinder the broader use of

pre——

—
-

flavour precursors during food processing and 1n the

production of process flavours. There 1s thus a need to

—
-

enhance the conversion of flavour precursors 1nto flavour

pr—

actlve compounds to 1mprove the cost e

precursors.

pre——
p—

pr—

"l1clency of the

Generation of flavour active compounds 1n two Or more steps

may be an alternative approach to that using only one

reaction step. This new approach consists 1n controlled

pr—

—
-

formation of flavour compounds 1n follow up step

formation of 1ntermediates 1n filirst step(s) followed by

S) .
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The present 1nvention concerns a flavour active composition

obtalinable by a multli-step reaction comprising

a filrst reaction between an amino compound and a carbonyl

compound to obtalin a first intermediate reaction mixture,

a second reaction wilth a second amino compound alone or

1n combination with a carbonyl compound to obtalin a second

intermediate reaction mixture,

further separate reactions with another amlino compound

alone or 1n comblnation wilith a carbonvyl compound to obtailn

further 1ntermediliate reaction mixture,

further separate reactions with compounds from other

chemical classes such as alcohols, phenolic compounds,

epoxydes or organlc aclds and comblnations thereo

g

leading

to sultable i1intermediates,

pr—

a last reaction comprising a mixXture of all the preceding

lntermediate mixtures alone or 1n comblination wilith amino

and/or carbonyl compounds to obtain the final flavour

composilition.
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One step reaction:

VWeakness: Only one set of reaction conditions can be used

Multi step reaction:

Controlled intermediate formation

P +[Pe| — 1]
—— 2]
——— ]

] —[t]

Conversion of intermediates to flavour

T B 131

Benefit: Different reaction conditions may be applied for each reaction step to
enhance the formation of specific intermediates (l1-1,) from individual precursors

(P1-Pn) and of the desirable flavour compounds (F) from Intermediates.

—

The advantage of this multli step reaction process stems

from the fact that different reaction conditilions may be

pr——

applied for different reaction steps. Consequently, each

— pr— |

reaction step may be optimised for generation of a specific

pr——

lntermedlate or group of 1ntermediates. This leads to

pre——

1mproved vyvields of i1ndividual 1ntermediates as compared to

—

reaction 1n one step, namely when the different

pr—

intermediliates require different reactlion conditions (e.dg.

I, regquires low pH and short reaction times, whereas I,

requlres high pH and long reaction times). Apart the

pr— pr—
—

optilmisation of the reaction parameters for cach

ilntermediate, the multistep approach also permlts the
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pr—— pr——
—

optimlisation of reaction conditions for the conversion of

lntermedliates 1nto flavour active compounds. Contrary to a

pr——

one step reaction where the optimisation of the reaction

parameters must be done for the whole system, the multistep

reactlon process permlts to use optlmal reactlion parameters

—
-

for each reaction step resulting 1n better vield of flavour

compounds and better flavour modulation capabilities.

pr——

It 1s possilible according to the i1nvention to have for

example a classical Mailllard reaction between an amino

compound and a carbonvyl compound, but also a pure

pr——

degradation of an amino compound or compound from other

chemical class (e.g. alcohols, phenolilic compounds, epoxvdes
Or oOorganlc acids) and then a reaction Dbetween these

reaction mixtures.

Under compounds from other chemical classes we understand

alcohols which can be for example oxidized to carbonvyl

compounds, phenolic compounds such as phenols and

polyvphenols which can be transformed to gulnones, epoxydes

which can be transformed to diols and to dicarbonyl

compounds and organlc aclids which can be decarboxylated

such as pyruvic acid or oxidilised such as fatty acilds.

According to the 1nvention the amino compound 1s taken from

— —

the group consilisting of amino acilid, amlne, sources of amino

aclds such as peptides, proteins, their hydrolysates or

extracts, hvdrolysed vegetable proteln, vyeast extracts,

pr—

veast hydrolysates, soy sauces and mixtures thereof.

