
_ 151 _

Glycative Stress Research
Online edition : ISSN 2188-3610

Print edition : ISSN 2188-3602
Received : September 27, 2024

Accepted : October 21, 2024
Published online : December 31, 2024

doi:10.24659/gsr.11.4_151

Glycative Stress Research 2024; 11 (4): 151-167
(c) Society for Glycative Stress Research

Original article

1) Mottox Inc., Osaka, Japan
2) Center for Clinical Pharmacy Education and Research, Faculty of Pharmacy, Doshisha Women's College of Liberal Arts, Kyoto, Japan

Abstract  
Wine has the ability to inhibit the formation of advanced glycation end products (AGEs), an attractive health function for 
daily glycative stress management. On the other hand, the alcohol content of wine limits its intake, even in the absence of 
alcohol intolerance or underlying diseases that are adversely affected by alcohol consumption. Therefore, to enable selection 
of wines with stronger anti-glycation effects, we evaluated the anti-glycation effects of 277 wines and examined how wine 
color, grape variety, producing country, and vinification method affected the anti-glycation effects of the wines. In parallel 
with the evaluation of anti-glycation activity, the total polyphenol content in terms of gallic acid was also determined. The 
results showed that there was a strong correlation between the inhibition ratio of fluorescence AGE formation and total 
polyphenol content in wine at various concentrations (R2 = 0.736 ~ 0.863). Red wine was significantly higher in terms of total 
polyphenol content, but there was no significant difference between orange and red wines in terms of IC50, a measure of AGE 
formation inhibition. On the other hand, there was no significant difference in total polyphenol content between white wine 
and rosé wine, but rosé wine showed a significantly lower value in IC50. Analysis by grape variety showed that wines made 
from Saperavi generally had significantly higher total polyphenol content than other varieties, while wines made from Pinot 
Noir/Pinot Nero and Rkatsiteli tended to have significantly lower total polyphenol content. However, there were no significant 
differences in IC50 among grape varieties. These suggest that while total polyphenol content is a major contributor to the anti-
glycation effect of wine, other factors may also contribute.

Correlation between anti-glycation effect and total polyphenol content in wine
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Introduction  
Countermeasures against glycative stress, a risk factor 

for aging and related diseases, have garnered attention 
recently 1-3). Glycation reactions in foods, called Maillard 
reactions, are non-enzymatic chemical reactions between 
reducing sugars such as glucose and proteins (amino acids),
and it is believed that similar reactions occur daily in the body.
Glycated proteins undergo glycation reaction intermediates, 
mainly carbonyl compounds, to form and accumulate 
advanced glycation end products (AGEs), which are generally 
characterized by their resistance to degradation and gradual 
accumulation in the body. Glycative stress, such as protein 
denaturation and the formation and accumulation of AGEs, is 
known to be involved not only in the aging process but also 
in aging-related diseases (e.g., diabetes and its complications,
atherosclerosis, osteoporosis, cancer, and Alzheimer's disease)4). 
Strategies to counteract this glycative stress (anti-glycation) 
include suppression of AGE formation, blood glucose control, 
degradation and elimination of AGEs, and suppression of 

inflammatory reactions caused by AGEs. The anti-glycation 
effects of common foods and beverages have been studied,
including herbal teas 5), fruits 6), vegetables 7, 8), spices 9), yogurt 10),
and Japanese sake (seishu) 11).

