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Abstract.

The Maillard reaction plays an especially important role in the thermal processing of food products.
During the heat treatment of vegetable and animal products, glucose and fructose, formed as a result
of sucrose hydrolysis, are mainly involved in the sugar-amine reaction as a carbohydrate component,
while free amino acids and proteins are used as an amino component. The compounds formed during
the Maillard reaction determine the aroma and taste of the thermally treated product [1]. Recently, it
was found that the Maillard reaction occurs also in the body [2]. Excess glucose in the body is assumed
to bind to proteins through the Maillard reaction, leading to early aging, atherosclerosis, diabetes, and
other diseases [3]. The smell and taste of products are due to the compounds resulting from the Maillard
reaction in food processing. In products of plant, animal, or microbial origin, all conditions are present
(the content of sugars, amino acids, proteins, water, acidic, neutral, or basic medium) promoting the
processes involved in the Maillard reaction. and different types of heat treatment as baking, roasting,

boiling, and drying cause these processes at different intensities.
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Introduction

The Maillard reaction plays an especially important role in the thermal processing of food products.
During the heat treatment of vegetable and animal products, glucose and fructose, formed as a result
of sucrose hydrolysis, are mainly involved in the sugar-amine reaction as a carbohydrate component,
while free amino acids and proteins are used as an amino component. The compounds formed during

the Maillard reaction determine the aroma and taste of the thermally treated product [1].

Recently, it was found that the Maillard reaction occurs also in the body [2]. Excess glucose in the body
is assumed to bind to proteins through the Maillard reaction, leading to early aging, atherosclerosis,

diabetes, and other diseases [3].

The smell and taste of products are due to the compounds resulting from the Maillard reaction in food
processing (Scheme 1). In products of plant, animal, or microbial origin, all conditions are present (the
content of sugars, amino acids, proteins, water, acidic, neutral, or basic medium) promoting the
processes involved in the Maillard reaction. and different types of heat treatment as baking, roasting,

boiling, and drying cause these processes at different intensities.

During the processing of food products, aromatic compounds are mainly formed in the second stage
of the Maillard reaction [4]. First of all, the oxidative degradation of a-amino acids by dicarbonyl
compounds is particularly important. During this process formed aldehydes contain one carbon atom
less than the original amino acid. Such an oxidation is named Strecker degradation. A necessary
condition for this reaction is that he amino group must be in the o-position, and the dicarbonyl

compound must contain the following groups:

O O o) O
TR [ I

-C-C - or -C-(CH=CH), -C-
The reaction is expressed by the equation:
R-CO-CO-R' +R"-CH(NH,)-COOH —> R"-CHO + CO, + R-CH(NH,)-CO-R'

If the hydrogen atom at the a-carbon of the amino acid is substituted, than a ketone is obtained.
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Reducing sugars + a-Amino acids

l

N Glycosylamines or N Fructosylamine
1-amino-1-deoxy-2-ketose (called Amadori rearrangement product)
or

2-amino-2-deoxy — 1-aldose (Heyns rearrangement product)

l

HoS —— Reductones and Dehydroreductones
NHs l Amino Strecker
acids degradation
Retro aldol condensation v
v |
l l
Furanes Hydroxyacetone Pyruvaldehyde Aldehydes
Thiophene Hydroxyacetaldehyde Glyoxal a-amino ketones
Pyrroles Acetone Glyceraldehyde (Methional , NHs H-S)
Acetaldlehyde
l
Heterocyclization
Pyrazines Thiazoles
Pyridine Pyrroles
Oxazoles

Scheme 1. Formation of aromatic and flavor compounds as a result of Maillard reaction

Table 1 shows the aroma obtained by heating some mixtures containing a-amino acid and glucose in
an equimolar ratio (1:1 [4]. The author of this research notes that the odor of the reaction mixture is
quite different from that of the corresponding pure aldehyde. The same mixture produces different
aromas at different temperatures, indicating that the aldehydes produced by Strecker degradation react

with other compounds in the melanoid medium to form new aroma compounds.
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Such products of sugar-amino acid reaction are 2-furaldehyde, which has the flavor of baked bread
and maltol, having a mild, caramel-like flavor. Initially, maltol was isolated from autoclaving products
of glycine-maltose and glycine-lactose aqueous solutions by Patton with a yield of 0.2% [5]. Further
investigations have revealed that in the Maillard reaction maltol is always formed from 4-oxygen-

substituted glucose, such as maltose, lactose, cellobiose, malto-oligosaccharides [3].

