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Introduction

The Maillard reaction or non-enzymatic glycation takes 
place by the modification of proteins, in particular at lysine 
side chains, by glucose or other reducing sugars through a 
series of complex reactions. Firstly, the carbonyl group of 
reducing sugar and an unprotonated amine group of pro-
tein form a freely reversible Schiff base by nucleophilic 
addition reaction. This is subsequently stabilized after 
rearrangement into Amadori products or Heyns products 
according to the type of sugar involved (aldoses or ketoses) 
[1]. Through a series of oxidative and non oxidative reac-
tions, early glycation products are formed [2]. Furosine, 
the compound that is formed during acid hydrolysis from 
N-ε-fructoselysine (FL), is a good marker of early glyca-
tion of proteins, especially rich in lysine. Further reactions 
(degradation, oxidation, cross-linkages and polymeriza-
tion) lead to the formation of advanced glycation end prod-
ucts (AGEs), such as N-ε-carboxymethyl lysine (CML) 
[3–5]. Protein glycation in humans is believed to be impli-
cated in the development of chronic degenerative diseases 
due to the modification of proteins with carbohydrate and 
lipid derived intermediates resulting in changes of the func-
tional properties of proteins, lipids and DNA [6]. Glycation 
occurs also during food processing and leads to impair-
ment of nutritional quality of food, generation of undesired 
compounds (hydroxymethylfurfural, acrylamide, etc.) and 
formation of AGEs. Dietary intake of AGEs may cause 
their accumulation in blood stream and in tissue proteins 
[7], then undergoing further reactions in the body [8]. For 
this reason, inhibition of glycation has come into promi-
nence for both medical and food science investigations in 
recent years [9–12]. The inhibition of glycation might fol-
low several mechanisms involving, aldose reductase, anti-
oxidant activity, reactive dicarbonyl trapping, inhibition 
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of sugar autoxidation and amino group binding [13, 14]. 
Natural antioxidants such as flavonoids and phenolic com-
pounds have good potential as inhibitors of glycation since 
they alter the pathways of the Maillard reaction [15–18]. 
Most of studies have revealed that catechins are known 
to sequester the reactive dicarbonyl compounds, through 
electrophilic aromatic substitution reactions, thanks to the 
presence of two highly activating electron-donating groups 
in A ring of catechins [16, 18]. Recently, catechins have 
also been reported as trapping agents for the reactive imine 
intermediates linked to Maillard reaction [19]. Green tea is 
a rich source of catechins, such as epicatechin, epigallocat-
echin, epicatechin gallate, epigallocatechin gallate, and it 
was shown that green tea has anti-glycation effects on dia-
betic rats [20].

Although there are several studies about the anti-glyca-
tion activity of phenolic compounds, the covalent interac-
tion between amino groups of protein and phenolic com-
pounds at oxidation conditions before Maillard reaction 
has not been studied yet. In this study, how the treatment 
of proteins with oxidized green tea phenolic compounds 
before the Maillard reaction affects glycation of protein 
was investigated. For this purpose, ovalbumin was pre-
treated with green tea phenolic compounds at oxidation 
conditions (at pH 9.0, 50 °C for 1 h) to obtain insoluble 
ovalbumin-phenolic compounds complex. After glycation 
at 90 °C up to 1 h, the formation of early glycation com-
pound, N-ε-fructoselysine, and advanced glycation end 
product, CML, were investigated in ovalbumin-glucose 
model system. Furthermore, antioxidant capacity of oval-
bumin and the lysine concentration were determined after 
treatment in order to prove the linkages between green tea 
polyphenols and ovalbumin.

Materials and methods

Chemicals

All chemicals and solvents used were of analytical grade. 
Potassium peroxydisulfate, 2,2′-azinobis (3-ethylbenzothi-
azoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8 tetra-
methylchroman-2 carboxylic acid (Trolox), albumin from 
chicken egg white, glucose, lysine, CML standard, sodium 
borohydride (Fluka), HPLC grade hydrochloric acid and 
formic acid were purchased from Sigma-Aldrich Chemie 
(Steinheim, Germany). Disodium hydrogen phosphate, 
potassium dihydrogen phosphate, and boric acid were from 
Merck (Germany). Furosine standard was purchased from 
Neosystem Laboratoire (Strasbourg, France). Syringe filters 
(nylon, 0.45 µm), Oasis HLB solid phase extraction car-
tridges (1 mL, 30 mg), Atlantis T3 column (4.6 × 150 mm, 
3 µm), Atlantis HILIC column (150 × 2.1 mm, 3 µm), and 

Atlantis HILIC column (250 × 4.6 mm, 5 µm) were sup-
plied from Waters (Millford, MA). Amicon ultrafiltration 
cell (model 8200) and polyethersulfone ultrafiltration mem-
brane (NMWL: 30,000 and Dia: 63.5) were purchased from 
Merck Millipore. Green tea leaves (brand of ÇAYKUR 
which is produced in Rize/Turkey) were purchased from a 
local market in Ankara, Turkey.