Various health functions have been reported for wine,
including antioxidant and anti-inflammatory effects as
typified by the French Paradox 12). These functions are thought
to be mainly due to the abundant phenolic compounds and
polyphenols contained in wine13-16). In addition, trace 
components such as potassium, organic acids, and amino 
acids are also thought to contribute to health functions. In 
2023, Sugiura et al. demonstrated anti-glycation effects of
wines as a new health function 17). According to their report,
all 15 wines (6 white wines and 9 red wines) that were verified
showed AGE formation inhibitory effects. In particular, red 
wine showed stronger action than aminoguanidine 18, 19), a 
known inhibitor of AGE formation, and it was found that 
the action was maintained to some extent even after dilution. 
Furthermore, through clinical studies, it was suggested that 
drinking red wine with a strong inhibitory effect on AGE 
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formation may reduce AGEs in the blood.
Wine drinking has been popular throughout the world

for centuries. Epidemiological and clinical evidence suggests 
that wine in moderate contents has positive effects on health 20). 
However, because wine contains alcohol, there are limits to
the content consumed, even in the absence of alcohol 
intolerance or underlying diseases that are adversely affected
by alcohol consumption. In fact, excessive drinking has been
reported to promote glycation 4). Therefore, it is recommended
to select wines that are more potent inhibitors of AGE 
formation so that they can be effective even when consumed 
in small amounts. The objective of this study was to evaluate
the AGE formation inhibitory effect of 277 wines with various
combinations of wine color, grape variety, producing 
country, and vinification method, and to clarify the trend. 
Concurrently, the total polyphenol content was measured and 
its correlation with the inhibition of AGE formation in wine 
was discussed.

Methods 
Samples and reagents

The wines used were 277 brands (56 white wines, 10 
rosé wines, 16 orange wines, and 195 red wines) from 21 
countries imported by Mottox Inc. (Osaka). Each wine was
prepared in a 5-fold, 25-fold, 50-fold, and 100-fold diluted 
state in addition to the undiluted state. For dilution, a 13.5% 
ethanol solution was used. Human serum albumin was
purchased from Sigma-Aldrich (St. Louis, MO), Folin-
Ciocalteu's phenol reagent (FC phenol reagent, 2 N) and 
gallic acid from Merck Ltd. (Tokyo), and all other reagents 
from Fujifilm Wako Pure Chemicals Co. (Osaka).

Determination of total polyphenol content
As previously reported 21), total polyphenol content was

determined for each wine using the FC method. The FC 
phenol reagent was diluted 2-fold with distilled water in 
advance. Add 100 g of sodium carbonate to 500 mL of 
distilled water and dissolve by boiling, and cooled at room 
temperature and filtered after 1 day. 0.25 g of dried gallic 
acid was dissolved in 5 mL of ethanol in a 50 mL female flask
and diluted with water to make a stock solution of 5 g/L 
gallic acid. Using this stock solution, standard solutions of 0, 
50, 100, 150, 250, 350, 450, and 600 mg/L of gallic acid 
were prepared. The sample wines were red wine diluted 10-
fold, orange wine diluted 5-fold, rosé wine diluted 2-fold, 
and undiluted white wine.

In a micro tube, take 790 μL of distilled water, add 10 μL
of the standard solution of gallic acid or sample wine, and 
mix thoroughly. 50 μL of FC reagent was added and mixed 
thoroughly. Then, within 30 seconds to 8 minutes, add 150 μL
of sodium carbonate solution and mix thoroughly. The 
solution is allowed to stand at 20 °C for 2 hours, then 200 μL
is transferred to a clear microplate and the absorbance at 
750 nm is measured with a microplate reader Infinite 200 
PRO (Tecan Japan Co., Ltd., Kanagawa). A calibration curve 
was prepared by plotting the absorbance at 750 nm against 
the concentration of a standard solution of gallic acid, and 
the total phenolic content of the wine in terms of gallic acid 

was calculated from the absorbance at 750 nm for the sample 
wine and the dilution factor.