O

| | OH

CHy
O Maltol

The Maillard reaction of a mixture of glucose and o-alanine yielded the inner salt of N-(1-
carboxyethyl)-6-(hydroxymethyl)-pyridinium-3-ol. It has no taste but is a mild enhancer of sweet
taste, and it is a melanoidin-derivative non-volatile sweetness enhancer [5]. During the Strecker
degradation, an especially important role in the formation of aromatic components together with
aldehydes play such compounds as 3-deoxyhexozones, which contain «-dicarbon grouping on C1
and C2 carbon atoms, and methyl-a-dicarbon intermediate products, having such grouping on C2 and
C3 carbon atoms. 3-deoxyhexozones, Both types of a-dicarboxylic intermediates can produce flavor
compounds, for example, furaldehydes from 3-deoxyhexozones, and acetaldehyde, pyruvaldehyde,
diacetyl, and acetic acid by cleavage of methyl-a-dicarboxylic intermediates and their dehydration

products.

It should be noted that these products are produced from sugars also without amino compounds. In
particular, as a result of 1,2-enolization of sugars in the process of caramelization. At a high
temperature, in a strong acid or strong base medium, the hydroxyl group located at the C3 and C1
carbon atoms are eliminated. Condensation with amino compounds, however, allows such enolisation
and elimination to occur in a neutral region and at lower temperatures [6]. Important aroma-active

compounds furanoses are formed from 1-deoxy-ozone:

CHy
0
—0 HO (0]
_ OH X OH
H—+—OH = OH — = U
-H,O
H——OH B Ny CHs 2 H” S0~ CHs
H
Pentoses further react with amines to form orange dyes, which determine the color of the food
i
0 OH
Hscu HyC O N—R;
/ D: 3
HN o~ ©Hs Ho™ X 0

R

product:
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Compounds formed from 3-deoxy-ozones contain fragments of pyrrole, pyridine, and formylpyrrole.

As a result of the condensation of two amino ketones, various pyrazine derivatives can be formed,

which are also aroma-active compounds:

ps IﬂII o T X

Table 1. Aroma obtained by heating some mixtures containing «-amino acid and glucose (1:1) [7]

o-amino acid R-CH(NH2)COOH Aldehyde Flavor

R= R-CHO 100 °C 180°C
Glycine H- Formaldehyde Caramel Burnt sugar
o - Alanine CHs- Acetaldehyde Caramel Burnt sugar
o-Aminobutyric CHs- CHz- Propionaldehyde Caramel Burnt sugar
acid
Valine (CHs)2- CH- 2-methylpropanal | Rye bread Intense chocolate
Leucine (CHs)2- CH- CHz- Isovaleraldehyde Fruit Burnt cheese
Isoleucine CHs- CH2- CH- (CHs)- 2-methylbutanal Mold, fruit Burnt cheese
Serine HO- CH2- Glycoaldehyde Maple syrup
Threonine CHs- CHOH- Lactaldehyde Chocolate Burning smell
Methionine CHs- S- CH2- CHe- Methional Potatoes Potatoes
Phenylglycine CeHs- Benzaldehyde Bitter almonds
Phenylalanine CeHs - CHa2- o - Tolualdehyde Smell of violet, smell of Violet,

rose rose, lilac
Tyrosine HO- CsH4- CHa- Caramel
Proline of burnt protein | pleasant, of baked
NH
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Hydroxyproline HO, Potatoes
N
N
H
Histidine € N Does not have Cornpone
HNJ/
Arginine H2N-C=NH-NH-(CH 2)2- Weak, of butter
Lysine-HCl H2N-(CH2)s- Does not have Similar to bread
Aspartic acid HOOC- CH 2- Ice-caramel Caramel