Preparation of ovalbumin‑green tea infusion 
(OVA‑GTI) complex

Green tea infusion (GTI) was used as the source of phe-
nolic compounds comprising mostly catechins. After a 
total of 3 g tea was brewed in 100 mL of boiling water for 
15 min, tea infusion was filtered through a coarse filter 
paper. Hundred milligrams of ovalbumin from chicken egg 
white in 10 mL water was mixed with 10 mL GTI and the 
pH of the mixture was adjusted to 9.0 with 0.1 M NaOH. 
The reaction tube was mixed using a magnetic stirrer at a 
speed of 350 rpm at 50 °C for 1 h. These reaction condi-
tions (pH 9.0, 50°C, 1 h) were determined in our recent 
study as the optimum conditions for the reaction between 
soluble phenolic compounds and free amino groups [21]. 
Following the reaction, the OVA-GTI complex was sepa-
rated from unbound green tea polyphenols by using ultra-
filtration. The retentate was further washed with water to 
remove the remaining traces of unbound soluble fractions. 
The antioxidant capacity of the water used in the last step 
was measured in order to be sure that final precipitate was 
free of soluble antioxidant compounds. Thereafter, final 
insoluble OVA-GTI complex was lyophilized for further 
use. As a control, ovalbumin solution was prepared at pH 9 
under the same conditions, and lyophilized.

Glycation reaction

A portion of 25 mg lyophilized OVA-GTI complex and 
control ovalbumin (treated with buffer solution only) were 
weighed into glass reaction tubes. In total 100 µmol glu-
cose in 1 mL of water was added into tubes and allowed 
samples to dissolve. After proper mixing, the content of 
tubes was lyophilized and heated in a water bath main-
tained at 90 °C for different times up to 1 h. Two sets of 
reaction were performed at the same conditions for furo-
sine and lysine and for CML analysis. After glycation, a set 
of the samples were incubated at 37 °C for 7 days in order 
to see the effect of storage on progression of glycation.

Furosine analysis

Analysis of furosine was performed according to Gök-
men et al. [22]. 5 mL of hydrochloric acid (8 N) was added 
onto the contents of the tubes. The tubes were flushed with 
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nitrogen and tightly closed. They were hydrolyzed for 23 h 
at 110 °C. The hydrolysates were filtered through filter 
paper, and then 100 µL were put into a glass vial. It was 
evaporated to dryness under a gentle stream of nitrogen at 
40 °C. Then, the residue was redissolved in 1 mL deionized 
water, and passed through OASIS HLB cartridges. 10 µL 
was injected into HPLC system. An Agilent Technologies 
(Waldbronn, Germany) 1200 HPLC system consisting of a 
quaternary pump, a degasser unit, photodiode array detec-
tor and a temperature- controlled column oven was used. 
Chromatographic separation was performed on Atlantis 
HILIC column (250 × 4.6 mm, 5 µm) at 40 °C using a 
mobile phase of 1 % formic acid at a flow rate of 1 mL/
min. Data acquisition was performed acquiring chromato-
grams at the detection wavelength of 280 nm. Quantifica-
tion was based on calibration curve prepared using calibra-
tion solutions of furosine (1–10 mg/L).