Evaluation of fluorescence AGE formation 
inhibitory effect

The human serum albumin (HSA)-glucose glycation 
model 22) was used to evaluate the anti-glycation effect by 
measuring fluorescence AGE formation. Solution preparation 
was performed in deep-well plates using an automated
 pipetting system Freedom EVO 100 (Tecan Japan Co., Ltd., 
Kanagawa). 500 μL of 0.1 mol/L phosphate buffer (PBS, pH 
7.4), 200 μL of 40 mg/mL HSA solution, and 100 μL of 2.0 
mol/L glucose solution, and 100 μL of various concentrations 
of wine were used. Distilled water was then added to bring 
the total volume to 1.0 mL (Solution A). At the same time, a 
solution of distilled water was incubated as a blank for each 
reaction instead of the glucose solution (Solution B). Instead 
of adding wine, 100 μL of 13.5% aqueous ethanol solution 
was added to reach the same alcoholic strength as the wine, 
and distilled water was added to make a total volume of 1.0 
mL and incubated (Solution C). Meanwhile, a solution with 
distilled water instead of glucose solution was incubated as a 
blank when no wine was added (solution D).

After each solution was adjusted, it was incubated at 
60 °C for 40 hours. After the reaction, 200 μL of the solution 
was transferred to a black microplate and the fluorescence 
intensity (FI ) derived from AGEs was measured using a 
microplate reader Infinite 200 Pro at an excitation wavelength
of 360 nm and fluorescence wavelength 430 nm. The 
inhibition ratio of fluorescence AGE formation in wine (%) 
was calculated by the following equation. 

Inhibition of AGE formation (%) 
     = [ 1 - (FIA-FIB) / (FIC- FID)] × 100

A calibration curve was created based on the inhibition 
ratio of fluorescence AGE formation at five concentrations 
(0.1%, 0.02%, 0.004%, 0.002 %, and 0.001%), and the half 
maximal inhibitory concentration (IC50) was calculated from 
the total polyphenol content of each wine.

Statistical analysis
Comparisons of total polyphenol content and IC50 with

wine color, grape variety, and producing country were
evaluated using Tukey's multiple comparison test. All statistical
analyses were performed using EZR version 1.68 (Saitama 
Medical Center, Jichi Medical University, Saitama) 23). 
Statistical significance was defined as a p value < 0.05.

Results 
Total polyphenol content

The total polyphenol content of each wine is shown in
Table 1. Values ranged from 198 mg/L to 4,910 mg/L in terms
of gallic acid. The mean values of total polyphenol content 
for each wine color are also shown in Fig. 1. The total 
polyphenol content of white wines was 282 ± 50.6 mg/L and 
that of rosé wines was 290 ± 80.2 mg/L, but the difference 
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was not significant. The total polyphenol content was 
significantly higher in red wine (2,770 ± 643 mg/L), orange 
wine (1,240 ± 500 mg/L), and rosé wine ≈ white wine, in 
that order. In order to consider varietal differences between 
red and orange wines, single varietal wines were defined as 
those containing at least 75% of one grape variety. The each 
pair of Garnacha and Grenache, Pinot Noir and Pinot Nero, 
Primitivo and Zinfandel, and Syrah and Shiraz are synonyms, 
and therefore considered to be the same variety. The total
polyphenol content per variety for red and orange wines with
at least three samples of a single variety (18 varieties) is shown
in Fig. 2. The total polyphenol content of wines made from 
Saperavi was 4,540 ± 511 mg/L, significantly higher than the
other 13 varieties except Aglianico (3,270 ± 614 mg/L) and 
Montepulciano (3,430 ± 590 mg/L) and Tannat (3,220 ± 126
 mg/L) ( p < 0.05). The total polyphenol content of wines made 
from Pinot Noir / Pinot Nero was 2,190 ± 362 mg/L and 
was significantly lower than that of Aglianico, Cabernet 
Sauvignon (2,760 ± 463 mg/L), Merlot (3,220 ± 126 mg/L),
Montepulciano, Primitivo / Zinfandel (3,080 ± 543 mg/L), and 
Saperavi ( p < 0.05). The total polyphenol content of wines 
made from Rkatsiteli were 1,650 ± 390 mg/L, significantly
lower than those of Aglianico, Monastrell (2,930 ± 200 mg/L),
Montepulciano, Primitivo / Zinfandel, Saperavi and Tannat
( p < 0.05). No significant differences in total polyphenol 
content were found among these other varieties. The mean 
total polyphenol content per producing country for red and 
orange wines with at least three samples (12 countries) are 
shown in Fig. 3. The total polyphenol content of Italian wines
(3,000 ± 601 mg/L) was significantly higher than that of 
South African (2,310 ± 394 mg/L) and New Zealand (2,050 
± 432 mg/L) wines ( p < 0.05). There were no significant 
differences in total polyphenol content among the other 
producing countries.