—

In the case of an amino acid, this latter 1s taken from the

—

group consisting of cysteline, cystine, methionine, proline,

ornithine, arginine, vallne, leucine, 1soleucilne,
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phenvlalanine, lysine, Jglyvcine, glutamic acid and

threonline. The most preferred amino acilds are cystelne,

cystine, methionine, proline, leucine, phenvlalanine and

glutamic acid. The proteins are taken from the group

—

consisting of soy proteln, sodium caselnate, whey proteiln

and wheat gluten.

Accordiling to the 1nvention, the carbonyl compound 1s taken

pre——

from the group consisting of mono- and disaccharide, sugar

—

derivatives such as uronic acids, sources of sugar and/or

sugar derivatives and their hvdrolysates, such as dextrins,

glucose syrup, fructose syrup, xylose syrup, hydrolysed

pectins and Mailllard reaction 1ntermedlates bearing at

least one carbonvl group such as aldehydes, ketones, alpha-

hvdroxycarbonyl or dicarbonyl compounds. Preferred carbonyl

sources are : pentoses ( xylose, arabilnose and ribose),

hexoses ( glucose, fructose, mannose, galactose), o0-

deoxyhexoses (rhamnose, fucose), dilsaccharides (lactose and

maltose), uronic acilds (galacturonic acid), glucose svyrup,

fructose syrup and hvydrolysed pectine. The most preferred

carbonyl compounds are xvyvlose, glucose, fructose, rhamnose

and lactose.

pre——

Usually the number of reactions for producilng the

—

composition 1s of 1 to 4 before the last reaction.

The reactions are carriled out elther 1n an agueous, a lipid

pr—

or a structured lipid phase environment. In the case of an

pr—

agqueous reaction, the amount of water 1s comprised between

\

5 and 99 % 1n welght, most preferably 1t 1s comprised

between 060 and 90

—

In the case of a lipid environment,

o\C

sald lipild 1s derived from a plant or animal that 1s an

edlble or comestible lipid for example soy o01l, sunflower



10

15

20

25

30

CA 02769605 2012-01-30
WO 2011/018280 PCT/EP2010/059683

o1l, palm o01l, cotton seed o01l, rapeseed o011, coconut o1il,

corn oi1l, canola o1l, olive o01l, beef tallow, lamb tallow,

pre——
p—

lard, poultry fat, chicken fat, or any combilnation thereof

In the case of a structured lipid phase environment, the

pr—

patent

reaction 1s carrilied out followlng the knowledge o©

application filed under number PCT/US09/03711.

As already mentioned before, different reaction conditions

are applied for different reaction steps. The temperature

of the reaction is usually comprised between 60 and 180 °C,

preferably between 80 to 150°C, most preferably between 90

—

and 130 °C. The duration of the reaction is comprised

between 1 minute and 12 hours, preferably between 15 min

and 6 hours, most preferably between 0.5 and 2 hours. The

PH 1s comprised between 2 and 9.

In a preferred embodiment, the reaction mixtures may

comprlise one or more catalyst to enhance the rate of the

Maillard reactions. For example, the catalyst 1s a compound

comprising a phosphate or a carboxylate group, such as

disodium hydrogen phosphate or citric acid.

It 1s also possible to add to the reaction mixtures a

—

compound for adjusting the pH of the agqueous, lipild or

structured lipid phase. Thils compound 1s for example a

—

buffer , such as phosphate buffer, or sodium hydroxide.

The present 1nvention concerns further the use of the

flavour active composition, wherein said composition is

added 1n an amount comprised between 0.05 and 10 % 1n

welght 1nto foods and petfoods. Preferably, said

composlition 1s added 1n an amount comprised between 1 and

3 % 1n culinary food preparations (such as sauces, soups,

gravies, stocks, seasonings, savory thermal bases), baked
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foods, extruded foods, snacks, beverages as well as

petfoods.