Glutamic acid HOOC- CH:2- CH 2- Caramel Burnt sugar

Glutamine H 2N-CO- CH2-CH - Pleasant, of Iris
chocolate

Cysteine-HCl HS- CH 2- Sulfide, meat

Cystine -CH2-S-S - CH 2- Sulfide, burned

skin

According to the data many representatives of aroma and taste compounds, including heterocyclic
compounds, are formed as a result of the thermal degradation of melanoidin products at 100°C and
higher temperatures. For example, during heat treatment of melanoidin produced on the base of
glucose-glycine (120, 150, and 180 °C), pyrazines made up 54-79% of the total amount of volatile
compounds. Pyrroles, ketones, furans, oxazoles, and pyridines were also identified among the volatile
products. The reaction pH and pressure significantly affect the direction and intensity of the thermal
degradation process [8-10]. Through the thermal degradation of this type of melanoidin's (100-300°C),
the maximum formation of furans, pyrroles, pyrazines, and carbonyl compounds was observed at 200-

220°C, and of pyridines and oxazoles at higher temperatures [11].
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L 5do6Mrm39wmb ¢gdbogm®o mbogg@bo@gdo
2 03. ¥525H0830m0L LabEMBOL LabgwdHoxnm MbozIGLO ol s, 6330830 OL IMOHRMEMAOOL
3- X3 30Q° I JLOHYOGM YOO39 39O Q 30Q° BOMY
obLbBoGHMEo
303. %525H0330m0L LobaeMdOL LobgIGoxm “bol GO oL 3. 39¢»0940d30¢moL 530HBOIMGO o
3- X3 30Q° NG JLOPOGF™ o039 Ao NG 30Ol @ 3 M0 Q
0656990 Jodool obbEoGWEHO

3o0MEOL  M9od305  49BLO3MPMGd0m  F6033bgeM3z96 MMl SLMEgdL 33900l
36094 3H9gdol 0gMHIMEsdw)dsggdol 3Omagldo. 939656090 s 3bM3gmo 3OHMYJEHIOOL
09MHIM59v)ds3900LoL  Todo®-530bm6  Mgod30sdo  BobdoMfymmgsbo  3m33mbgbEHol  Labom
dOMOMIIP 193093500 96 LEJoOMBIL 30MOMEO0BOL Fggas© HoMdmJdboo germ3mbs s
3OMJBHMDs, bmwm 53060 3033mbaBEHOL Lobom ™Mog30LMGsWwo 5d0bMTx93900 @S (30gdo
9mbsfogmdl. oMol Mgodiool 3MmiEglbdo  FoMdmddbowo bsg®mgdo 3sdEHMIM0350

396L5BO3M3L MMM 534985390910 3OMEYJEHOL SOMTGLS S 490mU [1]
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OMM OML Y06, MMI F50WsMHPOL Mgod305 MEMRBOHBITo d0dE0bsGmgMdL [2]
OMAMOG 35M59MdI6 MmMYb0BIdo FoMdo A 3MDBs Fo0EIMEOL 095300l LydMeEgdom
"9OHNOIYOS 3090L, 53 0fi393L MG LodYMHGL, S0IOMLIWIGOMDL, EOBYALS ILLZS
5535090900 (3]

1533990  3MMEYJBHIOOL 49 MT53900L  3MM3gLdo oo sMEOL  Mgod3ool  FYIYS©
0o09mgdboo Bo9MH07900055 gob30MMBGOME0 3O:M)JEJdoL LMbgero s 4gdm. d39b5M9gmeo,
3539w M0 56 803OMdMEo FodmImdol 3M:Mm©wYdEHgdTdo 43z9ws 306MHMds SGBYOMBL (FoJMqdol,
5006m3553900L, (30¢0gd0l, ywrol F90;339™ds, 39939, Bgo@®owmo b gmdg s6g) od
360HmEqLgdol  FoMTomz0oLomzoL,  OHMIWIOLSE  Bs0oMEOl  Mgod30s  dmoEegl,  boeorm
09035399 d53900L 0LYMO LEHYgdo, OMYMOOESS (3bMds, F9)3s, bo®dzs, FOMdS LbgsIlbIS
06 9bbogmdoom {omBoMrmagl 53 3Mm39LYAL.

153396dm Lo@Y39d0: Fo0sMmEOl Mgod309, 530b6MmTz93900, LMbgErMm3zsb0 bsgMmgd0, Logygdmabm
Bogangdo
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