Inhibitory effect on fluorescence AGE formation
Fig. 4 shows the results of the plot of total polyphenol 

content versus fluorescence AGE formation inhibition at each 
concentration for the 277 wines. All wines showed inhibition 
of AGE formation: 46.1% ~ 98.5% for undiluted wines, 
12.7% ~ 83.2 % for 5- fold dilution, 6.51% ~ 70.7% for 
25- fold dilution, 5.15% ~ 65.6 % for 50-fold dilution, and 
4.74 % ~ 61.2 % for 100-fold dilution. At all concentrations, 
there was a high correlation between the total polyphenol 
content and the inhibition ratio of AGE formation. This 
correlation was higher for the 25-fold dilution (R 2 = 0.863), 
50-fold dilution (R2 = 0.811), 5-fold dilution (R2 = 0.767), 
undiluted wines (R2 = 0.756), and 100 -fold dilution (R2 = 
0.736). 

Table 1 shows the  IC50 calculated from the calibration 
curve obtained from the inhibition rate of fluorescence AGE 
formation at each concentration and the total polyphenol 
content. Values ranged from 1.24 μg/mL to 99.0 μg/mL. The 
mean  IC50 for each wine color is shown in Fig. 5. The  IC50 
for orange wine was 8.67 ± 2.76 μg/mL and for red wine was 
9.85 ± 4.09 μg/mL, but there was no significant difference in
 IC50. The  IC50 values were significantly lower in the following
order: orange wine ≈ red wine, rose wine (30.7 ± 13.7 μg/mL), 
and white wine (41.3 ± 16.1 μg/mL). The mean  IC50 for each 
grape variety is shown in Fig. 6, and there was no significant 
difference in  IC50 among the varieties. The mean  IC50 for 

each producing country is shown in Fig. 7. The  IC50 for wines
from Georgia was 4.98 ± 2.28 μg/mL, which was significantly
lower than for wines from France (10.7 ± 4.76 μg/mL) and 
South Africa (13.2 ± 2.09 μg/mL) and Australia (11.6 ± 4.66 
μg/mL, p < 0.05). Also, wines from Italy (8.48 ± 3.44 μg/mL)
and the U.S.A. (7.61 ± 1.63 μg/mL) had significantly lower 
IC50 values than those from South Africa ( p < 0.05). No 
significant differences in IC50 were found between the other 
producing countries.