The 1nvention concerns finally the process for the

—

preparation of the flavour active composition,comprlising

a first reaction between an amino compound and a carbonyl

compound to obtaln a filirst i1ntermedlate reaction mixXture,

a second reaction wilth a second amino compound alone or

1n combination with a carbonyl compound to obtaln a second

intermediate reaction mixture,

further separate reactions with another amino compound

alone or 1n combination with a carbonyl compound to obtain

further i1ntermediate reaction mixtures,

further separate reactions with compounds from other

chemical classes such as alcohols, phenolilic compounds,

epoxydes or organlc aclds and combinatilions thereo

pr—

leadlng

to sulitable i1intermediates,

pr—

- a last reactlon comprising a mixXxture of all the precediling

Intermediate mixtures alone or 1n combination wilith amino

and/or carbonyl compounds to obtain the final flavour

composiltion.

—

Accordilng to a possible embodiment of the inventilion, the

last reaction 1s carried out directly 1n the food or

petfood during processing, such as extrusion, roller drving

baking, cookilng, retorting, microwave heating, toasting,

frving.

The followlng general examples are given to delilver

"erent flavour notes




10

15

20

25

30

CA 02769605 2012-01-30
WO 2011/018280 PCT/EP2010/059683

Example 1 : roasty/popcorn

In a step 1, glucose and glutamic acid or lyslne are

reacted at pH /7 to generate methylglvoxal. In the step 2,

—

the I1ntermediates of step 1 are mixed with proline or

ornithine to generate 2Z2-acetvltetrahvdropyridine and 2-

acetyl-l-pyrroline giving a toasty-popcorn flavour.

ExamEle 2 : biscuit note

In the first step, rhamnose and lysine are reacted at pH 7

to generate furanones such as 4-hydroxy—-2, 5-dimethvyl-3(2H) -

furanone (HDMF) and other carbonvls (e.g. acetylformoilne).

pr—

step 1 are mixed

In a second step, the i1ntermediates o©

wlith proline or ornithine to generate bilscuit flavour

notes.

Example 3 : chocolate note

In the first step, rhamnose and lysine are reacted at pH 7/

to generate furanones such as 4-hvdroxy-2, 5-dimethyl-

3(ZH) —furanone (HDMF) and other carbonyls (e.d.

acetyvlformoilne) .

pr—

step 1 are reacted

In a second step, the 1ntermediates o

wlith phenylalanine and leucline to generate chocolate

flavour notes.

The examples mentioned below willl 1llustrate more precisely

pre—— pre——

the 1mpact of multi step approach on formation of selected

pr—

odorants and the sensory profile of reaction mixtures.
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_lO_

Example 4: The concentration of 2Z2-furfurvylthiol (FFT), an

pr——

lmpact odorant of many thermally processed foods 1ncluding

pr—

the coffee and meat, could be significantly 1ncreased when

—

S the reaction of glucose with glutamlc acid and cystelne was

performed using multistep approach. The reaction done by

the classical single step approach vielded only 2.3 uUg

g

FFT/mol cysteine after heating of all three precursors

pr

(each 0.4 mol/L) 1in phosphate buffer (0.5 mol/L; pH 7) at

10 100°C for 2 hours. The low vield can be explained by the

pr—

formation FFT through i1nteraction of Z2-furaldehyde with

hydrogensulfide:

15
O
2-furaldehyde FFT
20
2—Furaldehyde 1s a well known degradation product of
monosaccharides formed through 1,2-enolisation pathway
which 1s favoured at low pH values. On the other hand, the
25 formation of hydrogen sulfide from cystelne 1s favoured
under alkaline condilitions (about 4x more hydrogensulfide
was formed in glucose/cysteine after 5 hours at 100°C at pH
9 compared to pH 3) as 1t appears on Figure 1.
30 Consequently, single step reactlon must employ neutral pH

pre——

which permits formation of both 1ntermediates (2-

furaldehyde and hydrogensulfide), however, these conditilions
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_ll_

—

are not optimal for eilther of them which results 1n low

vield of FFT.