CML analysis

Analysis of CML was performed according to Palermo 
et al. [23] with some modifications as described elsewhere 
[24]. The content of reaction tube was mixed with 100 µL 
of deionized water. A total of 450 µL of sodium borate 
buffer (0.2 M, pH 9.2) and 500 µL of sodium borohydride 
(1 M solution prepared in 0.1 M NaOH) were added. They 
were incubated at room temperature for 4 h in order to 
reduce fructoselysine into hexitol lysine. Afterward 2 mL 
hydrochloric acid (8 N) was added and the tubes were 
closed under nitrogen flush. They were hydrolyzed for 24 h 
at 110 °C. In total 20 µL of hydrolysate was evaporated to 
dryness under nitrogen flush. After the content was washed 
with 1 mL deionized water, it was passed through a precon-
ditioned Oasis HLB cartridge for cleanup. The first 8 drops 
of the eluent were discarded and rest was collected and 
diluted properly prior to LC–MS/MS analysis. Sample was 
injected into Atlantis T3 column (4.6 × 150 mm, 3 µm) at 
40 °C coupled to Waters TQD LC–MS/MS system oper-
ated in positive ionization mode using the following inter-
face parameters: Source temperature of 120 °C, desolva-
tion temperature of 450 °C, collision gas flow of 0.20 mL/
min, desolvation gas flow of 900 L/min, capillary voltage 
of 3 kV, cone voltage of 25 V, and extractor voltage of 
2 V. Chromatographic separation was performed by using 
a mobile phase consisting of 0.1 % formic acid in water: 
0.1 % formic acid in acetonitrile (90:10, v/v) at a flow rate 
of 0.50 mL/min. Acquisition was performed by monitor-
ing m/z ratio of 205.10 for CML, 84.10 and 130.10 for its 
product ions. Quantification was performed by means of a 
matrix-matched calibration curve. Hydrolysate of unheated 
protein was used as blank matrix. Calibration solutions of 
CML were prepared in the blank matrix at concentrations 
of 0, 1, 2.5, 5.0, and 10 µg/mL. Then, they were subjected 

to the lengthy extraction procedure that was used for actual 
samples, and analyzed as described above.

Lysine analysis

Lysine analysis was performed according to the method 
published elsewhere [25] with slight modifications. In total, 
100 µL of the hydrolysate was put into a glass vial. It was 
evaporated to dryness under a gentle stream of nitrogen 
at 40 °C. The residue was redissolved in 1 mL of deion-
ized water. After passing through a 0.45-µm syringe fil-
ter, the filtrate was diluted 10 times with the mixture of 
acetonitrile:water (1:1, v/v). In total, 10 µL was injected 
into LC–MS/MS system. Chromatographic separation 
was performed on Atlantis HILIC column (150 × 2.1 mm, 
3 µm) at 40 °C using a gradient mixture of 0.1 % formic 
acid in water (A) and 0.1 % formic acid in acetonitrile (B) 
at flow rate of 0.4 mL/min. The eluent composition start-
ing with 15 % of A linearly increased to 40 % in 4 min and 
held for 3 min. Then, it was linearly decreased to its ini-
tial conditions (15 % of A) in 1 min. Doing so, the total 
chromatographic run was completed in 8 min. Quantifica-
tion was performed by means of external calibration curves 
built for lysine in a range between 0.1 and 2.0 mg/L. Waters 
TQD LC–MS/MS system was operated in positive ioniza-
tion mode using the following interface parameters: source 
temperature of 120 °C, desolvation temperature of 350 °C, 
collision energy 12 V, desolvation gas flow of 900 L/h, cap-
illary voltage of 3.5 kV, cone voltage of 20 V, and extractor 
voltage of 3 V. Data acquisition was performed by monitor-
ing m/z ratio of 147.0 for lysine and 101.0 and 130.0 for its 
product ions.

Determination of total antioxidant capacity of protein

The antioxidant capacity of treated or untreated ovalbu-
min was measured by direct QUENCHER procedure using 
ABTS·+ radical solution [26]. Antioxidant capacity was 
measured according to the procedure described elsewhere 
[27]. Ten milligrams of insoluble fraction was transferred 
into a test tube and the reaction was started by adding 
10 mL of ABTS·+ working solution. Following the vigor-
ous shake in an orbital shaker (at 350 rpm for 27 min) in 
the dark, the tube was centrifuged at 6080×g for 2 min. 
After a total of 30-min reaction time, the optically clear 
supernatant (2 mL) was transferred into a cuvette, and 
absorbance measurement was performed at 734 nm using 
a Shimadzu model 2100 variable wavelength UV−visible 
spectrophotometer (Shimadzu Corp., Kyoto, Japan). If the 
values of absorbance were below the linear response range 
of the radical discoloration/color formation due to the high 
antioxidant activity, preliminary dilution was necessary. 
Dilution was performed by mixing the ground samples 
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with cellulose, an inert material against the radical solu-
tion, at different ratios (1:1, 1:10, 1:100 (w:w) etc.) in a 
tube depending on the total antioxidant capacity values. 
Trolox was used as a standard reference to convert the inhi-
bition percentage of each sample to the Trolox equivalent 
antioxidant capacity (TEAC). The standard solutions of 
Trolox were prepared in methanol at a concentration range 
between 0 and 600 µg/mL.