Discussion
Wine color

The color of wine is determined by how the black or 
white grapes used as raw material are vinified. White wines 
are fermented exclusively from the juice obtained from 
crushed and pressed white grapes, and thus their color will 
be almost identical to that of the juice. On the other hand, 
most red wines are fermented from crushed black grapes and 
undergo a process called “maceration” to extract pigments 
and components from the skins and seeds. The grapes are 
then pressed and moved to the maturation process. Most 
black grapes, like white grapes, have clear pulp and do 
not develop the color of red wine simply by pressing, but 
a characteristic color is achieved by maceration. In orange 
wine, white grapes are macerated and fermented in the 
same way as in the red wine process to extract pigments and 
components from the white grapes and achieve an orange-
like color. As with red wine, the pigments and components 
are extracted differently depending on the length of 
maceration, fermentation temperature, and grape variety, 
with orange wines ranging from yellow to orange to amber 
(mainly found in Georgia). Rosé wine can be produced 
through various methods. The “direct pressing method” 
involves pressing black grapes like white grapes, resulting in 
a pale pink juice that is fermented. The “maceration method” 
involves briefly macerating black grapes, same as red wine 
production, and stopping the process when the desired color 
and flavor are achieved. In some regions, rosé can also be 
produced by blending white and red wines. Additionally, rosé 
wines may be vinified using a mix of black and white grapes, 
either with the direct pressing method or the maceration 
method, contributing to the wide range of rosé colors. All of 
this indicates that the differences in total polyphenol content 
for each wine color shown in Fig. 1 are a direct reflection of 
the differences in production methods, i.e., color. The fact 
that there was no significant difference in total polyphenol 
content between rosé and white wines was also due to the 
rosé wine production method. The direct pressing method 
is the same process as for white wine, and even if the 
maceration method is used, it is a far shorter maceration 
period and fermentation at lower temperatures than for 
red wine or orange wine, and therefore does not extract as 
many phenolic compounds. In the case of orange wines, 
the duration of maceration and temperature can be adjusted 
more flexibly than with red wines, resulting in a wider range 
of total polyphenol content. Furthermore, the differences in 
the type and content of phenolic compounds between white 
and black grapes are likely to be reflected in the significantly 
higher total polyphenol content in red wines.
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Inhibition of AGE Formation in Wine and Polyphenols
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Fig. 1. Differences in total polyphenol content between wine colors.      
 All data were shown as the mean ± standard deviation. ***p < 0.001, Tukey test.

Fig. 2. Differences in total polyphenol content between grape varieties.      
 All data were shown as the mean ± standard deviation.
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Fig. 3. Differences in total polyphenol content between wine-producing countries. 
All data were shown as the mean ± standard deviation.
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Fig. 4. Linear relationship between inhibition ratio of fluorescence AGE formation and total polyphenol content of wine.      
 All data were shown as the mean ± standard deviation from three independent experiments. AGE, advanced glycation end products.
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Fig. 5. Differences in IC50 between wine colors.       
 All data were shown as the mean ± standard deviation. **p < 0.01, ***p < 0.001, 

Tukey test. IC50, half maximal inhibitory concentration.

Fig. 6. Differences in IC50 between grape varieties.   
 All data were shown as the mean ± standard deviation. There was no significant difference in IC50 

between grape varieties. IC50, half maximal inhibitory concentration.
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On the other hand, there was a significant difference in 
IC50 between white wine and rosé wine, and no significant 
difference between orange wine and red wine (Fig. 5 ). As 
shown in Fig. 4, there is a strong correlation between the rate 
of inhibition of AGE formation and the total polyphenol 
content, while Fig.  5 indicates that factors other than total 
polyphenol content are also involved in the inhibition of AGE 
formation. Although there is no significant difference in total 
polyphenol content between white wine and rosé wine, it is 
possible that phenolic compounds derived from black grapes 
are involved in the AGE formation inhibitory effect. For 
example, resveratrol, a type of polyphenol, has been reported 
to be higher in rosé wine than in white wine 24). Therefore, it 
is possible that not only the total polyphenol content, but also 
specific phenolic compounds and polyphenols are involved 
in the inhibition of AGE formation. 

It is also known that DPPH (1, 1-diphenyl-2-picrylhydrazyl)
radical scavenging activity, one of the indicators of antioxidant
activity, is highly correlated with total polyphenol content. 
On the other hand, a tendency for rosé wine to have stronger
DPPH radical activity than white wine has also been reported 25). 
Even if the total polyphenol content is similar, rosé wine,
which has stronger free radical scavenging capacity, is thought
to suppress the generation of a large amount of free radicals 
in the early stages of the glycation reaction, leading to 
inhibition of AGE formation. The difference and relationship 
between oxidation and glycation reactions remain unknown, 
and further research is needed.