pr—

The vield of FFT can be significantly 1increased 1f the

multistep concept 1s applilied. For example, the vield of FFT

was 10 fold higher (23 ug/mol cysteine) when the same

pr——

precursors were reacted 1n 3 steps 1nstead of one. First,

glucose was reacted with glutamic acid (each 0.8 mol/L) in

phosphate buffer (0.5 mol/L; pH 7) at 100°C for 30 min

pre——

(step 1: conversion of glucose to Z2-furaldehyde). In

pre——

another reaction a solution of cysteine (0.8 mol/L) was

heated in phosphate buffer (0.5 mol/L; pH 9) at 100°C for 6

pr—

hours (step 2: conversion of cysteiline to hvyvdrogen

sulphide). And finally, the reaction mixtures obtalned from

step 1 and step 2 were mixed together (ratio 1:1) and after

adjusting pH value to pH 7 heated at 100°C for 2 hours

pre——

(step 3: generation of FFT) (Figure 2).

"erences were oObserved after shorter

FEven hiligher di

reaction times. After 30 minutes at 100°C and pH 7 a single
step approach vyielded only 0.4 ug FFT/mol cysteine, whereas

the multi step approach vielded 14 png FFT/mol cysteine

(reaction time 1n step 3 = 30 min), 1.e. a 35 fold

lncrease.

pre——

FEvaluation of the overall odor revealed that the multistep

approach generated a flavour profile significantly higher

1n roasty, sweet, popcorn and caramel-like notes as

compared to the single step approach (Figure 3).

pre—— pr——
—

Thus apart of 1ncreasing the vyvield of flavour active

pre——

"1clent

compounds the multistep approach permits a more e
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flavour modulation as compared to the single step approach.

This stems from the fact that the same precursors can be

—

"erent flavour lntermediates vi1ia

used to generate di

pre——

different reaction conditions that can be used for

—
e

1ndividual reaction steps. This results 1n modulatilion of

pr—

the flavour which 1s another advantage of the multistep

reaction approach.

Example 5: Similarly to FFT the multl step approach was

pre——

successfully used to enhance the vyield of other odor active

compounds, such as Z2-acetvl-2-thiazoline (2-AT) and b-

acetvl-2,3-dihydro-1,4-thiazine (ADHT) . Both compounds

possessling roasty, popcorn like aroma can be formed through

—

the 1nteraction o©of cysteamine with  sugar  fragments

(methvylglyoxal and 2, 3-butanedione): Figures 4 and b.

pre—— pre——
—

The fragmentation of sugars 1ncreases wlith 1ncreasing pH of

—

the reaction mixture, however the reactivity of the

fragments also 1ncreases with pH. Under acidic conditions

—

the vield of sugar fragments 1s generally low due to the

low formation rate. Similarly, under alkallne condiltions

pre——
p—

the yvlield 1s also low due to the high degradation rate of

—

these fragments. Therefore, vield of sugar fragments

generally reaches the maximum under neutral or slightly

—
e

alkaline conditions. On the other hand, the generation of

cysteamine from cystelne 1s strongly favoured under acidic

conditions (Figures © and 7).

Due to thilis pH dependency, a neutral pH seems to be the

best compromlse to generate 2-AT and ADHT usling single step

pr—

approach. Single step reaction of glucose wilth glutamic

acid and cysteine (each 0.4 mol/L) at pH7 (phosphate
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buffer, 0.5 mol/L) vielded 17 ung 2-AT and 29 ug ADHT per

—

mol of cysteine after 30 minutes at 100°C.