Statistical analysis

The analytical data were reported as the mean ± standard 
deviation of duplicate independent measurements and were 
subjected to one-way ANOVA. The significance of mean 
differences was determined by Tukey HSD post hoc test 
using SPSS version 17.0. p values of <0.05 were consid-
ered statistically significant.

Results and discussion

The total antioxidant capacity of ovalbumin was deter-
mined as 85.81 ± 3.34 mmol TE/kg, and it reached only 
to 101.60 ± 4.28 mmol TE/kg after alkaline treatment 
for control model system (pH 9.0, 50 °C, 1 h). This slight 
increase in antioxidant capacity of ovalbumin might be the 
result of high temperature and alkaline hydrolysis, which 
causes revealing of the amino acid residues that are previ-
ously buried in the structure of protein. Antioxidant prop-
erty of proteins are first related to their amino acid compo-
sition and secondly to their positioning. Localization and 
physical accessibility of amino acids having antioxidant 
action is therefore important [28]. Protein structure, its 
molecular weight, and amino acid sequences may strongly 
affect its antioxidant capacity. Medina-Navarro et al. [29] 
emphasized that the structural molecular integrity is the 
most important issue for the antioxidant action of pro-
teins. Any change that alters the accessibility of amino 
acid residues may increase antioxidant activity. In a study 
conducted with different proteins [28], a short period of 

protein heating was shown to be a very efficient factor that 
affects the partial denaturation, unfolding of protein chains 
and liberation of reactive residues, as well as, hydrogen 
and disulfide bonds from the structure of a protein, pro-
moting reactions of these with free radicals and its transfer. 
Therefore, the increase after alkaline treatment of ovalbu-
min might have resulted in increased antioxidant activity 
due to partial denaturation. However, when ovalbumin was 
treated with green tea infusion, the antioxidant capacity of 
ovalbumin reached to 538.93 ± 68.76 mmol TE/kg due to 
the binding of green tea phenolic compounds to the ovalbu-
min structure. In previous studies conducted by our group, 
it was shown that green tea polyphenols caused a signifi-
cant improvement in the antioxidant activity of wheat bran 
[21, 30]. During the reaction between wheat bran and 
green tea polyphenols, increasing the pH of the reaction 
medium from 2.0 to 9.0 linearly increased the antioxidant 
capacity [21]. Polyphenols were first oxidized to quinone 
forms under alkaline conditions following by binding to 
free amino groups available on the surface of wheat bran 
matrix, and then, soluble phenolic compounds continue to 
polymerize at the surface of wheat bran [21]. Similarly, in 
the present study, oxidized phenolic compounds, mostly 
catechins, could readily undergo attack by nucleophiles 
such as lysine, methionine, cysteine and tryptophan moi-
eties in ovalbumin (Fig. 1), which causes increase in the 
antioxidant capacity. Catechins consist of the 20–30 % of 
the dry weight of green tea, and comprise most of the phe-
nolic compounds of green tea infusion [31]. The binding 
of oxidized phenolics also may lead to an impairment of 
available glycation sites of ovalbumin, which might cause 
decrease in furosine and CML formation during heating 
with glucose.

Furosine, the compound derived from acidic hydroly-
sis of N-ε-fructoselysine (FL), is a good marker of early 
glycation of proteins, especially rich in lysine. Figure 2 
shows furosine formation in ovalbumin-glucose model sys-
tem during heating at 90 °C for 1 h. In both control oval-
bumin-glucose (OVA-G) and treated ovalbumin-glucose 
(OVA-GTI-G) systems, the amount of furosine increased 

Fig. 1  Proposed mechanism for reaction between green tea polyphenols and lysine residues of ovalbumin



15Eur Food Res Technol (2017) 243:11–19 

1 3

gradually until a plateau value. In control OVA-G system, 
the plateau was reached in 10 min, while it took 20 min for 
OVA-GTI-G system. The initial formation rate of furosine 
in control OVA-G system was 0.057 mol/mol lysine.min 
while that of OVA-GTI-G was 0.043 mol/mol lysine.min, 
which corresponds to a 24 % reduction. The amount of 
furosine formed in OVA-GTI-G system is much lower than 
control ovalbumin-glucose system. In OVA-GTI-G system, 
there was about 15 % reduction in furosine formation com-
pared to control OVA-G system at the end of heating for 
1 h. This revealed that treatment ovalbumin with green tea 
phenolic compounds before heat treatment has a potential 
to limit the formation of early glycation products during 
heating.