In addition, the total polyphenol content differs 
nearly 10-fold between white and red wines, but the IC50 
difference is about 4-fold, suggesting that white wine 
has components other than total polyphenol content that 
contribute to the inhibition of AGE formation. Tartaric 
acid, malic acid, and citric acid are major organic acids 
constituting wine, and tartaric acid and citric acid are known 
to have chelating effects. The presence of transition metal 
ions is said to be related to the AGE formation, and citric 
acid has been demonstrated to inhibit the formation of two 
types of AGEs in the lens protein 26). It is thought that citric 
acid chelates metal ions, thereby preventing autoxidation 
of reducing sugars and Amadori products and inhibiting 
the AGE formation. In addition, terpenoid compounds that 
characterize the aroma of some white wines in particular are 
also known to inhibit AGE formation 27).

Grape varieties
With respect to total polyphenol content, wines vinified 

from Saperavi were significantly higher than many other 
varieties, while wines vinified from Pinot Noir and Rkatsiteli 
were significantly lower (Fig. 2). Saperavi is a “Teinturier” 
grape variety, which means that even the pulp and juice are 
red, and it is known to contain more phenolic compounds 
than other grapes 28). Thus, red wines made from Saperavi 
have relatively high total polyphenol content.

On the other hand, as shown in Fig. 6, there was no

Fig. 7. Differences in IC50 between wine-producing countries.
 All data were shown as the mean ± standard deviation. IC50, half maximal inhibitory 

concentration.
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significant difference in IC50 between the varieties. This may
be due to the fact that factors other than total polyphenol 
content are involved in the inhibition of AGE formation, 
similar to the discussion regarding wine color. For example,
resveratrol, a type of polyphenol known as a dietary supplement, 
is known to have various anti-glycation effects 29). Pinot Noir 
has a thin skin and is susceptible to fungal diseases, and as 
a phytochemical, it produces a large amount of resveratrol, 
which has anti-fungal activity, in its skin 30). Therefore, it is
known that it may contain higher concentrations of resveratrol
than Cabernet Sauvignon, which generally produces wines 
with higher total polyphenol content than Pinot Noir. Thus,
even if the total polyphenol content is relatively low, certain 
phenolic compounds and polyphenols may contribute to the
inhibition of AGE formation. Indeed, it has been reported 
that the addition of various phenolic compounds and 
polyphenols to a glycation model resulted in widely different
rates of inhibition of AGE formation 31). Although not included
in the current study, it is known that even anti-fungus
resistant grapes such as the piwi variety (Pilzwiderstandsfähige
Rebsorten) contain relatively high levels of resveratrol, which 
may also be expected to inhibit AGE formation 32).

Producing country
In terms of total polyphenol content, Italy was 

significantly higher than South Africa and New Zealand. 
Furthermore, for IC50, Georgia was lower than France, South 
Africa, and Australia, and South Africa was significantly 
higher than Italy and the U.S.A.. However, we believe that it 
is difficult to make country-by-country comparisons based 
on this sample size alone. Even within a single country, 
climatic conditions vary widely, and furthermore, the 
characteristics of each vintage (rainfall, dryness, etc.) and 
the grape varieties used need to be considered in a unified 
manner.

Other discussion
There are numerous variables in the winemaking process.

Natural factors include the characteristics of the grapes 
themselves, soil, climate, and weather. Further human factors
include grape cultivation, vinification, and aging methods, 
resulting in a variety of wine styles of the same color, same
grape variety, and even from the same producing country 33).
In the present study, 277 wines of various styles were evaluated,
revealing a high correlation between AGE formation inhibition
rate and total polyphenol content. Phenolic compounds and 
polyphenols, which are abundant in wine, have been shown 
to have anti-glycation effects 29). In vitro experimental systems 
such as the present one, where the AGE formation process 
in food is the background and the reaction time is as long as 
40 hours at 60 °C, the AGE formation inhibitory effect may 
be influenced by the inhibition of reactive oxygen species 
formation by antioxidant action and the trapping action of
reactive carbonyl compounds. In contrast, in the body, a more
complex factor is added: it may exert various anti-glycation 
effects, such as inhibiting the interaction between AGEs and 
RAGE, promoting the expression of glyoxalase 1 (GLO-1), a
known anti-glycation enzyme, and inhibiting the accumulation
of AGEs.