The vyvield of bot

h compounds could be 1mproved when the

multlstep reactlon approach was appliled. The approach

conslisted 1n (1)

(each 0.8 mol/L)

100°C for 30 min

(11) reaction of

(0.5 mol/L; pH 3)

pre——

of cysteamine); a

—
e

reaction of

glucose with glutamic acid

in phosphate buffer (0.5 mol/L; pH 7) at

g

(step 1: generation of sugar fragments);

pr—

cysteine (0.8 mol/L) 1n phosphate buffer

at 100°C for 6 hours (step 2: generation

pre——

nd (111) reaction of mixtures obtalined 1n

step 1 and 2 (mixed in ratio 1:1) at 100°C for 30 min at pH

—

/7 (step 3: generation of odorants). Under these conditions,

the vield of 2-AT

was lncreased about twice (37 ung/mol cys)

and the vyield o:

Figure 8.

- ADHT about 4 times (114 upg/mol cys):

Example 6: A multi step reaction approach was used to

prepare flavouring possessing roasty / meaty flavour.

Multi-step approach: In a first step xylose and glycine

(each 1.5 mol/L)
(0.2 mol/L, pH
adjusted to pH 5.

100°C for 60 min

pr— pp—

were dilissolved 1n pyvrophosphate buffer

5.5), pPH of the reaction mixture was

5 and the reaction mixture was heated at

(flavouring B) and 120 min (flavouring C).

In a second step, cysteine (1.5 mol/L) was added to the

pre——

reaction mixture obtained 1n step 1, the pH of the mixture

was adjusted to pH 5.5 and the mixture and was heated at

100°C for 120 min

also performed:

. For comparison single step reaction was

Xxylose, glyvcine and cystelne (each 1.5

mol/L) were dissolved 1in pyrophosphate buffer (0.2 mol/L,

pH 5.9), prH of th
and the reaction

and 240 minutes (

e reaction mixXture was adjusted to pH 5.5

mixture was heated at 100°C for 120 min

flavouring A).
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Flavouring B and C gave pleasant well balanced overall

notes belng meaty, roasty and caramel).

the flavouring A and

flavour which was described as

pre——

B developed rather unpleasant

wlith vegetable, sulphury and rubbery notes.

roasted beef (dominating

On the other hand,

flavour
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1) A flavour active composltion obtainable by a multi-step

reaction comprising

- a filrst reaction between an amlino compound and a carbonyl

compound to obtaln a first i1ntermediliate reaction mixture,

- a second reaction with a second amino compound alone or

1n comblnation wilith a carbonyl

intermediate reaction mixture,

compound to obtaln a second

- further separate reactions with another amino compound

alone or 1n combilination with a

carbonyl compound to obtain

further 1Intermediate reaction mixXture,

- further separate reactions with compounds from other

chemical classes such as alcohols, phenolic compounds,

epoxydes or organlc aclds and comblnations thereo

to sulitable i1intermediates,

pr—

leading

—

- a last reactilion comprising a mixXture of all the precediling

lntermediate mixXxtures alone or

1n comblnation with amino

and/or carbonyl compounds to obtain the final flavour

composilition.

2) A flavour actilve composlition according to claim 1,

whereiln the amino compound 1s taken from the group

pre——

pre——

consisting of amino acld, amlne, sources of amino acids

such as peptides, protelns, their hydrolysates or extracts,

hvdrolysed vegetable proteiln, yeast extracts, yeast

hvdrolysates, soy sauces and mixtures thereof.

g

3) A flavour active composition according to claim 2,

wherein the proteins are taken
soy proteln, sodlum caselnate,

gluten.

B

from the group consisting of

whey proteln and wheat
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4) A flavour active composition according to claim 2,

whereln the amino acid 1s taken from the group consilisting

pre——

of cystelne, cystine, methioniline, proline, leucine,

phenylalanine and glutamic acid.