There are several studies showing anti-glycation effects 
of polyphenols [18, 32–35]. The effect was mostly attrib-
uted to their carbonyl trapping activity of phenols [18, 34]. 
Antioxidant property is the other possible anti-glycation 
mechanism, which leads to impairment in the oxidation 
reaction; however, this effect is particularly important for 
advanced stages of glycation [36]. Another mechanism, 
autoxidation of phenols, leads quinone formation, which 
further reacts with amine residues of the protein molecule, 
yielding a decreased glycation. Yin et al. [35] reported 
that high concentration of epicatechin inhibited forma-
tion of intermediary radicals during the Maillard reaction 
that takes place during heating glucose and lysine [35]. It 
was explained that epicatechin quinone forms reacted with 
lysine during Maillard reaction. Guerra & Yaylayan [33] 
also showed that reaction of glycine and oxidized form 
of catechin leads to the formation of single- and double-
addition products and interfere with the Maillard reaction 
in food through scavenging of amino acids [33]. This reac-
tion of polyphenols is favorable at alkaline conditions and 
in oxidizing environment. When ovalbumin molecule was 
reacted with green tea extract at pH 9.0, oxidized form of 
polyphenols might have reacted with lysine residues of 

protein, leading to decrease in furosine formation. Rawel 
et al. [37] also showed that lysozyme was modified by 
covalent attachment of phenolic compounds at pH 9.0 
which is favorable pH conditions in which polyphenols 
may readily oxidize to respective quinones [37]. Simi-
larly, in our previous study [21], pH 9.0 was found to be 
the most favorable pH for the binding of green tea poly-
phenols onto the free amino groups of wheat bran. Silvan 
et al. [38, 39] presented similar results with ferulic acid 
and soy isoflavones. Incubation of soy glycine or bovine 
serum albumin with ferulic acid at 60 °C for 60 min at pH 
12 before reaction with fructose was found to reduce fluo-
rescent AGEs and CML formation by nearly 90 and 85 %, 
respectively [38]. It was stated that ferulic acid might form 
complexes with proteins providing unusual protective 
effects toward the oxidation of protein [38]. By using very 
similar model system preparation technique (at 60 °C for 
1 or 16 h at pH 12), they also showed that soy isoflavone-
rich extract (composed of a mixture of soy isoflavones) 
significantly decreased the formation of early Maillard 
reaction products and also the progress of the reaction to 
the advanced stage [39]. It was suggested that the forma-
tion of early Maillard reaction products may be inhibited 
by conjugation of isoflavones to the active site of glyca-
tion, while AGEs formation may be modulated by trapping 
of dicarbonyl intermediates and oxygen radical species 
[39].

The change in free lysine concentration of OVA-G 
model system upon glycation is shown in Fig. 3. There was 
a 12 % reduction in the free lysine residues in ovalbumin 
molecule after treatment with green tea infusion, before 
reaction with glucose (p < 0.05). This decrease in availa-
ble lysine residues caused a diminished glycation potential 
for ovalbumin. Upon heating at 90 °C for 1 h, 63 % of the 
lysine was modified by glycation in control OVA-G system, 
whereas it was restricted to 53 % modification in lysine in 
OVA-GTI-G system (p < 0.05). Therefore, it can be said 
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that treatment of ovalbumin with oxidized phenolics may 
lead to protection against glycation of lysine residues.

Figure 4 shows CML formation during the reaction 
between ovalbumin or treated ovalbumin and glucose at 
90 °C for 1 h. Treatment with green tea infusion slightly 
decreased CML formation comparing to control, however 
this decrease was not statistically significant (p > 0.05) for 
certain heating times (Fig. 4). Then, 14 % less CML was 
formed in OVA-GTI-G model system than control (OVA-
G) model system after heating for 1 h (p > 0.05).