Although this study evaluated only the inhibition of AGE

formation, there is a possibility that wine drinking may have
further anti-glycation effects. More than 90 % of wine is 
composed of water, alcohol, and glycerol, and phenolic 
compounds, polyphenols, organic acids, and other components
are thought to be involved in the inhibition of AGE formation.
Wine contains compounds such as amino acids 31), glutathione
34, 35), eugenol 36), and melatonin 37-39), which have been reported
to have anti-glycation effects, so it is difficult to say that 
the inhibition of AGE formation is due solely to phenolic 
compounds or polyphenols.

Recently, it has been pointed out that the involvement 
of aldehydes is important for AGE formation in vivo 40, 41).
In addition to smoking (aldehydes in cigarette smoke) 
and alcohol consumption (ethanol-derived acetaldehyde), 
the causes of aldehydes include elevated dicarbonyl 
compounds secondary to postprandial hyperglycemia (glyoxal, 
methylglyoxal [MGO], 3-deoxyglucosone) and other 
carbohydrate-derived aldehydes 42), and fatty acid-derived 
aldehydes (malondialdehyde [MDA], acrolein, and MGO) 43).
The reactivity of aldehydes is high, and the rate of AGE 
formation in cells may be faster than in foods.

Finally, the difference between oxidative stress and
glycative stress is discussed. Oxidative reactions are 
modifications at the molecular level by free radicals and their
fellow reactive oxygen species (ROS). The lifetime of free
radicals is instantaneous, and oxidation products are formed
in a short time. The defense mechanism is equipped with
antioxidant enzymes (superoxide dismutase [SOD], peroxidase,
and catalase) and a mechanism to produce substances with
antioxidant properties (CoQ10 and α-lipoic acid). On the
other hand, glycation reactions are mainly molecular 
modification by aldehydes. The in vivo blood half-life of 
aldehydes is several minutes to several tens of minutes, which
is longer than that of free radicals, and the time required for 
AGE formation (including carbonylated proteins) may be 
longer than the time required for oxidation products to be 
formed. The time required for AGE formation is also shorter 
in vivo than in food or in in vitro experimental systems. 
As defense mechanisms, aldehyde metabolizing enzymes 
(aldehyde dehydrogenase [ALDH] 1~17, glyceraldehyde 
triphosphate dehydrogenase [GAPDH], and GLO) are 
equipped. Polyphenols have both antioxidant and anti-
glycation effects (inhibition of AGE formation), but the 
differences in their mechanisms of action remain unclear. 
This is an issue for further study.

Conclusions
As a result of the experiment on 277 wines, it was 

confirmed that wine has an inhibitory effect on AGE 
formation, as previously reported. The results showed that the 
rate of inhibition of AGE formation in wine correlated well 
with the total polyphenol content. Since wine is an alcoholic 
beverage, its intake is limited to avoid health hazards. 
Therefore, it is important to have an index for selecting 
wines that have strong anti-glycation activity even in small 
amounts. Since a strong correlation was shown between 
the total polyphenol content of various wines and the AGE 
formation inhibition rate, understanding the total polyphenol 
content may be one of the key points for selecting wines 



_ 166 _

Inhibition of AGE Formation in Wine and Polyphenols

with strong anti-glycation activity. On the other hand, it was 
suggested that factors other than total polyphenol content 
are also intricately involved in the AGE formation inhibitory 
effect. These results provide valuable insights in viticulture 
and winemaking to produce wines with stronger anti-
glycation activity. We are now undertaking further studies in 
these directions.
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