5) A flavour active composition according to claim 1 to 4,

wherein the carbonyl compound 1s taken from the group

pre——

consisting of mono- and disaccharide, sugar derivatives

pr—

such as uronic acids, sources of sugar and/or sugar

derilvatives and theilr hydrolysates, such as dextrins,

glucose syrup, fructose syrup, xXxylose syrup, hydrolysed

pectlins and Mailllard reaction intermediates bearing at
least one carbonvyl group such as aldehvdes, ketones, alpha-

hydroxycarbonyl or dilcarbonyl compounds.

o) A flavour actilive composlition according to claim b5,

wherein the carbonyl compound 1s taken from the group

—

conslsting of xvlose, glucose, fructose, rhamnose and

lactose.

pr—

7) A flavour active composilitilion according to any of claims

1 to 6, wherein salid composilition 1s obtalned by carrving

out 1 to 4 reactions before the last reaction.

pr—
-

3) A flavour active composlition according to any of claims

to 7, wherein the reactions are carried out 1n an

agqueous , 1n a lipid or 1n a structured lipid phase

environment.

B

9) A flavour active composlition according to any of claims

1 to 8, wherein the reactions are carried out at a

temperature comprised between 90 and 130 °C, during 0.5 to

2 hours at a pH comprised between 2 and 9.
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pre——

10) A flavour active composilition accordiling to any of claims

1 to 9, whereiln the reaction mlixtures comprlse one oOr more

pre——

catalyst to enhance the rate of the Maillard reactions.

11) A flavour active composlition according to claim 10,
wherein the catalyst 1s a compound comprising a phosphate
Or a carboxvlate group.

—

12) A flavour active composilition according to any of claims

1 to 11, wherein the reaction mixtures contaln a compound

—

for adjusting the pH of the ageous , lipilid or structured

lipid phase.

pre——

13) Use of the flavour actlve composlition accordlng to any

pre——

of claims 1 to 12, whereln sald compositilion 1s added 1n

Q

food or petfood 1n an amount comprised between 0.05 to 10 %

1n welght.

g

14) A process for the preparation of the flavour active

pre——

composlition according to any of claims 1 to 12, comprising

- a first reaction between an amlno compound and a carbonyl

compound to obtailin a first i1ntermediate reaction mixture,

- a second reaction with a second amino compound alone or
1n comblnatlion with a carbonyl compound to obtalin a second

intermediate reaction mixture,

— further separate reactions with another amino compound

alone or 1n combination with a carbonyl compound to obtain

further 1ntermediate reaction mixture,

- further separate reactions with compounds from other

chemilical classes such as alcohols, phenolic compounds,

epoxydes or organilic aclds and combinations thereof leading

to sultable i1intermediates,
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—

- a last reaction comprising a mixture of all the preceding

Intermediate mixtures alone or 1n comblnation with amino

and/or carbonyl compounds to obtain the final flavour

composition.

15) A process according to claim 14, wherein the last

reaction 1s carried out directly 1n the food or petfood
during processing , such as extrusion, roller drying

baking, cooking, retorting, microwave heating, toasting,

roasting, frying.
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Fig 1

Impact of pH on the formation of H2S
in Glc/Cys system

100 -

®W100°C/2 h
B10°C/8 b

~
O
|

M2S (mmol/imol Cys)
O
O

Fig 2

Generation of FFT in single step
and multi step reaction systems
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Multi step approach

Step 1: Mix 1 - Glc/Glu, pH 7, 100°C / 30 min

Step 2: Mix 2 — Cys, pH 9, 100°C /6 h Single step approach

Step 3: Mix 1+ Mix 2, pH 7, 100°C / 120 min Step 1: Mix 1 - Gle/Glu/cys, pH 7, 100°C /120 min

Fig 4

Formation of 2-acetvl-2-thiazoline:
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N
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Fig 5

Formation of 5-acetyl-2,3-dihydro-1,4-thiazine:
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Fig 6

impact of pH on the formation of MeGix
and 2,3-butanedione in Glc/Glu system
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Fig 7

Impact of pH on the formation of
cysteamine in Glc/Cys system
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Fig.8

Generation of 2-AT and ADHT in single step
and multi step reaction systems
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Multi step approach

Step 1: Mix 1 - Glc/Glu, pH 7, 100°C / 30 min

Step 2: Mix 2 - Cys, pH 9, 100°C /6 h Single step approach
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