CML is an advanced glycation end product and it can 
be formed through two pathways (Fig. 5). The early gly-
cation product N-ε-fructoselysine could undergo oxidation 
to form CML, or intermediate products of glucose (gly-
oxal) could bind directly to lysine further forming CML. 
Therefore, it is clear that the restricted amount of N-ε-
fructoselysine resulted in decreased CML formation. The 
15 % reduction in furosine formation correlates well with 
the 14 % reduction in CML formation during 1 h of heating 
of the OVA-GTI-G model system. This result also brings 
us to the point that the predominant CML formation route 
is through the oxidation of furosine, not through the direct 
binding of glyoxal to lysine in our experimental conditions. 
Similarly, Akıllıoğlu & Gökmen [24] showed that compl-
exation of casein with epicatechin before reaction with glu-
cose resulted in decrease in CML formation. However, in 
that study, non-covalent interactions were focused on, epi-
catechin was complexed with casein by hydrophobic inter-
actions. It was explained that, the decreased CML concen-
trations besides the undiminished furosine level indicated 
that epicatechin may have trapped glyoxal, and therefore 
had inhibited advanced glycation of casein [24].

Prolongation of Maillard reaction results in the accu-
mulation of advanced glycation end products. Therefore, 
CML concentrations of model systems were also deter-
mined after storage of samples at 37 °C for 7 days. Storage 
of glycated samples resulted in increase in CML levels as 
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expected; in both model systems approximately 0.2 mmol/
mol lysine of CML was formed upon incubation during 
storage. CML levels reached from 0.50 to 0.74 mmol/mol 
lysine, and from 0.43 to 0.64 mmol/mol lysine in model 
systems of OVA-G and OVA-GTI-G, respectively, heated 
at 90 °C for 1 h. There could not be found statistically 
significant effect of complexation with green tea polyphe-
nols on CML formation upon incubation, except the sam-
ples heated for 1 h (p < 0.05; Fig. 6). There are conflicting 
results about the effects of polyphenols on glycation; some 
researchers reported increased glycation [40, 41]. Nagai 
et al. [33] stated that epicatechin could both inhibit and 
enhance glycation [41]. It was explained by Fujiwara et al. 
[40] that catechol group containing polyphenols generate 
hydrogen peroxide during autoxidation of catechol struc-
ture, and then hydrogen peroxide may generate hydroxyl 
radicals, and finally CML is generated by the reaction of 
hydroxyl radicals and Amadori products [40]. In our study, 
although treatment of ovalbumin with green tea polyphe-
nols before heat treatment with glucose caused a reduction 
in CML during heating, the effect was not profound for the 
prolongation of glycation during storage (p > 0.05).

The decrease in both CML and furosine concentra-
tions during heating of ovalbumin complexed with green 
tea polyphenols proves that, green tea polyphenols have 
effect on the early stage of glycation. The effect of poly-
phenols on prolonged storage is not distinct. Therefore, it 
can be concluded that, CML formation takes place through 
N-ε-fructoselysine during heating. This route might be pre-
dominant in our experimental conditions, since green tea 
polyphenols prevent oxidation reactions that favor the other 
route (through direct binding of oxidation products of glu-
cose to lysine). Fernandez-Gomez et al. [42] reported that 
isomerized and oxidized forms of chlorogenic acid might 

be able to bind to bovine serum albumin protein under 
mimicked physiological conditions and this binding leads 
to increase in antioxidant capacity of BSA and inhibit the 
formation of AGEs.

About 10 % of consumed dietary AGEs were shown to 
be absorbed by humans and be correlated with circulating 
and tissue levels of AGEs [43]. Studies in healthy people 
showed that dietary AGEs correlate with circulating AGE 
levels, such as CML and methylglyoxal, and with oxida-
tive stress markers [44]. Furthermore, reduction in AGEs 
in the diet in diabetes patients [45] and kidney disease 
patients [46, 47] or healthy individuals [48] also reduced 
markers of oxidative stress and inflammation. The modi-
fication of protein molecule by covalent attachment of 
green tea polyphenols seems to have an advantage in 
terms of anti-glycation concept. The results revealed that 
quinone forms of green tea polyphenols might react with 
free amino groups of ovalbumin under alkaline condi-
tions. Thereby, the concentration of glycation products, 
which occur during heating of ovalbumin and glucose, 
decreased due to the modified lysine moieties in ovalbu-
min. However, researches with advanced analytical tools 
should be performed for the identification of adducts 
formed during complexation of protein and oxidized phe-
nolic compounds. Due to the fact that lysine is an essen-
tial amino acid, there are health concerns about the bio-
availability of modified lysine residues in protein. Lysine 
modification might result in lower availability. Therefore 
there is a need to enlighten the consequences of modifica-
tion of lysine residues with oxidized polyphenols, which 
is another important research topic.
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