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Abstract

During the industrial preparation and the storage of foods, the side chain of some protein-bound amino acids
can react chemically each other or with other molecules present in the food. The following reactions have been
described : destruction of amino acids, racemization, protein-protein interactions, reactions of proteins with re-
ducing sugars, oxidizing agents, or polyphenals. Apart from total destruction, the main reactions are the
forming of Maillard reactions products (e.g. fructoselysine) and the crosslinking with other amino acids in the
same or in another protein molecule (e.g. lysinoalanine). The most often involved amino acid is lysine because
of its free functional e-amino acid group. Generally derivatives of amino acids or crosslinks in polypeptides
influence the bioavailability and the overali digestibility of the protein. This work reviews the technological,
analytical, nutritional, and physiological problems related to the formation of fructoselysine and lysinolalnine
in human foods, and evaluates the possible health risk for humans. A summary of the available information is
of help in considering whether or not the presence of fructoselysine / lysinoalanine in foods represents a danger to
man. The reduction in protein quality through these reactions is not a problem for the general population, but
it is extremely important in infant foods, since infants are often nourished with a limited number of food pro-
ducts (e.g. formular foods) which are sensitive to the Maillard reaction.
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Fig. 1. Types of lysine-damage.
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Fig. 2. Formation of lysinoalanine.
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Table 1. Lysinoalanine levels in foods (ppm)
Milk based products Reference

Mill 0 - trace 18

Pasteur milk - 21

UHT milk - 22

Condensed milk 120 - 320 21
(unsweétened) : :

Condensed milk : Co- - a0 21
{sweetened)

Sterilized milk ‘ e - 570 21

Autoc\ave?\ infant 270 - 920 2

formular food

Antoclaved coffeecream 360 - 1160 21
Softcheese - - 90 18

Icecream 6 - 31 23
Commercial foods

Frankfurter sausages o - 170 26

Cacaopowder o - 379 27
Corn chips 390 26
Processed rice 1000 26
Tortillas 200 21

Pasta and bread 0 21
Home eooked foods

Chicken thigh o - 200 26

Egg white (boifed 3min) 140 26

thoiled 10min) 270 26
Food ingredients

Dried egg white 160 - 1820 26

Spray dried whole egg 0 28

Soyprotein isolate o - 370 26

Sodium caseinate 430 - 6900 20

Whipping agents 6500 - 50,000 26
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Table 2. Optimal conditions of Maillard reaction on a maxi-
mal protein damage

Factor Optimal area heruonce
TJemperature Qro=3~5 30
pH 3~8 31
Water cantent 6~15% 32
Amino acid (AA} basic AA">alanine > 31
glycine >glutamic acid
Sugar” pentoses >glucose > 30
lactose > maltose
AN Sugar 1:1 30
Free amino groups * A 13

Sug,ar molecuks

A degree of lysine being bound 1o sugar is 5~ 15 limes grcato
than that of other basic amino acids, because the g-amino
group residue in the lysine is not used for the peptide bond.

deoxy~2-ketose

initial stadium of Maillard reaction with Amadori transformation according to Hodge (29}
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Erbersdobler 3% -f-#) F2) 7.8M HCI R 204 7} 4k7}
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3, o1x) b s AHE AHELE oby GF A ¢m
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T FHe] 9 d&4E 2HYE 4 9l F& indica-
torZ o] 3 girh g # e Finotell 24 furosine
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218 B2| fructoselysines! EXY

AR} el B AES AL lysine 4 AET &
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448 2 Maillard Bh-g-2] Z7] o] A Fc) 2o furo-
sine £ & A F A e] A wbobd ok F8 indi-
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el oAl Foll = A vkst pHrL el Mail-
lard W3-8 $ah 4] Bel§ 228 23 gich30). 2=
stz stal Rat Az 2A43ed A Maillard w28
T dke, e A AEE 7ra 2ok 48).
fichner o Wolf{(49) A1 5843 AFo] &A% Az 5y
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A} Hbg-el Amadon ZEHEE A g 0]
Z o
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e B FHoR A A ByeA] ok
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ot T 7, BE AFH Sl dAlgA A7 8
= 2l eh(27,50). ;794 2HE whah BabF2) 28 lysine
g 58 gol whid], ol i d¥r) yeast £
8] amylaseel] 2] s} &= 7] HFolvt (31).

el slucose i AR 43 AlEe] G4
s & o FL-FAE 27 98 Harmuth-Hoene (51}
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sin Feofl 2| oAl 28hgo] Ao} (52,53) Tryp-
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7ief Ahelg sk, o] A=A arginines] T3
v} L-lysine™} dehydroalaninee] 8]7Fd 238l cross-link-
age7} A H 9 proteases]] 218 i) AE ol
=&} racemizatione]] £}s) D-amino acidz} A==l <
WA R E A AEAAr] AckE Al Ho)(54,55), o}
etd drlel Meld @la-L Aeichd oAl w
Zbel 2.2 WEA o} (53) Protein-bound-LALE £
EAYE 9L o, AR LAL-BES 428 o
Wzl e] ABbfro] 7hAE gl (54).

Immobilized digestive enzyme assay (IDEA) 3l ol] ot
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=23 '—1’"73’9—3 MC-LALE Aol A A A7 A
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o, o, 2t FEA A, W, A Fells dA Ao
qhe] AEg g o LALS AR i E = APt
A qalEle] “COz2 o 12% 7Hek EF-8 Bl wijE s
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Az B WA B4 A5 gt of
FA—A*I LALE metaloenzymed] carboxypeptidase A, B &
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B 93] H8d8 A 4 gfoh LAL 327} 5~8mvi
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whell 5l3= 71 2 2 vebygtd (65). Friedman®t Pearce(67)
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1) Aol RSl A Aske] Ash2) Aol 24
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Table 3. Overview of the studies on fructose lysine (FL) metabolism

FL-excretion

Decomposition by

o S " intestinal flora (*COW) Storage in liver Reference

Free FL
Rats
g- FL-{irtravenous) 64 12.4 + 68
g-"C-FL(#) 80 0.8 2.6 0.9 70
£-fructose-~C-lysine (oral} 29 0.6 3.2 68
Protein-bound-FL
Rats 4~15 2~24 68
Fructose~"C-lysine 27 17 2 69

(casein} 22 1.0 47
£-FL{oral) 9.7 1.5 25
infants 16 55 74
Aduits 2.7 1.0 96.3(1) : 25
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Table 4. List of the different physiological effects described
with the amine acid- and protein-sugar model system
(modified from Finot (80))

Complex
Physiological effects Reference
Amino acid  protein
+ sugar + sugar
Growth inhibition + + 31
{Food intake, + 41
Food efficiency) + + &1
82,25
Organ hypertrophy + 81
{Stomach cecum, + + a1
fiver, kidney) + a2
Cellular change + 70
lin kidney) ‘
Intestinal enzyme
-Protease + 31
-Disaccharidase + + 81
+. 83
- Aminopeptidase + 83
Pancreas enzyme + B84
+ 85
HCP‘]“C drug metaboli- . 86
zing enzymes
Serum transferase alka- . a1
fine phosphatase
Amino acids resorption : 81,69
Protein digestibility + 3
+ 2,39,25
Diarrhea + 81
+ 87
Mincral metabolism
Ca - 31,84
Ca, Mg, Cu + 38
Zn + 9
89
Allergy, skinreactivity 30
Cholesterol metabolism + €
Antioxidative effect + + 92
Antibacterial effect 93
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